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v

It is with great emotion and satisfaction that I write this foreword to the International Association 
of Surgeons, Gastroenterologists, and Oncologists (IASGO) Textbook of Multi-Disciplinary 
Management of Hepato-Pancreato-Biliary Diseases.

When Professor Nikolaos Lygidakis founded the Association in 1988, he had a vision: to 
put together in the same meeting doctors from all over the world, experts and non-experts, the 
ones who teach and the ones who learn, exchanging knowledge in all fields of GI diseases, and 
in all specialties: surgeons, gastroenterologists and then oncologists. When I participated for 
the first time at the meeting, I was surprised to meet people coming from countries that are not 
represented in usual meetings, keen to learn and bringing their own experience.

When later on I was asked to be President after Professors Thomas Starzl, Meinhard 
Classen, and Enrique Moreno-Gonzalez, it was a great pleasure and honor to accept. The 
young small society called at that time Gastro Surgical Club had grown to a large association 
of thousands of surgeons, gastroenterologists, and oncologists and it was time to transform the 
visionary project of Professor Nick Lygidakis into the unique worldwide organization that the 
present IASGO has become.

This first edition of the IASGO Textbook reflects well the history of IASGO and the breadth 
and depth of our organization, as well as its worldwide outreach. Edited by Professor Masatoshi 
Makuuchi, the IASGO President, and by Professor Kyoichi Takaori, the General Secretary, 
and other expert surgeons and oncologists, the IASGO Textbook offers an outstanding over-
view of current approaches and future directions in the multi-disciplinary treatment of chal-
lenging hepato-biliary-pancreatic diseases.

I am sure that, beyond its historical significance, this Textbook will certainly inspire a new 
generation of medical professionals in the spirit and vision of our organization.

 Henri Bismuth Paris, France
 Honorary President, IASGO

Foreword
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The International Association of Surgeons, Gastroenterologists, and Oncologists (IASGO) 
was founded in Amsterdam in 1988. Today, we are privileged to have strong IASGO sections 
in more than 70 countries, which greatly assists in assessing educational needs. The main goal 
of this organization has been and remains globalization of medical knowledge and expertise 
through a well-structured and precisely organized system of continued medical education. This 
visionary approach has impacted medical communities and the career of young specialists 
from all continents.

It is my pleasure to introduce you to our new landmark project, the first edition of the 
IASGO Textbook of Multi-Disciplinary Management of Hepato-Pancreato-Biliary Diseases. 
Along with Drs. Norihiro Kokudo, Irinel Popescu, Jacques Belghiti, Ho-Seong Han, Kyoichi 
Takaori, and Dan G. Duda, I hereby thank all contributors for their excellent chapters on behalf 
of the editors. The diverse display of multi-disciplinary, innovative, and creative approaches to 
treatment of these complex diseases is a perfect representation of our organization’s mission 
and vision. I take this opportunity to express my sincere thanks to my former President of 
IASGO, Professor Henri Bismuth for his continuous support. I would like to dedicate this 
textbook to the loving memory of IASGO founder, the late Professor Nikolaos Lygidakis.

 Masatoshi MakuuchiTokyo, Japan 
 President, IASGO
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To address the complexity and aggressiveness of hepato-pancreato-biliary diseases, surgeons, 
gastroenterologists, and oncologists have made great efforts to improve their treatment for 
many decades. Despite these efforts, management of these diseases has remained a challenge 
for medical professionals and largely an unmet need in medicine. What’s worse, the incidence 
of these cancers is increasing worldwide at alarming rates. Treating the diseases in hepato- 
pancreato- biliary regions is particularly difficult due to the complex anatomy, aggressive bio-
logical behavior, and poor prognosis.

We think that the key to success in this ongoing crusade is a multi-disciplinary approach to 
the treatment. IASGO was founded on this principle by late Professor Nikolaos Lygidakis 
more than 30 years ago. In keeping with this unique vision, we have been organizing, apart 
from Annual World Congresses, a number of Advanced Post-Graduate Training Courses all 
over the world. The main characteristics of this program have been the multi-disciplinary 
structure and global reach. These courses are always organized in close cooperation with 
national Academic Centers or local Governmental authorities, aiming to update the partici-
pants in the field of Surgery, Gastroenterology, Oncology, Radiology, Pathology, and Tumor 
Biology as well as in the newest developments in Radiological and Endoscopic Interventions.

Here, we are expanding our efforts with this first edition of the IASGO Textbook of Multi- 
Disciplinary Management of Hepato-Pancreato-Biliary Diseases. Edited by Drs. Masatoshi 
Makuuchi, Norihiro Kokudo, Irinel Popescu, Jacques Belghiti, Ho-Seong Han, Kyoichi 
Takaori, and Dan G. Duda, the textbook includes 70 chapters from an exceptional group of 
experts in all areas of hepato-pancreato-biliary diseases. We are so fortunate to have these lead-
ing experts as our IASGO colleagues and friends.

We would like to extend our gratitude to Professor Irinel Popescu and Doctor Florin Botea, 
whose efforts have been essential for the development of this project and the publication of this 
textbook. Last but not least, we would like to dedicate this textbook to all of our colleagues and 
patients around the globe.

 Kyoichi Takaori Kyoto, Japan
 Secretary General, IASGO

 Dan G. Duda Boston, USA

 
Secretary General, IASGO
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Surgical Anatomy of the Liver

Kenji Yoshino, Kojiro Taura, Kyoichi Takaori, Yosuke Kasai, 
and Etsuro Hatano

Abstract

Liver is the largest internal organ in the body, occupying 
2.5% of the total body weight, characterized by the com-
plex anatomy of the internal vascular and the ductal sys-
tem. Despite the recent advances in the understanding of 
the physiology and pathology of the liver, the anatomy of 
this organ still remains not fully defined. The detailed 
anatomy of the liver described by Couinaud has been the 
basis both in surgical techniques and in diagnostics and 
for decades. However, the anatomic variation of the liver 
is not rare, and the frequencies of variant hepatic artery, 
portal vein, and bile duct have been reported to be approx-
imately 45%, 14%, and 43%, respectively. Currently, 
owing to advances in diagnostic imaging, we can predict 
the anatomy of individual cases in detail before surgery. 
However, not all anomalies can be reliably detected even 
with the modern diagnostic tools. Hence, knowledge of 
the basic anatomy and anatomical variation of the liver is 
essential to ensure safe and successful hepatic surgery.

1.1  Introduction

Many anatomists and surgeons have contributed to our cur-
rent understanding of liver anatomy. The French anatomist 
and surgeon Couinaud has described the anatomy of the liver 
in detail and demonstrated that liver functional anatomy is 
based on vascular and biliary relationships rather than exter-
nal surface morphology [1]. Bismuth further improved the 
concept of functional anatomy of the liver by meticulous 
analysis on the distribution of the portal pedicles and the 
location of the hepatic veins with the aim to improve the fea-
sibility and safety of hepatobiliary surgery [2]. Furthermore, 
there is a demand for more advanced hepatobiliary surgery 
with increasing complexity, and it became mandatory for us 
to carry out precise anatomical evaluation of the hepatic vas-
culature and biliary system preoperatively. The vascular 
anatomy of the liver intricately consists of the hepatic arter-
ies, portal veins, bile ducts, and hepatic veins. The recent 
advances in hepatic surgery as well as those in endoscopic 
and radiological interventions necessitate comprehensive 
knowledge of the complex anatomy of the liver in order to 
avoid possible complications and to achieve the most effec-
tive results. The development of imaging technologies such 
as multidetector computed tomography with reconstruction 
of three-dimensional angiography and high-resolution mag-
netic resonance cholangiopancreatography has enabled us to 
carry out the anatomical evaluation of high precision [3, 4]. 
In this chapter, taking advantage of the next-generation 
imaging technologies, we describe the surgical anatomy of 
the liver with special reference to hepatic arteries, portal 
veins, bile ducts, and hepatic veins.

1.2  Arterial Anatomy

Arterial supply of the liver from the common hepatic artery 
(CHA) contributes 20–25% of hepatic blood inflow. The 
CHA proceeds laterally and branches into the proper hepatic 

1

K. Yoshino (*) · Y. Kasai 
Department of Surgery, Nagahama City Hospital,  
Nagahama, Japan 

Department of Surgery, Graduate School of Medicine, Kyoto 
University, Kyoto, Japan

K. Takaori 
Department of Surgery, Nagahama City Hospital,  
Nagahama, Japan 

Department of Surgery, Graduate School of Medicine, Kyoto 
University, Kyoto, Japan 

K. Taura · E. Hatano 
Division of Hepato-Biliary-Pancreatic Surgery and 
Transplantation, Department of Surgery, Graduate School of 
Medicine, Kyoto University, Kyoto, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-0063-1_1&domain=pdf
https://doi.org/10.1007/978-981-19-0063-1_1#DOI


2

artery (PHA) and the gastroduodenal artery. The PHA turns 
upward to ascend into the hepatoduodenal ligament. In the 
typical hepatic arterial anatomy, the PHA is divided into 
right (RHA) and left hepatic arteries (LHA) [3, 5, 6]. The 
LHA is located in front of and below the transverse part of 
the left portal branch in 80% and behind the left portal branch 
in 20% of cases [7, 8]. The middle hepatic artery (MHA) 
originates from LHA in 54%, from RHA in 34%, from trifur-
cation with LHA and RHA from PHA in 8%, and from CHA 
in 4% [8]. The cystic artery branches off the RHA in the 
hepatocystic triangle located between the cystic duct (CD) 
and the common bile duct (CBD). However, the extra-hepatic 
arterial anatomies are especially complex, showing many 
anatomic variations. The typical vascular anatomy of the 
liver is shown in Fig. 1.1 and the anatomical variation of the 
hepatic arteries according to the Michel’s classification is 
described in Table 1.1 [9]. A replaced RHA may most com-
monly originate from the superior mesenteric artery (SMA) 
in 10–21% of individuals (Fig. 1.2) while a replaced left gas-
tric artery (LGA) may arise from the LHA in 3–10% [5, 10, 
11]. Also, an accessory LHA and RHA may exist in 1–8%. 
Another variant to this anatomy is a CHA which may come 
off the SMA in about 1.5% of the population [5, 10, 11].

The intrahepatic arteries harbor relatively less anatomical 
variation as compared to the extrahepatic artery. Within the 
liver or extra-hepatically, the RHA divides into anterior and 
posterior segmental arteries, which further divide to supply 
the respective subsegments in almost all cases [2, 7]. The 
anatomic variations, such as LHA running to the right side of 

the umbilical portion of the portal vein and the posterior seg-
mental artery running to the cranial side of the RPV, are 
potentially very important, as they may alter the surgical pro-
cedure of a hepatectomy for biliary tract cancer. The arterial 
tributary toward the caudate lobe also originates from the 
RHA and supplies the caudate process and the right side of 

IVC

a b

cMPV PHA

LHV
RHV

MHV

RPS

RAS
LSMS

Fig. 1.1 CT imaging anatomy of the liver. (a) Typical vascular anat-
omy of the liver; (b) portal veins and hepatic arteries and segments; (c) 
hepatic veins. IVC inferior vena cava, LHV left hepatic vein, LS lateral 

segment, MHV middle hepatic vein, MPV main portal vein, MS median 
segment, PHA proper hepatic artery, RAS right anterior segment, RPS 
right posterior segment

Table 1.1 Anatomical variations in branching patterns of the hepatic 
arteries according to Michel’s classification

Type Pattern
Population 
(%)

1 Normal (RHA, MHA, LHA) 55
2 Replaced LHA from LGA 10
3 Replaced RHA from SMA 11
4 Replaced MHA from SMA

Replaced LHA from LGA
1

5 Small LHA and an accessory LHA from LGA 8
6 Small RHA and an accessory RHA from SMA 7
7 RHA and an accessory RHA from SMA

LHA and an accessory LHA from LGA
1

8 Replaced RHA from SMA and an accessory 
LHA from LGA
or
Replaced LHA from LGA and an accessory 
RHA from SMA

2

9 CHA absent—the entire hepatic trunk derived 
from SMA

2.5

10 CHA absent—the entire hepatic trunk derived 
from LGA

0.5

CHA common hepatic artery, LGA left gastric artery, LHA left hepatic 
artery, MHA middle hepatic artery, RHA right hepatic artery, SMA supe-
rior mesenteric artery
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the caudate lobe. The medial segmental artery supplies the 
quadrate lobe. The lateral segmental artery divides into supe-
rior and inferior arteries for the respective subsegments. 
Furthermore, the left hepatic artery gives off a branch for the 
caudate lobe, supplying its left side.

1.3  Portal Venous Anatomy

The majority of the hepatic blood inflow (75–80%) comes 
from the portal vein. The portal vein bifurcates into the right 
and left branches before entering the liver. In general, portal 
veins are found posterior to the hepatic arteries and bile ducts 
in their lobar and segmental distribution.

The left branch of the portal vein runs horizontally with a 
long extrahepatic course and commonly gives off a small 
branch to the caudate lobe. However, the branch to the cau-
date lobe may arise from the main or right portal vein, since 
the caudate portal vein inflow is variable. The left branch of 
the portal vein crosses the umbilical segment, where it gives 
rise to branches for segment II prior to the division into 
branches to segment III and segment IV.

The right branch of the portal vein is located anterior to 
the caudate process, and it gives off a branch to the caudate 
lobe and then an anterior branch and a posterior one. 
Eventually, the anterior and posterior branches divide into 
branches for the segments V and VIII, and those for VI and 
VII, respectively.

The branching patterns of the portal vein according to 
Akgul’s classification are shown in Table 1.2 [12]. So-called 
classical portal anatomy (Type I) is present in 65–99% of the 
population. In 15% of individuals, the portal vein trifurcates 
into right anterior, right posterior, and left portal vein at a 

common place [12]. Also, the right posterior portal vein may 
arise from the portal vein trunk instead of the right portal 
vein in 7% of individuals [13]. In previous reports, types 5, 
6, and 7 are also present in less than 0.3% [13, 14]. Depending 
on whether these anatomical abnormalities are present or 
not, alteration of the surgical procedure may be considered. 
Furthermore, anatomical variation may not be limited to the 
portal vein but may also coexist in the artery and bile ducts. 
For example, in a donor hepatectomy for living donor liver 
transplantation, a left trisegmental resection is required 
instead of a right hepatectomy in cases of type III anatomical 
variation with arterial variation (Fig. 1.3) [15]. Hence, sur-
geons need to plan their operative procedures in advance 
with possible anatomical variations in mind.

1.4  Biliary Anatomy

The segmental biliary branches accompany the arterial and 
venous portals surrounded by the Glissonian sheath. 
Generally, bile ducts II, III, and IV constitute the left 
hepatic duct (LHD), and V, VI, VII, and VIII form the right 
hepatic duct (RHD). Segment I is commonly drained by 
several ducts into the RHD and LHD (80%), and therefore, 
surgeons should be mindful of the variable anatomy of bile 
ducts when operating at the hilum of the liver. LHD and 
RHD are located superior to the primary branches of portal 
vein, and they join in front of and right of the portal vein 
trunk. As the common hepatic duct (CHD) courses cau-
dally, it is joined by the CD to form the CBD which emp-
ties into the duodenum.

The anatomical pattern of the bile ducts consists of six 
types according to Smadja and Blumgart’s classification 
(Table 1.3) [16]. The classic biliary anatomy appears in about 
60% of the population [17]. The most common anatomic 
variation of the bile duct is trifurcation in 11–14% of the 

SMA

Replace RHA
CHA

LHA

Fig. 1.2 CT imaging of the replaced right hepatic artery arising from 
the superior mesenteric artery. The right hepatic artery arising from the 
superior mesenteric artery (type 3 according to Michel’s classification) 
is one of the most common anomalies. CHA common hepatic artery, 
LHA left hepatic artery, RHA right hepatic artery, SMA superior mesen-
teric artery

Table 1.2 Anatomical variations in blanching patterns of the portal 
veins according to Akgul’s classification

Type Pattern
Population 
(%)

I Bifurcation of MPV (classical) 86.2
II Trifurcation of MPV 12.3
III RPPV from MPV + LPV and RAPV as a 

common trunk
0.3

IV RPPV from MPV + RAPV from LPV 0.9
V LPV absent 0
VI RPV with branches absent 0
VII LPV from RAPV, horizontal segment of LPV 

absent
0

VIII MPV divides into RAPV and RPPV, LPV 
from RAPV

0.3

LPV left portal vein, MPV main portal vein, RAPV right anterior portal 
vein, RPPV right posterior portal vein, RPV right portal vein

1 Surgical Anatomy of the Liver
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cases. The right posterior superior duct (RPSD) draining into 
the CHD is present in 7–16% and right anterior superior duct 
(RASD) draining into the CHD is observed in 1–4% [18, 19]. 
When performing a left hepatectomy in a liver transplant 
donor, positive recognition of this aberration is necessary to 
prevent bile leakage and obstruction.

1.5  Venous Anatomy

Blood from the liver is drained into the inferior vena cava 
(IVC) by three major hepatic veins and a series of dorsal 
hepatic veins. In 60% of the cases, the middle (MHV) and 
left hepatic veins (LHV) merge to form a common trunk 
before draining into the IVC [20].

The LHV lies in the upper part of the left fissure. It 
drains segment II, III and IV. The middle hepatic vein lies 
in the median fissure and drains segments IV, V, and 
VIII. The right hepatic vein (RHV) is typically larger, with 
a short extrahepatic course, and drains segments V–VII 
and a part of the segment VIII.  The variations of three 
major hepatic veins described by Sureka are shown in 
Table 1.4 [21].

The minor hepatic veins including the short hepatic, middle 
right hepatic, and right inferior hepatic vein emerge in the 
lower portions of the retrohilar space and immediately drain 
into the IVC, draining the territories immediately adjacent to 
it. The liver volume drained by these minor hepatic veins and 
three major hepatic veins is shown Table 1.5 [22]. The area 
drained by these minor veins is not small. When mobilizing 

RPHA

RAHA

a b

c

Resection line
RPD

RAD

LD

RPPV

RAPV

LPV

Fig. 1.3 Anatomical variation of the hepatic vasculature in a donor 
who underwent a left trisegmental resection of the liver for living donor 
liver transplantation. (a) The right anterior hepatic artery arises from 
the left hepatic artery. (b) The right anterior portal vein branches off 
from the umbilical portion. (c) The common hepatic duct trifurcated 

into the left, anterior, and posterior ducts. LD left bile duct, LPV left 
portal vein, RAD right anterior bile duct, RAHA right anterior hepatic 
artery, RAPV right anterior portal vein, RPD right posterior bile duct, 
RPHA right posterior hepatic artery, RPPV right posterior portal vein

Table 1.3 Anatomical variations in drainage patterns of the bile ducts 
according to Smadja and Blumgart’s classification

Type Pattern
Population 
(%)

I Normal 57
II Triple confluence of RASD, RPSD, and LHD 12
III Lower drainage of

RPSD into CHD 16
RASD into CHD 4

IV Aberrant drainage of
RPSD into LHD 5
RASD into LHD 1

V CHD is formed by union of two or more ducts 
from either lobe

3

VI RPSD into CD 2

CD cystic duct, CHD common hepatic duct, LHD left hepatic duct, 
RASD right anterior sectoral duct, RPSD right posterior sectoral duct

K. Yoshino et al.
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the liver, especially during major hepatectomies, it is impera-
tive to maintain awareness of vascular tributaries from the IVC 
at all times.

1.6  Conclusion

Both intra and extrahepatic vasculobiliary anatomies are 
complex with the existence of many common and uncommon 
anatomic variations. Preoperative identification of these anat-
omies is mandatory for us to create the optimal surgical plan 
and to reduce postoperative complications. Moreover, 
advances in intraoperative mapping and parenchymal resec-
tion techniques have made and are making liver surgery safer 
and more effective [23]. Surgeons as well as  gastroenterologists, 
oncologists, radiologists, and other specialists should respect 
the complexity and nuances of the anatomical structure of the 
liver, which require lifelong learning.
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Abstract

In gastroenterological surgery, pancreatoduodenectomy is 
a difficult operation and requires solid anatomical knowl-
edge and skill to perform the procedure itself and be 
safely completed. Venous bleeding because of the venous 
congestion of the pancreatic head and duodenum may be 
encountered when the vein that flows from the pancreatic 
head to the superior mesenteric vein is cut when perform-
ing a pancreatoduodenectomy, and this may hinder subse-
quent procedures. It is possible to prevent the congestion 
of the pancreatic head and duodenum by dealing with the 
incoming artery from the pancreatic head early in the 
operation. This incoming artery is the inferior pancreatic 
duodenal artery. Although the bifurcation of the inferior 
pancreatic duodenal artery takes multiple forms, an 
artery-first approach is a useful method for safely per-
forming surgery because it allows confirmation prior to 
surgery. Using this method, not only can the amount of 
intraoperative bleeding be reduced but dissection of the 
lymph nodes and nerve plexus around the superior mesen-
teric artery can also be safely and reliably performed for 
the cancer of the pancreatic head. In this study, we report 
our results on the anatomy of the veins and arteries of the 
pancreatic head and duodenum based on multidetector 
computed tomography imaging, which is useful when 
performing a pancreatoduodenectomy.

2.1  Introduction

In gastroenterological surgery, pancreatoduodenectomy 
(PD) is a difficult operation that requires a solid anatomical 
knowledge and skill in the procedure itself to be safely com-

pleted. When performing a PD, venous bleeding because of 
the venous congestion of the pancreatic head and duodenum 
may be encountered when the vein that flows from the pan-
creatic head to the superior mesenteric vein (SMV) is cut. 
This bleeding may hinder subsequent procedures. It is pos-
sible to prevent the congestion of the pancreatic head and 
duodenum by dealing with the incoming artery from the pan-
creatic head, the inferior pancreatic duodenal artery (IPDA), 
early in the operation. This is referred to as an artery-first PD 
[1] or an IPDA-approached PD [2–4]. Not only can the 
amount of intraoperative bleeding be reduced using such 
methods, but dissection of the lymph nodes and nerve plexus 
around the superior mesenteric artery (SMA) can be safely 
and reliably performed. In recent years, laparoscopic PD has 
been increasingly utilized, making it all the more important 
to determine the anatomical structure of the pancreatic head. 
In this study, we will report our results on performing the 
dissection of veins and arteries of the pancreatic head and 
duodenum primarily using multidetector computed tomogra-
phy (MDCT) imaging.

2.1.1  Arteries of the Pancreatic Head/
Duodenum

The pancreatic head is controlled by blood flow from the 
gastroduodenal artery (GDA) and SMA, and the arteries of 
the pancreatic head form arcades on the anterior and poste-
rior surfaces. The branching patterns and hemodynamics of 
these arteries can vary.

2.1.1.1  IPDA
The IPDA normally bifurcates from the first jejunal artery, 
running from the dorsal side of the SMA to the left, across to 
the right dorsal side and branching into the posterior inferior 
pancreaticoduodenal artery (PIPDA) and the anterior infe-
rior pancreaticoduodenal artery (AIPDA). A report by 
researchers regarding the morphology of the IPDA prior to 
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and after surgery based on MDCT images showing artery 
structure [3] revealed three different types: the type that 
forms a common trunk with the first jejunal artery (72%) 
(Fig. 2.1a), the type that directly bifurcates from the SMA 
(18.7%) (Fig. 2.1b), and the type that bifurcates separately 
before the SMA and after the IPDA (9.3%) (Fig. 2.1c) [4]. 
Moreover, when performing a PD as mentioned above, 
bleeding because of congestion from the PD side may be 
encountered during the operation. Dealing first with the 
arteries that flow into the head of the pancreas, namely GDA 
and IPDA, can prevent PD-related venous bleeding and 
reduce the overall amount of bleeding. In terms of the 
approaches of easily confirming the IPDA using MDCT, we 
reported that observing a common trunk with the first jejunal 
artery or independent branching directly from the SMA can 
confirm the beginning of the middle colic artery (MCA). 
From there the first jejunal artery can be confirmed on the 
dorsal side within 2 cm on the central side along the SMA 
[4]. With the independently branching type, the AIPDA can 
be confirmed within 2 cm of the MCA origin to the central 
side, and the PIPDA can be confirmed within 2 cm of the 
beginning of the SMA on the downstream side [5]. 
Furthermore, with the type where the right hepatic artery 
branches from the SMA, many cases have branching of the 
PIPDA from the right hepatic artery. Therefore, an easy way 
of confirming the IPDA is to cranially lift the transverse 
colon to confirm MCA branching on the ventral side from 

the SMA, release the Treitz ligament, and verify the IPDA 
from the left side of the SMA (Treitz ligament approach).

2.1.1.2  Posterior Superior Pancreatoduodenal 
Artery (PSPDA)

PSPDA is the first branch of GDA that bifurcates from the 
common hepatic artery (CHA) and normally passes from the 
left side of the anterior surface of the common bile duct from 
a point 1–2 cm from the origin of the GDA. After this point, 
it passes from the posterior surface of the common bile duct 
to the pancreatic parenchyma. In rare cases, there is branch-
ing from the proper hepatic artery (PHA). Moreover, the 
PSPDA has a branch that nourishes the main papilla from the 
lower bile duct around the dorsal side along the common bile 
duct.

2.1.1.3  Anterior Superior Pancreatoduodenal 
Artery (ASPDA)

After the GDA branches into the PSPDA, it branches into the 
right gastroepiploic artery, which runs to the greater curva-
ture of the gastric pyloric antrum, and the ASPDA, which 
runs between the pancreatic parenchyma and the duodenum 
from the anterior to the posterior surface of the pancreas. The 
ASPDA has fine branches that reach into the duodenum and 
pancreatic parenchyma and forms an anterior arcade from 
the duodenum on the anterior surface of the papilla of Vater. 
The arteries of the papilla of Vater are nourished by the 

IPDA+FJA IPDA independent AIPDA/PIPDA independent

PIPDA

AIPDA

PIPDA

AIPDA

IPDA

PIPDA

AIPDA

72.2% 18.8% 9.0% 
IPDA

a b c

Fig. 2.1 Variation in the origin of the inferior pancreaticoduodenal 
artery (referred from Ref. 4). (a) A type in which the IPDA formed a 
common vessel with the first jejunal branch. IPDA inferior pancreatico-
duodenal artery, FJA first jejunal artery. (b) A type in which the IPDA 
branched directly from the superior mesenteric artery. IPDA inferior 
pancreaticoduodenal artery. (c) A type in which the PIPDA and AIPDA 
branched separately. PIPDA posterior inferior pancreaticoduodenal 
artery, AIPDA anterior inferior pancreaticoduodenal artery, IPDA infe-

rior pancreaticoduodenal artery, FJA first jejunal artery, PIPDA poste-
rior inferior pancreaticoduodenal artery, AIPDA anterior inferior 
pancreaticoduodenal artery, IPDA+FJA a type in which the IPDA 
formed a common vessel with the first jejunal branch, IPDA indepen-
dent, a type in which the IPDA branched directly from the superior 
mesenteric artery, AIPDA/PIPDA independent, a type in which the 
AIPDA and PIPDA branched separately
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PSPDA; however, as there is a branch leading to the papilla 
of Vater can be confirmed while preserving ASPDA, it is 
nourished by ASPDA.

Posterior Inferior Pancreatoduodenal Artery (PIPDA) 
and Anterior Inferior Pancreatoduodenal Artery 
(AIPDA)
Normally, IPDA branches into PIPDA and AIPDA, and the 
PIPDA runs from the posterior fascia of the pancreas to the 
upper right side of the pancreatic parenchyma to join the 
PSPDA. Both PSPDA and PIPDA run through the posterior 
fascia of the pancreas on the posterior surface of the pan-

creas. The AIPDA shallowly runs through the pancreatic 
parenchyma in the pancreatic uncinate.

2.1.1.4  Dorsal Pancreatic Artery (DPA)
In a PD, when the pancreatic head is transected in front of the 
portal vein, the DPA is present in the residual pancreas. 
However, if a PD is performed when a tumor is present near 
the SMA because of the cancer of the pancreatic head, in 
some cases, the pancreatic head may be resected in front of 
SMA. In such cases, it is necessary to pay attention to where 
DPA runs through. In an examination of DPA branch mor-
phology using MDCT (Fig. 2.2), 40% of cases were reported 

CHA

SPA

DPA

SMA

CHA

DPA

CA

DPA

DPA

LGA
LGA

LGA

LGA

CHA

CHA

SPA

SPA

SPA

a b

c d

40%

20%

25.7%

8.6%

Fig. 2.2 Variation in the origin of the dorsal pancreatic artery. SPA splenic artery, CHA common hepatic artery, SMA superior mesenteric artery, 
LGA left gastric artery, CA celiac artery, DPA dorsal pancreatic artery. Inferior pancreaticoduodenal artery (referred from Ref. 4)
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to branch from the splenic artery, 25.7% from the common 
hepatic artery, and 20.0% from the SMA [3]. After ligation 
of the IPDA and GDA, which are inflow arteries, arterial 
bleeding may be observed from the cranial stump of the pan-
creas during pancreatic dissection. In such cases, an arcade is 
considered to be formed between the DPA and 
GDA. Therefore, it is important to determine branch mor-
phology in situations where it is necessary to deal with DPA 
in advance.

2.2  The Veins of the Pancreatic Head

During PD, the duodenum may become congested. If the 
outflow veins are ligated before the pancreatic head inflow 
arteries are ligated, the pancreatic head and duodenum will 
become congested and the amount of intraoperative bleeding 
will increase.

Therefore, it is important to have complete understanding 
of the anatomy of pancreatic head veins. The gastrocolic 
trunk is an important vein in the pancreatic head that is often 
encountered by surgeons during PD and surgery for gastric 
or colon cancer, and it is difficult to perform subsequent pro-
cedures if bleeding occurs. Henle [6] reported in 1868 that 
the right anterior colonic vein and the right gastroepiploic 
vein formed a common duct, which is referred to as Henle’s 
gastrocolic trunk and flows into the superior mesenteric vein 
(SMV). The common trunk that flows into the SMV is 
referred to as Henle’s venous trunk, and the trunk that flows 
from that area into the ileocolic vein is called the surgical 
trunk. When performing a right hemicolectomy, it is impor-
tant to bear this venous anatomy in mind. The anterior supe-
rior pancreatoduodenal vein (ASPDV), which flows into the 
right colonic vein and the right gastroepiploic vein, runs 
across the anterior surface of the pancreas, becomes the ante-
rior inferior pancreaticoduodenal vein (AIPDV), forms an 
arcade, and finally flows into the SMV. The posterior supe-
rior pancreatoduodenal vein (PSPDV) is a vein of the second 
part of the duodenum and the pancreatic bile duct that runs 
through the bile duct or the posterior surface of the pancreas 
and into the primary duct of the portal vein. The posterior 
inferior pancreatoduodenal vein (PIPDV) is a vein of the 
duodenal papilla and is downstream from the duodenum. It 
directly flows in the first jejunal vein or the SMV (Fig. 2.3). 
In certain cases, PSPDV and PIPDV can form arcades. 
Takamuro et  al. [7] mentioned that PSPDV and PIPDV in 
certain cases form arcades while in others they do not.

The inferior mesenteric vein (IMV) most commonly 
merges with the SMV; however, the second most common 
type merges with the splenic vein. Other types flow into the 
confluence of the SMV and the splenic vein. If pancreatic 
cancer invades the confluence of the SMV and the splenic 
vein, splenic vein dissection is required. Although in most 

cases it is not necessary to reconstruct the splenic vein, in 
some rare cases, splenomegaly may occur because of intra-
operative spleen congestion. Therefore, it is extremely 
important to ascertain the IMV inflow site using preoperative 
MDCT.

2.3  Surgical Techniques

2.3.1  Treitz Ligament Approach for Artery- 
First PD

Using this approach, the transverse colon is cranially lifted 
while the retroperitoneum, which is just above the Treitz 
ligament, is incised to identify the first jejunal artery and the 
middle colic artery as well as expose the SMA trunk. 
Releasing the Treitz ligament as much as possible will facili-
tate IPDA ligation. Passing a tape attached to the origin of 
the SMA from the right hand side of the opening of the Treitz 
ligament to the left hand side facilitates the identification of 
SMA and IPDA orientation. The inferior mesenteric vein 
(IMV) is often reported on the left side of the SMA trunk 
(the left cranial side of the Treitz ligament), which can limit 
the identification of the IPDA and is dissected in such cases. 
When dissecting the inferior margin of the pancreatic head 
toward the origin of the SMA, the IPDA can be identified in 
the origin of the middle colic artery (MCA) on the central 
dorsal side. It is ligated twice after identification. Although 
an approach from the left side offers a good field of view, it 

Fig. 2.3 Inferior pancreaticoduodenal vein. PIPDV posterior inferior 
pancreaticoduodenal vein, AIPDV anterior inferior pancreaticoduode-
nal vein

A. Horiguchi et al.
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is possible to approach from the right side in cases with less 
adipose tissue. Because there are multiple variations, such as 
cases in which the IPDA branches from the first jejunal 
branch (Fig.  2.4a, b), directly bifurcates from the SMA 
(Fig.  2.5a, b), and bifurcates separately before the SMA 
(Fig. 2.6a, b), preoperative identification is important. After 
dealing with inflowing arteries of the head of pancreas to 
prevent the congestion of the pancreatic head and the duode-

num, and associated persistent bleeding, the upper jejunum 
is dissected and pulled to the right. Tunneling of the portal 
vein is performed and the pancreas is sharply dissected with 
a scalpel. The vein flowing from the excised side of the pan-
creas to the SMV is ligated and dissected, and then PD is 
performed. Although with conventional PD, the pancreatic 
duodenum becomes congested during the procedure and 
becomes swollen in certain cases, which increases the 

FJA

IPDA

FJA IPDA

a b

Fig. 2.4 IPDA+FJA type (a: 3D angiogram of MD-CT, b: the intraoperative photograph). IPDA inferior pancreaticoduodenal artery, FJA first 
jejunal artery, IPDA inferior pancreaticoduodenal artery

IPDA

IPDA

a b

Fig. 2.5 IPDA independent type (a: 3D angiogram of MD-CT, b: the intraoperative photograph). IPDA inferior pancreaticoduodenal artery
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amount of bleeding. With an IPDA-approached PD, bleeding 
at this point is reduced and the procedure can be performed 
with peace of mind. For laparoscopic surgery, the caudal 
field of view is extremely good, indicating that procedures 
where it is usually difficult to obtain a good field of view 
when performed using laparotomy can be performed from 
the front. Furthermore, the magnifying effect facilitates the 
easy identification of SMA (Fig. 2.4).

As cases where the PIPDA and AIPDA branch separately 
are often complicated, the procedure must be carefully per-
formed while confirming the location of arteries and veins 
using preoperative MDCT imaging. In each case, it is impor-
tant to be familiar with the branching morphology prior to 
surgery. Horiguchi et al. confirmed the IPDA from the left 
hand side, carried out ligation and taped it, and then after 
dissecting the jejunum, they pulled out the IPDA to the right 
hand side past the posterior side of the SMA and the portal 
vein, and subsequently confirmed the IPDA again at the pan-
creatic hook before performing double ligation to thoroughly 
remove the lymph nodes around the SMA.

2.4  Discussion

The IPDA presents with various branching patterns [8]. 
Horiguchi et al. [3] roughly classified these into three differ-
ent types based on MDCT imaging: a type that directly 
branches from the SMA, a type that forms a common trunk 
with the first jejunal artery, and a type that branches from the 
right hepatic artery of the SMA. Artery-first PD using the 

Treitz ligament approach is a useful method of reducing the 
amount of bleeding that makes it easy to detach veins that 
run from the pancreatic head to the SMV.

The artery-first approach was first reported by Sanjay et al. 
in 2012 [1]. There are multiple ways to approach SMA. In 
1993, Nakao et al. [9] reported a mesenteric approach, which 
is considered to be the world’s first artery- first PD. In 2007, 
Horiguchi et al. [2] reported that the left- sided approach from 
the SMA was useful for dealing with IPDA.  However, the 
concept of artery-first PD is used in laparoscopic PD. In 2011, 
the authors reported on the first case of robot-assisted laparo-
scopic PD in Japan [10, 11]. Nagakawa et  al. reported a 
method of dealing with the IPDA from the right side of the 
SMA during laparoscopic PD [12]. This is a useful method 
for safely dealing with the jejunal veins from the right side of 
the SMA.  Sugiyama et  al. reported an intestinal derotation 
procedure for easily dealing with IPDA, which involves per-
forming complex pancreatic head and duodenal dissection by 
derotating the pancreatic head and duodenum [13].

The vascular anatomy of the pancreatic head is complex 
and gaining a preoperative understanding using MDCT is 
extremely useful.

2.5  Conclusion

In future, it is expected that the number of cases of laparo-
scopic PD as well as PD by laparotomy will increase and 
ascertaining the vascular structure of the pancreatic head is 
extremely important to safely perform PD.

PIPDA

AIPDA

PIPDA

AIPDA

a b

Fig. 2.6 AIPDA/PIPDA independent type (a: 3D angiogram of MD-CT, b: the intraoperative photograph). PIPDA posterior inferior pancreatico-
duodenal artery, AIPDA anterior inferior pancreaticoduodenal artery

A. Horiguchi et al.
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Surgical Anatomy of the Biliary Tract

Eduardo Olivera Pertusso, Joaquin Garcia, 
and Luis Ruso Martinez

Abstract

The anatomical aspects of the biliary tract and its vascu-
larization are of special surgical interest. The area of 
Glisson’s capsule (hilar plate) that surrounds the vasculo- 
biliary structures of the hepatic hilum has a great impor-
tance, as well as the crossed arterial vascularization that 
allows the supply flow, during the injuries of the main 
hepatic arteries.

Anatomical variations in the origin of the superior bili-
ary confluent, the cystic duct, and its relationship with the 
cystic artery are determinants of the aspect of the triangle 
of Calot and keys for safe cholecystectomy and avoiding 
surgical injuries to the bile duct.

The length of the left hepatic duct allows a wide expo-
sure that facilitates to make of the hepatic jejunal anasto-
mosis, associating the Hepp-Couinaud maneuver.

The so-called hepatic pedicle is formed by the com-
mon bile duct, the portal vein, with the hepatic artery. Its 
structure is practically constant, but in 15% of cases the 
right hepatic artery is located in front of the main bile 
duct.

This chapter describes the anatomical structure of the 
biliary tract, morphological patterns, most important vari-
ations, and the relevant aspects of its vascularization.

3.1  Introduction

Precise knowledge of the anatomy of the biliary tree is criti-
cal to obtain optimum results in hepatobiliary surgery and to 
avoid surgical lesions of its conducts.

In this chapter, we describe the anatomic structure of the 
biliary system, its morphologic patterns, the most important 

variants, and the most important aspects of its vasculariza-
tion, based on current knowledge [1–13].

The biliary tree is formed by a system of ducts of progres-
sively higher caliber that conduct the bile secreted by the 
liver to the duodenum. It originates in microscopic canaliculi 
in the hepatic parenchyma, in which the walls are formed by 
hepatocytes.

From a topographic point of view, the biliary tree can be 
divided into an intrahepatic biliary tract and an extrahepatic 
one. The latter is formed by the common hepatic and the 
choledochus, the main biliary tract, and an accessory biliary 
tract, namely the gallbladder and the cystic duct.

There are three fundamental aspects from the surgical 
point of view:

 (a) The variations in the formation of the superior biliary 
confluent, key to perform a correct oncologic hepatic 
surgery.

 (b) The anatomic variations related to the cystic duct and its 
relationship with the cystic artery are determinant of the 
position of the triangle of Calot and also very important 
for a safe cholecystectomy.

 (c) The arterial vascularization at the level of the hilar plate 
allows to sustain a substitution flow, in case of lesions of 
the main hepatic arteries (right and left).

3.2  Intrahepatic Biliary Tract

The intrahepatic bile ducts are part of the portal triad and are 
surrounded by an invagination of the Glisson’s capsule. 
Next, there are branches of the portal vein, whose nomencla-
ture is based on the consensus of Brisbane in the year 2000.

The hepatic parenchyma is divided into two by the line of 
Cantlie which goes from the fossa vesicae to the right edge 
of the inferior vena cava. The bile of each hemiliver is 
drained by the right and left hepatic ducts that join at the 
level of the hilar plate to form the superior biliary confluent, 
from which the common hepatic duct originates.

3

E. O. Pertusso · J. Garcia · L. R. Martinez (*) 
School of Medicine, University of Republic (UdeLar), 
Montevideo, Uruguay

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-0063-1_3&domain=pdf
https://doi.org/10.1007/978-981-19-0063-1_3#DOI


16

3.2.1  Right Hepatic Confluent and Its 
Anterior and Posterior Branches

The right hepatic duct is short (0–23 mm) and vertical, and 
its way is external to the hepatic parenchyma. It is formed by 
the confluence of the sectoral posterior and anterior right 
ducts, which drain bile of the segments 6–7 and 5–8, 
respectively.

The posterior sectoral duct has a horizontal and anterior- 
posterior direction. It is longer than the anterior sectoral 
duct, and it is located above it. It ends joining the posterior 
surface of this duct after crossing the superior surface of the 
anterior branch of the right portal vein, although in 20% of 
the cases, it may run under this portal branch.

The anterior sectoral duct is vertical, and it is located in 
front and to the left of the anterior branch of the right portal 
vein. In 20% of the cases, it is retroportal. It receives the 
canaliculi of the segments 5 and 8; however, these may pres-
ent variations (segment 8 may drain in the posterior sectoral 
duct or segment 5 in the right hepatic duct, the posterior sec-
toral duct or the common hepatic duct).

3.2.2  Left Hepatic Confluent and Its Affluents

The left hepatic duct is longer than the right one (20–50 mm), 
and it has a horizontal pathway, running behind the posterior 
margin of the quadrate lobe. Initially located above and 
behind the left portal vein, it crosses its superior surface to 
locate itself in front of the transverse portion of that vein. It 
has a long path in the hepatic hilum, where it is located out-
side the parenchyma. This long extrahepatic path has surgi-
cal importance because it allows to have a better dominion 
and exposure of the left hepatic duct, key to the performance 
of a wide hepatic jejunal anastomosis by the maneuver of 
Hepp-Couinaud.

The left hepatic duct receives the bile from the segments 
2, 3, and 4, which converge usually in stages in a common 
duct. The duct of the segment 2 is superior and oblique, 
while one of the segment 3 is wider and it has a concave 
pathway, its confluence is usually to the left of the round 
ligament.

The bile from segment 4 is usually collected by four 
ducts, two superior ones and two inferior, which drain in 
the left hepatic duct through a common duct, but they may 
drain all or some of them independently in the left hepatic 
duct.

3.2.3  Biliary Drainage of Segment 1

The caudate lobe drains through 1 to 6 ducts which are 
located underneath the portal branches. In most of them exist 

a bilateral drainage, and the ducts flow out in the posterior 
surface of the right and left hepatic ducts, next to the biliary 
confluence. In 15% of the cases, the drainage is exclusively 
to the left hepatic duct, while only 5% is exclusively to the 
right hepatic duct.

3.2.4  Accessory Biliary Ducts

Initially described by Luschka, they are thin ducts usually 
originating in the right lobe and drain subsegmentary areas 
of hepatic parenchyma and also drain in intrahepatic ducts, 
in the right hepatic duct or the common bile duct. The sub-
vesical duct is the most frequent one (30–35%), and it runs 
between the visceral surface of the liver and the superior sur-
face of the gallbladder. Sometimes there is a network of 
aberrant biliary canaliculi which ends in a cecum end point 
in the fossa vesicae, and they drain in the hepatic ducts. They 
are a frequent cause of bilirrhage post cholecystectomy, 
which justifies the clipping and ligation of the internal and 
inferior sector of the gallbladder bed.

Less frequent is the presence of an aberrant biliary duct 
that drains from the liver straight to the gallbladder.

3.2.5  Biliary Confluence and Its Variations

The right and left hepatic ducts converge in the hepatic 
hilum, where they are surrounded by the biliary plate, a 
thickening of the Glisson’s capsule that wraps the vascular- 
biliary structures, adhering to the walls of the biliary tract 
and making its dissection difficult. There are three sectors: 
the gallbladder plate (in front of the gallbladder), the umbili-
cal plate, in relation to the left biliary tree, and the hilar plate 
in front of the superior biliary confluence. Its knowledge is 
key to the surgical approach of the hepatic hilum. The tissue 
of the hilar plate gets in the hepatic parenchyma surrounding 
the elements of the portal triad, while downwards it is in con-
tinuity with the hepatoduodenal ligament and the minor 
omentum (Photo 3.1).

In its usual configuration (68%), the common bile duct is 
formed by the confluence of the right and left hepatic ducts 
outside the hepatic parenchyma, in front and slightly to the 
right of the right branch of the portal vein. The anatomic 
variations of the superior biliary confluence are not rare and 
are dominated by the high incidence of variations in the out-
let of the right sectoral posterior duct.

In 18% of the cases, the right sectoral ducts converge 
jointly in the left hepatic duct giving place to the triple conflu-
ence or trifurcation of the biliary tract. When this happens, the 
right posterior sectoral branch is usually located above the 
anterior sectoral branch, and there is not a hepatic duct as 
such.

E. O. Pertusso et al.
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In 8% of the cases, one of the right sectoral branches, usu-
ally the posterior one, drains in the posterior surface of the 
left hepatic duct, forming an acute triangle. In these cases, 
the left hepatic duct drains the bile of the left hemiliver and 
the anterior sector of the right one.

In 6% of the cases, the right posterior sectoral duct has 
an aberrant pathway and can converge in the right hepatic 
duct, the common biliary duct at a variable distance of the 
superior biliary convergence, and even in the superior edge 
of the cystic duct. This morphologic variation is an impor-
tant risk factor for biliary surgical lesion during 
cholecystectomy.

The segmentary canaliculi of both lobes may drain in the 
common biliary duct independently, a fact that is known as 
“convergence étagée” or staggered confluence.

3.3  Extrahepatic Biliary Tract

The hepatic hilum originates the common hepatic duct, and 
it is called, arbitrarily, choledochus after receiving the mouth 
of the cystic duct. The cystic choledochus union or inferior 
biliary confluent takes place at a variable distance of the con-
vergence of the hepatic ducts, so is better to call common 

a b

c d

Photo 3.1 Biliary confluence and its variations. (a) Modal configura-
tion. (b) Triple confluence or trifurcation of the biliary tract. (c) 
Aberrant right posterior duct. (d) Right posterior duct drains in the left 

hepatic duct. Arrow head: left hepatic duct. Fine Arrow: Right posterior 
duct. Thick arrow: Right anterior duct.

3 Surgical Anatomy of the Biliary Tract



18

biliary duct at the continuity of the common hepatic duct and 
the choledochus duct.

From a topographic point of view, the common bile duct 
may be divided into three portions: a supraduodenal portion, 
where it is part of the hepatic pedicle, a retroduodenopancre-
atic portion located behind the first portion of the duodenum 
and the head of the pancreas, and an intramural portion 
where it transits in the duodenum wall to debouch in the 
major duodenal papilla.

3.3.1  Supraduodenal Portion: Hepatic 
Pedicle

This portion runs from the origin of the common biliary duct 
to the crossing of the superior margin of the first portion of 
the duodenum. This sector becomes evident during the dis-
section of the hepatic hilum when descending to the superior 
and elevating the visceral surface of the liver, since both the 
organs are in touch in their anatomic position (Photo 3.2).

At its origin, the common biliary duct transits in the free 
margin or “pars flacida” of the minor omentum, between two 
visceral peritoneal sheets and surrounded by an independent 
fascia that allows its individualization during the surgical 
exploration.

It is located upfront the portal vein, slightly to the right, 
with the proper hepatic artery at its left. The relation to the 
portal vein is practically constant, although there are reports 
of cases where the main biliary tract was retroperitoneal.

Usually the proper hepatic artery is divided into its two 
terminal branches next to the inferior edge of the liver, and 
its right branch goes behind the common bile duct, between 

this and the portal vein. In 15% of the cases, the right hepatic 
artery is located upfront the main biliary tract.

In case of the existence of an aberrant right hepatic artery 
or a common hepatic artery originated from the superior 
mesenteric artery, these arteries may have a retroportal path-
way and be located in the right margin of the bile duct.

3.3.2  Retroduodenopancreatic Portion

The retroduodenopancreatic portion extends from the crossing 
with the superior margin of the first portion of the duodenum 
to the duodenal wall. In this segment, the common bile duct 
becomes a retroperitoneal organ, separated from the anterior 
surface of the inferior vena cava by the fascia of Treitz. The 
maneuver of Kocher- Vautrin allows the decollation of this fas-
cia and access the posterior surface of the duodenum–pancreas 
to approach the retropancreatic choledochus.

As it descends, the common bile duct relates to the poste-
rior surface of the first portion of the duodenum and with the 
head of the pancreas, where most of the times, it is covered 
by a flap of pancreatic tissue or entirely surrounded by the 
glandular parenchyma. In 12% of the cases, its posterior sur-
face is bare.

In its retropancreatic pathway, the common bile duct 
describes a double curvature backwards and to the right, to 
debouch in the second portion of the duodenum. At this 
point, it separates from the portal vein, which runs left 
where its origin is located, in the espleno-mesenteric con-
fluence. The portocholedochal triangle is delimited at the 
origin of the gastroduodenal artery and its posterosuperior 
pancreatic- duodenal branch. This branch runs in front of 
the bile duct while its homonymous vein is located behind. 
Both of them originate multiple branches of fine caliber, 
branches that vascularize the biliary tract and the 
duodenum–pancreas.

3.3.3  Intramural Portion

In this portion, the common bile duct runs obliquely through 
the duodenum wall to debouch in the major duodenum 
papilla at the level of the second portion of the duodenum, in 
the union of the posterior wall, and medially in 80% of the 
cases. In the rest, the common bile duct may debouch in the 
third portion or in the second duodenal knee. As it runs 
through the duodenal wall, it runs by a fenestra in the proper 
muscle layer named duodenal window.

Usually, the bile duct and the main pancreatic duct join in 
one common duct of 1–12 mm in length and 4.4 mm in cali-
ber, which opens in the vertex of the major duodenal papilla. 

Photo 3.2 Hepatic pedicle. Supraduodenal portion. CHA common 
hepatic artery, GDA gastroduodenal artery, RHA right hepatic artery, 
LHA left hepatic artery, PV portal vein, LPV left portal vein
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This morphology, named “anatomy of Opie” is what lets us 
explain the physiopathology of the acute lithiasic pancreati-
tis. In 70% of the cases, the common duct is dilated, and it is 
called ampulla of Vater.

Sometimes, both the ducts end independently in the major 
duodenal papilla after a short parallel pathway, with the ori-
ficium of the common bile duct located above and to the left 
of the main pancreatic duct. Less frequently, we can find an 
independent ending of both ducts in different places of the 
duodenum.

In the distal extreme of the main pancreatic duct and the 
bile duct, there is a complex sphincteral system described by 
Ruggero Oddi, formed by the circular and longitudinal 
smooth muscle fibers with a fine nerve and humoral regula-
tion. Boyden described it more precisely, and nowadays, 
three main components are recognized: the choledochal and 
pancreatic sphincters, which surround the distal sector of 
each duct, and the ampullary sphincter that surrounds the 
common duct when this is present.

3.4  Vascularization of the Main Biliary 
Tract

Contrary to the hepatic parenchyma that receives a double 
vascularization, arterial and portal, the vascularization of the 
biliary tract depends exclusively of the arterial vasculariza-
tion. The arterial vascularization of the biliary tract is very 
rich at the level of the hilum, retroduodenopancreatic and 
intramural, but it is poorer in its supraduodenal portion, 
which is the most vulnerable sector for ischemia and stenosis 
during the surgical manipulation.

3.4.1  Vascularization of the Biliary 
Confluence

The ducts of the biliary confluence receive their vasculariza-
tion from a rich arterial plexus formed by branches of the 
right and left hepatic arteries and the cystic artery, which join 
forming an extrahepatic arterial arcade named caudate 
arcade. Apart from irrigating the bile ducts, this arterial net-
work serves as a way of collateral interlobular arterial circu-
lation from which the arterial substitution network is 
stablished when there is a unilateral lesion of the hepatic 
arteries.

3.4.2  Vascularization of the Common 
Bile Duct

The supraduodenal common bile duct is vascularized by 6–8 
arteries of fine caliber of longitudinal disposition and an 

upward and downward pathway, which anastomose each 
other through transversal channels. Two thirds of the arterial 
vascular input comes from the upward branches originated in 
the posterosuperior pancreaticoduodenal, supraduodenal, 
gastroduodenal, and retroportal arteries, while the remaining 
third of the input comes from the downward branches origi-
nated in the right and left hepatic arteries, and the cystic one. 
Rarely, the proper hepatic artery gives direct branches to the 
common bile duct.

In the right and left margins of the common bile duct, 
the two predominant arteries are identified, named left and 
right marginal arteries or arteries of the hours 3 and 9, 
respectively, which justifies the longitudinal performance 
of the choledochotomy. In occasions, a third dominant 
artery may be found in the posterior surface or artery of the 
hour 6.

The retroduodenopancreatic segment of the common bile 
duct is vascularized by many branches of the posterosuperior 
pancreatic–duodenal artery, responsible for the vasculariza-
tion of this segment, and the retroportal artery.

The venous drainage of the common bile duct originates 
in a epicholedochal plexus located in the surface of the com-
mon bile duct that drains in the veins of the paracholedochal 
plexus, formed by parallel vessels to the bile duct which 
organize themselves into two marginal veins known as the 
veins of the hours 3 and 9, existing in exceptional cases a 
marginal vein of the hour 6.

The marginal veins drain in the gastric veins, the postero-
superior pancreaticoduodenal ones, and in the gastrocolic 
trunk. Upwards, they communicate with the hilar venous 
plexus, which is tributary of the portal branches of the cau-
date lobe and segment 4. This complex venous system allows 
to develop a portal vicariant circulation, in cases of thrombo-
sis of the portal vein, dilating and prompting the entity called 
portal cavernoma.

3.4.3  Vascularization of the Major Duodenal 
Papilla

The arterial vascularization of the major duodenal papilla is 
given by straight vessels which originate in the anterior and 
posterior pancreaticoduodenal arcades, formed by the anas-
tomosis of the branches of the gastroduodenal and inferior 
mesenteric artery. Of these, the posterosuperior pancreatico-
duodenal artery is the main input.

From both arcades, straight vessels originate that approach 
the papilla in a variable number, and two stand out: one 
artery of the hour 9 o’clock, originated in the posterior 
arcade, and one artery of the hour 3 o’clock originated in the 
anterior arcade. This determines a “safe area” of less vascu-
larization between the hours 11 and 1 which is used to make 
the incision in the sphincterotomy.

3 Surgical Anatomy of the Biliary Tract
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3.5  Accessory Biliary Tract

3.5.1  Gallbladder and Cystic Duct

The gallbladder is a piriform sac located in the fossa vesicae 
in the inferior surface of the liver. When it is distended, its 
size is 40 mm wide and 70–100 mm long. The gallbladder can 
be divided into three sectors. The fundus is a blind extreme 
located under the inferior hepatic margin and projected in the 
intersection of the right costal margin with the midclavicular 
line at the level of the ninth costal cartilage. The body is its 
bigger portion, located between the visceral surface of the 
liver and the first knee of the duodenum. It decreases size 
while it goes backwards, forming the infundibulum which is 
continuous with the neck. On the right side of the gallblad-
der’s neck, the patients with chronic obstruction a recess may 
be sometimes found, named Hartmann’s pouch (Photo 3.3).

The visceral peritoneum covers the inferior surface of the 
gallbladder, but in some cases, it may cover its two surfaces 
and form the mesentery that joins it with the hepatic perito-
neum (floating gallbladder). The superior gallbladder surface 
is separated from the hepatic parenchyma by the cystic plate, 
a thickening of the conjunctive tissue which is continuous 
with the hilar plate.

The anomalies of the gallbladder are rare; some cases are 
described with gallbladders in the left side of the liver or 
completely included in the hepatic parenchyma. Agenesia 
and the septated gallbladder, bilobed or duplicated, are 
extremely infrequent.

The cystic duct is continuous with the neck and its size is 
4–65 mm long and an average diameter of 4 mm. The mucosa 
that covers it has 5–12 oblique folds that create a spiral valve 
known as the valve of Heister.

In most of the cases, the cystic-choledochal union is 
approximately at 20  mm from the superior biliary conflu-

ence, and it may be classified as angled, parallel, or spiral. 
When it debouches in the choledochus, it admits multiple 
variations, such as very caudal, next to the major duodenal 
papilla, which is known as low implantation of the cystic 
duct, and very close to the confluence of the right and left 
hepatic ducts.

The cystic duct joins the right lateral surface of the com-
mon bile duct in most of the cases. In 10% of the cases, it 
may join the posterior or anterior wall of the common bile 
duct or less frequently to the left wall. There are reports 
about aberrant cystic ducts that join in the right and left 
hepatic ducts or directly into the duodenum.

3.5.2  Vascularization

The arterial vascularization of the gallbladder is given by the 
cystic artery, which is a branch of the right hepatic artery; 
less frequently, its origin is in the left hepatic artery, gastro-
duodenal, or superior mesenteric. It runs by the superior 
margin of the cystic duct to the gallbladder neck, where it 
divides into two branches, a superficial one that follows the 
inferior surface of the gallbladder and a deep one located 
between the superior surface and the liver. The relation of the 
cystic artery with the triangle of Calot and the cystic duct is 
usually variable, which exposes it to lesion during cholecys-
tectomy. In 65–85% of the cases, it crosses the Calot’s tri-
angle at some point, but 3% is parallel to the cystic and it 
even covers it.

The venous drainage is tributary of the intrahepatic veins, 
and there is not a satellite cystic vein of the artery.

3.5.3  Triangle of the Biliary Tract

At the level of the hepatic hilum, two triangles of great surgical 
importance are defined: The triangle of Calot is delimited by 
the cystic artery, the cystic duct, and the biliary tract. Frequently, 
the triangle of Calot is confused with another triangle defined 
between the inferior surface of the liver, the cystic duct, and the 
common bile duct, named hepatocystic triangle, of the biliary 
tract or triangle of Buddé. Inside this triangle are found the 
cystic artery and ganglion, the right hepatic artery and the lym-
phatic ducts. By this area also run right bile ducts or right 
accessory hepatic arteries or aberrant ones.
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Liver Function and Posthepatectomy 
Liver Failure

Takanobu Hara and Susumu Eguchi

Abstract

The possibility of liver resection is usually determined by 
the technical feasibility of radical surgery and the volu-
metric and functional capacity of the future liver remnant. 
With the addition of recent advances in surgical tech-
niques and perioperative management, liver resection has 
become safer. Nevertheless, posthepatectomy liver failure 
(PHLF) is one of the most serious complications after 
liver resection, and PHLF remains the major cause of 
perioperative morbidity and mortality. The present article 
reviewed a definition of PHLF and the reported liver func-
tion assessment tools used for surgical decision-making. 
According to the safety criteria in the indocyanine green 
testing, morbidity and mortality after hepatic resection 
can be reduced. Recent advances in imaging studies 
enable precise preoperative surgical planning and calcu-
lating future liver remnant volume. Combining imaging 
studies and liver function testing will achieve more accu-
rate preoperative surgical planning to avoid PHLF.

4.1  Introduction

Liver resection is an established method that is considered 
the only curative treatment option for patients with primary 
and metastatic liver tumors. As a result of recent advances in 
surgical techniques and perioperative management, liver 
resection has become safer; morbidity and mortality rates 
after surgery have decreased over the past 10  years [1–4]. 
The possibility of liver resection is usually determined by the 
technical feasibility of radical surgery and the volumetric 
and functional capacity of the future liver remnant (FLR). 
Recent reports indicated that a future liver remnant of 25% is 
sufficient in patients without parenchymal disease, and that 

an FLR of 40%–50% is necessary in patients with parenchy-
mal liver disease [5–7]. In addition, three-dimensional volu-
metric analysis has contributed significantly to precise 
surgical planning [8–10]. Despite these developments, pos-
thepatectomy liver failure (PHLF) is still one of the most 
serious complications after liver resection, and PHLF 
remains the major cause of perioperative morbidity and mor-
tality. The incidence of PHLF varies between 1.2% and 32%; 
in the most recent literature, the incidence is up to 8% [11, 
12]. This wide range in the frequency of PHLF can be attrib-
uted to the lack of a universal definition of PHLF. Predicting 
PHLF by evaluating preoperative liver function could help 
hepatobiliary surgeons decide whether hepatectomy can be 
performed safely or whether additional procedures are nec-
essary prior to the planned hepatectomy.

This article provides a definition of PHLF and discusses 
recent topics regarding accurate and realistic evaluation of 
liver function testing to perform safe liver resection.

4.2  Posthepatectomy Liver Failure (PHLF)

A number of definitions of PHLF have been reported. PHLF 
has been most commonly defined quantitatively by postop-
erative laboratory tests using various cut-off values for serum 
bilirubin concentration and prothrombin time–international 
normalized ratio (PT–INR). In 2005, Balzan et al. analyzed 
the outcomes of 704 patients undergoing partial hepatec-
tomy and proposed a definition of PHLF as the combination 
of PT < 50% and serum bilirubin >50 μmol/L (2.9 mg/dL) on 
postoperative day 5 (“50–50 criteria”) [13]. This definition 
predicted in-hospital mortality with a sensitivity of 69.6% 
and specificity of 98.5%. Mullen et  al. analyzed the out-
comes of 1059 patients with normal preoperative liver func-
tion undergoing hepatectomy in 2007. The authors proposed 
a different criterion of peak postoperative bilirubin 
level > 7.0 mg/dL (120 μmol/L). The criterion predicted liver 
failure-related death with a sensitivity of 93.3% and specific-
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ity of 94.3% [14]. In 2011, the International Study Group of 
Liver Surgery (ISGLS) defined PHLF as postoperative dete-
rioration in the ability of the liver to maintain its synthetic, 
excretory, and detoxifying functions, characterized by 
increased PT–INR and concomitant hyperbilirubinemia on 
or after postoperative day 5 (Table  4.1) [12]. A proposed 
grading system was based on a review of 1928 studies, 
including the above-mentioned references. Because the 
ISGLS definition is easily comparable, it can be used widely. 
The ISGLS also differentiated the severity of PHLF into 
three grades from A to C; grade B and C are generally con-
sidered to indicate clinically relevant PHLF [15].

4.3  Preoperative Evaluation of Liver 
Function

4.3.1  Portal Hypertension

Portal hypertension is considered a contraindication to liver 
resection according to the AASLD/BCLC guidelines [16]. 
Clinically relevant portal hypertension is defined as a 
hepatic vein pressure gradient greater than 10 mm Hg or the 
presence of esophageal varices or splenomegaly associated 
with a platelet count lower than 100  ×  109/L [17]. Major 
hepatic resection increases portal venous pressure in both 
cirrhotic and non-cirrhotic livers. Although an association 
between portal hypertension and poor long-term outcomes 
after liver resection for HCC has been reported [18, 19], 
increased portal venous pressure does not appear to have a 

direct effect on early postoperative morbidity and mortality 
[20]. Recent reports indicated that limited resection in 
patients with preserved liver function and moderate portal 
hypertension yields competitive survival outcomes [21]. 
Therefore, the 2018 EASL Clinical Practice Guidelines do 
not consider portal hypertension a contraindication for 
minor liver resection [21].

4.3.2  Model for End-Stage Liver Disease 
(MELD) Score

The MELD score was initially reported to predict survival in 
patients with liver cirrhosis following a transjugular intrahe-
patic portosystemic shunt [22]. To improve the score’s accu-
racy, pretransplant dialysis and serum sodium concentration 
have been added, and the MELD score is now widely used to 
allocate liver transplant candidates [23]. Since then, several 
studies have validated the score for predicting PHLF.  Teh 
et al. retrospectively analyzed 82 patients with cirrhosis who 
underwent liver resection for HCC. The authors reported that 
a preoperative MELD score ≥ 9 was a significant risk factor 
for postoperative mortality [24]. In 2006, Cucchetti et  al. 
analyzed 200 HCC patients with cirrhosis undergoing liver 
resection and demonstrated that preoperative MELD ≥11 
and MELD score increases between postoperative day 3 and 
5 were independent predictors of PHLF [25]. Citterio et al. 
reviewed data for 543 patients with chronic liver disease who 
underwent liver resection for HCC and reported that the 
combination of portal hypertension and MELD score was a 
useful predictor of PHLF [26]. In contrast, Schroeder et al. 
reported that preoperative MELD score was not an accurate 
predictor of morbidity or mortality [27]. MELD might not 
accurately predict mortality in patients without cirrhosis 
because the original formula was developed for patients with 
extremely poor liver function in whom liver resection is not 
indicated [28].

4.3.3  Blood Chemistry Tests

A number of studies have reported that a preoperative plate-
let count <10–15  ×  104/μL was associated with PHLF or 
mortality [29–31]. In 2003, Wai et al. proposed the aspartate 
aminotransferase (AST) to platelet ratio index (APRI = AST 
level/upper normal limit of AST/platelet count [109/L] × 100) 
as a simple predictor of significant fibrosis and cirrhosis in 
patients with chronic hepatitis C [32]. Ichikawa et al. retro-
spectively evaluated 366 patients and reported the usefulness 
of APRI for predicting PHLF [33]. Likewise, Mai et al. eval-
uated 1044 patients with HCC who underwent liver resection 
and reported a sensitivity and specificity of the APRI score 
for predicting PHLF of 72.2% and 68.0%, respectively. 

Table 4.1 IGLS Consensus definition and severity grading of pos-
thepatectomy liver failure (From Rahbari et al. [12])

Definition 
of PHLF

A postoperatively acquired deterioration in the ability of 
the liver (in patients with normal and abnormal liver 
function) to maintain its synthetic, excretory, and 
detoxifying functions, characterized by an increased 
INR (or need of clotting factors to maintain normal 
INR) and hyperbilirubinemia (according to the normal 
cut-off levels defined by the local laboratory) on or after 
postoperative day 5. If INR or serum bilirubin 
concentration is increased preoperatively, PHLF is 
defined by an increasing INR (decreasing prothrombin 
time) and increasing serum bilirubin concentration on or 
after postoperative day 5 (compared with the values of 
the previous day). Other obvious causes for the 
observed biochemical and clinical alterations such as 
biliary obstruction should be ruled out

Grade
A PHLF resulting in abnormal laboratory parameters but 

requiring no change in the clinical management of the 
patient

B PHLF resulting in a deviation from the regular clinical 
management but manageable without invasive treatment

C PHLF resulting in a deviation from the regular clinical 
management and requiring invasive treatment

PHLF posthepatectomy liver failure, INR international normalized ratio
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PHLF incidence and grade in patients with APRI scores 
>0.55 were significantly higher than in patients with lower 
scores [34].

In 2015, the albumin–bilirubin (ALBI) score was created 
to predict overall survival after hepatectomy in patients with 
HCC [35]. Zhang et al. analyzed 338 HCC patients undergo-
ing liver resection and reported that ALBI predicted PHLF 
according to the ISGLS criteria. The rate of PHLF was 7.7% 
in the study, and higher ALBI grades correlated with higher 
PHLF grades. Notably, ALBI was a superior predictor com-
pared with MELD and Child–Pugh–Turcotte (CP) scores 
using ROC analysis [35]. Zou et  al. evaluated 229 HCC 
patients and reported that ALBI showed superior predictive 
value for PHLF over the CP score. In addition, the combina-
tion of standardized future liver remnant (sFLR) and ALBI 
scores was a stronger predictor of PHLF than either sFLR or 
ALBI score alone [36].

4.3.4  Indocyanine Green (ICG) Clearance Test

ICG is a highly plasma protein-bound, water-soluble anionic 
organic tricarbocyanine dye. Measuring ICG clearance is a 
dynamic method of studying liver functional reserve. After 

intravenous injection, ICG is taken up by organic anion 
transporting polypeptides (OATP) and Na+-taurocholate co- 
transporting polypeptide, which are abundantly located in 
the basolateral membrane of hepatocytes [37]. ICG is almost 
exclusively extracted by the liver and excreted into the bile 
without intrahepatic biotransformation [38]. Its elimination 
is thought to be dependent on hepatocyte function, liver 
blood flow, and bile secretion [39].

The ICG retention ratio after 15  min (ICG R15) is the 
ratio between the ICG concentration 15 min after injection 
and the initial concentration. A surgical decision-making 
algorithm based on ICG R15 was reported by Makuuchi 
et al. in 1993 that includes ICG R15, presence of ascites, and 
serum total bilirubin concentration [40]. In cases of total bili-
rubin concentration  <  1  mg/dl without ascites, major liver 
resections should only be performed in patients with ICG 
R15 lower than 20% [41] (Fig. 4.1). This algorithm has cer-
tainly contributed to a reduction in operative mortality in 
Japan [1].

Recently, Kokudo et al. proposed the albumin–indocya-
nine green evaluation (ALICE) grading system as a tool to 
assess the preoperative liver functional reserve of patients 
undergoing hepatectomy for HCC [42]. This score was supe-
rior for predicting postoperative long- and short-term out-

Ascites

Total bilirubin No hepatectomy

ICG R15 Limited resection

EnucleationTrisectionectomy
Bisectionectomy

Left hemihepatectomy
Right sectionectomy

Segmentectomy
(segment of Couinaud)

Limited resection

Enucleation

No or controllable Incontrollable

Normal 1.1~1.5 mg/dL 1.6~1.9 mg/dL ≥2.0 mg/dL

No hepatectomy

Normal 10~19% 20~29% 30~39% ≥40%

K=0.15 K=0.11 K=0.08 K=0.06

Fig. 4.1 A decision tree for hepatectomy proposed by Makuuchi et al. 
which involves the presence or absence of uncontrollable ascites, the 
serum bilirubin level, and the ICG R15. Because the ICG R15 is not a 
linear quantitative parameter, only the surgical procedure, and not the 

exact numbers for the hepatic parenchymal resection rate, is presented 
for each ICG category. The designations of the hepatectomy have 
changed according to the Brisbane 2000 Terminology of Liver Anatomy 
and Resections
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comes compared with the risk class according to the 
presence/absence of portal hypertension. In 2018, the same 
group analyzed 1025 consecutive patients undergoing liver 
resection for HCC to evaluate the role of liver function fac-
tors in predicting postoperative large-volume ascites and 
PHLF.  The incidence of large-volume ascites was 13.9%, 
and PHLF was 3.7%. The authors reported that the ALICE 
score was the strongest predictor of large-volume ascites and 
PHLF [43]. Another study suggested the possibility of using 
the ALICE score to predict portal hypertension in HIV/HCV 
co-infected hemophilia patients [44].

The plasma disappearance rate of ICG (KICG) can be cal-
culated using linear regression analysis and plasma ICG con-
centrations [45]. KICG has been thought to reflect the 
pharmacokinetics of ICG more accurately than ICG R15. 
Lower preoperative KICG is a predictive factor for PHLF as 
well as increased ICG R15 [46].

Although the ICG clearance test is a reliable dynamic 
liver function test, results should be interpreted carefully in 
patients with cholestasis because bilirubin and ICG com-
petitively bind to the same OATP, such as 1B3 [37]. 
Decreased ICG clearance values are observed in patients 
with intrahepatic shunts or sinusoidal capillarization 
because the ICG clearance test depends on overall liver 
blood flow [47].

4.4  M2BPGi

Recent studies have reported the usefulness of Mac-2 bind-
ing protein glycosylation isomer (M2BPGi) as a predictor 
of hepatic decompensation and HCC development in 
patients with chronic liver diseases [48, 49]. In 2017, Okuda 
et al. evaluated PHLF in 138 HCC patients who underwent 
liver resection. The authors reported that M2BPGi, platelet 
count, and resection rate were associated with PHLF ≥ 

grade B. In patients with HCV infection, the predictive abil-
ity of M2BPGi for PHLF was higher than for the other 
parameters [50].

4.5  Scintigraphy

The asialoglycoprotein receptor is located on the sinusoi-
dal surface of hepatocytes and is involved in clearing gly-
coproteins containing terminal galactose residues from the 
circulation [51]. Scintigraphy using 99mTc-labeled diethyl-
enetriaminepentaacetic acid galactosyl human serum albu-
min (GSA), an analog of asialoglycoproteins has been widely 
performed to estimate function in damaged livers [52]. The 
development of 99mTc-GSA single-photon emission computed 
tomography (SPECT) allows the evaluation of regional GSA 
accumulation in the liver. Because the uptake of 99mTc-GSA is 
not affected by high bilirubin serum levels, 99mTc-GSA scin-
tigraphy is applicable in patients with cholestatic liver dis-
eases [53]. A receptor index parameter obtained from the 
liver and heart time-activity data as the ratio of radioactivity 
of the liver to that of the liver plus heart 15 min after intrave-
nous injection of 99mTc-GSA (LHL15) is used to evaluate 
liver function because the ratio correlates with serum albu-
min level, serum bilirubin level, prothrombin time, ICG R15, 
or CT score [54, 55]. In our institute, surgical decisions 
regarding safe hepatic resection were made using ICG R15 
and LHL15, which reflects the severity of portal hyperten-
sion and hepatocyte function in moderately damaged livers 
[56] (Fig. 4.2).

In Europe, 99mTc-labeled mebrofenin hepatobiliary scin-
tigraphy is more popular than 99mTc-GSA. Mebrofenin enters 
hepatocytes and is excreted into the bile canaliculi unme-
tabolized; therefore, 99mTc-labeled mebrofenin hepatobiliary 
scintigraphy measures the kinetic process of uptake and 
excretion by hepatocytes [57].

ICG R15

Trisectionectomy
Bisectionectomy

Limited 
resection

Limited resection
or No hepatectomy

<15% 15~24% 25~30% ≥30%

≥0.90 <0.90
99mTc-GSA

LHL15

Sectionectomy

Segmentectomy or
Lt lateral sectionectomy

≥0.90 <0.90 ≥0.90 <0.90 ≥0.90 <0.90

Segmentectomy or
Lt lateral sectionectomy

Bisectionectomy

Sectionectomy

Child-Pugh classification A or B

Fig. 4.2 A decision tree for hepatectomy currently used at Nagasaki University. This algorithm involves the ICG R15 and 99mTc-GSA scintigraphy 
LHL15. If the intraoperative portal venous pressure is higher than 20 cmH2O, the resection area should be reduced by one step
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These imaging studies have advantages in clarifying func-
tional heterogeneity among the hepatic segments compared 
with the ICG clearance test.

4.6  Measuring Future Liver Remnant 
(FLR) Volume

Preoperative FLR volume calculation is the method of choice 
to evaluate the risk of PHLF.  Several reports indicated the 
usefulness of FLR by calculating body surface area or body 
weight [58, 59]. Truant et al. suggested a cut-off value of rem-
nant liver volume to body weight ratio of ≥0.5% to estimate 
PHLF [60]. Current consensus regarding the minimal safe 
FLR volume in patients with a normal liver is approximately 
25%–30% of the total functional liver volume, with liver vol-
ume not including the volume occupied by the tumor [7, 61, 
62]. However, remnant liver function estimated with CT volu-
metry is only completely reliable when liver function is 
assumed to be homogeneous throughout the whole liver [61].

4.7  Measuring FLR Function

To evaluate FLR function preoperatively, several methods 
combining liver volumetry and liver function testing have 
been reported. Nagino et  al. evaluated the change in FLR 
volume and KICG in patients who underwent extended hep-
atectomy following portal vein embolization (PVE) for bili-
ary cancer. This group proposed a KICG of the FLR defined 
by the formula KICG × FLR [ml]/total liver volume [ml] of 
≥0.05 as a criterion for safe hepatectomy [63].

As functional heterogeneity among hepatic segments has 
been reported in damaged livers using 99mTc-GSA SPECT, 
the usefulness of this method for precisely predicting post-
operative hepatic functional reserve in the damaged liver has 
been suggested [64–66]. Kwon et al. evaluated the maximal 
removal rate of 99mTc-GSA (GSA-Rmax) in the FLR mea-
sured from SPECT images. According to their analysis of 
178 patients, 7 cases of postoperative hyperbilirubinemia 
occurred in the patients with GSA-Rmax in FLR of <0.15, 
and 2 patients died of postoperative failure with GSA-Rmax 
values in the FLR of <0.1. The authors concluded that GSA- 
Rmax in FLR should be maintained at >0.15 to avoid postop-
erative hyperbilirubinemia or hepatic failure and to consider 
preoperative PVE for cases with GSA-Rmax in the FLR of 
<0.15 [67].

Recent advances in 3D CT unable precise preoperative 
surgical planning. Therefore, fusion images combining 
99mTc-GSA SPECT and X-ray CT could be critically helpful 
for preoperative surgical decision-making. Iimuro et al. eval-
uated fusion images combining 99mTc-GSA SPECT and 
X-ray CT to overcome the relatively poor anatomical resolu-

tion of SPECT for surgical simulation. The authors calcu-
lated the liver uptake ratio (liver radioactivity/injected 
radioactivity × 100%; LUR) and reported that estimated 
remnant LUR, but not the estimated remnant FLR volume, 
was significantly correlated with postoperative liver function 
parameters [68].

In European countries, hepatobiliary scintigraphy using 
99mTc-mebrofenin is used to estimate functional distribution 
in the liver. de Graaf et  al. proposed using the value of 
≤2.69%/min/m2 for the equation, 99mTc-labeled mebro-
fenin uptake rate in the FLR [%/min] divided by the body 
surface area [m2], as a predictor of PHLF. The authors sug-
gested that preoperative PVE be performed when FLR 
mebrofenin uptake is <2.69%/min/m2 [69].

Another, simpler, method of evaluating FLR function is 
magnetic resonance imaging with intravenous injection of 
gadolinium ethoxybenzyl diethylenetriamine pentaacetic 
acid (Gd-EOB-DTPA), which is transported into hepato-
cytes. The increase in the signal intensity in the FLR in the 
hepatobiliary phase compared with the unenhanced phase 
might be an indicator of FLR function that could predict the 
risk of PHLF [70, 71]. Chuang et al. reported that the rem-
nant contrast enhancement ratio measured using Gd-EOB- 
DPTA MRI strongly predicted postoperative liver failure 
[72]. Orimo et al. introduced the standardized remnant hepa-
tocellular uptake index (SrHUI), which was calculated as 
FLR volume × [(signal intensity of the remnant liver in hepa-
tobiliary phase images/signal intensity of the spleen in hepa-
tobiliary phase images) − 1]/body surface area. The authors 
reported that the SrHUI cut-off value for predicting PHLF 
and PHLF grade  ≥  B was 0.313  L/m2 and 0.257  L/m2, 
respectively [73].

4.8  Conclusions

The present article reviewed the reported liver function 
assessment tools used for surgical decision-making. 
According to the safety criteria in ICG R15 testing, morbidity 
and mortality after hepatic resection can be reduced. Recent 
advances in imaging studies enable precise preoperative sur-
gical planning and calculating FLR volume. Combining 
imaging studies and liver function testing will achieve more 
accurate preoperative surgical planning to avoid PHLF.
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Abstract

The multi-disciplinary management of hepato-pancreato- 
biliary diseases involves the treatment of both benign and 
malignant lesions. Benign liver lesions can be divided 
into non-infectious and infectious lesions. The most com-
mon infectious lesions include abscesses, parasitic 
lesions, fungal lesions, and granulomatous diseases. The 
most common non-infectious primary benign liver lesions 
include simple hepatic cysts, hepatic hemangiomas, focal 
nodular hyperplasia, hepatic adenoma, and biliary cystad-
enoma. The most common liver malignancies include 
metastatic disease from a non-hepatic primary followed 
by hepatocellular carcinoma, intrahepatic cholangiocarci-
noma, and more rarely hepatic angiosarcoma. The treat-
ment approach for liver malignancies should be rooted in 
a multidisciplinary collaboration between medical and 
radiation oncologists, interventional radiologists, pathol-
ogists, and hepatobiliary surgeons. Critically important to 
treatment planning is the ability to contextualize the sur-
gical and medical options relative to a patient’s disease 
burden, comorbidities, and underlying liver function. We 
herein review the pathophysiology and surgical manage-
ment strategies of benign and malignant hepato- pancreato- 
biliary diseases.

5.1  Benign Liver Disease: 
Pathophysiology and Indications 
for Surgical Treatment

Benign liver lesions can be divided into non-infectious and 
infectious lesions. The most common infectious lesions 
include abscesses (pyogenic, amebic abscess), parasitic 
lesions (Echinococcus Granulosa or Hydatid cyst, 
Echinococcus Multilocularis, Schistosomiasis), fungal 
lesions (Candidiasis, Cryptococcus), and granulomatous dis-
eases (Tuberculosis, Histoplasmosis) [1]. Depending on eti-
ology and symptoms, the treatment of infectious lesions 
largely involves medical therapy, sometimes aided by percu-
taneous drainage, and only rarely surgical intervention [1]. 
This review therefore focuses on non-infectious lesion 
pathophysiology and surgical management strategies. The 
most common non-infectious primary benign liver lesions 
include simple hepatic cysts, hepatic hemangiomas, focal 
nodular hyperplasia, hepatic adenoma, and biliary 
cystadenoma.

5.1.1  Hemangioma

Hepatic hemangiomas are benign hepatic artery supplied 
vascular lesions that can contain thick fibrous septations and 
internal thromboses [2, 3]. Hepatic hemangiomas can be 
solitary or multifocal and range in size from a few millime-
ters to >20  cm in diameter. Although hemangiomas have 
been observed to grow in pregnancy and estrogen supple-
mentation, targeted investigation has not demonstrated any 
association between estrogen-enhanced states and hemangi-
oma incidence or growth [4, 5]. Hemangiomas are hypothe-
sized to result from dysregulated congenital intrahepatic 
angiogenesis and although they rarely increase in size, 
enlargement occurs secondary to ectasia or dilation of the 
vessels rather than vessel hypertrophy or proliferation [2, 3]. 
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Although hemangiomas are highly vascular lesions, the risk 
of spontaneous hemorrhage or rupture is very low due to the 
thick walls and internal septations; the majority remain 
asymptomatic over time [2, 3].

Management should be guided by the degree to which 
symptoms affect a patient’s quality of life. Thorough evalua-
tion should rule out other symptom etiology. There is no 
indication for surgical intervention or regular surveillance in 
asymptomatic or minimally symptomatic lesions. 
Significantly symptomatic lesions in healthy surgical candi-
dates can be managed with either laparoscopic or open tumor 
enucleation, wedge resection, or formal liver resection 
depending on the tumor size and location. Giant hemangio-
mas and diffuse multifocal hepatic hemangiomatosis have 
also been treated with liver transplantation, although the data 
are limited to a few case reports [6]. In patients with symp-

tomatic lesions who are not surgical candidates, radiotherapy 
and arterial embolization can be offered, although both have 
transient response and should only be considered as pallia-
tive treatments to improve quality of life [7–9].

5.1.2  Focal Nodular Hyperplasia

Focal Nodular Hyperplasia (FNH) arises from hepatocyte 
and cholangiocyte hyper-proliferation that represents a local 
cellular response to congenital arteriovenous malformation 
[4]. Although FNH lesions can be estrogen receptor positive, 
estrogen-enhanced states (pregnancy or estrogen use) do not 
increase the frequency or size of FNH lesions [10]. On axial 
imaging, FNH often present with a central stellate scar but 
this pathopneumonic characteristics can be absent (Fig. 5.1) 

a b

c d

Fig. 5.1 Stellate scar in association with focal nodular hyperplasia. In- 
(a) and opposed-phase (b) GRE T1-WI, fat-suppressed FSE T2-WI (c), 
pre (d) and post hepatocyte-specific contrast agent (Eovist®) fat-sup-
pressed 3D-GRE T1-WI at the arterial (e), portal venous (f), interstitial 
(g) and hepatobiliary (h) phases. There is a lesion on the left hepatic 
lobe (white arrow, a–h), showing isointense signal comparing to the 
surrounding liver on non-contrast T1-WI (a, b and d) and on T2-WI (c). 
The lesion also shows a central scar (black arrow, a–h), which is 
hypointense on T1-WI (a, b and d) and hyperintense on T2-WI (c). The 
lesion demonstrates homogeneous enhancement on early post-contrast 

images (e), becoming isointense to the underlying liver parenchyma (f 
and g). The progressive enhancement of the central scar is depicted on 
the delayed post-contrast images (g). On the hepatobiliary phase, 
20 min after the administration the hepatocyte-specific contrast agent, 
the lesion shows uptake of the contrast agent, becoming minimally 
hyperintense comparing to the surrounding liver parenchyma. Since the 
central scar has no hepatocytes, there is no uptake of the contrast agent, 
becoming hypointense comparing to the liver and to the rest of the 
lesion. GRE Gradient-echo, FSE Fast spinecho, T1-WI T1-weighted 
images
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[4]. Interestingly, the formation of the stellate scar is second-
ary to oxidative stress caused by an over-abundance of oxy-
genated blood inherent in the arteriovenous malformation, 
which activates stellate cells, the primary drivers of liver 
fibrosis [11].

Due to their benign, largely asymptomatic and non- 
progressive nature, management of FNH is observation- 
based with surgery rarely being indicated.

5.1.3  Simple Hepatic Cyst

Simple cysts are thin walled and lined by cuboidal epithe-
lium that can contain septa. Simple hepatic cyst size can 
range from <1 cm to more than 20 cm in diameter, and are 
rarely symptomatic [12]. Simple cysts are thought to form 
congenitally when intrahepatic ductules fail to merge with 
the developing contiguous biliary system; over time, these 
cysts can dilate and fill with yellow serous fluid secondary to 
epithelial cyst wall secretion of fluid [12, 13].

Management options include observation, aspiration with 
or without sclerotherapy, cyst fenestration, or surgical resec-
tion [14, 15]. Aspiration (+/− sclerotherapy) has a high rate 
of recurrence and has largely been replaced by cyst fenestra-
tion in patients fit for surgery [14]. Although rare, hepatic 
cystadenoma (discussed subsequently) can appear indistin-
guishable from a simple hepatic cyst on axial imaging, but 
cystadenomas require resection due to associated risk of 
invasive cancer [16]. Cyst fenestration is therefore the defini-
tive treatment for large peripheral or symptomatic cysts, as it 
allows for intraoperative biopsy/cytology and the ability to 
adjust the surgical plan if cystadenoma or cystadenocarci-
noma is discovered. Cyst fenestration can be done safely 
with either a laparoscopic or open approach. Laparoscopic 
cyst fenestration has equivalent recurrence rates and less 
perioperative morbidity than an open approach, however, 
depending on the location of the cyst, an open approach may 
facilitate a more complete fenestration [17–19]. An open 
approach may also be preferred in the setting of a recurrent 
cyst.

e f

g h

Fig. 5.1 (contnued)
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5.1.4  Hepatic Adenoma

Hepatic adenomas are rare, soft, well-demarcated, 
hepatocyte- based tumors supplied by hepatic artery-derived 
arterioles, and occur as solitary or multifocal lesions. Hepatic 
adenomas are largely considered as benign lesions, yet can 
have malignant potential [20]. Solitary adenomas are associ-
ated with female gender, oral contraceptive use, obesity, 
alcohol use, and anabolic steroids [20, 21]. In contrast, 
hepatic adenomatosis (>10 lesions) can occur in association 
with glycogen storage diseases [20, 22]. Adenoma rupture 
and hemorrhage occurs in up to 20% of lesions and is associ-
ated with increasing tumor size (>4–5  cm), exophytic and 
peripheral tumor location, left lateral sector tumor location, 
and prominent supplying arteries on axial imaging [23]. The 
overall rate of malignant transformation is around 4% and is 
only associated with certain subtypes [24, 25]. Although 
hepatic adenomas are difficult to distinguish from FNH and 
hepatocellular carcinoma on routine imaging modalities, the 
use of gadoxetic acid enhanced MRI has increased diagnos-
tic sensitivity from 50% to 96%, enabling more accurate risk 
stratification of these tumors [26, 27]. Small lesions (<2 cm) 
remain difficult, however, to distinguish; in turn, biopsy may 
be beneficial in some patients [28]. The clinical benefit of 
biopsy has increased with mutation-based subtyping of 
hepatic adenomas given that each subtype has varying 
degrees of malignant potential [28].

The most common hepatic adenoma subtype is associated 
with a mutation in TCF1, the gene responsible for hepatocyte 
nuclear factor-1 alpha (HNF-1a), a transcription factor 
involved in hepatic cell homeostasis, metabolism, and cell 
differentiation. This mutation inactivates HNF-1a, leading to 
non-regulated cell differentiation [25, 29]. HNF-1a subtype 
adenomas exhibit steatosis and have a frequency of malig-
nant transformation of 7% [25, 30]. A second subtype results 
from an activation mutation in CTNNB1 gene that encodes 
beta-catenin, a transcriptional co-regulator protein that, 
when aberrantly activated, promotes the transcription of 
c-Myc and CycinD-1 oncogenes [25, 30, 31]. B-catenin sub-
type adenomas have pseudo-glandular cells with some cyto-
logical abnormalities and have a frequency of malignant 
transformation of 46% [25, 30]. A third subtype is associated 
with mutations in various oncogenes leading to uncontrolled 
activation of the IL-6 inflammatory pathway. Inflammatory 
hepatic adenomas are defined by inflammatory infiltrates and 
dystrophic vessels and have not demonstrated malignant 
potential [25, 30]. A fourth subtype, referred to as the unclas-
sified subtype, is not associated with mutations or inflamma-
tion. The unclassified subtype does not have any marked 
steatosis, cytological abnormality, or inflammatory infiltra-
tion but is composed of stacked hepatocytes and has a 13% 

frequency of malignant transformation [25, 30]. A final sub-
type, referred to as the sonic hedgehog subtype, results from 
activation of the sonic hedgehog pathway that is involved in 
lipid metabolism and liver regeneration. This subtype is 
associated with obesity and while it does not have increased 
malignant potential, it is associated with a high risk of hem-
orrhage [25]. Independent of subtype, male gender and 
tumor size (> 5 cm) are associated with an increased risk of 
malignant transformation [32, 33].

Given the diversity of subtype and presentation, manage-
ment strategies for hepatic adenomas must weigh patient sex 
and comorbidities, exogenous estrogen or androgen expo-
sure, the genetic subtype, tumor size and the risks inherent in 
surgery. Given the increased risk of malignancy in male 
patients, discontinuation of androgen therapy and surgical 
resection is recommended as first line treatment [24, 25, 34]. 
For female patients with tumors <5 cm, initial conservative 
management may include discontinuation of any exogenous 
estrogen or androgen therapy, weight loss, and 6–12 months 
of surveillance imaging [34]. Tumor regression can occur in 
up to 79% of patients after discontinuation of OCPs [35]. In 
female patients with tumor progression after hormone cessa-
tion or with tumors >5 cm, surgical resection is the recom-
mended first line treatment [34]. Microwave ablation is an 
alternative to surgical resection [36, 37]. With better under-
standing of malignant potential of certain hepatic adenoma 
subtypes, many clinicians advocate for surgical resection of 
B-catenin subtype tumors regardless of their size while 
inflammatory subtype or HFN1a subtype can be managed 
more conservatively [25, 34].

In the event that a patient presents with adenoma rupture 
and hemorrhage, transarterial embolization (TAE) of sup-
plying vessels may be performed. Most patients who have 
continued bleeding will eventually tamponade the site of 
adenoma rupture and stabilize. The rate of complete tumor 
regression associated with TAE is 10% while partial regres-
sion can approach 75% [38]. However, eventual surgical 
resection is often necessary for definitive management [38].

5.1.5  Biliary Cystadenoma and the Potential 
for Cystadenocarcinoma

Biliary cystadenomas are rare multi-loculated cystic tumors 
composed of biliary columnar epithelial cells. Interestingly, 
spindle and ovarian stromal cells can also be present, which 
may offer insight into an otherwise obscure etiology [39]. 
These lesions are mostly associated with the intrahepatic 
biliary system and have a predominance in the left liver [39]. 
Biliary cystadenomas are slow growing lesions, which vary 
in size, and can be radiologically difficult to distinguish from 
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simple hepatic cysts or biliary cystadenocarcinoma [39]. On 
final pathology, 10% of cystadenomas are found to have 
transformed to biliary cystadenocarcinoma [39].

Historically, the management options of cystadenoma 
varied from fenestration and wedge resection to formal hepa-
tectomy. However, the current standard of care is to perform 
cyst enucleation or formal hepatic resection to mitigate the 
risk of recurrent disease and cystadenocarcinoma [40]. The 
rate of cystadenoma recurrence is 49% in cyst fenestrations 
versus 15% in partial hepatectomies/enucleations and 10% 
in formal hepatectomies [39]. Other factors associated with 
an increased risk of recurrence include an R1/R2 resection 
and the presence of ovarian stromal and spindle cells (pres-
ent in up to 90% of biliary cystadenomas) [39]. If biliary 
cystadenocarcinoma is noted on final pathology, a formal 
hepatectomy may be considered as long as it is compatible 
with patient comorbidities, cyst location, and the future liver 
remnant (FLR). This is an especially relevant point as preop-
erative distinction of biliary cystadenoma from cystadeno-
carcinoma is limited by poor sensitivity (80%) and specificity 
(21%) using axial imaging modalities (CT or MRI) [39]. 
Surgeons who advocate for partial hepatectomy or cystade-
noma enucleation should counsel patients that a formal hep-
atectomy may be required if cystadenocarcinoma is found on 
final pathology.

5.2  Malignant Liver Disease: 
Pathophysiology and Indications 
for Surgical Treatment

The most common liver malignancies include metastatic dis-
ease from a non-hepatic primary followed by hepatocellular 
carcinoma, intrahepatic cholangiocarcinoma, and more 
rarely hepatic angiosarcoma. The treatment approach for 
liver malignancies should be rooted in a multidisciplinary 
collaboration between medical and radiation oncologists, 
interventional radiologists, pathologists, and hepatobiliary 
surgeons. Critically important to treatment planning is the 
ability to contextualize the surgical and medical options rela-
tive to a patient’s disease burden, comorbidities, underlying 
liver function, and FLR. Typically, the FLR should be >20% 
for patients with normal liver, ≥ 30% for patients with fibro-
sis or steatosis, and ≥ 40% for patients with cirrhosis [41]. 
The extent of resection, however, should also be assessed 
relative to patient age, functional status, and response to any 
neoadjuvant therapy exposure as these factors have been 
shown to influence post-hepatectomy outcome [41, 42]. 
Liver function can be assessed by the Child-Pugh scoring 
system or the Model for End Stage Liver Disease (MELD) 
scoring system [43, 44].

5.2.1  Hepatocellular Carcinoma

Hepatocellular carcinoma is the most common primary 
hepatic malignancy. Its incidence varies with geographic 
region, with a higher incidence in areas with endemic 
 hepatitis B infection (i.e. sub-Saharan Africa, Eastern Asia, 
Mediterranean countries) [45]. Globally, the average 5-year 
cumulative risk of developing HCC is 0.1–0.3% in inactive 
HBV carriers, 0.6–2.4% in patients with chronic hepatitis B 
virus (HBV), and 10–15% in patients with chronic HBV and 
cirrhosis [46]. However, this risk is higher in areas with 
endemic HBV [46]. Other conditions that predispose to 
developing HCC include chronic hepatitis C infection with 
cirrhosis (the most common etiology in North and South 
America), alcohol liver disease with cirrhosis, non-alcoholic 
fatty liver disease, toxin exposure (aflatoxin, polyvinyl chlo-
ride, carbon chlorides), and non-alcoholic steatohepatitis 
with cirrhosis [45]. The common denominator underlying all 
these conditions is a state of chronic intrahepatic inflamma-
tion (largely mediated through IL-6 inflammatory pathway), 
which is thought to promote dysplasia and malignant trans-
formation of hepatocytes [45]. Additionally, there is likely a 
synergistic and oncogenic relationship between underlying 
inflammation and genetic mutations that compound the risk 
of HCC [47]. Examples of the most common hepatocarcino-
genic gene mutations include those in telomerase reverse 
transcriptase (TERT) promoter gene, CTNNB1 that encodes 
B-catenin, and TP53 that encodes the tumor suppressor pro-
tein p53 [47, 48].

Treatment of HCC is complex and requires a multidisci-
plinary approach with input from medical and radiation 
oncology, interventional radiology, pathologists, and hepato-
biliary surgeons. Assessment of liver function and staging of 
disease are crucial to the preoperative work up and have very 
significant prognostic implications that should be weighed 
against the risks of surgery and the patient’s goals. Liver 
function should be assessed by the Child-Pugh or the Model 
for End Stage Liver Disease (MELD) scoring system. The 
Barcelona Clinic Liver Cancer (BCLC) staging system is 
one of the most commonly used tools to guide treatment 
strategy by a summative assessment of tumor stage, liver 
function, and patient functional status and includes estimated 
prognosis of each treatment approach (Fig. 5.2) [49]. In gen-
eral, very early stage and early stage HCC can be considered 
for tumor ablation, oncologic resection, or transplantation. 
According to institutional practice, the Milan or San 
Francisco Criteria may be used to guide transplant candidacy 
based on the number and size of tumors (Table  5.1) [50]. 
BCLC intermediate stage are recommended to undergo che-
moembolization while patients with advanced stages can be 
enrolled in systemic therapy clinical trials [49]. Although 
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some patients with BCLC intermediate stage HCC may also 
be candidates for resection. Among surgical candidates, por-
tal vein embolization can be used to induce contralateral 
liver hypertrophy prior to oncologic resection. Internal radia-
tion therapy with Yttrium-90 can be used to treat the primary 
tumor as well as induce contralateral hypertrophy in support 
of eventual curative intent oncologic resection. Despite these 
treatment strategies, the 3 year survival for intermediate and 
advanced stage HCC is 20–40% [49].

5.2.2  Metastatic Disease

The liver is a common site of metastatic spread for multiple 
primary cancers. The majority of hepatic metastases origi-
nate from the gastrointestinal tract (70–75%) with nearly 
50% originating from the colon or rectum [51]. However, 
other common origins include stomach, pancreas, biliary, 

breast, skin, and lung cancers [51]. The most common indi-
cation for hepatic metastectomy is for colorectal liver metas-
tases. In surgically-fit patients with colorectal liver 
metastasis, complete oncologic resection of metastases is 
associated with a survival benefit [52–59]. Appropriately 
selected patients with hepatic metastases from primary pan-
creas or gastrointestinal neuroendocrine tumors may also 
benefit from metastectomy [60]. The data supporting hepatic 
resection of other metastatic lesions from a primary breast 
cancer, etc. are evolving; in turn, hepatectomy can be consid-
ered for appropriately selected patients [61].

5.2.3  Intrahepatic Cholangiocarcinoma

Intrahepatic cholangiocarcinoma (ICC) is rare and arises 
from malignant transformation of cholangiocytes lining the 
intrahepatic biliary tree (Fig. 5.3) [62]. Although biliary in 
nature, ICC is considered a primary liver cancer [62]. 
Primary sclerosing cholangitis, choledochal cyst disease, 
chronic hepatitis B or C infection, cirrhosis, fatty liver dis-
ease, toxin exposure (asbestos), parasitic infection, obesity, 
and diabetes are associated with increased risk of ICC devel-
opment [63]. Similar to HCC, ICC is thought to result from 
a synergistic relationship between chronic inflammation and 
genetic aberrancies. Associated mutations include: KRAS 

BCLC Staging and treatment schedule

HCC

Stage 0
PST 0, Child-Pugh A

Very early stage (0)
Single<2cm

Carcinoma in situ

Single

Portal pressure/ bilirubin

Normal

Resection
Liver Transplantation

(CLT / LDLT)

Curative Treatments (30%)
5-yr survival : 50-70%

Randomized controlled trials (50%)
3yr survival: 20-40%

Symptomatic Itc (20%)
1yr survival: 10-20%

PEI/RF Chemoembolization
New

Agents

Increased Associated diseases Portal invasion, N1, M1

No Yes

3 noudles <3cm

Early stage (A)
Single or 3 nodules < 3cm, PS 0

Intermediate stage (B)
Multinodular, PS 0

Advanced stage (C)
Portal invasion, Na, M1, PS 1-2

Terminal
stage (D)

Stage A-C
Okuda 1-2, PST 0-2, Child-Pugh A-B

Stage D
Okuda 3, PST >2, Child-Pugh C

Fig. 5.2 Barcelona-Clinic Liver Cancer (BCLC) staging classification and treatment schedule. PST performance status; CLT/LDLT cadaver liver 
transplant/living donor liver transplant; RF/PEI radiofrequency ablation/percutaneous ethanol injection; TACE transarterial chemoembolization

Table 5.1 Milan and San Francisco criteria for liver transplantation in 
the setting of hepatocellular carcinoma

Milan Criteria San Francisco Criteria
Single tumor <5 cm
OR
1–3 tumors, each <3 cm

Single tumor <6.5 cm
OR
1–3 tumors, each <4.5 cm
OR
Total combined tumor diameter < 8 cm
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gene which encodes K-Ras signaling protein of the RAS/
MAPK pathway crucial to cell proliferation and differentia-
tion; TP53 which encodes tumor suppressor protein, P53; 
IDH1 gene which encodes isocitrate dehydrogenase, an 
enzyme critical for NADPH-dependent cellular metabolism 
and sequestration of reactive oxygen species [64]. Other cell 
signaling pathways, including Hedgehog (previously refer-
enced relation to hepatic adenoma subtypes) and WNT/B- -
catenin (previously referenced in relation to hepatic adenoma 
subtype malignant potential and HCC) are also altered [64]. 
As in HCC, IL-6 likely has a large role in linking a chronic 
inflammatory state and genetic alterations to facilitate malig-
nant transformation of cholangiocytes [64].

Surgical resection provides the only option for potential 
cure in patients with ICC. Unfortunately, most patients pres-
ent with advanced disease not amenable to curative resec-
tion. Contraindications to resection include extrahepatic 
disease, multiple bilobar or multicentric tumors, and lymph 
node metastases [65]. As in HCC, as markers of tumor biol-
ogy are discovered, tumor biology may play an increasing 
role in helping to identify patients with the most potential to 
benefit from surgery; these advancements will undoubtedly 
change the surgical landscape for this disease [66].

5.2.4  Hepatic Angiosarcoma

Hepatic Angiosarcoma is a rare but aggressive vascular 
tumor that can present as a solitary lesion with satellite 
lesions or a diffuse infiltrative mass. These tumors are formed 
from malignant transformation of vascular endothelial cells 
and are prone to hemorrhage. The pathogenesis of these 
tumors is unclear, however, 25% may result from hemochro-
matosis or previous exposure to thorium dioxide, arsenic 
based insecticides, or vinyl chlorides [67]. Most patients 
present with metastatic disease and die within 6 months of 
presentation; unfortunately, even for patients who do undergo 
treatment, 3 year survival is only 3% [67].

Liver transplantation and liver resection have both been 
utilized as potential treatment options, however, liver trans-
plantation has been redacted given the high rate of recur-
rence and mortality. Liver resection can be offered to patients 
with early stage disease, however, recurrence is exceedingly 
likely. Transcatheter arterial chemoembolization has also 
been employed as a palliative measure in patients who pres-
ent with hemorrahge [67].

Intrahepatic

Hilar

Extrahepatic

Mass-like

a

b c
Right hepatic

duct
Left hepatic

duct
Common

hepatic duct

Type I

Type IIIa

Type IV Type IV

Type IIIb

Type II

Cystic duct

Distal common
bile duct

Periductal

Intraductal

Fig. 5.3 Anatomic 
classification of 
cholangiocarcinoma. “a: The 
classification of 
cholangiocarcinoma can be 
based on anatomic location, 
intrahepatic, hilar or 
extrahepatic; b: Non-hilar 
lesions can be described as 
mass-like, periductal or 
intraductal; c: Bismuth 
classification for hilar 
lesions.” Type I 
cholangiocarcinoma involves 
the common hepatic duct 
only; Type II 
cholangiocarcinoma involves 
the common hepatic duct and 
the confluence of the right 
and left hepatic ducts; Type 
IIIa and IIIb 
cholangiocarcinoma includes 
the common hepatic duct and 
either the right or left hepatic 
duct, respectively; and Type 
IV cholangiocarcinoma 
involves the biliary 
confluence and extends to 
both right and left hepatic 
ducts or refers to multifocal 
sites
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5.3  Benign Biliary Disease: 
Pathophysiology and Indications 
for Surgical Treatment

The most common extrahepatic benign biliary diseases 
include acute or chronic calculous cholecystitis, acalculous 
cholecystitis, biliary dyskinesia, choledocolithiasis, ascend-
ing cholangitis, gallstone pancreatitis, and Sphincter of Oddi 
dysfunction. Less common but potentially equally affecting 
pathologies include choledochal cysts and benign biliary 
strictures.

Calculous cholecystitis, choledocolithiasis, ascending 
cholangitis, gallstone pancreatitis are all potential compli-
cations from gallstones. Gallstones form secondary to 
imbalances in the three components of bile (phospholip-
ids, bile salts, and cholesterols) and are either cholesterol 
stones (70%) or pigment stones (30%). Cholesterol stones 
form secondary to a relative abundance of cholesterol 
compared to solubilizing phospholipid and bile salts which 
leads to cholesterol crystallization [68]. Cholesterol stone 
precipitation is also catalyzed by mucus glycoprotein, 
secreted by gall bladder and biliary duct epithelial cells to 
bind lipids and bile pigments, and gall bladder hypomotil-
ity [68, 69]. Pigment stones can be either black or brown; 
black pigment stones precipitate in the gall bladder lumen 
and are produced in hemolytic disorders (sickle cell ane-
mia, hereditary spherocytosis, Gilbert syndrome) when 
bilirubin polymers bind mucus glycoproteins [68, 70]. 
Brown stones precipitate in the bile ducts secondary to 
bacterial byproducts that increase the concentration of 
unconjugated bilirubin, which then complexes with cal-
cium to form stones [68, 70].

5.3.1  Acute Calculous Cholecystitis

Acute calculous cholecystitis is an inflammation of the gall-
bladder that most commonly results from a stone-dependent 
outlet obstruction at either the infundibulum or cystic duct 
[71]. The outlet obstruction leads to gall bladder distension, 
wall edema and inflammation with resulting vascular con-
gestion, that if left untreated progresses to wall necrosis and 
fundal perforation. Bactobilia occurs in 20% of patients with 
acute cholecystitis [72] while bacteremia develops in a 
minority of patients (<10%) but is associated with increased 
mortality [73]. In 87% of bacteremic patients, a single bacte-
rial isolate is identified and is most often either Escherichia 
Coli or Klebsiella pneumonia [73].

The Tokyo Guidelines can be used to grade cholecystitis 
severity with predicted 30-day mortality rate, which can aid 
in guiding treatment options within the context of patient 
presentation, comorbidities, and goals [74]. For patients who 

are surgical candidates, standard of care treatment is urgent 
laparoscopic cholecystectomy with or without intraoperative 
cholangiogram to verify biliary anatomy and ensure com-
mon bile duct patency. Attaining a critical view of safety has 
been demonstrated to reduce the risk of bile duct injury [75]. 
This is accomplished by clearing the hepatocystic triangle of 
fat and fibrous tissue and dissecting the lower third of the 
gall bladder from the cystic plate to visualize only two struc-
tures, the cystic duct and cystic artery, entering the gall blad-
der [76]. If severe pericholecystic inflammation prevents 
safe definition of the critical view of safety, conversion to an 
open approach may be necessary [75, 77]. Risk factors for 
conversion to an open approach include male gender, obe-
sity, leukocytosis and elevated serum bilirubin, and history 
of previous surgery [78–80]. Alternatively, if the critical 
view of safety is not attainable, a subtotal fenestrating or 
subtotal reconstituting cholecystectomy can be performed 
[81]. A subtotal fenestrating cholecystectomy involves excis-
ing the peritonealized gall bladder, leaving the posterior gall 
bladder wall in situ, and suture ligating the cystic duct [81]. 
A subtotal reconstituting cholecystectomy involves excising 
the peritonealized gall bladder and closing the inferior gall-
bladder (sewing or stapling) to recreate a small lumen with a 
patent cystic duct [81]. Fenestration is associated with a 
higher incidence of postoperative bile leak (18% vs 7%), 
wound infection (11% vs 3%), and longer hospitalization (5 
vs 3  days); however, reconstitution is associated with a 
higher risk of recurrent biliary pathology (18% vs 9%) [82].

Non-operative management of acute calculous cholecystitis 
may be necessary for patients who are not surgical candidates 
or whose pericholecystic inflammation precludes safe dissec-
tion. Percutaneous cholecystostomy tube placement allows for 
immediate clinical improvement in >80% of patients and can 
be followed by interval cholecystectomy (performed at least 
6 weeks after placement) in select patients [83–85].

A more recently developed management option for 
patients who are not surgical candidates (i.e. terminal can-
cer), includes internal drainage with lumen-apposing self- 
expandable metallic stents (LASEMS), placed between the 
stomach or duodenum and the gall bladder to facilitate 
enteric drainage [86]. Although preliminary observational 
studies report few complications and high rates of symptom 
resolution, outcomes data and randomized studies are still 
pending [86].

5.3.2  Chronic Cholecystitis

Chronic cholecystitis results from repeated transient gall 
bladder outlet obstruction, most commonly from intermittent 
stone impaction at the cystic duct or infundibulum. This 
pathology appears to be more common in obese female 
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patients and is thought to be related to an increased biliary 
cholesterol concentration in this patient population [87].

Xanthogranulomatous cholecystitis is a form of chronic 
cholecystitis that can appear on ultrasound and axial imaging 
similarly to gall bladder cancer. It is defined by significant 
inflammation and fibrosis of the gall bladder wall with asym-
metric wall thickening, mass formation, and bile extravasa-
tion into the gall bladder wall [88, 89]. Its exact pathogenesis 
is unknown, but it is associated with gallstones and geogra-
phy (higher incidence in India) and may be associated with 
an increased risk of gall bladder cancer [89].

Management of chronic cholecystitis and xanthogranulo-
matous cholecystitis can be approached similarly to man-
agement of acute cholecystitis, however, given the chronicity 
of symptoms, cholecystectomy may be less urgently 
indicated.

5.3.3  Acalculous Cholecystitis

Acalculous cholecystitis occurs secondary to gall bladder 
aperistalsis in the context of concomitant major illness (i.e. 
sepsis, severe trauma or burns), severe vascular disease, or 
advanced diabetes [90–93]. In these physiologically compro-
mised states, it is hypothesized that lack of gall bladder con-
traction promotes bile stasis and biliary sludge, eventually 
resulting in gall bladder wall edema, inflammation, and 
infection [94, 95].

Due to the concomitant severe illness, management of 
acalculous cholecystitis is non-operative. Gall bladder 
decompression is facilitated through percutaneous cholecys-
tostomy tube placement with potential for interval cholecys-
tectomy. Unfortunately, the mortality risk of patients who 
undergo percutaneous cholecystostomy placement for acal-
culous cholecystitis is almost 15%, which likely reflects the 
impact of severe systemic illness rather than cholecystitis- 
specific mortality alone [96, 97].

5.3.4  Biliary Dyskinesia

Biliary dyskinesia is a symptomatic functional disorder of 
the gall bladder with unclear etiology, but is hypothesized to 
result from metabolic disturbance of gastrointestinal and/or 
gall bladder motility. Patients have biliary symptoms (post-
prandial right upper quadrant pain with radiation to the right 
shoulder, nausea, anorexia) without any evidence of gall-
stones or gall bladder inflammation on ultrasound. 
Hepatobiliary diacetic acid scan (HIDA) with ejection frac-
tion has been used to aid in the diagnosis of biliary dyskine-
sia. In the presence of biliary pain but the absence of stones 
or pericholecystic inflammation, an ejection fraction <35% 

may support a diagnosis of biliary dyskinesia [98, 99]. For 
patients with convincing clinical symptoms, elective laparo-
scopic cholecystectomy is indicated.

5.3.5  Choledocolithiasis

Symptomatic choledocolithiasis occurs when gallstones 
become impacted in the common bile duct. 
Choledocolithiasis may be transient and clinically occult; 
4% of patients undergoing cholecystectomy for cholelithia-
sis with patent biliary ducts in preoperative workup have 
incidentally discovered choledocolithiasis [100]. However, 
choledocolithiasis may also present as biliary colic or more 
serious clinical sequelae such as obstructive jaundice with 
or without ascending cholangitis and gall stone pancreati-
tis. Primary choledocolithiasis refers to stones that form in 
the common bile duct and is more commonly seen with 
pigment stones [101]. In contrast, secondary choledocoli-
thiasis refers to stones, more commonly cholesterol stones, 
that form in the gall bladder and then migrate via the cystic 
duct to the common bile duct [101].

Surgical management of symptomatic choledocolithia-
sis requires common bile duct clearance and cholecystec-
tomy. Common bile duct clearance can be achieved with 
endoscopic retrograde cholangiopancreatography (ERCP) 
with sphincterotomy and ductal balloon dilation, laparo-
scopic transcystic common bile duct exploration with cho-
ledocoscopy, laparoscopic choledocotomy and common 
bile duct exploration, or less commonly, open cholecystec-
tomy with duodenotomy and manual stone extraction. A 
two-stage approach consists of either pre- or post-cholecys-
tectomy ERCP with sphincterotomy and balloon dilation, 
while a single stage approach refers to cholecystectomy 
with common bile duct exploration and stone clearance 
during the index operation. Both approaches are effective 
strategies with equivalent duct clearance success rates and 
morbidity [102].

A two stage approach, with ERCP prior to cholecystec-
tomy, is preferred in patients who present with ascending 
cholangitis (with or without gallstone pancreatitis) both for 
source control and to increase safety of eventual cholecystec-
tomy. However, for patients who present with obstructive 
jaundice or gallstone pancreatitis without sepsis, a period of 
observation may be beneficial as up to 75% of stones will 
pass spontaneously [103]. After symptom resolution, these 
patients may undergo laparoscopic cholecystectomy with 
intraoperative cholangiogram to ensure duct patency. This 
sequence is particularly important to consider, as it avoids 
ERCP and the potential for post-ERCP pancreatitis which 
occurs in 10–15% of patients and can result in severe sys-
temic illness [104].
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5.3.6  Sphincter of Oddi Dysfunction

Sphincter of Oddi dysfunction has an unclear etiology but is 
hypothesized to occur secondary to impaired contractility of 
the Sphincter of Oddi that results in recurrent biliary colic or 
pancreatitis. Sphincter of Oddi dysfunction is most com-
monly diagnosed in patients with post-cholecystectomy bili-
ary colic. Treatment remains controversial, as does the 
diagnosis itself. In randomized trials of sphincterotomy ver-
sus sham procedure, patients with post-cholecystectomy 
biliary symptoms who underwent sphincterotomy did not 
have greater improvement in symptoms [105]. However, in 
randomized trials comparing symptom resolution in patients 
with manometry confirmed abnormal sphincter tone, greater 
symptom improvement was demonstrated in patients with 

abnormal sphincter who underwent sphincterotomy com-
pared with individuals who underwent a sham procedure 
[106, 107].

5.3.7  Choledochal Cysts

Choledochal cysts (CC) are defined by dilation of the intra 
and/or extrahepatic biliary ductal system. While mainly con-
sidered benign lesions, certain subtypes of CC have signifi-
cant potential for malignant transformation. There are 5 
subtypes of CC, classified by location and extent of biliary 
involvement (Fig. 5.4). Type I CC are the most common sub-
type (50–80% of CC) with fusiform dilation of the common 
bile duct and lack of biliary mucosal cells [108, 109]. Type II 

RHD
LHD

CHD

DUO

STOMACH

Type I Type II Type III

Type IVA Type IVB Type V

Fig. 5.4 Choledochal cyst classification. Type I cysts are fusiform dila-
tations of the common bile duct (CBD). Type II cysts are true divertic-
ula of the CBD and type III CC (choledochoceles) are intraduodenal 
dilations of the common channel. Type IVA CC consist of multiple 
intrahepatic and extrahepatic biliary dilatations, while type IVB CC 

have extra-hepatic biliary dilatation with a normal intrahepatic biliary 
tree. Type V CC, or Caroli’s disease, consist of cystic dilation of the 
intrahepatic biliary tree. RHD right hepatic duct, LHD left hepatic duct, 
CHD common hepatic duct, DUO duodenum
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are rare (2% of CC) true biliary diverticula that project from 
the common bile duct and are histologically consistent with 
the gall bladder [108, 109]. Type III are rare (2–5% of CC) 
intra-duodenal dilations of the common pancreaticobiliary 
channel (choledochoceles) and are lined by duodenal muco-
sal cells [108, 109]. Type IV CC (15–25% of CC) are divided 
into two subtypes both of which lack biliary mucosal cells: 
Type IVA involves dilation of the common hepatic duct and 
intrahepatic biliary tree while Type IVB involves multiple 
areas of extrahepatic biliary dilation only (“string of beads”) 
[108, 109]. Type V (20% of CC) involves diffuse dilation of 
the entire intrahepatic biliary system (Caroli’s disease) and 
can be associated with hepatic fibrosis (Caroli’s Syndrome) 
[108, 109]. There are many theories regarding the origins of 
CC, but most experts support the hypothesis that CC form 
secondary to a congenitally abnormal union of the pancreatic 
and biliary ducts (either extra-duodenally or > 15 mm distal 
to the ampulla of Vater) [109]. Such an aberrant anatomy 
allows for reflux of caustic pancreatic juice into the biliary 
system, predisposing to biliary cystic dilation [109]. While 
this hypothesis is generally supported Type I and Type IV 
CC, other pathogenic mechanisms may better explain the 
differences in  location, histology, and malignant potential 
Types II, III, and V CC [109].

Malignant transformation occurs in 10–30% of Type I and 
Type IV CC and is thought to occur secondary to a synergis-
tic relationship between caustic pancreatic enzyme exposure, 
bile stasis, and underlying K-Ras, p53, and DPC-4 mutations 
[109]. Associated cancers are most commonly extrahepatic 
cholangiocarcinoma (50–60% of associated cancers), gall 
bladder cancer (38–46% of associated cancers), and rarely 
intrahepatic cholangiocarcinoma (3% of associated cancers) 
[110]. Cancer can occur in the choledochal cyst or at sites of 
cyst-induced biliary stasis (i.e. the gall bladder) [110]. By 
subtype of CC, 68% of cancers occur in Type I CC, 5% in 
Type II, 2% in Type III, 21% in Type IV, and 6% in Type V 
[110, 111].

Surgical or endoscopic resection is generally recom-
mended for Types I-IV to mitigate the risk of malignant trans-
formation, however, the extent of surgery depends on the 
subtype. Management of Type I and IV CC require complete 
extrahepatic bile duct cyst excision down to the level of the 
pancreatic duct with cholecystectomy, followed by biliary 
reconstruction (hepaticoduodenostomy or roux-en-Y hepati-
cojejunostomy). Type IVA may require hepatectomy, how-
ever, if the intrahepatic component is minimal. Type II CC are 
typically treated with diverticulectomy. Large Type III CC are 
treated with transduodenal excision while small Type III CC 
can be treated with endoscopic sphincterotomy and drainage. 
Due to the intrahepatic nature of Type V CC, liver resection or 
orthotopic liver transplant is required for definitive manage-

ment. Importantly, if diseased duct is not removed with hepa-
tectomy for Type V CC, the patient remains at risk for 
continued biliary stasis and malignancy [109]. Patients who 
undergo cyst excision remain, however, at risk of biliary 
malignancy even after resection and therefore require routine 
laboratory and imaging surveillance [109].

5.3.8  Primary Sclerosing Cholangitis

Primary Sclerosing Cholangitis (PSC) is thought to represent 
an autoimmune process whereby repeated insult to the bili-
ary tree results in inflammation, biliary stasis, eventual 
 scarring, and predisposition to cancer. Additionally, this 
inflammatory cycle can lead to portal hypertension, cirrho-
sis, and liver failure. PSC is associated with inflammatory 
bowel disease (IBD) in 70% of cases but only 5% of people 
with IBD develop PSC [112]. It has also been hypothesized 
that PSC with colitis represents a disease process that is dis-
tinct from either isolated IBD or isolated PSC, as its patterns 
of colonic inflammation differ from those exhibited in IBD 
[112]. Cholangiocarcinoma is the most common PSC- 
associated cancer, which occurs in 10–15% of patients with 
PSC [113–115]. However, this may be an underestimation, 
as 10% of patients undergoing liver transplantation for PSC 
have clinically occult cholangiocarcinoma upon pathologic 
examination of the explanted liver [116]. Gallbladder cancer 
is also seen in 3–14% of patients with PSC and can occur 
independently from strictured areas [115]. Patients with PSC 
are also at increased risk of hepatocellular carcinoma [115].

Intervention to treat PSC-related biliary strictures depends 
on the extent and location of disease. For isolated extrahe-
patic strictures, ERCP with stricture biopsy and balloon dila-
tion can be employed. Randomized trials have demonstrated 
that stenting across a dominant stricture has equivalent suc-
cess and recurrence rates versus balloon dilation, but is asso-
ciated with higher morbidity. Therefore stenting should not 
be routinely employed [117]. In the event that endoscopic 
approaches are unsuccessful or anatomically impossible, 
biliary tract resection with reconstruction may be considered 
in surgically-fit patients [118]. Of note, biliary reconstruc-
tion may technically complicate future liver transplantation, 
which is the standard of care treatment in advanced 
PSC. Previous biliary surgery is also associated with reduced 
survival in patients undergoing liver transplantation for PSC 
[119]. Indications for liver transplant in PSC include intrac-
table/untreatable jaundice, severe recurrent cholangitis, cir-
rhosis with reduced liver function, concomitant small HCC 
or non-metastatic cholangiocarcinoma [119]. Unfortunately, 
20–40% of patients who undergo liver transplantation for 
PSC will have recurrent disease [119].
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5.3.9  Benign Biliary Stricture

Non-PSC benign biliary strictures may result from chronic 
pancreaticobiliary inflammation (recurrent pancreatitis, 
recurrent cholangitis), iatrogenic etiology (operative bile 
duct injury), postoperative scarring in biliary-biliary or 
biliary- enteric anastomosis, or scarring after repeated endo-
scopic sphincterotomy. An endoscopic approach with bal-
loon dilation (preceded by biopsy to rule out malignancy) 
and sphincterotomy is the recommended initial treatment 
approach [120]. Temporary plastic stents may also be placed, 
but with risk of migration and necessity of replacement 
[120].

5.4  Malignant Biliary Disease: 
Pathophysiology and Indications 
for Surgical Treatment

The most common extrahepatic malignant biliary tumors 
include extrahepatic cholangiocarcinoma (ECC) and gall 
bladder cancer (GBC). The treatment approach for extrahe-
patic biliary malignancies should be based in multidisci-
plinary collaboration between medical and radiation 
oncologists, interventional radiologists, pathologists, and 
surgeons.

5.4.1  Extrahepatic Cholangiocarcinoma

ECC arises from biliary epithelial cells lining the extrahe-
patic biliary tract. ECC is classified as either distal or hilar 
(Fig. 5.3). Hilar cholangiocarcinomas are further categorized 
by their location relative to the confluence of the right and 
left hepatic ducts [121]. In the Bismuth-Corlette classifica-
tion (Fig. 5.3), Type I tumors involve the common hepatic 
duct just inferior to the confluence of the right and left 
hepatic ducts and above the cystic duct origin. Type II tumors 
involve the confluence of the right and left hepatic ducts but 
do not extend superiorly. Type III tumors involve the hepatic 
duct confluence with extension to either the proximal right 
(Type IIIA) or left hepatic duct (Type IIIB). Type IV tumors 
extend from the confluence to bilateral hepatic ducts and 
may involve bilateral second-order biliary radical ducts. 
ECC is most commonly seen in association with PSC; in 
fact, 30% of cholangiocarcinomas are diagnosed in patients 
with PSC. ECC also occurs in up to 30% of patients with 
choledochal cysts [109]. Additionally, ECC is associated 
with toxin exposure (i.e. Thorotrast), biliary stone disease, 
and chronic pancreatitis [122, 123]. Although the exact 
pathogenic mechanism is unclear, ECC is thought to form 
secondary to biliary inflammation and stasis. In contrast, 
ICC is associated with chronic hepatitis B or C infection, 

cirrhosis, fatty liver disease, toxin exposure (asbestos), para-
sitic infection, obesity, and diabetes, in addition to PSC and 
CC [63].

Treatment of ECC should be approached from a multidis-
ciplinary perspective. Long term survival is rare and only 
possible when a negative resection margin (R0) is achieved 
[124, 125]. Distal ECC can be approached with pancreatico-
duodenectomy. Bismuth-Corlette Type I-III tumors require 
biliary duct resection, formal hepatectomy and caudate 
lobectomy, and biliary tract reconstrcution [124]. Historically, 
Bismuth-Corlette Type IV tumors have been considered 
unresectable due to their high perioperative morbidity (14–
66%), mortality (19% in some series), and recurrence rates 
[125]. However, some centers have demonstrated improved 
5 year survival (30–41% vs 11% in historical controls) when 
aggressive surgery (biliary resection with major hepatec-
tomy, portal vein and hepatic artery reconstruction) is per-
formed in select patients [126, 127]. General contraindications 
to resection include involvement of the portal vein trunk or 
bilobar involvement of portal vein branches, involvement of 
unilateral hepatic artery with contralateral hepatic duct 
involvement, or metastatic disease [124]. Portal vein emboli-
zation may be employed prior to surgery to increase FLR 
volume [124, 125]. Even with curative intent surgery and an 
R0 surgical margin, disease recurs in 65% of patients with a 
median time to recurrence of 12 to 43 months [125]. Because 
of these factors, orthotopic liver transplant has surfaced as a 
treatment option for patients with locally advanced hilar 
cholangiocarcinoma. Initial studies demonstrated prohibi-
tively high recurrence and low 5 year survival (50% and 28% 
respectively) in patients who underwent liver transplantation 
for hilar cholangiocarcinoma [128]. However, the very strin-
gently selected patients with early stage perihilar cholangio-
carcinoma neoadjuvant radiation, brachytherapy, and 
chemotherapy (5-FU and oral capecitabine) have demon-
strated a 5 year survival of 82% after transplant. The results 
of this study, however, may be heavily influenced by selec-
tion bias inherent in their stringent enrollment criteria [129]. 
Ultimately, despite a diversity of surgical approaches, prog-
nosis associated with ECC remains poor.

5.4.2  Gall Bladder Cancer

Gall bladder cancer is the most common extrahepatic biliary 
tract cancer and is most commonly adenocarcinoma (80%) 
histologically. Gall bladder cancer results from chronic gall-
bladder inflammation that triggers malignant transformation 
of cholangiocytes [127]. Unfortunately, most gallbladder 
cancer is clinically occult until advanced stages that are not 
amenable to surgical resection [127].

Surgical approach depends on the T category of the tumor. 
Tumors that invade the inner most layer of the gallbladder, 
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the lamina propria (T1a), are treated with cholecystectomy. 
Tumors that invade the muscularis propria (T1b) or peri-
muscular connective tissue (T2) are treated with radical cho-
lecystectomy (cholecystectomy with segments 4b and 5 
resection). T3 tumor stage (invasion to liver or other perito-
neal organs) necessitates radical cholecystectomy and if the 
positive cystic duct margin is positive, bile duct resection 
with reconstruction is necessary [130]. Portal lymphadenec-
tomy should always be performed during radical cholecys-
tectomy. The all-stage post-resection 5 year survival is 40% 
and by T stage is 92% for T1a tumors, 87% for T1b tumors, 
64% for T2 tumors, 19–27% for T3 tumors and < 10% for T4 
tumors [131]. Unfortunately, first line systemic therapy 
offers only a small survival benefit (1 year) and is not associ-
ated with tumor response in all patients [127].

5.5  Benign Pancreas Disease: 
Pathophysiology and Indications 
for Surgical Treatment

Acute and chronic pancreatitis are common benign patho-
physiologic derangements with potential for severe systemic 
implications. Pancreas neoplasms can be distinguished based 
on involvement of endocrine or exocrine function of the pan-
creas with varying degrees of malignant potential.

5.5.1  Acute Pancreatitis

Acute pancreatitis is an inflammatory process that occurs 
when injury or hyper-stimulation of the pancreas incites 
intra-acinar protease activation leading to auto-digestion of 
normal pancreas parenchyma. Pro-inflammatory cytokines 
(TNF-alpha, IL-1, IL-2, IL-6) are subsequently released and 
increase basolateral membrane permeability that further 
propagates this inflammatory cascade [132]. In western 
countries, gallstones and alcohol are the two most common 
causes of acute pancreatitis (80–90% of cases). However, < 
7% of people with gallstones and < 10% of chronic alcohol 
users develop acute pancreatitis [132]. Less common causes 
include hypertriglyceridemia (both genetic and acquired), 
endoscopic retrograde cholangiography, trauma, medica-
tions, sphincter of Oddi dysfunction, congenital anomalies 
(pancreas divisum, annular pancreas), and hereditary predis-
position [132].

The Atlanta Criteria can be used to diagnose acute pan-
creatitis, grade the severity of presentation, and guide treat-
ment options (Table 5.2) [133]. Most sequelae from acute 
pancreatitis (sepsis, peripancreatic fluid collections, peri-
pancreatic and pancreatic necrosis, pseudocyst, walled off 
necrosis) are treated medically and may involve percutane-
ous or endoscopic drainage procedures [134]. Historically, 

surgical necrosectomy was reserved for patients with 
infected necrotizing pancreatitis; however, endoscopic 
transgastric necrosectomy and retroperitoneal drainage is a 
more recent promising treatment strategy. Randomized tri-
als comparing open necrosectomy with endoscopic trans-
gastric necrosectomy and drainage for patients with 
infected necrotizing pancreatitis demonstrated faster nor-
malization of IL-6 and lower rates of organ failure, bleed-
ing, enterocutaneous fistula, and pancreatic fistula in the 
endoscopic arm [135].

5.5.2  Chronic Pancreatitis

Chronic pancreatitis occurs secondary to the cumulative 
impact of recurrent episodes of acute pancreatitis and is 
defined by permanent morphologic change, parenchymal 
atrophy, and reduced exocrine and endocrine function [136]. 
Chronic alcohol use, smoking, and hypertriglyceridemia are 
common etiologies associated with chronic pancreatitis. 
Additionally, chronic pancreatitis can result from a heredi-
tary predisposition or autoimmune pancreatitis. Repeated 
episodes of acute pancreatitis predisposes to pancreatic duct 
strictures that unfortunately increase the likelihood of pan-
creatic duct obstruction and recurrent acute pancreatitis. 
Congenital anomalies (pancreas divisum, annular pancreas) 
usually manifest with recurrent pancreatitis during child-
hood [136].

Management of chronic pancreatitis is challenging and 
requires collaboration by gastroenterologists, hepatopancre-
atobiliary surgeons, interventional radiologists, and nutri-
tionists. Surgical management is mainly reserved for patients 
who have failed medical and endoscopic management. 
Surgical management may involve pancreatic duct decom-
pression (Puestow procedure), parenchymal resection with 
either biliary decompression or reconstruction (pancreatico-
duodenectomy, distal pancreatectomy, Beger procedure, 
Frey procedure), or total pancreatectomy with islet cell auto- 
transplantation in highly selected patients. The optimal 
approach is dictated by duct size, location and extent of pan-
creatic duct obstruction, degree of gland atrophy, and the 
patient’s goals and comorbidities [137].

Table 5.2 Revised Atlanta Criteria for the classification of acute 
pancreatitis

Mild acute pancreatitis
No organ failure
No local or systemic complications
Moderately severe acute pancreatitis
Organ failure that resolves within 48 hours
Local or systemic complications without persistent organ failure
Severe acute pancreatitis
Persistent organ failure >48 hours
Multiple organ failure
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5.5.3  Pancreas Neuroendocrine Tumors

Pancreatic neuroendocrine tumors (PNETs) arise from endo-
crine cells within the pancreas, with varying degrees of malig-
nant potential. These tumors likely arise from altered pluripotent 
stem cell differentiation resulting in hyper- proliferation of 
mature pancreatic endocrine cells (i.e. alpha, beta, delta, entero-
chromaffin, G, and pancreatic polypeptide cells) [138]. PNETs 
can manifest as specific clinical syndromes according to the 
type of cells that are involved. Although most PNETs occur 
sporadically, they are sometimes associated with other genetic 
disorders; PNETS occur in 80–100% of patients with multiple 
endocrine neoplasia Type I (MEN1), 10–20% of patients with 
von Hippel-Lindau syndrome, and 10% of patients with neuro-
fibromatosis-1 [138]. Interestingly, Kras and p53 oncogene 
mutations are uncommon in PNETs [138]. About 10–30% of 
PNETS are functional tumors, while the majority are consid-
ered as non- functional tumors (60–90%) [138, 139]. The most 
common functional PNET syndromes is Insulinoma, followed 
by gastrinoma (Zollinger-Ellison syndrome) [138, 139]. Rare 
functional PNETs are associated with secretion of vasoactive 
intestinal peptide, glucagon, somatostatin, growth hormone, 
ACTH, and serotonin [139]. Even more rare functional PNETs 
are associated with secretion of renin, luteinizing hormone, 
erythropoietin, insulin-like growth factor, cholecystokinin, and 
glucagon-like peptide [139]. Tumor type, grade, Ki-67 index, 
and mitotic count are critical to staging and prognosis. The 
PNETs with the most malignant potential are gastrinomas (60–
90%), VIPoma (40–70%), glucagonoma (50–80%), stomatost-
inoma (>70%), growth hormone secreting PNET (> 60%), 
ACTH secreting PNET (> 95%) [139]. In contrast, insulinomas 
have a relatively low malignant potential (<10%) [139].

Management of PNETs is complex and requires collabo-
ration within a multidisciplinary team, individualized to 
patient comorbidities, symptoms, tumor location, grade and 
malignant potential, and patient goals. Small (< 2 cm) low 
grade non-functional PNETs are usually indolent and can be 
routinely surveyed [139]. Management of larger or clinically 
apparent PNETs should include medical management and 
curative intent resection when possible. Metastatic disease 
does not preclude curative intent surgery [139]. Resection of 
metastatic hepatic metastases is appropriate in select cases 
[138, 139]. Liver transplantation for unresectable hepatic 
metastases can be considered in very select patients after 
resection of primary disease, however, recurrent disease is 
likely [140].

5.5.4  Pancreas Cystic Neoplasms

Pancreatic cystic neoplasms (PCN) derive from pancreatic exo-
crine cells and are classified as either epithelial or non- 
epithelial, and neoplastic or non-neoplastic [141]. Common 

PCNs without malignant potential include serous cystadenoma 
(<3% incidence of invasive cancer, SCN), pseudocyst (sequela 
from pancreatitis), lymphoepithelial cysts, and epidermoid 
cysts. Common PCNs with malignant potential include muci-
nous cystic neoplasm (MCN), intraductal mucinous papillary 
neoplasm (IPMN), solid pseudopapillary tumor [142].

The management of PCNs with malignant potential is 
complex and despite the publication of many society-based 
guidelines, a formal consensus on best management  practices 
is still lacking [143]. Management should be approached 
from a collaborative multidisciplinary team of radiologists, 
pathologists, surgeons, and gastroenterologists catered to 
PCN type, the presence or absence of features concerning for 
invasive cancer, patient symptoms, comorbidities, and goals. 
Given the complexity of both pathogenesis and management 
of PCNs, the following is a brief summary of defining fea-
tures of the most common PCNs whose management may 
include surgery.

5.5.4.1  Intraductal Papillary Mucinous Neoplasm
IPMNs are mucin producing neoplasms that have the great-
est malignant potential (30–68% incidence of progression) 
and are categorized as intestinal, oncocytic, pancreaticobili-
ary, or gastric histologic subtypes. The intestinal type is the 
most common, while the rare pancreaticobiliary subtype has 
the highest recurrence rate (32–71%) and lowest 5 year sur-
vival (36–52%) due to its association with invasive cancer 
(present in 63% of cases) [142]. IPMNs may be associated 
with the main pancreatic duct or a side branch duct, and may 
occur in isolation or involve the entire duct. IPMN features 
that are concerning for malignant transformation and may 
serve as indications for surgical resection include jaundice, 
enhancing mural nodule or associated solid mass, dysplasia 
or malignant cells on cytology, dilated main pancreatic duct 
>5–10  mm, however, society-specific guidelines vary and 
are more nuanced (Fig.  5.5) [141–143]. Invasive IPMN 
(intraductal papillary mucinous cystadenocarcinoma) has a 
better prognosis than patients with pancreatic ductal adeno-
carcinoma (5 year overall survival of 28–68% versus approx-
imately <10% in pancreatic ductal adenocarcinoma) [142].

5.5.4.2  Mucinous Cystic Neoplasm
MCNs derive from ductal epithelial mucin-producing cells 
and can be distinguished from IPMNs by lack of communi-
cation with a pancreatic duct and a predominance in the pan-
creatic tail. Invasive cancer is found in approximately 17% 
of MCNs and is associated with larger size (≥ 3 cm) and the 
presence of mural nodules [142, 144, 145]. Indications for 
surgery include associated symptoms, mural nodules, or 
tumor size >3–4  cm but vary by guideline [141–143]. 
Prognosis for invasive MCN (mucinous cystadenocarci-
noma) is similar to that of invasive IPMN and 5 year survival 
ranges from 26–57% [144, 145].
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5.5.4.3  Solid Pseudopapillary Neoplasm
Solid pseudopapillary neoplasms lack glandular cells, are 
defined by degenerative pseudopapillary structures, have a 
relatively good prognosis with low malignant potential 
(8–20% incidence of solid pseudopapillary carcinoma at 
resection and a 5 year overall survival of >95%) [141]. Given 
the excellent prognosis, surgery is the standard of care and 
may even be recommended for highly-selected patients with 
locally advanced, metastatic, or recurrent disease [141, 142].

5.6  Malignant Pancreas Disease: 
Pathophysiology and Indications 
for Surgical Treatment

The most common primary pancreas cancer is pancreatic 
ductal adenocarcinoma, but other types of pancreas cancer 
can develop from cystic neoplasms (intraductal papillary 

mucinous cystadenocarcinoma, mucinous cystadenocarci-
noma, solid pseudopapillary carcinoma, and even serous 
cystadenocarcinoma, although this is exceedingly rare), and 
neuroendocrine neoplasms (discussed previously).

5.6.1  Pancreas Adenocarcinoma

Pancreatic ductal adenocarcinoma (PDAC) arises from 
malignant transformation of ductal epithelial cells in associ-
ation with PCN or pancreatic intraepithelial neoplasia 
(PanIN). Kras mutations are thought to promote dysplastic 
transformation of ductal epithelial cells to form PanIN-1 
lesions which propagate to PanIN-2 and PanIN-3 lesions 
before progressing to invasive ductal adenocarcinoma. This 
propagation may be further promoted by other genetic aber-
rancies (i.e. CDKN2A, TP53, SMAD4, BRCA2, PRSS1) 
and synergistic environmental exposure (i.e. smoking, alco-

Fig. 5.5 Fukuoko guidelines for the management of IPMN of the pan-
creas. (a)  Pancreatitis  may be an indication for surgery for relief of 
symptoms. (b) Differential diagnosis includes mucin. Mucin can move 
with change in patient position, may be dislodged on cyst lavage and 
does not have Doppler flow. Features of true tumor nodule include lack 
of mobility, presence of Doppler flow and FNA of nodule showing 

tumor tissue. (c) Presence of any one of thickened walls, intraductal 
mucin or mural nodules is suggestive of main duct involvement. In their 
absence main duct involvement is inconclusive. Abbreviations: 
BD-IPMN branch duct intraductal papillary mucinous neoplasm, 
FNA fine needle aspiration
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hol, obesity, chronic pancreatitis) [146]. PDAC is also asso-
ciated with hereditary breast and ovarian cancer syndrome 
(BRCA1/2 genes), hereditary breast cancer (PALB2 gene), 
familial atypical multiple mole melanoma (p16/CDKN2A 
gene), familial pancreatitis (PRSS1 gene), lynch syndrome/
HNPCC (MLH1/MLH2 genes), and Peutz-Jeghers syn-
drome (STK11 gene). Prognosis is stage dependent: 5 year 
survival is 37% for localized disease, 12% for regional dis-
ease, and 3% for metastatic disease [147]. Unfortunately, 
most patients present with either regional or distant disease 
[147].

Management should be approached from a multidisci-
plinary perspective of radiologists, pathologists, medical and 
radiation oncologists, and pancreas surgeons. Given the 
advanced stage at time of diagnosis in majority of patients, in 
addition to a poor prognosis, it is critical that the care team 
and patient communicate effectively about patient goals. 
While resection with a negative margin (R0) remains the 
only hope for longtime survival, systemic therapy is essential 
to any surgical approach and should be planned in conjunc-
tion [148–152]. Surgery based on the location of the tumor 
might include pancreaticoduodenectomy or distal pancre-
atectomy with regional lymphadenectomy. Biliary and 
enteric reconstruction are required for pancreas head can-
cers. Vascular resection and reconstruction may be required 
to achieve negative resection margins [153–155]. 
Unfortunately, despite aggressive surgery and advances in 
systemic therapy, the median post-treatment survival remains 
15–18 months [149, 150, 153–157].
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Biliary Tract Functions and Impairment

Hideo Ohtsuka and Michiaki Unno

Abstract

The biliary tract includes the entire biliary excretion 
route from the liver to the duodenum. Bile is secreted 
from hepatocytes into the bile canaliculi. It is eventually 
excreted into the duodenum after passing through the 
biliary tract. The main components of bile include bile 
acids, phospholipids, cholesterols, and bilirubin. Some 
of these substances are reabsorbed in the intestine and 
returned to the liver via the portal vein, a cycle termed 
enterohepatic circulation. Enterohepatic circulation 
involves physiologically active substances and ensures 
its effective use. The function of the biliary tract is con-
trolled by the autonomic nervous system. Branches from 
the hepatic plexus, which is formed by the sympathetic 
nerves and the vagus nerve, are distributed across the 
biliary tract. The sphincter of Oddi at the papilla and 
gallbladder play important roles in the control of the bile 
efflux, and dysfunctions can occur when their motility is 
inhibited. The gallbladder dysfunction is a motility disor-
der and causes pain similar to chronic cholecystitis. The 
sphincter of Oddi regulates the excretion of bile and pre-
vents the regurgitation of duodenal juice. In papillary 
dysfunction, the sphincter of Oddi is excessively con-
tracted, which inhibits the excretion of bile and pancre-
atic juice. Pancreaticobiliary maljunction is a congenital 
malformation in which the pancreatic duct and the bile 
duct join outside the duodenal wall. In this condition, the 
sphincter of Oddi does not regulate the confluence of the 
pancreatic duct and bile duct, resulting in bidirectional 
regurgitation of bile and pancreatic juice and various 
complications in the bile duct and the pancreas.

6.1  The Structure of the Biliary Tract

The biliary tract collectively refers to the bile ducts and the 
gallbladder. It includes the entire biliary excretion route from 
the liver to the duodenum. Bile is secreted into the bile cana-
liculi, which are located between hepatocytes. Bile passes 
through the terminal cholangioles (canals of Haring duct-
ules, diameter  <  15  μm) and interlobular ductules (15–
100 μm) before entering the intrahepatic bile ducts and then 
passes through the left and right hepatic ducts and the com-
mon hepatic duct to the duodenum [1, 2] (Fig.  6.1). The 
intrahepatic bile ducts course parallel to a branch of the por-
tal vein and with one or two branches of the hepatic artery, 
forming Glisson’s triads, which are also referred to as portal 
triads. The cystic duct joins the gallbladder to the common 
hepatic duct. The cystic duct is approximately 2–3 cm long 
and 2–3 mm in diameter. The confluence of the cystic duct 
and the common hepatic duct forms the common bile duct, 
which opens into the duodenal cavity through the pancreatic 
parenchyma after coursing through the posterior side of the 
first part of the duodenum. The opening of the common bile 
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duct and the pancreatic duct in the duodenum form the 
ampulla of Vater. In approximately 80% of individuals, the 
common bile duct joins the pancreatic duct in the duodenal 
wall and forms the common channel [3]. The sphincter of 
Oddi is located in the ampulla of Vater and it serves to pre-
vent regurgitation of both bile and pancreatic juice in the 
common bile and pancreatic ducts, respectively (Fig.  6.2). 
The function of the biliary tract is controlled by the auto-
nomic nervous system, specifically the celiac ganglia of the 
sympathetic nervous system and the vagus nerve of the para-
sympathetic nervous system. Branches from the hepatic 
plexus, which is formed by the sympathetic nerves and the 
vagus nerve, are distributed across the gallbladder, bile ducts, 
and papilla to control the biliary tract [4].

6.2  The Functions of the Biliary Tract

6.2.1  Gallbladder

The efflux of bile into the duodenum is controlled via the 
functional integration of the gastrointestinal and neuroendo-
crine systems. The gallbladder, which is contracted by mus-
cular tissue, and the sphincter of Oddi at the duodenal papilla 
play important roles in the control of the efflux of bile.

The gallbladder is comprised of a single layer of epithe-
lial cells, a lamina propria layer, a muscularis propria layer, 

a layer of perimuscular connective tissue, and a serosa layer 
[5]. The epithelium of the gallbladder absorbs water and 
electrolytes and concentrates the gallbladder bile, which 
contains bile acids. The epithelium is also involved in the 
uptake of bile acid and cholesterol [6]. Bile acid is the main 
component of bile and is made of several different specific 
acids. Hydrophobic bile acids are cytotoxic. The epithelium 
of the gallbladder and bile ducts secrete mucin, which pro-
tects the epithelial cells by inactivating free radicals pro-
duced by the hydrophobic bile acids.

The contraction and relaxation of the gallbladder are con-
trolled by the vagus nerve, visceral nerves, and cholecystoki-
nin (CCK), a gastrointestinal hormone. Between periods of 
digestion, the sphincter of Oddi is contracted and the gall-
bladder is relaxed. This leads to the secretion of bile from the 
liver into the gallbladder via the hepatic ducts. Approximately 
90% of bile flows into the gallbladder and is stored there. 
The gallbladder maintains a moderate level of tonic contrac-
tion between periods of digestion. It repeatedly relaxes and 
contracts with the cycle of the migrating motor complex 
(MMC) in the upper gastrointestinal tract [7]. The concen-
trated bile tends to precipitate in the fundus and the body of 
the gallbladder. The repeated contraction and relaxation 
improves the concentration efficiency of the bile by replac-
ing precipitated bile with a relatively lower concentration of 
bile in the upper gallbladder. The repeated contraction and 
relaxation also prevents cholesterol deposition, which can 
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lead to the formation of insoluble bile components, including 
gallstones [8]. When food reaches the duodenum, CCK is 
secreted from the duodenum and jejunum. CCK induces the 
contraction of the gallbladder and the relaxation of the 
sphincter of Oddi, leading to the excretion of the stored bile 
into the duodenum. As in the other parts of the gastrointesti-
nal tract, the motility of the gallbladder during digestion is 
affected by the cephalic phase, antral phase, and duodenal 
phase of digestion [9]. The cephalic phase is initiated by 
stimulation from the central nervous system, such as olfac-
tory and taste sensations. The gallbladder contracts upon 
stimulation from the vagus nerve system, and approximately 
30–40% of bile is released from the gallbladder at this stage. 
When food reaches the stomach, a reflex is induced in the 
area from the pyloric antrum to the gallbladder (the antral 
phase). During the duodenal phase, when food reaches the 
duodenum, CCK is released from the duodenum and proxi-
mal jejunum and almost all of the remaining content of the 
gallbladder is excreted [10].

6.2.2  Sphincter of Oddi

The sphincter of Oddi is a smooth muscle structure that is 
approximately 1 cm long. It regulates the junction of the bile 
duct and pancreatic duct at the duodenum, preventing regur-
gitation of bile and pancreatic fluid as well as contents of the 
duodenum (Fig. 6.2). The functions of the sphincter of Oddi 
are regulated by the neuroendocrine system [11]. Between 
periods of digestion, the sphincter of Oddi contracts in a 
peristaltic manner, which regulates the outflow of bile into 
the duodenum and helps store the bile in the gallbladder. 
During digestion, CCK and autonomic nerves relax the 
sphincter of Oddi and the adjacent segment of the duodenum 
in a coordinated manner. This helps excrete bile into the duo-
denum efficiently. The relaxation of the sphincter of Oddi by 
autonomic nerves involves stimulation mediated by non- 
adrenergic inhibitory neurons from the vagus nerve and the 
neurospinal reflex with visceral nerves as afferent and effer-
ent pathways. Morphine and pentazocine contract the sphinc-
ter of Oddi and increase the internal pressure of the biliary 
tract. In contrast, atropine, butylscopolamine bromid, nitro-
glycerin, and calcium channel blockers relax muscles, lead-
ing to reduced tension and inhibited motility [12].

6.3  Impairment of Biliary Tract

6.3.1  Gallbladder Dysfunction

The gallbladder and sphincter of Oddi contain muscle fibers. 
Dysfunctions of these organs can occur when their motility 
is inhibited. Gallbladder dysfunction is a motility disorder 

caused by metabolic abnormalities or a direct motility distur-
bance of the gallbladder, though this condition has not been 
clearly defined. Gallbladder dysfunction causes pain similar 
to chronic cholecystitis [13]. According to the Rome IV cri-
teria, a set of diagnostic criteria used to diagnose functional 
gastrointestinal disorders, gallbladder motility disorders 
should be diagnosed when moderate-to-severe pain persists 
for 30 min or longer in an area from the epigastric region to 
the right hypochondrium region [14]. Furthermore, gall-
stones and other organic abnormalities need to be ruled out 
via imaging examinations (such as an abdominal ultrasonog-
raphy) before motility disorders can be diagnosed. A reduced 
gallbladder ejection fraction is observed on provocative cho-
lescintigraphy in patients with gallbladder motility disorders 
when CCK is administered intravenously. A laparoscopic 
cholecystectomy relieves the symptoms of gallstones and 
gallbladder motility disorders.

6.3.2  Dysfunction of the Sphincter of Oddi

The sphincter of Oddi regulates the excretion of bile and 
pancreatic juice and prevents the regurgitation of duodenal 
juice into the bile ducts and pancreatic duct. In papillary dys-
function, the sphincter of Oddi is excessively contracted, 
which inhibits the excretion of bile and pancreatic juice [14, 
15]. This leads to increased internal pressure of the bile ducts 
and the pancreatic duct, causing various symptoms. 
Dysfunction of the sphincter of Oddi can be broadly classi-
fied into pancreatic and biliary types. The pancreatic type is 
characterized by an increase in the blood pancreatic enzymes, 
amylase, and lipase, accompanied by symptoms such as 
abdominal pain. The biliary type is frequently observed in 
patients who have developed persistent or recurrent abdomi-
nal pain after a cholecystectomy and is characterized by ele-
vations of alanine transaminase (ALT) and alkaline 
phosphatase (ALP), as well as dilation of the bile ducts. 
Nifedipine and nitroglycerin can be administered to treat 
dysfunction of the sphincter of Oddi. An endoscopic papil-
lotomy can be performed if the drugs are ineffective, and 
surgery is performed if the papillotomy is ineffective.

6.3.3  Pancreaticobiliary Maljunction

Pancreaticobiliary maljunction is a congenital malformation 
in which the pancreatic duct and the bile duct join outside the 
duodenal wall, forming a long common channel. In patients 
with pancreaticobiliary maljunction, the sphincter of Oddi 
does not regulate the confluence of the pancreatic duct and 
bile duct, resulting in bidirectional regurgitation of bile and 
pancreatic juice. Due to the reciprocating flow of pancreatic 
juices and bile, various complications may develop in the 
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bile duct and the pancreas. Reflux of pancreatic juice into the 
biliary tract is associated with a high incidence of cholangitis 
and cholangiocarcinoma. Congenital biliary dilatation, 
which is also known as “congenital choledochal cyst,” is a 
disease in which the extrahepatic bile duct, or both the extra 
and intrahepatic bile ducts, is dilated in various ways and 
involves pancreaticobiliary maljunction. In cases with con-
genital biliary dilatation, because there is an increased inci-
dence of extrahepatic bile duct cancer or gallbladder cancer, 
prophylactic resection of the dilated extrahepatic biliary duct 
and gallbladder followed by hepaticojejunostomy is consid-
ered as a standard treatment [16].

6.4  The Functions of Bile

6.4.1  The Physiology of Bile

Bile is weakly alkaline (pH: 7.1–7.3) and the total amount 
of bile produced and secreted per day is 600–1200 mL. The 
main components of bile include bile acids, phospholipids, 
cholesterols, and bilirubin. Bile also contains proteins, 
inorganic salts, and metabolized or detoxified drugs. 
Hepatic bile is excreted into the bile canaliculi and stored 
in the gallbladder via the bile ducts. Water and electrolytes 
are reabsorbed in the gallbladder by the epithelium and 
concentrated 5- to 10-fold to form gallbladder bile. Bile 
can be divided into bile in the canaliculi, which is pro-
duced by hepatocytes, and bile secreted from the cholan-
giocytes of the epithelium. The secretion of bile in the 
canaliculi consists of bile acid- dependent bile flow and 
bile acid-independent bile flow [17]. These two types of 
bile flow lead to the excretion of sodium ions and water 
into the bile ducts. Bile acid-dependent bile flow uses bile 
acid, which is actively excreted from the hepatocytes; bile 
acid-independent bile flow uses glutathione, which is also 
excreted from the hepatocytes. Bile secreted from the 
cholangiocytes contains a large amount of bicarbonate and 
is secreted via Cystic fibrosis transmembrane conductance 
regulator (CFTR), a chloride ion channel [18] (Fig. 6.3). 
Secretin, a digestive hormone, facilitates the secretion of 
bile in the bile ducts via cyclic adenosine monophosphate 
(cAMP); in contrast somatostatin, gastrin, and insulin 
block secretin receptors and suppress the secretion of bile 
in the bile ducts [19, 20].

6.4.2  Enterohepatic Circulation

Bile is secreted from hepatocytes into the bile canaliculi. It is 
eventually excreted into the duodenum after passing through 
the biliary system. Bile contains biological substances and 
drugs that are metabolized in the liver. Some of these sub-

stances are reabsorbed in the intestine and returned to the 
liver via the portal vein to be secreted second time, a cycle 
termed enterohepatic circulation. Enterohepatic circulation 
involves bile acid that is synthesized in the liver and physio-
logically active substances, including vitamin D3, vitamin 
B12, and folic acid, and ensures the effective use of these 
substances. Drugs such as morphine, warfarin, and digoxin 
are metabolized in the liver and enter the enterohepatic circu-
lation. These drugs are excreted into bile after being conju-
gated with glucuronide in the hepatocytes. Glucuronide 
conjugates are highly polar and not easily absorbed in the 
small intestine. However, they are hydrolyzed by 
β-glucuronidase from the enteric bacteria and metabolized to 
parent compounds. This increases the lipid solubility and 
intestinal absorption of the compounds.

6.4.3  Bile Acids

Bile acid consists of primary bile acids (cholic acid and che-
nodeoxycholic acid) and secondary bile acids (deoxycholic 
acid and lithocholic acid). Primary bile acids are synthesized 
from cholesterol in the hepatocytes, and secondary bile acids 
are produced through the biotransformation of primary bile 
acid by the enteric bacteria. Bile acid is amphiphilic, con-
taining both hydrophilic and hydrophobic parts within its 
molecules. Therefore, bile acid acts as a biological surfac-
tant, forming micelles that have an outer hydrophilic part and 
an inner hydrophobic part. Human bile acid contains a large 
number of conjugated amino acids, such as glycine and tau-
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rine. Compared to free bile acid, conjugated bile acid is 
highly polar with increased solubility. Bile acid is excreted 
into the intestine, and the majority of bile acid is reabsorbed 
in the small intestine through enterohepatic circulation. 
Uptake in the sinusoidal membrane and the excretory system 
in the canalicular membranes of hepatocytes play an impor-
tant role in this mechanism. Sodium-dependent taurocholate 
co-transporting polypeptide (NTCP), a sodium-dependent 
transport carrier, and organic anion transporting polypeptide 
(OATP), a sodium-independent transport carrier, are involved 
in the uptake of bile acids in the sinusoidal membrane [21]. 
While NTCP has a high substrate-specificity for bile acid, 
OATP is also involved in the uptake of hydrophobic organic 
compounds, such as bilirubin and indocyanine green. The 
excretion of bile acid from hepatocytes is regulated by drug 
transporters, such as bile salt export pump (BSEP) and mul-
tidrug resistance-associated proteins 2 and 3 (MRP2 and 
MRP3). BSEP and MRP2 are expressed in the bile canalic-
uli, and MRP3 is expressed in the sinusoidal membrane of 
hepatocytes [20]. These efflux transporters are considered to 
perform ATP-dependent primary active transport.

6.4.4  Cholesterol and Bile Pigments

The cholesterol in the bile is in the hydrophobic free form 
rather than the hydrophilic ester form. Cholesterol is one of 
the hydrophobic substances that are dissolved by the mixed 
micelles formed by bile acids and phospholipids. Cholesterol 
precipitates as crystals and forms gallstones when the cho-
lesterol content in bile is higher than the number of bile acids 
and phospholipids.

The color of bile and stool is affected by bile pigments. 
One of the most important bile pigments is bilirubin. Bilirubin 
is derived from heme proteins, such as hemoglobin, catalase, 
and cytochrome. It is taken up by OATPs, which are expressed 
in the cell membrane on the vascular side of hepatocytes. 
Bilirubin is secreted into bile by the efflux transporter MRP2 
after being conjugated with glucuronide. Conjugated biliru-
bin is reduced and metabolized to urobilinogen by the enteric 
bacteria and excreted in the feces. Part of the bilirubin is reab-
sorbed through enterohepatic circulation.

6.4.5  Nuclear Receptors and Bile Acid 
Metabolism

The metabolism of cholesterol and bile acid is primarily reg-
ulated by the nuclear receptors Liver X Receptor (LXR) and 
Farnesoid X Receptor (FXR) [22] (Fig.  6.4). LXR is acti-
vated by the ligand oxysterol. LXR facilitates the synthesis 
of bile acid by upregulating the activity of cholesterol-7α- 

hydroxylase (CYP7A1). FXR is activated by the ligand bile 
acid. FXR inhibits CYP7A1 and reduces the expression of 
NTCP and OATP.  Together, these regulatory mechanisms 
lead to increased or decreased hepatic cholesterol levels. The 
synthesis of bile acid increases when hepatic cholesterol lev-
els are high. In contrast, when bile acid levels are high, bile 
acid synthesis decreases.
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Preinvasive Intraductal Biliary 
Neoplasm: Biliary Intraepithelial 
Neoplasm and Intraductal Papillary 
Neoplasm of Bile Duct

Yasuni Nakanuma, Katsuhiko Uesaka, and Takuro Terada

Abstract

Biliary intraepithelial neoplasm (BIlIN) and intraductal 
papillary neoplasm of the bile duct (IPNB), an intraductal 
non-invasive neoplasm, are being established pathologi-
cally as precursor lesions of invasive cholangiocarcinoma 
(CCA). These premalignant lesions are found in the extra-
hepatic and intrahepatic large bile duct but not in the 
intrahepatic small bile duct. BilINs are a microscopical 
lesion and can be classified into low-grade and high- 
grade. High-grade BilIN was previously called “in situ 
carcinoma” of the bile duct. This lesion is presumed to be 
followed by periductal nodular/sclerosing growth of 
CCA.  The preoperative detection of high-grade BilIN 
may be an important step in the determination of the risk 
of CCA.  In contrast, IPNB shows grossly exophytic 
growth in a dilated bile duct lumen, with histologically 
villous/papillary neoplastic epithelia with tubular compo-
nents covering fine fibrovascular stalks. Interestingly, 
approximately half of IPNBs show stromal invasion 
(IPNB associated with invasive carcinoma) at the time of 
surgical resection. IPNBs are classified into low-grade 
and high-grade dysplasia. The recent subclassification of 
IPNB into types 1 (low-grade dysplasia and high-grade 
dysplasia with regular architecture) and 2 (high-grade 
dysplasia with irregular architecture) may be more practi-
cally applicable in the clinical field than two-tiered sys-

tem (low- and high-grade dysplasia). The outcome of 
postoperative IPNBs is more favorable in IPNBs than in 
CCA via BilIN processes. The recent recognition of two 
preinvasive biliary neoplasms may facilitate further clini-
cal and basic studies of CCA.

7.1  Introduction

The concept of epithelial tumors arising from non-invasive 
intraepithelial dysplasia or neoplasm is well-established in 
various human cancers [1]. Recent studies have shown that 
there are at least two types of preinvasive neoplasms of the 
bile ducts preceding cholangiocarcinoma (CCA): biliary 
intraepithelial neoplasm (BilIN) and intraductal papillary 
neoplasm of bile duct (IPNB) [2–5]. BilINs are microscopi-
cally identifiable epithelial neoplasm, while IPNBs are 
grossly visible epithelial neoplasms covering fine fibrovas-
cular stalks (Figs. 7.1, 7.2). BilIN may be the most common 
precursor in nodular-sclerosing, perihilar and distal CCA (p/
dCCA) and large-duct intrahepatic CCA (iCCA). IPNBs 
present unique pathological features, and about half of 
IPNBs present stromal invasion at the time of surgical resec-
tion. Recently, the World Health Organization (WHO) pub-
lished the Classification of Digestive System Tumours fifth 
edition (2019), in which BilIN and IPNB were introduced in 
separate chapters [3, 4].

We herein review the pathological features of BilIN and 
IPNB, based on this WHO classification, with reference to 
the clinical and molecular and genetic features.
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a b

Fig. 7.1 Biliary intraepithelial neoplasm (BilIN) of bile duct. (a) Low-grade BilIN showing mild nuclear stratification and hyperchromasia. 
H&E. (b) High grade BilIN showing disordered nuclear polarity and pleomorphism. H&E

a

c

b

Fig. 7.2 Intraductal papillary neoplasm of bile duct (IPNB). (a) 
Grossly, papillary tumorous lesion (→) is found in the extrahepatic bile 
duct. (b) Type 1 IPNB. Regular papillary neoplasm is found in the bile 

duct. H&E. (c) Type 2 IPNB. Irregular papillary neoplasm with tubular 
component and widened stroma is found in the bile duct. H&E
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7.1.1  Clinical Features, Risks, 
and Background Lesions and Imaging 
Findings of BIlINs and IPNBs

7.1.1.1  Clinical Features, Risks, and Background 
Lesions

BilINs
There have been no reports on the clinical or laboratory fea-
tures characteristic to BilINs. In the background in cases not 
associated with invasive CCAs, BilINs, particularly high- 
grade ones, are occasionally found in patients with hepatoli-
thiasis, primary sclerosing cholangitis (PSC), liver fluke 
infection, and anomalous union of the pancreatic biliary duct 
and can also be found incidentally in bile duct and gallblad-
der specimens that are resected for other reasons [5, 6]. In 
addition, BilIN is often encountered in the mucosa adjacent 
to nodular/sclerosing CCA. BilINs are generally not associ-
ated with excessive mucin secretion.

IPNBs
IPNBs typically affect middle-aged to elderly adults and 
show a male predominance [7]. Intermittent or recurrent, 
right-upper-quadrant abdominal pain and acute cholangitis 
or jaundice are the most common clinical manifestations, but 
a certain percentage of patients have no symptoms at the 
diagnosis [7]. Elevated levels of alkaline phosphatase and 
CEA and CA19-9 have been reported, although they are 
unlikely to have high sensitivity or specificity for the diagno-
sis of IPNB [7].

IPNBs account for 10–38% of all bile duct tumors in 
East Asian populations but only 7–12% of all bile duct 
tumors in Western populations [8]. Hepatolithiasis and liver 
fluke infection (Clonorchiasis sinensis [CS] or Opisthorchis 
viverrini [OV] infection) are major risk factors of IPNB in 
Far Eastern countries [8]. IPNBs also reportedly develop in 
PSC and congenital biliary tract disease. Interestingly, 
these etiologic factors are also known as major risk factors 
for nodular- sclerosing p/dCCA and large-duct iCCA [2], 
suggesting that these factors may be causally related to the 
development of IPNB and also of CCA via the BilIN pro-
cess [9].

Recently, an outbreak of IPNB was reported among 
young adult workers in the offset color proof-printing 
department at a printing company in Japan [10]. They were 
chronically exposed to chlorinated organic solvents, includ-
ing dichloromethane and 1,2-dichloropropane. Interestingly, 
IPNB or IPNB associated with invasive carcinoma was pre-
dominantly observed in the dilated intrahepatic and perihi-
lar bile ducts.

7.1.1.2  Imaging Findings

BilINs
BilIN lesions cannot be accurately identified preoperatively 
by existing imaging modalities. Occasionally, they are 
detected as focal bile duct stenosis or dilatation in cases not 
associated with CCA [11].

IPNB
The most important morphological changes are the presence 
of (a) bile duct dilatation, (b) intraductal mass(es), (c) cystic 
lesion(s), and (d) macro-invasion of the liver [12, 13]. The 
patterns of bile duct dilatation are diffuse duct ectasia, local-
ized duct dilatation, and cystic dilatation. IPNB lesions were 
found more commonly at the right than left intrahepatic 
ducts and had more peripheral than central locations in 
patients with OV [11]. On US, IPNB was more variable with 
hyperechoic nodules (37.5%), focal bile duct dilatation 
(37.5%), and diffuse bile duct dilatation with intraductal 
nodules (25%) [11]. Magnetic resonance imaging (MRI) 
reveals IPNB as isointense to hypointense masses on 
T1-weighted images and hyperintense masses on 
T2-weighted images. On computed tomography (CT), the 
enhancement pattern of IPNB is isodense or hyperdense dur-
ing the late arterial phase and not hyperdense during the 
portal-venous and delayed phase. Other findings obtained by 
CT are infiltration of the neoplasm along the duct wall and 
intense rim enhancement at the base of the lesion.

7.1.2  Pathologies of BIlINs and IPNBs

7.1.2.1  Gross

BilIN
While BilIN lesions cannot be accurately identified grossly, 
they may be recognized as subtle and nonspecific granular or 
rough bile duct mucosa, particularly around invasive CCA 
[5, 6]. As for the anatomical location, the majority of BilIN 
cases not associated with CCA arose from the right intrahe-
patic duct, specifically from a peripheral branch of the infer-
oposterior and superoposterior segments in cases with OV 
infection [11].

IPNB
The majority of IPNBs (67%) were located at the intrahe-
patic bile ducts in Asian countries, while in Western coun-
tries, they were more common in the extrahepatic bile ducts 
or hepatic hilum [12–14]. Some cases simultaneously 
involved the intrahepatic and extrahepatic bile ducts. When 
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IPNB exists in the intrahepatic bile ducts, it tends to be found 
in the left-sided biliary ductal system [7]. However, IPNB in 
OV-infected patients was found more commonly at the right 
than left intrahepatic ducts and had more peripheral than 
central locations [11].

Generally, IPNBs present papillary or villous or polypoid, 
exophytic growth (range, 1–6 cm) (Fig. 7.2a) [2, 3, 5]; height, 
at least 5 mm from the adjacent biliary mucosa in the dilated 
bile ducts is typical; however, some papillary neoplasms 
with a similar histopathology that are <5 mm but >3 mm in 
height are occasionally encountered [15]. These exophytic 
lesions are usually conglomerates of smaller or higher pol-
ypoid lesions, but single or isolated polypoid lesions are also 
encountered. IPNBs located in the intrahepatic bile ducts 
tend to be larger in both mass and length than those in the 
extrahepatic bile ducts.

The gross features of IPNBs depend on their anatomical 
location, state of excessive mucin secretion, and macro- 
invasion of the liver [3, 12]. Some IPNBs, particularly those 
arising in the extrahepatic bile ducts, are associated with cylin-
drical or fusiform morphology with moderate dilatation of the 
affected bile ducts and appear as cast-like structures, while 
other IPNBs, particularly those in the intrahepatic bile duct, 
present with marked macroscopic dilatation or unilocular or 
multilocular cystic changes. These cystic changes represent 
cystic dilatation of the bile ducts and usually show luminal 
communication with the adjacent bile duct. The internal sur-
faces of the cystic lesions are smooth or finely granular, and 
papillary mural nodules are commonly observed. IPNBs may 
present separate multiple lesions of various stages along the 
biliary tree, both synchronously and dyssynchronously [7]. 
Some may represent multiple occurrences of IPNB in the bile 
duct mucosa with a neoplastic predisposition, while others are 
due to intraluminal implantation or dissemination of neoplas-
tic cells of the main papillary tumor along the biliary tree [16]. 
Excessive mucin hypersecretion is more frequently observed 
in intrahepatic IPNBs than in extrahepatic IPNBs. Bile ducts 
with excessive mucin secretion located upstream and down-
stream from IPNBs are significantly dilated due to the large 
amount of mucin in the duct lumen.

A variable proportion of the mucosa around the main pap-
illary conglomerate lesions shows visible granular or small 
papillary lesions, suggesting neoplastic mucosal changes 
that are continuous with the main lesion [3].

Controversial Cases: BilIN or IPNB
Some intraductal preinvasive biliary neoplasms present dif-
fuse dilatation of the bile ducts without visible intraductal 
tumors on imaging and macroscopic observation because of 
their microscopic size [17]. Indeed, several case reports have 
described extensive bile duct dilatation filled with mucin and 
lined by a superficially spreading, microscopically identifi-
able, non-invasive biliary neoplasm despite no grossly visi-
ble identifiable papillary neoplasms [18]. Whether these 
cases correspond to a variant of BilIN with bile duct  dilatation 
and mucin hypersecretion or should be regarded as a variant 
of IPNB with microscopic neoplastic size remains unclear.

7.1.2.2  Histologies

BilINs
BilINs show a flat or micropapillary, intraepithelial biliary 
neoplasm occasionally with glandular formation and are 
composed of enlarged columnar or cuboidal epithelial cells 
with stratified hyperchromatic nuclei and a high nucleus/
cytoplasm ratio (Fig.  7.1a, b) [2, 4, 5]. Nuclear pleomor-
phism and nucleoli may be also found. The intramural 
peribiliary glands may be continuously involved. BilINs usu-
ally occur in the extrahepatic and intrahepatic large bile 
ducts but are also found in the gallbladder. While a majority 
of BIlINs are of pancreatobiliary phenotype, the gastric and 
intestinal phenotypes are also encountered.

Grading and Invasion A two-tiered grading system of 
“low” versus “high” is applied to BilINs in order to delineate 
the clinically significant examples from the insignificant 
ones. High-grade BilIN was previously called “in situ carci-
noma” of the bile duct. The main differential features are 
shown in Table 7.1 [2, 4]. High-grade BilIN usually forms a 
field of lesional spread of neoplastic epithelial cells on the 
biliary mucosa. Immunohistologically, high-grade BilINs 
are constantly diffusely and strongly positive for S100P, a 
differential point from low-grade BilIN or reactive changes 
[5]. High-grade BilINs express CEA and MUC1 [19] and 
also selectively stain for insulin-like growth factor II mRNA 
binding protein (IMP3) [19].

High-grade BilINs are frequently found in the bile duct 
mucosa around nodular-sclerosing CCAs [2, 5, 16], with 

Table 7.1 Comparison between low-grade BilIN and high-grade BilIN

Characters Low-grade BilIN (BilIN-1/2) High-grade BilIN (BilIN-3)
Histology Flat/pseudopapillary/micropapillary

Hyperchromatic nuclei
Increased N/C ratio
Stratified or multi-layered nuclei
Reserved nuclear polarity

Flat/pseudopapillary/micropapillary
Hyperchromatic and irregular nuclei
Increased N/C ratio, pleomorphic, bizarre nuclei
Single layered or stratified nuclei
Disturbed nuclear polarity

Distribution in biliary mucosa Relatively small foci or area Relatively extensive area or spread
S-100P expression Weakly or scattered expression Strongly and diffusely positive
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high-grade BilINs likely being a preceding lesion of these 
CCAs. Indeed, microscopic stromal invasion of tubular ade-
nocarcinoma is occasionally found beneath high-grade 
BilINs in patients without grossly visible CCA, suggesting 
the actual development of invasion from high-grade BilIN 
resulting in conventional CCA.

IPNB.
IPNBs are a preinvasive, papillary/villous biliary neoplasm 
with variable tubular components covering fine fibrovascular 
stalks or with fibrous stroma in dilated bile ducts (Fig. 7.2b, 
c). Some cases of IPNB, particularly oncocytic subtype, 
show mildly widened stroma due to edema with inflamma-
tory cell infiltration [3]. The histology of IPNB is heteroge-
neous, depending on the subtypes and grade of atypia.

Four Subtypes IPNBs are histologically classifiable into 
four subtypes based on their cell lineages: intestinal IPNB 
(iIPNB), gastric IPNB (gIPNB), pancreatobiliary IPNB (pbI-
PNB), and oncocytic IPNB (oIPNB) [2, 3]. While many 
cases are predominantly composed of an individual subtype, 
admixtures of foci of other subtypes and cases with contro-
versial subtyping are sometimes observed. This subtyping is 
facilitated by immunohistochemistry to detect mucus core 
proteins and cytokeratins. As for the incidence, iIPNB is the 
most common subtype, followed by gIPNB, pbIPNB, and 
oIPNB.  There are no apparent differences in sex or age 
among the four subtypes of IPNB.

Grading of Atypia IPNBs are traditionally classified into 
low-grade and high-grade, mainly based on the cellular 
atypia and structural alterations, particularly nuclear atypia 
and alteration [2, 3, 20]. For example, the high-grade IPNBs 
show hyperchromatic nuclei, nucleoli, nuclear and cellular 
pleomorphism, and a loss of polarity, while the low-grade 
IPNBs do not. Some IPNBs are low-grade, while others are 
high-grade or high-grade with low-grade foci.

IPNBs show structural changes or alterations: some cases 
show regular papillary, villous or tubular structures, and a 
relatively homogeneous appearance (type 1), while others 
show irregular papillary, villous or tubular structures, and a 
heterogeneous appearance (type 2). Mainly based on these 
structural alterations, Japan–Korea biliary pathologists pro-
pose a new subclassification of IPNB into types 1 and 2 [15]. 
IPNBs with a low-grade (about 10% of all IPNBs) and those 
with a high-grade with regular structures (30%) belong to 
type 1, while the remaining IPNBs with a high grade and 
irregular structures (60%) belong to type 2. In type 1, papil-
lary fibrovascular stalks are generally thin (depending on the 
subtype), while fibrovascular stalks are variably widened at 
the basal side in some cases. In addition, type 2 does not 

infrequently show foci of complicated lesions, such as crib-
riform and solid components, and relatively large cystic 
changes and foci of bizarre cells and nuclear changes. 
Coagulative necrosis is also experienced in type 2. 
Neuroendocrine differentiation has been reported in type 2 
IPNB. The main differential features between types 1 and 2 
are shown in Table 7.2.

As for other characteristics, type 1 tends to arise in the 
intrahepatic bile ducts, while type 2 develops similarly in the 
extrahepatic and intrahepatic bile ducts. Furthermore, 
according to recent studies, types 1 and 2 show other clinico-
pathological and molecular-genetic differences [21–23]: 
Type 1 IPNBs were frequently associated with a non- 
invasive, intestinal and oncocytic subtypes, development in 
the intrahepatic bile ducts, mucin hypersecretion, a relatively 
good prognosis and old age, while type 2 IPNBs were associ-
ated with an invasive, pancreatobiliary subtype, frequent 
development within the extrahepatic bile ducts and a worse 
prognosis than type 1 IPNBs.

Table 7.2 Type 1 and 2 subclassification of intraductal papillary neo-
plasms of bile duct (IPNB)

Type 1 IPNB Type 2 IPNB
Structures * Regular villous, 

papillary, or 
tubular structures
* Homogeneous 
appearance

* Irregular and 
complicated villous, 
papillary or tubular 
structures
* Heterogeneous 
appearance

Atypia of intraepithelial 
neoplasm

* Low-grade 
dysplasia
*High-grade 
dysplasia with 
regular 
histologies

* High-grade 
dysplasia with 
irregular histologies

Location at the biliary tree *Usually 
intrahepatic bile 
duct

*Intrahepatic and 
extrahepatic bile 
duct

Mucin overproduction * Frequent * Infrequent
Stromal invasion * Rare * Common
Subtypes
      •  Intestinal subtype
      •  Gastric subtype
      •  PB subtype
      •  Oncocytic subtype

* Infrequent
* Equal
* Infrequent
* Frequent

* Frequent
* Equal
* Frequent
* Infrequent

Similarities to prototypic 
subtypes of IPMN

* Similar 
(depending on 
subtypes)

* Different variably 
(depending on 
subtype)

Poor differentiation such 
as solid or cribriform 
pattern, coagulative 
necrosis, overt malignant 
features, cystic changes

* Almost absent * Frequent

Highly atypical cellular 
and nuclear changes

* Absent * Infrequent

Fibrovascular stalks * Thin (depending 
on subtype)

* Thin to widened 
(depending on 
subtype)
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Invasion A surgical series demonstrated high rates of inva-
sive cancer arising from IPNB, with rates ranging from 40% 
to 70% [7]. However, the incidence of invasion differs 
according to the anatomical location of IPNB, with approxi-
mately 30% of cases of intrahepatic IPNBs invasive, while 
many extrahepatic IPNBs show at least focal stromal inva-
sion at the time of surgical resection [15, 19, 23], implying 
that intrahepatic IPNBs are less aggressive than extrahepatic 
IPNBs. The invasive parts of IPNBs usually show tubular 
adenocarcinoma with a desmoplastic reaction and only occa-
sionally show foci of colloid carcinoma. The oncocytic sub-
type shows invasion of oncocytic adenocarcinoma.

7.1.3  Pathogenesis: Molecular and Genetic 
Alterations of BIlINs and IPNBs

BilIN and IPNB share key pathogenetic and molecular path-
ways but show some differences.

7.1.3.1  Progression of BilINs and IPNBs
The growth pattern of BilIN progresses from flat/micropapil-
lary projections to eventually develop the periductal growth 
pattern of CCA showing tubular adenocarcinoma [2, 4]. 
IPNB may also sequentially progress from low-grade to 
high-grade and then to invasive adenocarcinoma (IPNB 
associated with invasive carcinoma) [3]. Chronic biliary 
inflammation may induce neoplastic changes of the biliary 
epithelia including BilINs in chronic biliary diseases.

7.1.3.2  Molecular Alterations in BilINs and IPNBs
BilIN and IPNB have shown the stepwise acquisition of 
molecular alterations affecting common oncogenic path-
ways, such as cell-cycle related molecules [3, 14, 24]. For 
example, p21, cyclin D1, and Dpc4 were shown to be 
involved in the carcinogenesis of BilIN and IPNB, while the 
p53 expression was regulated differently between BilIN and 
IPNB.  The loss of SMAD4 is a late molecular change in 
BilIN lesions. A decreased membranous expression of 
β-catenin and E-cadherin is an early event in the tumorigen-
esis of both BilIN and IPNB lineages. Cyclin D1 and c-myc, 
target molecules of Wnt signaling, were frequently positive 
in the IPNB lineage, and interestingly, nuclear β-catenin 
staining was observed only in the IPNB lineage, suggesting 
the importance of Wnt signaling in the tumorigenesis of the 
IPNB lineage. The increased expression of autophagy- 
related proteins in low- and high-grade BilIN, IPNB, and 
invasive carcinoma suggests the role of dysregulated 
 autophagy at an early stage of BilIN and IPNB in hepatoli-
thiasis [24].

The overexpression of the polycomb group protein 
enhancer of zeste homolog 2 (EZH2) is also involved in the 

progression of BilIN and IPNB [19, 25]. The expression of 
p16 INK4a was decreased in high-grade BilIN and invasive 
carcinoma, while EZH2 expression showed a stepwise 
increase from low-grade to high-grade BilIN to invasive car-
cinoma, suggesting that the overexpression of EZH2 may 
induce hypermethylation of p16 INK4a promoter followed 
by decreased expression of p16 INK4a in the progression of 
BilIN in hepatolithiasis. The overexpression of EZH2 may 
also be associated with malignant behavior in IPNB in paral-
lel with the upregulated MUC1 expression and downregu-
lated MUC6 expression [24, 25].

7.1.3.3  Genetic Changes in BilIN and IPNB

BilIN
KRAS mutations are already identifiable in low-grade BilIN 
and slightly increase during progression to high-grade BilIN 
and invasive adenocarcinoma in hepatolithiasis cases [26]. In 
contrast to IPNB, BilIN lesions do not seem to harbor 
GNAS1 mutations. The downregulation of miR-451a and 
miR-144-3p, a tumor suppressor, was recently reported 
along with the progression of BilIN supporting the concept 
of BilIN as a direct precursor of invasive dCCA [1].

IPNB
Yang et  al. identified frequent mutations of KRAS (49%), 
GNAS (32%), RNF43 (24%), APC (24%), TP53 (24%), and 
CTNNB1 (11%) in IPNBs [21]. KRAS and p16 alterations 
occur early and in tumors with low-grade IPNB and precede 
the increased expression of PT53 [27].

Four Subtypes of IPNB In eastern Asia, GNAS mutations 
were detected in fewer than half of all cases of IPNB, and all 
cases with GNAS mutations had intestinal differentiation 
[22, 28–30]. Mutations in RNF43, a tumor suppressor gene, 
were also frequent in the intestinal IPNB [29, 30]. When 
divided into the intrahepatic and extrahepatic classifications, 
in intestinal IPNBs arising in the intrahepatic bile ducts, 
GNAS and KRAS mutations are frequent, as is observed in 
intestinal IPMN [28]. As for non-intestinal IPNBs, mutations 
in APC or CTNNB1, both of which belong to the Wnt/β- -
catenin pathway, were observed in one-fourth of IPNBs and 
were mutually exclusive [31]. Interestingly, APC and 
CTNNB1 alterations were unique to IPNB [31]. Mutations of 
genes also seen in colorectal neoplasms, such as SMAD4, 
PIK3CA, APC, and CTNNB1, were frequent in intestinal 
IPNBs of the extrahepatic bile ducts [28], and the pancreato-
biliary subtype arising in the extrahepatic bile ducts also 
showed a CTNNB1 mutation [30, 31]. Given these previous 
findings, the activation of the Wnt/β-catenin signaling path-
way may be relevant to the development and progression of 
non-intestinal-type IPNBs as well as iIPNBs arising in the 
extrahepatic bile ducts [31].
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7.1.4  The Prognosis and Outcomes of BilINs 
and IPNBs

7.1.4.1  BilIN
Although high-grade BilIN group is a neoplasia with malig-
nant potential, the prognostic significance remains contro-
versial. While the survival and recurrence outcomes of 
patients with high-grade BilIN at the surgical margin were 
shown to be similar to those without it in one report [32], 
high-grade dysplasia of the bile duct margin in patients with 
surgically resected node-negative perihilar CCA was associ-
ated with a poor survival in another study [33]. Yoon et al. 
reported that the presence of BilIN lesions was not uncom-
mon in CCA patients and was significantly associated with a 
better disease-free survival and overall survival in extrahe-
patic CCA patients [34]. A meta-analysis with unified crite-
ria is necessary in order to evaluate the significance of 
high-grade BilIN at the surgical margin of nodular/scleros-
ing CCA.

7.1.4.2  IPNB
The median postoperative survival of IPNB patients is favor-
able compared with conventional CCA via BilIN carcino-
genesis [7, 35, 36]. Luvira et  al. reported that the median 
postoperative survival of 102 IPNB patients was 1728 days, 
with 1-, 3-, and 5-year overall survival rates of 86.3%, 63.7%, 
and 44.8%, respectively [8]. Factors that have been reported 
to be associated with adverse outcomes include high serum 
CA19-9, lymph node metastasis, R0 or R1/2 resection, inva-
sive IPNB, tumor multiplicity, and the high expression of 
MUC1 in the tumor tissue [2, 7, 20]. The survival of IPNB 
patients with cystic variant with micropapillary lesions was 
shown to be favorable, and intrahepatic IPNB shows a favor-
able prognosis compared with IPNBs arising in the extrahe-
patic bile ducts. Type 1 is known to be associated with a 
favorable prognosis, while type 2 is associated with a worse 
prognosis [15], and recent studies have validated the signifi-
cance [22, 23]. Recurrence of IPNB or CCA after surgical 
resection of IPNB may occur due to the implantation or can-
cerization of neoplastic cells.

7.2  Conclusion

BilIN and IPNB are main precursor lesions of CCA: BilINs 
are microscopic lesions, while IPNBs are grossly visible 
lesions. IPNBs are divided into intestinal, gastric, pancreato-
biliary, and oncocytic subtypes, with the intestinal subtype 
the most common followed by the other subtypes; in con-
trast, a majority of BilINs are of the pancreatobiliary type. 
Both BilINs and IPNBs are graded by a two-tiered system: 
low-grade and high-grade. In addition, IPNBs are subclassi-
fied into types 1 and 2, with type 1 composed of low-grade 

IPNB and high-grade IPNB with regular structures and type 
2 composed of high-grade IPNB with irregular structures. 
Type 1 and 2 IPNBs show differing clinicopathological fea-
tures, including a different mucus overproduction and post-
operative survival and unique genetic alterations. Recognition 
of these two intraductal preinvasive biliary epithelial neo-
plasms will encourage the better understanding of the clini-
copathological features and therapeutic approach to CCA.
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Pathology of Biliary Tract Cancers
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Abstract

Biliary tract cancers are highly malignant tumors that 
comprise bile duct cancers (so called cholangiocarci-
noma, CCA) and gallbladder carcinomas. Based on their 
anatomical location, bile duct cancers fall into two main 
categories: intrahepatic and extrahepatic cholangiocarci-
nomas. Each type displays peculiar clinic-pathologic and 
molecular features. Intrahepatic cholangiocarcinoma 
(iCCA) is further subvided in small duct and large duct 
iCCA. Small duct iCCA usually involves septal and inter-
lobar bile ducts, produces mass-forming lesions, has a 
better prognosis than large-duct iCCA and has no known 
precursor lesions. Large duct iCCA usually involves the 
first to third branches of hepatic bile ducts, shows a 
periductal- infiltrating pattern of invasion, has a poorer 
prognosis than the small duct counterpart and can derive 
from two types of precursor lesions: biliary intraepithelial 
neoplasia and intraductal papillary neoplasms. 
Extrahepatic cholangiocarcinomas (eCCA) includes peri-
hilar eCCA (so-called Klatskin tumors) and distal 
eCCA. Histologically, eCCA display the morphology of a 
classic pancreatico-biliary adenocarcinoma. Gallbladder 
carcinomas (GBC) are malignant tumors mostly involv-
ing the gallbladder fundus (70% of cases), with the typi-
cal histology of a pancreatico-biliary adenocarcinoma. 
From the molecular point of view, mutations affecting the 
driver genes KRAS and TP53 can be found in all CCA 
subtypes. Of note, mutations affecting IDH1 and IDH2 
genes and the chromatin-remodelers ARID1A, BAP1 and 
PBRM1 are typically enriched in iCCA, whereas ELF3 
and ARID1B are more common in eCCA. In GBC, ampli-
fication of ERBB2 is more typical and also represent a 
therapeutic target.

8.1  Introduction

Biliary tract cancers are among the most deadly solid malig-
nancies of the gastrointestinal tract [1], and are represented 
by bile duct cancers and gallbladder carcinomas.

Based on their anatomical location, bile duct cancers fall 
into two main categories: intrahepatic bile duct cholangio-
carcinomas, furtherly subdivided into large duct and small 
duct subtypes, and extrahepatic bile duct carcinomas [2].

Clinically, intrahepatic bile duct carcinomas are often 
encountered in the context of differential diagnosis of liver 
masses; extrahepatic bile duct carcinomas represent, along 
with pancreatic head carcinomas, the deadliest cause of 
obstructive jaundice. Gallbladder carcinomas represent the 
most common biliary tract carcinomas, accounting for 80% 
of biliary tract cancers, and are characterized by a subtle 
clinical presentation, which unfortunately leads to late-stage 
diagnosis [3].

Herein, we will describe the main pathological and 
molecular features of biliary cancers. A specific focus will 
regard the distinctive features that guide practicing pathol-
ogists in the histopathologic diagnostics of such 
malignancies.

8.2  Intrahepatic Cholangiocarcinoma

8.2.1  Gross Features

Two main subtypes of intrahepatic cholangiocarcinoma 
(iCCA) are recognized: small duct iCCA (Fig.  8.1a) and 
large duct iCCA (Fig. 8.1b).

Small duct iCCAs involve septal and interlobar bile 
ducts, and are lodged deep inside the hepatic parenchyma; 
large duct iCCAs involve from the first to third branches of 
hepatic bile ducts, and are therefore located near the 
hepatic hilum [1].
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Two macroscopic patterns of growth are described: the 
periductal infiltrating (PI) type, characterized by whitish 
sclerosing lesions which encase and obliterate the proximal 
branches of the left and right hepatic ducts in a longitudinal 
modality; the mass-forming (MF) type, characterized by 
white-grayish solid nodular mass lesions involving the 
hepatic parenchyma.

Large duct carcinomas mostly show a PI pattern, some-
times along with a MF component; small duct carcinomas 
manifest almost exclusively as MF lesions [3].

ICCAs, particularly the MF types, should be distinguished 
from other mass-forming malignancies involving the liver: 
the main differential diagnosis is represented by hepatocel-
lular carcinoma (HCC), followed by metastatic colorectal 
adenocarcinoma. Cholangiocarcinomas are un-encapsulated 
white-grayish sclerotic lesions, usually with very scant or 
absent necrosis, mostly occurring in non-cirrhotic livers. 
HCCs almost always occur in cirrhotic livers as solitary or 
multiple nodules with a yellowish to green-brown color, and 
are often partially or totally encapsulated and/or necrotic. 
Furthermore, the so-called nodule-in-nodule pattern of 
growth is characteristic of HCCs and is never seen in iCCAs. 
Metastatic colonic adenocarcinomas may resemble iCCAs 
due to their white-yellowish color and lobulated margins; the 
frequent presence of necrosis and a simple clinical correla-
tion are the most reliable tools for a gross differential diagno-
sis between these two entities.

8.2.2  Microscopic Features

Regardless of localization, iCCAs share a three-tiered grad-
ing system and a common microscopic appearance, which is 
that of an invasive adenocarcinoma with tubular or ductal 
pattern, accompanied by abundant fibrous stroma and intense 

desmoplastic reaction. However, differences are recognized 
between the main subtypes.

Large duct iCCAs show mucin-secreting glands with 
columnar to cuboidal epithelium; lymphatic and perineural 
invasion are frequent, as are lymph node metastasis. 
Therefore, they have a poorer prognosis compared to the 
small-duct counterpart [1]. Moreover, large duct iCCAs have 
two known precursor lesions: biliary intraepithelial neopla-
sia (BilIN) and intraductal papillary neoplasm of the bile 
ducts. Similarly to its pancreatic counterpart, BilIN is a 
microscopic lesion of large bile ducts characterized by flat or 
micropapillary architecture; here the dysplasia is classified 
as low-grade or high-grade, but a three-tiered system 
(BilIN- 1,2,3) is also accepted [4]. Intraductal papillary neo-
plasm of the bile ducts is a grossly visible premalignant pap-
illary lesion, which may progress from low-grade to 
high-grade dysplasia, and eventually adenocarcinoma [5].

Small duct iCCAs have no known precursor lesions. Two 
microscopic subtypes are recognized: i) cholangiolocarci-
noma, which is characterized by a bland-looking prolifera-
tion of small ductular units resembling benign ductular 
reaction, and ii) ductal plate malformation-like pattern, char-
acterized by ectatic and irregular neoplastic glands, lined 
with a single layer of cuboidal or low columnar carcinoma 
cells and irregular protrusions [6, 7].

8.2.3  Molecular Features

The most frequently mutated gene in iCCAs is TP53 [8]. This 
gene is also altered with similar frequency in small duct 
iCCA, extrahepatic cholangiocarcinoma (eCCA) and gall-
bladder carcinoma (GBC), and cannot be considered a 
subtype- specific marker. Similarly, KRAS mutations can be 
found in all types of CCAs. On the other hand, IDH1 and 

a b

Fig. 8.1 Representative images of the two main subtypes of intrahepatic cholangiocarcinoma are here shown: small duct (a) and large duct (b). 
Hematoxylin-Eosin, original magnification 10X
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IDH2 mutations are highly subtype-specific, being altered 
almost exclusively in iCCA [9–11]. Mutations in these two 
genes are concentrated in specific hotspots (R132 for IDH1 
and R172 for IDH2), with a mutation prevalence ranging 
between 5% and 40% of iCCA. Another molecular hallmark 
of iCCAs is represented by alterations of specific chromatin- 
remodelling genes: ARID1A, BAP1 and PBRM1 (6–26%) 
[12]. Interestingly, different studies have clarified that altera-
tions in such genes are mutually exclusive with IDH1/2 muta-
tions and in most cases with KRAS mutations [9, 11–14]. 
Furthermore, several tyrosine kinase receptors (TKIs) were 
reported to be amplified in the iCCA subgroup; among them, 
and in order of frequency: ERBB2 (4–22%), EGFR (2–12%), 
ERBB3 (7%) and MET (2–7%). In addition, a small propor-
tion of iCCA harbour amplifications of CCND1 gene (13%) 
[14]. Among the different subtypes of CCA, fusion genes 
were mainly observed in iCCA. FGFR2 gene fusions (14–
23%) represent another hallmark of this subcategory, where 
BICC1 is the most frequent rearrangement’s partner [15]. 
Other studies pointed out that iCCA can be divided according 
to its etiologic environment and to the genomic alterations 
developed during tumorigenesis. Infection by liver flukes 
such as Opisthorchis viverrini and Clonorchis sinensis con-
curs to distinguish iCCA into two large genetic subgroups. 
Specifically, fluke-positive iCCA had a higher rate of single-
nucleotide variant, alterations of TP53 and other genes 
involved in DNA repair, ERBB2 amplification and mutations 
involving AKT1, CTNNB1 and WNT5B. In contrast, muta-
tions in BAP1 and IDH1/2 genes and FGFR rearrangements 
were observed almost exclusively in fluke-negative samples, 
which also had a higher rate of gene copy number alterations. 
These alterations were observed to influence also the meth-
ylation type of the genome. It was hypothesized that fluke-
positive tumours had a hypermethylation of the CpG islands 
caused by a longer and multi-step process involving cyto-
sine’s deamination and mutation [13].

8.3  Extrahepatic Cholangiocarcinoma

8.3.1  Gross Features

Extrahepatic cholangiocarcinomas (eCCAs) can involve the 
extrahepatic segment of the hepatic ducts or, less commonly, 
the common bile duct. Macroscopically, they tend to present 
as a sclerosing lesion causing an ill-defined stricture of the 
involved duct; nodular and papillary lesions are also recog-
nized, albeit less common [3].

The main location of eCCAs is the perihilar region (peri-
hilar eCCA), close to the confluence of the left and right 
hepatic bile ducts [16]. These lesions are also denominated 
Klatskin tumors, and have been subdivided by Bismuth et al. 
into four main types, based on the stricture pattern [17]:

Type I: stricture does not interrupt the main hepatic 
confluence.

Type II: stricture interrupts the main hepatic confluence.
Type III: (a) stricture interrupts the main and the right sec-

ondary hepatic confluence; (b) stricture interrupts the main 
and the left secondary hepatic confluence.

Type IV: primary and both right and left secondary hepatic 
confluence are interrupted.

Lesions located in the distal portion of the common 
bile duct (distal eCCA) cause obstructive jaundice, and 
may be amenable to surgical resection by Whipple’s 
pancreatectomy.

8.3.2  Microscopic Features

In most cases, the histologic picture of eCCAs is that of a 
classic pancreatico-biliary adenocarcinoma, with irregular 
angulated glands embedded in a dense desmoplastic stroma 
with frequent perineural and intravascular invasion 
(Fig. 8.2a).

a b

Fig. 8.2 Representative images of an extrahepatic cholangiocarcinoma 
(a), in this case extending from the intra-pancreatic choledochus to the 
surrounding parenchyma, and of a gallbladder carcinoma (b), in which 

it is usually associated with areas of high-grade dysplasia of the biliary 
epithelium. Hematoxylin-Eosin, original magnification 10X
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Multiple rare histological patterns have also been 
described, such as intestinal-type, foveolar-type, pyloric 
gland-type, hepatoid, micropapillary, and signet ring [18–
21]. Other rare non-adenocarcinoma tumor types are also 
on record, albeit exceedingly rare, such as squamous, ade-
nosquamous, sarcomatoid and undifferentiated carcinoma 
[3, 22].

Extrahepatic CCAs can arise from the same precursor 
lesions previously described in the context of iCCAs: biliary 
intraepithelial neoplasia (BilIN) and intraductal papillary 
neoplasm of the bile ducts.

Due to its striking resemblance to pancreatic ductal ade-
nocarcinoma, eCCA arising in the distal portion of the cho-
ledochus may be difficult to distinguish from a pancreatic 
primary; moreover, both cancers tend to express the same 
pattern of cytokeratin (CK7, CK19) and mucins (such as 
MUC1 and MUC4) [23]. The key to the differential diagno-
sis lies in the identification of precursor lesions in the surgi-
cal specimen: the presence of high grade PanIN favors the 
hypothesis of a pancreatic primary; conversely, the presence 
of high grade dysplasia in the biliary epithelium of the cho-
ledochus supports a biliary primary.

8.3.3  Molecular Features

To date, major molecular studies investigating the eCCAs 
molecular landscape have combined perihilar and distal 
eCCAs, without highlighting their differences. This subtypes 
share genetic alterations in TP53 (18–45%), KRAS (8–47%), 
ARID1A/B (5–16%), BRCA1/2 (1–4%), SMAD4 (11–25%) 
ELF3 (8%) and PIK3CA (7–9%), with ELF3 and ARID1B 
mutations showing a specifically-higher frequency in distal 
eCCAs [9]. Recurrent chromosomal amplifications were 
observed in YEATS4 (6%), MDM2 (5%), CCNE1 (3%), 
CDK4 (1%) and ERBB2 (1%), where ERBB2 mutations and 
amplifications were more prevalent in tumors with papillary 
histology (33%) [24]. Analysis of the fusion genes revealed 
the presence of rearrangements involving PRKACA and 
PRKACB genes, observed, in the biliary tumor spectrum, 
only in eCCA [9]. Direct comparison between perihilar 
eCCA and distal eCCA has shown conflicting results and 
needs to be clarified [24]. The expression profile of these 
tumors has recently been analyzed. The analysis conducted 
with an unsupervised approach with respect to the anatomi-
cal site, highlighted the presence of 4 molecular groups: (i) 
metabolic, (ii) proliferative, (iii) mesenchymal and (iv) 
immune [24]. The Metabolic class presented an overexpres-
sion of hepatocyte markers and appears as enriched in gene 
signatures linked to the deregulated metabolism of bile acids. 
Conversely, overexpression of MYC targets, ERBB2 aberra-
tions, and enrichment of oncogenic mTOR, DNA repair and 
cell cycle pathways were observed in the Proliferation class. 

In this subgroup a high prevalence of eCCA and papillary 
histology samples was observed. Furthermore, the 
Mesenchymal group showed aberrant Hedgehog and TNF- 
alfa signaling, and was associated with a worse prognosis, 
whereas the Immune class had several immune-related fea-
tures, comprising overexpression of PD-1/PD-L1 and a 
higher lymphocyte infiltration.

8.4  Gallbladder Carcinoma

8.4.1  Gross Features

The most common location of gallbladder carcinomas 
(GBCs) is the fundus, accounting for 70% of cases; approxi-
mately one third arises in the body and the remaining 10% 
involves the neck.

GBCs are typically accompanied by calculi and tend to 
grow with an infiltrative pattern. Interestingly, up to 30% of 
GBCs are grossly unapparent [25]; thus, an extensive sam-
pling is strongly suggested in the case of a cholecystectomy 
specimen characterized by calculi and by firm, thickened 
walls with gritty consistency and whitish color. Nodular, 
papillary and fleshy polypoid lesions are less common; their 
presence is more often associated with sarcomatoid and 
undifferentiated variants [3].

8.4.2  Microscopic Features

The vast majority of GBCs are adenocarcinomas.
The most common pattern encountered is pancreatico- 

biliary adenocarcinoma, which shares the morphology and 
the dismal clinical behavior with its pancreatic counterpart 
(Fig. 8.2b).

Pancreatico-biliary GBCs may have a wide range of dif-
ferentiation: poorly differentiated cases show marked pleo-
morphism, bizarre nuclei and single-cell or sheet-like 
pattern of infiltration; well-differentiated cases may resem-
ble benign lesions, sometimes with a foamy gland appear-
ance [26]. However, most cases present a tubular pattern 
akin to pancreatic adenocarcinoma. The presence of the 
micropapillary pattern is typically associated with a more 
aggressive course [3].

Other types of adenocarcinomas encountered in the gall-
bladder include: (i) intestinal-type adenocarcinoma, a diag-
nosis which requires the exclusion of a colonic primary; (ii) 
mucinous adenocarcinoma, composed of >50% extracellu-
lar mucin and characterized by a poorer prognosis com-
pared to ordinary GBCs; (iii) clear cell carcinoma, which is 
virtually always accompanied by foci of conventional 
GBCs; (iv) poorly cohesive carcinoma with or without sig-
net-ring cells.
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Adenosquamous carcinomas (defined by the presence of 
>25% of squamous elements) and pure squamous cell carci-
nomas are extremely rare; they tend to show extensive kera-
tinization and have a poorer prognosis compared to ordinary 
GBCs [27]. Hepatoid carcinomas are very rare and must be 
distinguished from hepatocellular carcinomas involving the 
gallbladder; sarcomatoid carcinomas have also been 
described, and may show cell pleomorphism or heterologous 
differentiation [3].

The main differential diagnosis in the evaluation of well 
differentiated GBCs is represented by benign entities mim-
icking infiltration.

Rokitansky-Aschoff sinuses are the result of hyperplasia 
and herniation of epithelial cells through the fibromuscular 
layer of the gallbladder wall, and are usually referred to as 
adenomyomatosis. They can show glandular hyperplasia and 
features mimicking a perineural invasion, and therefore must 
be carefully evaluated and distinguished from foci of adeno-
carcinoma [28]. Luschka ducts are a development abnormal-
ity and can be found in up to 10% of cholecystectomy 
specimens. They appear as biliary ducts measuring 1–2 mm 
in diameter, and are typically located within the gallbladder 
fossa in the lower part of the right hepatic lobe. In the case of 
a florid proliferation of the epithelium, they may closely 
resemble a pancreatico-biliary GBC. Therefore, it is impor-
tant to be aware of histologic aspects and typical anatomic 
locations of these non-neoplastic entities [29].

8.4.3  Molecular Features

The molecular characterization of GBCs is still evolving. 
The most recent studies have indicated the TP53 gene as the 
most frequently altered (29–50%) [9, 30]. Like all biliary 
tract cancers, a not-negligible proportion of cases show 
KRAS mutations (up to 20% of cases) [11, 31, 32]. On the 
other hand, alterations in the genes of the ERBB family and 
of ELF3 were much more frequent in GBC (up to 11%) than 
in other biliary cancers [9, 31, 32]. Fusion genes have also 
been found in GBC.  Most of them involve the breakpoint 
between exon 1 of TPPP and intron 9 of BRD9, observed in 
up to 19% of cases [30]. A supervised survival outcome- 
based approach showed the existence of 3 different molecu-
lar profiles [30–32]. These three groups were related to a 
different histo-morphology: (i) biliary-like, (ii) gastric 
foveolar- like and (iii) intestinal-like. The gastric foveolar- 
like group showed the best survival and had a high frequency 
of cases displaying TPPP-BRD9 fusions. The other two 
show more frequently alterations affecting the hypoxia path-
way. Furthermore, the intestinal-like group was distinguished 
by a strong association with smoking and with an advanced 
stage of the neoplasia at the time of diagnosis, indicating a 
more aggressive behavior.
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and Guanrui Liao

Abstract

Hepatocellular carcinoma (HCC) often presents with mul-
tiple nodules within the liver, with limited effective inter-
vention. The high tumor heterogeneity of multifocal HCC 
might be the major cause of treatment failure. Studies 
using next-generation sequencing identify genomic and 
transcriptional heterogeneity among tumor nodules in 
multifocal HCC patients including mutational profiles, 
copy number alterations (CNAs), structure variations 
(SVs), tumor evolutionary trajectory, RNA expression pat-
terns, and tumor immune microenvironment profiles. In 
addition, recent data indicate that the heterogeneity of 
druggable targets and immune landscape might help inter-
pret the clinical responsiveness to targeted drugs and 
immunotherapy for multifocal HCC patients. Thus, a com-
prehensive and precise understanding of genomic and 
transcriptional heterogeneity is crucial to improve the 
treatment of patients with multifocal HCC and is particu-
larly helpful to the development of personalized therapies. 
This Chapter reviews previous studies of genomic and 
transcriptional heterogeneity of multifocal HCC and dis-
cusses how we can leverage this information to improve 
the clinical management of patients with multifocal HCC.

9.1  Introduction of Multifocal 
Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the fourth leading cause 
of cancer death worldwide [1]. About 50–75% of HCC is 
reported to be multifocal when diagnosed, of which only 
20–30% can undergo surgical resection [2–4]. For advanced 
multifocal HCC patients who have lost the chance of sur-
gery, targeted therapy is the first-line recommended treat-
ment, offering a median progression free survival of only 
3.6–7.3 months [5, 6]. Immunotherapy represents a promis-
ing option for HCC.  Targeting immune checkpoint pro-
grammed cell death protein-1 (PD-1) for advanced HCC 
patients demonstrated an overall survival of 28.6 months as a 
first-line treatment and 12.9–15  months as a second-line 
treatment [7–9]. However, the overall response rate for the 
anti-PD-1 treatment in advanced HCC patients is less than 
20% [8, 9]. Recently, the results of clinical trial IMbrave150 
are encouraging as they significantly improve the overall sur-
vival in advanced liver cancer through combination of immu-
notherapy and VEGF inhibitor [10]. This finding further 
underscores the importance of combination therapy in 
HCC. Compared to previous single-agent strategy, emerging 
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combination therapies can act on more targets, thus could 
simultaneously treat multiple heterogeneous tumor clones.

Tumor heterogeneity means that different tumor cells can 
have distinct morphological and phenotypic profiles, includ-
ing gene expression, metabolism, proliferation, metastatic 
potential, and so on [11]. Tumor heterogeneity might be 
more complex in multifocal HCC patients than that in 
patients with single tumor [12–14]. Some recent studies have 
evaluated genomic heterogeneity of multifocal HCC based 
on mutational, copy number alterations (CNAs) profiles, 
structure variations (SVs), and HBV DNA integrations [15–
19]. In addition, transcriptional heterogeneity, especially 
immune heterogeneity has been reported in multifocal HCC 
recently and proved to be implicated in different immuno-
therapies response [18–20].

Here, we review genomic and transcriptional heterogene-
ity in multifocal HCC to elucidate the internodular heteroge-
neity of multifocal HCC at the molecular level and discuss 
how we can leverage this information to improve the treat-
ment and management of patients with multifocal HCC.

9.2  Heterogeneity of Multifocal HCC

9.2.1  Genomic Heterogeneity of Multifocal 
HCC

Multifocal HCC may result from multicentric occurrence 
(MO-HCC) or intrahepatic metastases (IM-HCC). Next- 
generation sequencing (NGS)-based studies have shown 
substantial genomic heterogeneity in mutational profiles, 
CNAs, SVs, and tumor clonal evolution among tumors sepa-
rated by anatomical locations within the same patient. The 
extent of mutations shared by all tumor nodules in multifocal 
HCC varied significantly. Recent studies have revealed that 
the actual shared mutation rates ranged from 8% to 97% in 
IM-HCC, with nearly no common mutations in MO-HCC [3, 
21, 22]. Extensive heterogeneity of copy number aberra-
tions, with highly variable percentages of genomic alteration 
has also been reported among multifocal lesions. For exam-
ple, the percentage of ubiquitous CNAs ranged from 22.2% 
to 100% in IM-HCC and it could reach as high as 46.7% in 
MO-HCC [23]. In our previous study, we have reported vari-
able extent of heterogeneity in mutations and CNA patterns 
among tumors of multifocal HCC patients by whole exome 
sequencing [18]. For patients with HBV infection, HBV- 
DNA was found to integrate into human host chromosomes 
in the early stage of natural course of acute hepatitis B infec-
tion [13, 14], making the junctional information specific to 
each tumor clone. As such, tumors with the same HBV DNA 
integration site are supposed to be intrahepatic metastasis 
nodules [21]. It has been reported that tumors in IM-HCC 

exhibited the same HBV DNA integrations, while different 
patterns of HBV DNA integration were found in tumors of 
MO-HCC, which is consistent with what we found in our 
research using whole genome sequencing [23, 24]. In paral-
lel, different genomic structural variations (SVs) were 
observed among multiple lesions [16]. Moreover, we found 
that there was a tendency that the tumor with smaller size 
had increased SV numbers as compared to the large tumor in 
the same patient in our recent study [19].

Phylogenetic trees which were constructed based on all 
somatic mutations also indicate great genomic heterogeneity 
of multifocal HCC [18, 22, 23, 25]. Well-known driver alter-
ations, including druggable targets were further mapped to 
each phylogenetic tree. The result showed that only 9–85% 
of the driver alterations were truncal events, indicating mul-
tiple tumors follow the scenario of branched tumor evolution 
[21, 23]. Our recent study also showed that only 30% (18/60) 
of the driver alterations were truncal events and only 20% 
(3/15) of druggable alterations were mapped to trunks, refin-
ing the great heterogeneity of different tumors among multi-
focal HCC patient.

9.2.2  Transcriptional Heterogeneity 
of Multifocal HCC

In recent studies, RNA-sequencing is performed on multiple 
tumor samples and their adjacent normal liver tissue samples 
to characterize the transcriptomic profile of multifocal HCC 
[18, 25]. The differentially expressed genes between all 
tumors and normal samples are compared and up-regulated 
genes and down-regulated genes in tumor samples are identi-
fied. Gene sets from Gene Ontology (GO) reveal downregu-
lated genes in tumors are mainly concentrated in immune 
response and protein/metabolic process pathways in our 
recent study [18]. Consistently, Miao et  al. found immune 
response and metabolism pathways are enriched in multifo-
cal HCC [25], which is supported by the results of a large- 
scale liver cancer integrative research [26]. We also found 
that proliferation-related pathways were enriched in the large 
nodules in multifocal HCC, such as angiogenesis pathway, 
VEGF signaling pathway, PI3K-AKT signaling pathway, 
while more immune-related pathways were enriched in small 
nodules, including TNFα signaling pathway, IFN-α signal-
ing pathway, T cell and B cell receptor signaling pathway 
[19]. This result partially explains the heterogeneity of clini-
cal responses to targeted therapy or immunotherapy among 
multiple tumor nodules within the same multifocal HCC 
patient.

Moreover, RNA expression profile can also predict the 
proliferation and invasion ability of multifocal HCC, provid-
ing new perspectives for postoperative adjuvant therapy [27]. 
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In our recent study, after hierarchical clustering analysis of 
34 HCC lesions in 6 patients based on RNA expression, we 
found that patients with Edmondson−Steiner grade 2 and 
grade 3 were clearly distinguished, suggesting that RNA 
expression pattern is associated with tumor differentiation 
[3]. Moreover, the authors in a retrospective study utilized 
transcriptome sequencing to associate the sequencing data 
with clinical outcomes in a cohort of Chinese patients with 
HBV-related HCC. They found up-regulation of cytoskeletal 
remodeling and extracellular matrix organization is associ-
ated with tumor metastasis, and worse prognosis may be 
related to up-regulation of cell proliferation, nucleic acid 
metabolism, protein translation, and macromolecular assem-
bly, suggesting that RNA expression profile helps predict the 
clinical characteristics of tumor [25].

Immunotherapy is emerging as a promising strategy in 
HCC, but its relatively low response rate and mixed responses 
among different tumor nodules remained to be a major chal-
lenge. Immune discrepancies among different nodules vary 
within HCC patients, including cytokines, immunosuppres-
sive cells, stromal cells, growth factors, which together shape 
the heterogenous immune microenvironment of multifocal 
HCC. Immune features of multifocal HCC are important for 
understanding immune-escape mechanisms and developing 
more effective immunotherapy [3].

A recent study based on immuno-transcriptomic analysis 
divided multifocal HCC into three subtypes: immunocompe-
tent subtype, immunodeficient subtype, and immunosup-
pressive subtype. The compositions of immune cells in 
different subtypes are quite different, which provides a good 
classification reference for further study. The immunocom-
petent subtype has normal T cell infiltration, but poor B cell 
infiltration; the lymphocyte infiltration in immunodeficient 
subtype is lower, but has higher dendritic cells and natural 
killing cells; the immunosuppressive subtype had higher fre-
quencies of Treg cells, Breg cells, and M2 macrophages, 
with up- regulated expressions of PD-1, PD-L1, CTLA-4, 
and Tim-1 [21]. Besides, it has been reported that there are 
fewer T cells and more M2 macrophage infiltration, neo-
antigens, and TCR repertoires in IM-HCC, while more 
immune checkpoint inhibitory molecules and immune edit-
ing are present in MO-HCC [3]. Our study also revealed that 
there is significant immune heterogeneity in multifocal HCC, 
with various degrees of immune cell infiltration among dif-
ferent nodules. Interestingly, in CD8+ T cell-rich nodules, the 
expression of inhibitory immune molecules such as CTLA-
4, PD-1, and PD-L1 is also up-regulated, making it difficult 
for infiltrating CD8+ T cells to exert antitumor function [18]. 
Therefore, for tumors with high infiltrated CD8+ T cells, 
PD-1/PD-L1 inhibitor treatment may be able to relieve 
immunosuppression and enhance the killing effect of infil-
trating CD8+ T cells.

9.3  The Influences of Genomic 
and Transcriptional Heterogeneity 
on Management of Multifocal HCC

The number of tumors in multifocal HCC is significantly cor-
related with patients’ overall survival [28, 29]. Surgical resec-
tion is recommended as the first choice for multifocal HCC 
patients with less than 3 nodules. For patients with more than 3 
tumor nodules, if these tumors are confined to the same segment 
or ipsilateral liver lobe, or intraoperative radiofrequency abla-
tion can be performed simultaneously to remove lesions outside 
the resection range, surgical resection may be more effective 
than other treatment approaches [28, 30]. With the development 
in surgical techniques and perioperative management, some 
cancer centers in Asia advocate a relatively more active man-
agement of intermediate- stage HCC and have observed better 
outcomes in patients [31–34]. Anatomical resection of HCC is 
very important in surgical treatment, which was first proposed 
by the distinguished Japanese hepatic surgeon, Prof. Makuuchi 
[35, 36]. This advanced concept has been widely applied in 
multifocal HCC resection [37, 38], making it possible to ana-
lyze the clonal evolution and internodular heterogeneity of mul-
tifocal HCC with surgical specimens.

Based on the multi-omics analysis of surgical specimens 
from multifocal HCC, the understanding of genetic heteroge-
neity has been deepened, and correspondingly, more insights 
have been brought to the management of advanced unresect-
able multifocal HCC. Searching for truncal druggable targets 
based on NGS sequencing data would help in prevention of 
postoperative recurrence or treatment selection for multifocal 
HCC. Our recent study revealed that sorafenib- targeted alter-
ations (including BRAF amplification, PDGFRB amplifica-
tion, and VEGFA amplification) were identified in the trunk 
of only one out of six patients, which may explain the relative 
low treatment response rate to sorafenib in clinical practice 
[18]. These data indicate that the heterogeneity of druggable 
targets might help interpret the clinical responsiveness to tar-
geted drugs for multifocal HCC patients.

As the era of immune combination therapy has come in 
the treatment of HCC, there is an increasing need for a pre-
cise analysis to choose the optimal immunotherapy strategy, 
such as non-invasive imaging test combined with artificial 
intelligence, circulating tumor DNA, and other signatures to 
predict therapeutic targets and monitor the treatment effi-
cacy. Our multi-omics study revealed that the small nodules 
had higher immune cell infiltration and up-regulation of 
immune pathways as compared to the large nodule of the 
same multifocal HCC case, which may partially explain the 
different responses of small and large nodules to anti-PD-1 
treatment. We further demonstrated the synergistic effect of 
combined immunotherapy and anti-proliferation/oncogenic 
therapy such as tyrosine kinase inhibitors (TKIs) in multifo-
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cal HCC [19]. The heterogenous immune microenvironment 
of multifocal HCC demands different or combinational 
immunotherapies for different patients [19, 21]. As immune 
checkpoint inhibitors can reactivate antitumor immunity in 
an immunosuppressive microenvironment, it is very crucial 
to adopt personalized immunotherapy strategies to patients 
with multifocal HCC for better clinical response.

Moreover, the result of clinical trial IMbrave150 “atezoli-
zumab plus bevacizumab in unresectable hepatocellular car-
cinoma” brings hope to patients with advanced HCC [10]. 
This immune combination therapy was recently approved by 
the National Medical Products Administration in China and 
Food and Drug Administration in the USA as the first- line 
treatment of advanced HCC, highlighting the importance of 
combination immunotherapy in advanced and multifocal 
unresectable liver cancer. The success of clinical trial 
IMbrave150 has shed light on future research to improve the 
prognosis of multifocal HCC, emphasizing the importance 
of immune combination therapy.

In conclusion, increasing studies have explored the 
genomic and transcriptional heterogeneity among different 
nodules in multifocal HCC through multi-omics sequencing. 
The characteristics of the drug targets distribution and 
immune microenvironment may help accurately predict the 
efficacy of targeted drugs and immunotherapy in multifocal 
HCC patients (Fig. 9.1).
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Intraductal Neoplasms of the Pancreas

Toru Furukawa

Abstract

Here described are definitions, epidemiology, etiology, 
clinical features, radiology, pathology, and treatment and 
prognosis of intraductal neoplasms of the pancreas, 
namely, intraductal papillary mucinous neoplasms 
(IPMNs), intraductal oncocytic papillary neoplasms 
(IOPNs), and intraductal tubulopapillary neoplasms 
(ITPNs). IPMNs are grossly visible intraductal epithelial 
neoplasms of mucin-producing cells. IPMNs are fairly 
common without known etiologic factors. Imaging stud-
ies show cystically dilated ducts involving branch ducts, 
the main duct, or the both of ducts. Microscopically, the 
neoplastic cells grow in papillae with various atypical 
degree ranging from low-grade to high-grade. The papil-
lae show various morphologic features with expression of 
characteristic mucin proteins, which are classified into 
gastric, intestinal, and pancreatobiliary types. Mutations 
in KRAS and GNAS are frequently found. IPMNs often 
become invasive, which show adenocarcinoma with duc-
tal or mucinous elements. Disease-specific survivals of 
patients with surgically resected IPMNs are fairly good in 
low-grade IPMNs, modest in high-grade IPMNs, how-
ever, poor in invasive IPMNs. IOPNs show cystically 
dilated mucinous ducts with arborizing papillae consist of 
eosinophilic cells. IOPN is a rare tumor with an average 
age of patients <65 years. Imaging studies of IOPNs show 
the same feature as those of IPMNs. Pathologically, 
IOPNs show high-grade atypia occasionally with invasive 
elements. IOPNs often harbor fusion genes of ATP1B1- 
PRKACB, DNAJB1-PRKACA, and ATP1B1-PRKACA. 
Disease-specific survival rates of patients with surgically 
resected IOPNs are reported to be 84% for 5-year and 
73% for 10-year. ITPNs are intraductal, grossly visible 

solid neoplasms arising in the MPD or its branches. ITPN 
is a rare tumor. Imaging studies show characteristic fea-
tures called the two-tone duct sign and the cork-in-wine 
bottle sign. Pathologically, ITPNs show packed tubulo-
paillary glands consist of cuboidal cells with enlarged 
atypical nuclei and no visible mucin in cytoplasm. ITPNs 
often harbor mutations in PIK3CA, KMT2C, KMT2D, and 
BAP. ITPNs are often with invasion, and such cases show 
poor prognosis.

10.1  Intraductal Papillary Mucinous 
Neoplasm (IPMN)

10.1.1  Definition

IPMN is a grossly visible, intraductal epithelial neoplasm 
of mucin-producing cells, found in the main pancreatic 
duct (MPD), or its branches [1, 2]. The neoplastic epithe-
lium is usually papillary, but may include tubular glands, 
and the extent of mucin secretion, duct dilatation, and dys-
plasia can vary [3] (Fig.  10.1). Non-invasive IPMNs are 
classified into two categories, based on the degree of cyto-
architectural atypia: low-grade and high-grade (carcinoma 
in situ) [4]. If there is a component of invasive carcinoma, 
these are designated as IPMN with associated invasive car-
cinoma [4].

10.1.2  Epidemiology

IPMNs are fairly common, particularly in the elderly. 
Incidence was reported to be 1.7–2.8% in consecutive CT 
scans [5, 6]. The incidence doubled among the patients in 
their sixties, and tripled in the seventies [6].
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10.1.3  Etiology

No definite etiological environmental factors associated with 
IPMNs are known. However, patients with Peutz-Jeghers 
syndrome, familial adenomatous polyposis, and McCune 
Albright syndrome have a greater risk of IPMNs [7–9]. 
Individuals with familial predisposition to pancreatic cancer 
often harbor cystic lesions in their pancreas that are presum-
ably IPMNs [10].

10.1.4  Clinical Features

Clinical manifestations of the dilated main duct include epi-
gastric pain, chronic pancreatitis, weight loss, diabetes mel-
litus, and jaundice [11–15], whereas the dilated branch ducts 
are often discovered fortuitously during clinical evaluation 
of some other conditions [16].

10.1.5  Radiology

Radiological imaging reveals three distinct types of IPMN, 
including branch duct-type, main duct-type, and mixed type 
[16–18]. Branch duct IPMNs show dilated secondary pan-
creatic ducts of >5  mm size, without the dilatation of the 
main duct, while the main duct IPMNs show segmental or 
diffused dilation of the MPD, without any other causes of 
obstruction. Mixed type IPMNs show the characteristics of 
both these types of IPMNs [16, 18]. Mural nodules and/or 
irregular ductal wall thickening can be the sign of high-grade 
or invasive neoplasms [19, 20].

10.1.6  Pathology

10.1.6.1  Macroscopic Appearance
IPMNs show dilated ducts containing mucin. Dilated branch 
ducts are seen as cysts anywhere in the pancreas. IPMNs 
involving the main duct can be identified as segmental/fusi-
form or diffuse/tortuous dilatation of the duct, often accom-
panied by dilated secondary branch ducts [3], containing 
mural nodules or polypoid tumors.

10.1.6.2  Microscopic Appearance 
and Variations

Papillary proliferation of mucin-containing tall columnar 
cells is a characteristic histopathological feature of IPMNs 
[1] (Fig. 10.1). Shapes of papillae are diverse, and cellular 
atypia also vary. According to the shapes of papillae, IPMNs 
are subdivided into gastric, intestinal, and pancreatobiliary 
types [21–23]. Gastric-type IPMNs show thick, finger-like 
papillae, resembling the gastric foveolar cells, or tubular 
structures of the pyloric glands. Intestinal-type IPMNs show 
villous papillae mimicking a villous colonic tumor, whereas 
pancreatobiliary-type show complex, arborizing papillae.

10.1.6.3  Immunohistochemistry
Ductal markers, including cytokeratins 7 and 19, CA19-9, 
and CEA, are strongly expressed in most of the IPMNs [24, 
25]. Mucin glycoproteins MUC1, MUC2, MUC5AC, and 
MUC6, show subtype-specific expression patterns among 
IPMNs [21, 26–28]. Gastric-type of IPMNs express 
MUC5AC and MUC6, while those of the intestinal-type 
IPMNs contain MUC2 and MUC5AC. Pancretobiliary-type 
IPMNs express MUC1, MUC5AC, and MUC6 [22, 29].

a b

Fig. 10.1 Histological images of IPMN. (a) IPMN shows a cystically 
dilated duct filled with mucin. Well-formed neoplastic papillae are 
observed inside the dilated duct. (b) The neoplastic papillae are con-

sisted of mucin containing tall columnar cells. Grade of atypia may 
vary from low-grade to high-grade. Hematoxylin and eosin staining. 
Original magnifications were × 20 (a) and ×100 (b)
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10.1.6.4  Grading
IPMNs can be low- or high-grade, based on the degree of 
cytoarchitectural atypia [4]. A high-grade lesion corresponds 
to carcinoma in situ. Existence of invasive carcinoma with 
IPMN leads to designation of IPMN with associated invasive 
carcinoma [4].

10.1.6.5  Differential Diagnosis
Mucinous cystic neoplasm (MCN), oligocystic serous cystic 
neoplasm (OSC), intraductal tubulopapillary neoplasm 
(ITPN), lymphoepithelial cyst (LEC), and chronic pancreati-
tis (CP) with a retention cyst or pseudocyst should be dif-
ferentially diagnosed from IPMN. MCNs have characteristic 
ovarian-type stroma in the cyst wall [30]. OSCs are lined by 
distinct glycogen-rich cuboidal cells [31]. ITPN is a solid 
intraductal tumor clogging the duct, composed of high-grade 
cuboidal cells that form tubulopapillae [32]. LECs are lined 
by keratinized squamous epithelium with lymphoid stroma 
[33]. When the cysts in CP have flat epithelial lining, they are 
identified as retention cysts, and when no lining cells are 
present, they are called pseudocysts [34].

10.1.6.6  Molecular Pathology
Sixty to eighty percent of the IPMNs harbor somatic muta-
tions in KRAS, while 50–70% have mutations in GNAS [35, 
36]. Although KRAS mutations are prevalent in the pancre-
atic ductal adenocarcinomas (PDAC) as well, GNAS muta-
tions are rarely found here, which makes them a specific 
characteristic of IPMN [36–38]. In 14% of the IPMNs, 
RNF43 also shows somatic mutations [36, 39, 40]. 
Overexression of p53, which presumably indicates missense 
mutations of TP53, is found in 10–40% of the high-grade 
IPMNs and in 40–60% of the associated invasive carcinomas 
[29, 38, 41, 42]. While loss of SMAD4 is rare [43, 44], 
nuclear expression of ß-catenin is seen in 18–39% of the 
IPMNs [38, 45].

10.1.6.7  Treatment and Prognosis
IPMNs with high-grade dysplasia or invasive carcinoma 
should be surgically resected. According to the international 
consensus guidelines for management of patients with IPMN 
[16], surgery is indicated by high-risk stigmata and worri-
some features, such as cysts ≥3 cm, enhancing mural nod-
ules <5 mm, thickened enhanced cyst walls, MPD with a size 
of 5–9 mm, abrupt change in the MPD caliber with distal 
pancreatic atrophy, lymphadenopathy, elevated serum level 
of CA19–9, and a rapidly growing cyst at the rate of 
>5  mm/2  years. High-risk stigmata are usually associated 
with obstructive jaundice, an enhanced solid component, and 
MPD with a size ≥10 mm. IPMNs with high-risk stigmata 
should be resected immediately, while those with worrisome 

features should be evaluated by endoscopic ultrasound, to 
further risk-stratify the lesions, whether they have mural 
nodules or involvement of the MPD. High-grade lesions can 
be evaluated with cyst fluid or pancreatic juice cytology [16].

Five-year survival rate for patients with surgical resec-
tion of the low-grade IPMNs is 100%, and 95–85% with 
high- grade IPMNs [22, 46, 47]. Survival rate varies 
between 36–90% when the IPMNs are associated with 
invasive carcinoma, depending on the stage [22, 46–48]. 
The morphological subtypes of IPMNs can be a prognostic 
indicator; 5-year survival rate is 94% for the gastric-type, 
90% for the intestinal- type, and 50% for the pancreatobil-
iary-type [22, 48].

10.2  Intraductal Oncocytic Papillary 
Neoplasms (IOPN)

10.2.1  Definition

IOPN is an intraductal neoplasm of eosinophilic epithelial 
cells that form arborizing papillae [49] (Fig. 10.2). It is cat-
egorized as a variant of IPMNs, as it shows a grossly visible 
intraductal neoplasm with mucin production [21], similar to 
IPMN.  However, a number of studies have reported that 
IOPNs have distinct molecular features that distinguish 
them from IPMNs in the current fifth edition of the World 
Health Organization classification of tumors of the digestive 
system [50].

10.2.2  Epidemiology

IOPNs are fairly infrequent, making up only 4.5–8.4% of the 
cystic neoplasms of the pancreas [22, 51]. They occur more 
frequently in men than in women, between 20–80 years of 
age. With an average age of <65 years, patients with IOPNs 
are younger than those with IPMNs (> 65  years) [49, 
51–53].

10.2.3  Etiology

No etiological factor associated with IOPN is known.

10.2.4  Clinical Features

Clinical manifestations of IOPN are the same as those of 
IPMNs, including abdominal pain, weight loss, diabetes 
mellitus, and jaundice [49, 51].

10 Intraductal Neoplasms of the Pancreas
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10.2.5  Radiology

Like IPMNs, IOPNs show cystic dilatation of the pancreatic 
duct, and can be of branch duct type, main duct type, and 
mixed type. Mural nodules are often seen inside the dilated 
duct [53].

10.2.6  Pathology

10.2.6.1  Macroscopic Appearance
IOPNs show cystic dilation of ducts filled with mucin [49, 
53], which is indistinguishable from IPMNs, and may 
involve branch ducts or the main duct. Polypoid tortuous 
tumors are often seen inside them.

10.2.6.2  Microscopic Appearance
In IOPNs, the dilated ducts are lined by arborizing papillae, 
consisting of eosinophilic cells with enlarged nuclei and 
prominent nucleoli [21, 49], and show high-grade atypia. 
Intraepithelial lumina are often seen in the neoplastic papil-
lae (Fig.  10.2). Occasionally, the neoplasm invades the 
parenchymal stroma, resulting in a diagnosis of IOPN with 
associated invasive carcinoma. The invading mass usually 
shows clusters of eosinophilic cells in the mucin pools [54].

10.2.6.3  Immunohistochemistry
Neoplastic cells frequently express HepPar1 and mesothelin 
[54]. The expression of mucin proteins MUC5AC and MUC6 
are consistently positive, while MUC1 and MUC2 are infre-
quently and focally positive [21, 54].

10.2.6.4  Differential Diagnosis
IOPN should be distinguished from cystic neoplasms, 
including IPMN, mucinous cystic neoplasm, oligocystic 

serous cystic neoplasm, lymphoepithelial cyst, and solid 
pseudopapillary neoplasm.

10.2.6.5  Molecular Pathology
IOPNs infrequently show somatic mutations in KRAS and 
GNAS unlike IPMNs [36, 40]. Instead, they carry fusion 
genes of ATP1B1-PRKACB, DNAJB1-PRKACA, and 
ATP1B1-PRKACA [55, 56]. Interestingly, these fusion genes 
upregulate the protein kinase A pathway, which is the main 
target of GNAS that shows frequent gain-of-function muta-
tions in IPMNs, indicating that both IOPNs and IPMNs, are 
driven by activation of the protein kinase A pathway. Aberrant 
expression of p53 or SMAD4 is observed in up to 10% of 
IOPNs [52], and about 30% of these show nuclear accumula-
tion of ß-catenin [48],whereas RNF43 mutations are not 
reported [40, 57]. A patient with a germline SMAD4 muta-
tion was reported to have developed IOPN [58].

10.2.6.6  Treatment and Prognosis
IOPN should be surgically resected. Disease-specific sur-
vival rates of patients with surgically resected IOPNs are 
reported to be 84% for 5-year and 73% for 10-year [22].

10.3  Intraductal Tubulopapillary 
Neoplasms (ITPN)

10.3.1  Definition

ITPN is an intraductal, grossly visible solid neoplasm arising 
in the MPD or its branches [32]. Cystic lesions are infrequent 
and are only focally and peripherally observed. The neoplas-
tic epithelium has the mixture of tubular and papillary con-
figurations, and the neoplastic cells show uniformly 
high-grade atypia [32] (Fig.  10.3). The neoplasm is often 

a b

Fig. 10.2 Histological images of IOPN. (a) IOPN shows mucinous 
dilated ducts. Arborising papillae are seen inside them. (b) The neoplas-
tic papillae of IOPN consist of eosinophilic cells with enlarged nuclei 

and prominent nucleoli, which show high-grade atypia. Intraepithelial 
lumina are often seen in the cells. Hematoxylin and eosin staining. 
Original magnifications were × 20 (a) and ×100 (b)
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invasive, and is designated as intraductal tubulopapillary 
neoplasm with associated invasive carcinoma.

10.3.2  Epidemiology

ITPN is rare, barely accounting for 0.9% of the exocrine 
neoplasms and 3% of the intraductal neoplasms of the pan-
creas [32].

10.3.3  Etiology

No definite etiological factors of ITPNs are known.

10.3.4  Clinical Features

Clinical manifestations include abdominal pain, nausea, 
vomiting, jaundice, weight loss, and exacerbation of diabetes 
mellitus [32, 59]. Some patients have a history of acute pan-
creatitis [32].

10.3.5  Radiology

In CT scan, patients with ITPN show a solid enhanced mass, 
packed in a dilated duct. Magnetic resonance cholangiopan-
creatography indicates a filling defect in a dilated duct or an 
abrupt disruption of the dilated duct. Images of the dilated 
duct packed with tumor, are known as the two-tone duct sign 
and the cork-in-wine bottle sign [60]. ITPNs that involve the 

MPD show a sausage-like image in magnetic resonance 
imaging [61].

10.3.6  Pathology

10.3.6.1  Macroscopic Appearance
ITPNs show a solid tumor packed in dilated pancreatic ducts, 
without visible mucin. Cystic ducts are occasionally seen in 
the periphery of a neoplasm-obstructed duct [32, 59].

10.3.6.2  Microscopic Appearance 
and Variations

Cuboidal to columnar cells with enlarged nuclei, with little 
cytoplasmic mucin, exhibit solid tubulopapillary growth [32, 
59]. Some may consist of tubular glands. The neoplastic cells 
show uniformly high-grade atypia (Fig.  10.3). Intraductal 
comedo-like necrosis is often present. Stromal invasion can 
be seen in the periductal parenchyma, which shows clusters 
of tubulopapillary glands. Tumor emboli are occasionally 
evident in the veins [32].

10.3.6.3  Immunohistochemistry
Cytokeratin (CK) 7 and CK19 are consistently positive. 
Mucin glycoproteins, MUC1 and MUC6 are positive, while 
MUC2 and MUC5AC are negative [32, 59]. Trypsin, an aci-
nar marker, is negative.

10.3.6.4  Differential Diagnosis
A solid intraductal neoplasm can be observed in the intra-
ductal variant of acinar cell carcinoma and intraductal neuro-
endocrine tumors [62, 63]. Histologically, neuroendocrine 

a b

Fig. 10.3 Histological images of ITPN. (a) ITPNs show a solid tumor 
clogged in dilated pancreatic ducts, without visible mucin. Cystic ducts 
are occasionally seen in the periphery of a neoplasm-obstructed duct. 
(b) ITPN consist of cuboidal to columnar cells with enlarged nuclei, 

with little cytoplasmic mucin, exhibiting solid tubulopapillary growth. 
Necrotic foci are often seen. Hematoxylin and eosin staining. Original 
magnifications were ×20 (a) and ×100 (b)
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tumors can be easily differentiated; however, the intraductal 
variant of acinar cell carcinoma may show solid tubular 
growth with necrosis, mimicking ITPNs. Acinar cell carcino-
mas usually express trypsin, an immunohistochemical 
marker of differentiation [32]. IPMNs occasionally show 
solid nodules inside the dilated duct. IPMN of the pyloric 
gland variant may particularly show a polypoid tumor in a 
dilated duct, mainly consisting of tubular glands. However, it 
can be distinguished from ITPNs by its well-formed tubular 
glands with low-grade atypia and the expression pattern of 
mucin which is negative for MUC1 and positive for 
MUC5AC [64].

10.3.6.5  Molecular Pathology
ITPNs often show somatic mutations in PIK3CA, KMT2C, 
KMT2D, and BAP1 [65, 66]. Some tumors also harbor 
FGFR2 fusion genes [66]. KRAS or GNAS mutations that 
are common in IPMNs, are not seen in ITPNs. Aberrant 
expression of p16 and p53 is reported in up to 70% of the 
cases [59], while the atypical expression of SMAD4 is rare 
[32, 59].

10.3.7  Treatment and Prognosis

Surgery is the treatment of choice for patients with ITPN, 
but some of them may experience a recurrence in the rem-
nant tissue after pancreatectomy [32, 59]. ITPNs diffusely 
involving the pancreatic duct, need total pancreatectomy 
[32, 59, 67]. Efficacy of the adjuvant therapy is not known. 
About 10% of the patients with ITPN die of the disease 
[32, 59], and all of them are reported to have invasive 
tumors.

References

 1. Hruban RH, Takaori K, Klimstra DS, Adsay NV, Albores-Saavedra 
J, Biankin AV, et al. An illustrated consensus on the classification of 
pancreatic intraepithelial neoplasia and intraductal papillary muci-
nous neoplasms. Am J Surg Pathol. 2004;28(8):977–87.

 2. Tanaka M, Chari S, Adsay V, Fernandez-del Castillo C, Falconi 
M, Shimizu M, et  al. International consensus guidelines for 
management of intraductal papillary mucinous neoplasms and 
mucinous cystic neoplasms of the pancreas. Pancreatology. 
2006;6(1–2):17–32.

 3. Furukawa T, Takahashi T, Kobari M, Matsuno S.  The mucus- 
hypersecreting tumor of the pancreas. Development and extension 
visualized by three-dimensional computerized mapping. Cancer. 
1992;70(6):1505–13.

 4. Basturk O, Hong SM, Wood LD, Adsay NV, Albores-Saavedra J, 
Biankin AV, et al. A revised classification system and recommenda-
tions from the baltimore consensus meeting for neoplastic precursor 
lesions in the pancreas. Am J Surg Pathol. 2015;39(12):1730–41.

 5. Laffan TA, Horton KM, Klein AP, Berlanstein B, Siegelman SS, 
Kawamoto S, et al. Prevalence of unsuspected pancreatic cysts on 
MDCT. AJR Am J Roentgenol. 2008;191(3):802–7.

 6. Chang YR, Park JK, Jang JY, Kwon W, Yoon JH, Kim 
SW.  Incidental pancreatic cystic neoplasms in an asymptomatic 
healthy population of 21,745 individuals: large-scale, single-cen-
ter cohort study. Medicine (Baltimore). 2016;95(51):e5535.

 7. Su GH, Hruban RH, Bansal RK, Bova GS, Tang DJ, Shekher 
MC, et  al. Germline and somatic mutations of the STK11/LKB1 
Peutz-Jeghers gene in pancreatic and biliary cancers. Am J Pathol. 
1999;154(6):1835–40.

 8. Maire F, Hammel P, Terris B, Olschwang S, O'Toole D, Sauvanet 
A, et al. Intraductal papillary and mucinous pancreatic tumour: a 
new extracolonic tumour in familial adenomatous polyposis. Gut. 
2002;51(3):446–9.

 9. Wood LD, Noe M, Hackeng W, Brosens LA, Bhaijee F, Debeljak 
M, et  al. Patients with McCune-Albright syndrome have a broad 
spectrum of abnormalities in the gastrointestinal tract and pancreas. 
Virchows Arch. 2017;470(4):391–400.

 10. Canto MI, Hruban RH, Fishman EK, Kamel IR, Schulick R, Zhang 
Z, et al. Frequent detection of pancreatic lesions in asymptomatic 
high-risk individuals. Gastroenterology. 2012;142(4):796–804; 
quiz e14–5.

 11. Kloppel G.  Clinicopathologic view of intraductal papillary- 
mucinous tumor of the pancreas. Hepato-Gastroenterology. 
1998;45(24):1981–5.

 12. Traverso LW, Peralta EA, Ryan JA Jr, Kozarek RA. Intraductal neo-
plasms of the pancreas. Am J Surg. 1998;175(5):426–32.

 13. Yasuda H, Takada T, Amano H, Yoshida M.  Surgery for 
mucin-producing pancreatic tumor. Hepato-Gastroenterology. 
1998;45(24):2009–15.

 14. Salvia R, Fernandez-del Castillo C, Bassi C, Thayer SP, Falconi M, 
Mantovani W, et al. Main-duct intraductal papillary mucinous neo-
plasms of the pancreas: clinical predictors of malignancy and long- 
term survival following resection. Ann Surg. 2004;239(5):678–685; 
discussion 85–7.

 15. Sohn TA, Yeo CJ, Cameron JL, Hruban RH, Fukushima N, 
Campbell KA, et al. Intraductal papillary mucinous neoplasms of 
the pancreas: an updated experience. Ann Surg. 2004;239(6):788–
97; discussion 97–9.

 16. Tanaka M, Fernandez-Del Castillo C, Kamisawa T, Jang JY, 
Levy P, Ohtsuka T, et  al. Revisions of international consensus 
Fukuoka guidelines for the management of IPMN of the pancreas. 
Pancreatology. 2017;17(5):738–53.

 17. Kobari M, Egawa S, Shibuya K, Shimamura H, Sunamura M, 
Takeda K, et al. Intraductal papillary mucinous tumors of the pan-
creas comprise 2 clinical subtypes: differences in clinical character-
istics and surgical management. Arch Surg. 1999;134(10):1131–6.

 18. Tanaka M, Fernandez-del Castillo C, Adsay V, Chari S, Falconi 
M, Jang JY, et al. International consensus guidelines 2012 for the 
management of IPMN and MCN of the pancreas. Pancreatology. 
2012;12(3):183–97.

 19. Furukawa T, Oohashi K, Yamao K, Naitoh Y, Hirooka Y, Taki T, 
et al. Intraductal ultrasonography of the pancreas: development and 
clinical potential. Endoscopy. 1997;29(6):561–9.

 20. Koito K, Namieno T, Nagakawa T, Hirokawa N, Ichimura T, Syonai 
T, et  al. Pancreas: imaging diagnosis with color/power Doppler 
ultrasonography, endoscopic ultrasonography, and intraductal ultra-
sonography. Eur J Radiol. 2001;38(2):94–104.

 21. Furukawa T, Kloppel G, Adsay NV, Albores-Saavedra J, Fukushima 
N, Horii A, et  al. Classification of types of intraductal papillary- 
mucinous neoplasm of the pancreas: a consensus study. Virchows 
Arch. 2005;447(5):794–9.

 22. Furukawa T, Hatori T, Fujita I, Yamamoto M, Kobayashi M, 
Ohike N, et  al. Prognostic relevance of morphological types of 
intraductal papillary mucinous neoplasms of the pancreas. Gut. 
2011;60(4):509–16.

 23. Basturk O, Tan M, Bhanot U, Allen P, Adsay V, Scott SN, et  al. 
The oncocytic subtype is genetically distinct from other pancreatic 

T. Furukawa



83

intraductal papillary mucinous neoplasm subtypes. Mod Pathol. 
2016;29(9):1058–69.

 24. Terada T, Ohta T, Nakanuma Y.  Expression of oncogene prod-
ucts, anti-oncogene products and oncofetal antigens in intraductal 
papillary-mucinous neoplasm of the pancreas. Histopathology. 
1996;29(4):355–61.

 25. Terada T, Ohta T, Kitamura Y, Ashida K, Matsunaga Y. Cell pro-
liferative activity in intraductal papillary-mucinous neoplasms and 
invasive ductal adenocarcinomas of the pancreas: an immunohisto-
chemical study. Arch Pathol Lab Med. 1998;122(1):42–6.

 26. Adsay NV, Merati K, Basturk O, Iacobuzio-Donahue C, Levi E, 
Cheng JD, et al. Pathologically and biologically distinct types of 
epithelium in intraductal papillary mucinous neoplasms: delinea-
tion of an “intestinal” pathway of carcinogenesis in the pancreas. 
Am J Surg Pathol. 2004;28(7):839–48.

 27. Nakamura A, Horinouchi M, Goto M, Nagata K, Sakoda K, Takao 
S, et  al. New classification of pancreatic intraductal papillary- 
mucinous tumour by mucin expression: its relationship with poten-
tial for malignancy. J Pathol. 2002;197(2):201–10.

 28. Adsay NV, Merati K, Andea A, Sarkar F, Hruban RH, Wilentz RE, 
et al. The dichotomy in the preinvasive neoplasia to invasive carci-
noma sequence in the pancreas: differential expression of MUC1 
and MUC2 supports the existence of two separate pathways of car-
cinogenesis. Mod Pathol. 2002;15(10):1087–95.

 29. Furukawa T, Fujisaki R, Yoshida Y, Kanai N, Sunamura M, Abe 
T, et  al. Distinct progression pathways involving the dysfunction 
of DUSP6/MKP-3 in pancreatic intraepithelial neoplasia and intra-
ductal papillary-mucinous neoplasms of the pancreas. Mod Pathol. 
2005;18(8):1034–42.

 30. Compagno J, Oertel JE. Mucinous cystic neoplasms of the pancreas 
with overt and latent malignancy (cystadenocarcinoma and cystad-
enoma). A clinicopathologic study of 41 cases. Am J Clin Pathol. 
1978;69(6):573–80.

 31. Lewandrowski K, Warshaw A, Compton C.  Macrocystic serous 
cystadenoma of the pancreas: a morphologic variant differing from 
microcystic adenoma. Hum Pathol. 1992;23(8):871–5.

 32. Yamaguchi H, Shimizu M, Ban S, Koyama I, Hatori T, Fujita I, 
et al. Intraductal tubulopapillary neoplasms of the pancreas distinct 
from pancreatic intraepithelial neoplasia and intraductal papillary 
mucinous neoplasms. Am J Surg Pathol. 2009;33(8):1164–72.

 33. Truong LD, Rangdaeng S, Jordan PH Jr. Lymphoepithelial cyst of 
the pancreas. Am J Surg Pathol. 1987;11(11):899–903.

 34. Kloppel G. Pseudocysts and other non-neoplastic cysts of the pan-
creas. Semin Diagn Pathol. 2000;17(1):7–15.

 35. Wu J, Matthaei H, Maitra A, Dal Molin M, Wood LD, Eshleman JR, 
et al. Recurrent GNAS mutations define an unexpected pathway for 
pancreatic cyst development. Sci Tansl Med. 2011;3(92):92ra66.

 36. Furukawa T, Kuboki Y, Tanji E, Yoshida S, Hatori T, Yamamoto M, 
et al. Whole-exome sequencing uncovers frequent GNAS mutations 
in intraductal papillary mucinous neoplasms of the pancreas. Sci 
Rep. 2011;1:161.

 37. Wu J, Jiao Y, Dal Molin M, Maitra A, de Wilde RF, Wood LD, 
et al. Whole-exome sequencing of neoplastic cysts of the pancreas 
reveals recurrent mutations in components of ubiquitin-dependent 
pathways. Proc Natl Acad Sci USA. 2011;108(52):21188–93.

 38. Kuboki Y, Shimizu K, Hatori T, Yamamoto M, Shibata N, 
Shiratori K, et al. Molecular biomarkers for progression of intra-
ductal papillary mucinous neoplasm of the pancreas. Pancreas. 
2015;44(2):227–35.

 39. Amato E, Molin MD, Mafficini A, Yu J, Malleo G, Rusev B, et al. 
Targeted next-generation sequencing of cancer genes dissects the 
molecular profiles of intraductal papillary neoplasms of the pan-
creas. J Pathol. 2014;233(3):217–27.

 40. Sakamoto H, Kuboki Y, Hatori T, Yamamoto M, Sugiyama M, 
Shibata N, et al. Clinicopathological significance of somatic RNF43 
mutation and aberrant expression of ring finger protein 43 in intra-

ductal papillary mucinous neoplasms of the pancreas. Mod Pathol. 
2015;28(2):261–7.

 41. Biankin AV, Biankin SA, Kench JG, Morey AL, Lee CS, Head DR, 
et al. Aberrant p16(INK4A) and DPC4/Smad4 expression in intra-
ductal papillary mucinous tumours of the pancreas is associated 
with invasive ductal adenocarcinoma. Gut. 2002;50(6):861–8.

 42. Abe K, Suda K, Arakawa A, Yamasaki S, Sonoue H, Mitani K, et al. 
Different patterns of p16INK4A and p53 protein expressions in 
intraductal papillary-mucinous neoplasms and pancreatic intraepi-
thelial neoplasia. Pancreas. 2007;34(1):85–91.

 43. Iacobuzio-Donahue CA, Klimstra DS, Adsay NV, Wilentz RE, 
Argani P, Sohn TA, et  al. Dpc-4 protein is expressed in virtually 
all human intraductal papillary mucinous neoplasms of the pan-
creas: comparison with conventional ductal adenocarcinomas. Am 
J Pathol. 2000;157(3):755–61.

 44. Inoue H, Furukawa T, Sunamura M, Takeda K, Matsuno S, Horii 
A. Exclusion of SMAD4 mutation as an early genetic change in 
human pancreatic ductal tumorigenesis. Genes Chromosomes 
Cancer. 2001;31(3):295–9.

 45. Chetty R, Serra S, Salahshor S, Alsaad K, Shih W, Blaszyk H, 
et al. Expression of Wnt-signaling pathway proteins in intraductal 
papillary mucinous neoplasms of the pancreas: a tissue microarray 
analysis. Hum Pathol. 2006;37(2):212–7.

 46. Chari ST, Yadav D, Smyrk TC, DiMagno EP, Miller LJ, Raimondo 
M, et al. Study of recurrence after surgical resection of intraductal 
papillary mucinous neoplasm of the pancreas. Gastroenterology. 
2002;123(5):1500–7.

 47. Maire F, Hammel P, Terris B, Paye F, Scoazec JY, Cellier C, et al. 
Prognosis of malignant intraductal papillary mucinous tumours of 
the pancreas after surgical resection. Comparison with pancreatic 
ductal adenocarcinoma. Gut. 2002;51(5):717–22.

 48. Mino-Kenudson M, Fernandez-del Castillo C, Baba Y, Valsangkar 
NP, Liss AS, Hsu M, et al. Prognosis of invasive intraductal pap-
illary mucinous neoplasm depends on histological and precursor 
epithelial subtypes. Gut. 2011;60(12):1712–20.

 49. Adsay NV, Adair CF, Heffess CS, Klimstra DS. Intraductal onco-
cytic papillary neoplasms of the pancreas. Am J Surg Pathol. 
1996;20(8):980–94.

 50. Basturk O, Esposito I, Fukushima N, Furukawa T, Hong SM, 
Klöppel G, et  al. Pancreatic intraductal oncocytic papillary neo-
plasm. In: Gill AJ, Klimstra DS, Lam AK, Washington MK, edi-
tors. WHO Classification of Digestive System Tumours. WHO 
Classification of Tumours 1. Lyon: International Agency for 
Research on Cancer; 2019. p. 315–6.

 51. Marchegiani G, Mino-Kenudson M, Ferrone CR, Warshaw AL, 
Lillemoe KD, Fernandez-del CC. Oncocytic-type intraductal papil-
lary mucinous neoplasms: a unique malignant pancreatic tumor with 
good long-term prognosis. J Am Coll Surg. 2015;220(5):839–44.

 52. Xiao HD, Yamaguchi H, Dias-Santagata D, Kuboki Y, Akhavanfard 
S, Hatori T, et al. Molecular characteristics and biological behav-
iours of the oncocytic and pancreatobiliary subtypes of intraductal 
papillary mucinous neoplasms. J Pathol. 2011;224(4):508–16.

 53. D’Onofrio M, De Robertis R, Tinazzi Martini P, Capelli P, Gobbo 
S, Morana G, et al. Oncocytic intraductal papillary mucinous neo-
plasms of the pancreas: imaging and histopathological findings. 
Pancreas. 2016;45(9):1233–42.

 54. Basturk O, Chung SM, Hruban RH, Adsay NV, Askan G, Iacobuzio- 
Donahue C, et al. Distinct pathways of pathogenesis of intraductal 
oncocytic papillary neoplasms and intraductal papillary mucinous 
neoplasms of the pancreas. Virchows Arch. 2016;469(5):523–32.

 55. Singhi AD, Wood LD, Parks E, Torbenson MS, Felsenstein M, 
Hruban RH, et  al. Recurrent rearrangements in PRKACA and 
PRKACB in intraductal oncocytic papillary neoplasms of the pan-
creas and bile duct. Gastroenterology. 2020;158(3):573–82 e2.

 56. Vyas M, Hechtman JF, Zhang Y, Benayed R, Yavas A, Askan G, 
et al. DNAJB1-PRKACA fusions occur in oncocytic pancreatic and 

10 Intraductal Neoplasms of the Pancreas



84

biliary neoplasms and are not specific for fibrolamellar hepatocel-
lular carcinoma. Mod Pathol. 2020;33(4):648–56.

 57. Chang XY, Wu Y, Jiang Y, Wang PY, Chen J. RNF43 mutations in 
IPMN cases: a potential prognostic factor. Gastroenterol Res Pract. 
2020;2020:1457452.

 58. Takai E, Nakamura H, Chiku S, Kubo E, Ohmoto A, Totoki Y, 
et al. Whole-exome sequencing reveals new potential susceptibility 
genes for japanese familial pancreatic cancer. Ann Surg. 2020.

 59. Basturk O, Adsay V, Askan G, Dhall D, Zamboni G, Shimizu M, 
et al. Intraductal tubulopapillary neoplasm of the pancreas: a clini-
copathologic and immunohistochemical analysis of 33 cases. Am J 
Surg Pathol. 2017;41(3):313–25.

 60. Motosugi U, Yamaguchi H, Furukawa T, Ichikawa T, Hatori T, 
Fujita I, et al. Imaging studies of intraductal tubulopapillary neo-
plasms of the pancreas: 2-tone duct sign and cork-of-wine-bottle 
sign as indicators of intraductal tumor growth. J Comput Assist 
Tomogr. 2012;36(6):710–7.

 61. Lu ZF, Kang B, Li JM, Sun C. Intraductal tubulopapillary neoplasm 
of the pancreas presenting as sausage. Am J Gastroenterol. 2020.

 62. Basturk O, Zamboni G, Klimstra DS, Capelli P, Andea A, Kamel 
NS, et al. Intraductal and papillary variants of acinar cell carcino-
mas: a new addition to the challenging differential diagnosis of 
intraductal neoplasms. Am J Surg Pathol. 2007;31(3):363–70.

 63. Fabre A, Sauvanet A, Flejou JF, Belghiti J, Palazzo L, Ruzniewski 
P, et al. Intraductal acinar cell carcinoma of the pancreas. Virchows 
Arch. 2001;438(3):312–5.

 64. Yamaguchi H, Kuboki Y, Hatori T, Yamamoto M, Shimizu K, 
Shiratori K, et al. The discrete nature and distinguishing molecu-
lar features of pancreatic intraductal tubulopapillary neoplasms 
and intraductal papillary mucinous neoplasms of the gastric type, 
pyloric gland variant. J Pathol. 2013;231(3):335–41.

 65. Yamaguchi H, Kuboki Y, Hatori T, Yamamoto M, Shiratori K, 
Kawamura S, et al. Somatic mutations in PIK3CA and activation of 
AKT in intraductal tubulopapillary neoplasms of the pancreas. Am 
J Surg Pathol. 2011;35(12):1812–7.

 66. Basturk O, Berger MF, Yamaguchi H, Adsay V, Askan G, Bhanot 
UK, et al. Pancreatic intraductal tubulopapillary neoplasm is genet-
ically distinct from intraductal papillary mucinous neoplasm and 
ductal adenocarcinoma. Mod Pathol. 2017;30(12):1760–72.

 67. Kosmidis C, Varsamis N, Atmatzidis S, Koimtzis G, Mantalovas 
S, Anthimidis G, et al. Total pancreatectomy with splenectomy for 
multifocal Intraductal Tubulopapillary Neoplasm (ITPN) of the 
pancreas associated with invasive component: report of a rare case. 
Am J Case Rep. 2020;21:e924760.

T. Furukawa



85© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
M. Makuuchi et al. (eds.), The IASGO Textbook of Multi-Disciplinary Management of Hepato-Pancreato-Biliary Diseases, 
https://doi.org/10.1007/978-981-19-0063-1_11

Mucinous Cystic Neoplasms

Noriyoshi Fukushima

Abstract

Mucinous cystic neoplasm (MCN) of the pancreas is one 
of the three most common primary cyst-forming epithe-
lial neoplasms of the pancreas including intraductal papil-
lary mucinous neoplasm (IPMN), serous cystic neoplasm 
(SCN) and MCN. From another point of view, MCN is 
one of the three precursors of invasive adenocarcinoma of 
the pancreas including pancreatic intraepithelial neopla-
sia (PanIN), IPMN and MCN. MCNs occur almost exclu-
sively in the distal pancreas of middle-aged women. 
Grossly, MCNs typically show a “cyst-in-cyst” pattern of 
growth, and are well encapsulated by a thick fibrous wall. 
In histology, MCNs are composed of mucinous neoplastic 
epithelial cells and subepithelial cellular stroma called as 
“ovarian-type” stroma. The epithelium is dysplastic and 
the grade can be divided into low- and high-grade, and 
some MCNs have an associated invasive carcinoma. 
MCNs harbor several characteristic genetic and epigene-
tic alterations, some of which are shared with conven-
tional invasive pancreatic ductal adenocarcinoma. Several 
studies suggest steroidogenesis in the “ovarian-type” 
stroma. A 5-year survival rate of non-invasive MCN is 
100%, and MCN with T1a and T1b carcinoma also had an 
excellent prognosis. However, in one study, MCN with 
invasive carcinoma show aggressive clinical course; a 
3-year and 5-year survival rate are 44% and 26%, respec-
tively. In European guidelines, MCNs <40 mm are treated 
conservatively when other risk factors are absent. In inter-
national and American guidelines, on the other hand, an 
MCN of any size is an absolute indication for resection. 
Better knowledge of the pathology and molecular altera-
tions could help in the management of patients with 
MCN.

11.1  Introduction

Most cystic lesions of the pancreas, increasingly being rec-
ognized with improvements in diagnostic imaging, are non- 
neoplastic benign cysts such as retention cysts and 
pseudocysts [1]. Cystic neoplastic lesions are a minority of 
the cystic lesions of the pancreas. Mucinous cystic neo-
plasms (MCNs) is one of the three most common primary 
cyst-forming epithelial neoplasms of the pancreas includ-
ing intraductal papillary mucinous neoplasm (IPMN), 
serous cystic neoplasm (SCN) and MCN [1, 2]. Compagno 
and Oertel clarified the distinction between serous and 
mucin- producing cystic neoplasms in 1978 [3]. In 1982 
Ohashi et al. first described “mucous secreting pancreatic 
cancer” that is now classified into IPMN [4]. Through most 
of the 1990s, the distinction between MCNs and branch-
duct type IPMNs was unclear and controversial, because 
stromal component of MCN had not been noticed well. 
Then now we recognize, as current WHO guideline 
describes, “MCN is a grossly visible, multilocular cystic 
lesion, with no communication to the ductal system; a cys-
tic lesion with cuboidal and columnar neoplastic epithelia, 
staining at least partly positive for mucin, with variable 
atypia; ovarian-like, mesenchymal stroma, at least focally 
positive for ER and/or PR [2].”

From another point of view, MCN is one of the three pre-
cursors of invasive adenocarcinoma of the pancreas includ-
ing pancreatic intraepithelial neoplasia (PanIN), IPMN and 
MCN. Namely, MCN can develop and have invasive carci-
noma as PanIN and IPMN. So clinical decision making, sur-
gical resection or follow up, is very important.

In this article, clinicopathologic characteristics of MCNs 
are reviewed.
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11.2  Clinical Aspects

MCNs are noticed most frequently in young or middle-aged 
(mean about 48  years old) women [2, 5, 6]. Patients with 
invasive carcinoma are 5–10 years older than patients with a 
non-invasive MCN. Most MCN are located in the body and 
tail of the pancreas [1, 2]. Small MCNs are usually found 
incidentally, and larger tumors may produce symptoms 
including a palpable mass and discomfort due to compres-
sion of adjacent structures. General fatigue and weight loss 
are rarely seen.

In imaging studies, the classic appearance of MCN is a 
thickened wall, which enhances on contrast-enhanced CT 
and MR imaging. Calcification is occasionally seen at the 
edge of the cyst. Cysts are unilocular or multilocular and 
show so-called “cyst-in -cyst” appearance as described in 
macroscopical features.

The incidence of associated invasive carcinoma in 
resected MCN was various up to about 30%, which is con-
sidered to be depending on the criteria for surgical resection 
because there are relatively many early lesions may have 
been detected by diagnostic imaging in recent years. Findings 
associated with malignancy are reported that 56  years or 
older, high serum carcinoembryonic antigen level, high car-
bohydrate antigen 19–9 level, tumor size of 51 mm or greater, 
and the presence of mural nodules [7].

11.3  Pathological Findings

11.3.1  Macroscopical Features

MCNs are well-encapsulated round cystic mass and usually 
large-ranging up to 35 cm, although there is a tendency to be 
detected smaller size recently [8–11]. The cut surface shows 

uni- or multilocular cysts, so-called “cyst-in-cyst appear-
ance”, with fibrous cyst wall and/or septum with variable 
thickness and frequent calcifications (Fig.  11.1a and b). 
Cysts typically contain mucus, but watery fluid, or hemor-
rhagic and/or necrotic material are often seen. The internal 
surface can show smooth or be with papillary growing soft 
tumors or solid nodules. The presence of larger papillary 
projections correlates with higher grade of neoplasm and 
possible invasive components. Usually no communicate with 
the pancreatic ductal system is seen.

11.3.2  Histological Features

MCN is composed of mucinous neoplastic epithelium and 
subepithelial ovarian-type stroma (OS). Especially this OS is 
the most characteristic histologic feature of MCN distinct 
from IPMN or other cystic neoplasms [1, 2].

The internal surface of the cysts is lined by columnar 
mucinous epithelium, which may occur in a single layer with 
some areas showing papillary growth (Fig. 11.2a and b). The 
neoplastic epithelium shows gastric foveolar, pyloric-type 
glandular, intestinal or pancreatobiliary type epithelium, 
similar to IPMN, in each case and sometimes mixed with 
several components within the same tumor. Each neoplasm 
is graded as low-grade or high-grade on the basis of the high-
est degree of dysplasia of the neoplastic epithelium 
(Fig. 11.2a and b). According to the current WHO classifica-
tion, carcinoma in situ (non-invasive carcinoma) of MCN is 
acceptable as a synonym high-grade MCN [2].

The OS that underlines the mucinous epithelium is a typi-
cally cellular stroma [5, 12, 13] (Figs. 11.2a, b, 11.3a). It is 
occasionally hard to identify this “ovarian-type” stroma 
because the stroma can be changed into hyalinous fibrous 
bandles over time and/or by intracystic pressure. In those 

a b

Fig. 11.1 Macroscopic feature of mucinous cystic neoplasm (MCN). (a) A case of large unilocular MCN. (b) The cut surface shows multilocular 
cysts, so-called “cyst-in-cyst appearance” in this case
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a b

c d

Fig. 11.2 Histology of mucinous cystic neoplasm (MCN). (a) 
Columnar mucinous epithelium with low-grade dysplasia and subepi-
thelial “ovarian type” stroma are seen. (b) MCN with high-grade dys-
plasia. The epithelial component has an irregular papillary growth with 

severe cellular atypia. (c) Invasive component shows tubular adenocar-
cinoma. (d) This case has an associated invasive component of spindle 
carcinomatous cells with irregularity enlarged nuclei (undifferentiated 
carcinoma)

a b

Fig. 11.3 (a) Cellular stroma is present but surface epithelial component is denuded. (b) Nuclear expression of progesterone receptor (PR) in the 
cells of the cellular stroma is seen. This finding allows us to determine that this is an MCN
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cases, the features described as follows are useful to identify 
“ovarian-type” stroma: a layered structure (OS is usually 
located immediately beneath the epithelial layer), the pres-
ence of small round, eosinophilic cells resembling luteinized 
cells, overlapping cell nuclei in some areas, being intermin-
gled with capillaries, and the waviness of the spindle cells [5].

Spindle cells of OS show immunoreactivity for vimentin, 
smooth-muscle actin [12], progesterone receptors (PR) 
(Fig. 11.2b), and estrogen receptors (ER) [1, 2, 5]. Occasional 
“luteinized cells” are expressing alpha-inhibin and/or ste-
roidogenic acute regulatory protein (STAR) [13].

Invasive features usually resemble the common ductal 
adenocarcinoma (Fig. 11.2c), and colloid/mucinous carcino-
mas are rare, though focal expression of CDX2 in neoplastic 
epithelium is found in half of MCN [14]. MCNs with malig-
nant “sarcomatous stroma” have been reported, but are likely 
spindle cell carcinomas rather than mesenchymal neoplasms 
(Fig. 11.2d) [15].

The staging of the MCNs with an associated invasive car-
cinoma should be determined by the UICC/AJCC. The over-
all size of the invasive carcinoma should be recorded and 
categorized into pT1a (< 0.5 cm), pT1b (0.5 to 1 cm) and 
pT1c (> 1 cm), and pT2 (>2 cm) and beyond [16].

11.4  Molecular Abnormalities

During the last three decades, significant advances have been 
made in our understanding of the molecular biology of pan-
creatic neoplasms including MCN.  For pancreatic ductal 
adenocarcinomas arising through the conventional PanIN 
pathway, the most frequent recurring alterations occur in the 
following 4 genes: KRAS, TP53, CDKN2A, and SMAD4 
[17]. According to the studies using next-generation sequenc-
ing analysis, the recurring molecular alterations in high-risk 
MCN were similar to those described in PanINs and in 
PDAC [17, 18]. Jimenez et al. reported KRAS alterations in 
20% of tumors considered benign and 89% considered 
malignant [19]. The low frequency of KRAS mutations in 
low-grade MCN suggests a low risk for malignant progres-
sion. KRAS gene has an important role in the pathogenesis 
of pancreatic adenocarcinomas arising from MCN.  TP53 
was mutated in more than 50% of high-grade MCNs and 
may also be a useful marker of high-grade and/or MCN with 
an invasive carcinoma [19]. RNF43, a gene coding for a pro-
tein with intrinsic E3 ubiquitin ligase activity, alterations are 
largely in non-invasive lesions of MCN [18, 20]. Several 
studies have reported somatic mutations in the PIK3CA gene 
in several neoplasms including MCN [21], but not in 
PDAC. Furthermore, there is a tendency for PIK3CA gene 
mutations to occur in higher grade lesions. Guanine nucleo-
tide binding protein, alpha stimulating (GNAS) gene muta-
tions are common and early genetic changes in IPMNs, and 

especially in most intestinal type of IPMN [22, 23]. On the 
other hand, MCNs do not harbor GNAS gene mutations.

We previously reported several gene expression in OS, 
which included estrogen receptor 1 (ESR1) and STAR [12, 
13]. The STAR protein has a key role in steroid hormone 
synthesis. Furthermore, 3 beta-hydroxysteroid dehydroge-
nase (3 beta-HSD), 17 alpha-hydroxylase (17 alpha-H) and 
5α-reductase-1 (5αRED-1) were also reported to be overex-
pressed in OS of MCNs [24, 25].

Although the origin of the OS remains unknown, one pos-
sibility is that MCN may arise from ectopic ovarian stroma 
in the pancreas, and the other is that MCNs may arise from 
periductal immature stroma stimulated by female hormones 
in the pancreas during embryogenesis. Ectopic ovarian 
stroma may release kinds of hormones and growth factors, 
and proliferate epithelium and form cystic tumors. The 
expression of ER and other steroidogenesis-associated pro-
teins in OS, and several cases of MCNs associated with preg-
nancy showing rapid growth have been reported [26], and it 
is suggest an association with effect of female hormones in 
pathogenesis.

11.5  Treatment and Prognosis

The majority of MCNs show an indolent clinical course. 
Almost all of MCNs without invasive carcinoma are cured 
by surgical resection [10]. MCNs are more often low-grade 
and less common having associated invasive component 
comparing to IPMNs. Furthermore, MCN with T1a and T1b 
carcinoma (<1  cm in size) were reported as showing an 
excellent prognosis similar to MCNs without invasive carci-
noma [10, 11]. This suggests that close follow up rather than 
aggressive systemic therapy may be a better approach to 
manage the patients with a MCN with small invasive carci-
noma arising in MCN.  In relatively young age of most 
patients, considering the risk of progression to invasive 
MCN, surgical resection is recommended. MCNs are usually 
located in the pancreatic body and tail, and thus require distal 
pancreatectomy that can be performed safely.

On the other hand, patients with MCN showing aggressive 
clinical course have been reported. Jang et al. reported that 
3- and 5-year survival rates of the patient with MCN with an 
invasive carcinoma are 44% and 26%, respectively. This 
study cases, however, included 12 cases having advanced 
invasion (>2 cm), and furthermore 5 out 29 case with undif-
ferentiated carcinoma [27]. And all reports described above 
were examined in surgically resected cases and may be sig-
nificantly affected by the criteria for surgical indication.

There are several guidelines for management of pancre-
atic cystic lesions especially in IPMN and MCN [28–30]. 
Based on the recent studies, these guidelines suggest a pos-
sibility of nonoperative management for small MCNs with-
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out high-risk features and especially in elderly patients. 
However there are several differences among those proposal. 
European guidelines and American Gastroenterological 
Association (AGA) guidelines have been designed for pan-
creatic cystic lesions in general, on the other hand, the 
International Association of Pancreatology (IAP) guidelines 
mainly focuses on the management of branch-duct type 
IPMN. In European guidelines say that MCN ≥40 mm (size 
of the cyst) should undergo surgical resection. Resection is 
also recommended for MCN irrespective of their size which 
are symptomatic or have risk factors such as mural nodule 
[29]. MCN measuring <40 mm without a mural nodule or 
symptoms may undergo imaging studies with MRI and/or 
EUS. Surveillance is recommended every 6 months for the 
first year, then annually if no changes are observed. In AGA 
guidelines only recommend surgery if two concerning fea-
tures, such as increase size (>3 cm) or main-duct dilatation 
and solid component, are present and cytologic analysis of 
the fluid or cyst wall is either malignant or suspicious for 
high-grade dysplasia [30]. In IAP guidelines, observation 
may be considered in elderly patients. However, given the 
relatively young age of most patients surgical resection is 
recommended for all surgically appropriate patients, and it 
would require years of follow-up based on high-resolution 
imaging [28].

Better knowledge of the pathology and molecular altera-
tions could help in the management of patients with MCN.
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Pathology of Pancreatic Cancer

Ralph H. Hruban and Elizabeth Thompson

Abstract

Pathology provides remarkable insight into the biology of 
ductal adenocarcinomas of the pancreas, and pathology is 
the basis for the clinical management of patients with the 
disease. An understanding of the pathology of pancreatic 
cancer is therefore critical to those studying the disease, as 
well as those treating pancreatic cancer patients. This 
chapter will review the pathology of pancreatic cancer 
with an emphasis on clinical implications. We will also 
delve more deeply into several unique features of the dis-
ease, including the intense desmoplastic stroma these can-
cers elicit as they invade into tissues, and the propensity of 
the neoplastic cells to invade the venous system. These 
two features may provide insight into the poor sensitivity 
of pancreatic cancer to chemotherapy, and help explain 
why these cancers so frequently metastasize to the liver.

12.1  Introduction

Pancreatic cancer is one of the deadliest of all of the solid 
malignancies, and yet histologically many pancreatic can-
cers appear deceptively bland and can be hard to diagnose [1, 
2]. This is one of the great mysteries in pathology—how can 
such a deadly cancer look so harmless under the microscope? 
In this chapter we will provide an overview of the pathology 
of ductal adenocarcinoma of the pancreas, referred to here as 
“pancreatic cancer.”

We will first describe the gross and microscopic appear-
ance of pancreatic cancer, as well as the features that are 
used by practicing pathologists to diagnose ductal adenocar-

cinomas of the pancreas. We will then highlight pathologic 
features that can help guide patient care. Finally, looking for-
ward, we will discuss several of the distinctive features that 
characterize pancreatic cancer, but are rare in other tumor 
types, as these may provide avenues for future advances. The 
first of these features is the intense desmoplastic reaction that 
almost universally accompanies pancreatic cancer [3]. The 
second is the propensity for pancreatic cancer to invade veins 
[4, 5]. While lymphatic invasion is unfortunately all too com-
mon in most cancer types, venous invasion, the invasion of 
the neoplastic cells into veins with muscular walls, in par-
ticularly common in pancreatic cancer and may explain why 
it is so deadly [4].

Finally, it is important to recognize that among pancreatic 
cancers there can be significant variation. It used to be said 
that, “if you have seen one pancreatic cancer you have seen 
them all.” In fact, although pancreatic cancers superficially 
often have a uniform appearance of tubules embedded in 
dense stroma, a number of clinically important variants have 
been recognized. Some of these variants have been associ-
ated with specific genetic alterations, helping to establish 
them as separate entities [6–14].

12.1.1  General Features

Grossly, most pancreatic cancers form firm, white and ill- 
defined infiltrative masses [2, 15]. When they involve the 
main pancreatic duct they can cause upstream ductal dilata-
tion (Fig.  12.1a). Central necrosis may occur in larger 
lesions, and the infiltrative edges of the cancers often encase 
blood vessels (Fig. 12.1b).

Microscopically, by definition, these are infiltrative gland- 
forming neoplasms [2, 15]. The neoplastic glands are hap-
hazardly arranged, infiltrative and they induce an intense 
desmoplastic stroma (Fig. 12.2a and b). They can even grow 
from the stroma back into the ductal system, a process desig-
nated “cancerization of the ducts” [16]. Of interest, it appears 

12

R. H. Hruban (*) · E. Thompson 
Department of Pathology, The Sol Goldman Pancreatic Cancer 
Research Center, Baltimore, MD, USA 

Department of Oncology, The Johns Hopkins University School of 
Medicine, Baltimore, MD, USA
e-mail: rhruban@jhmi.edu

https://doi.org/10.1007/978-981-19-0063-1_12#DOI
mailto:rhruban@jhmi.edu


92

that these cancer cells in ducts appear to be less responsive to 
therapy [17].

In well-differentiated carcinomas, the glands are lined by 
well-oriented uniform mucin-producing cells with relatively 
uniform nuclei. In moderately differentiated examples, the 
gland formation is less well-developed, the neoplastic cells 
have visible pleomorphism, and mitotic figures can be seen. 
The pleomorphism is more pronounced in poorly- 
differentiated carcinomas, with numerous mitoses, poorly 
formed glands and areas showing single cell infiltration.

Immunolabeling can demonstrate a typical phenotype in 
pancreatic cancer. Pancreatic cancers typically label with 
antibodies to cytokeratins 7, 8, 18 and 19 (CK7, CK8, CK18 
and CK19), with antibodies to the mucins MUC1, MUC3, 
MUC4 and MUC5AC, with antibodies to the glycoproteins 
carcinoembryonic antigen (CEA), carcinoma antigen 19–9 
(CA19–9), B72.3 and CA125, and with antibodies to meso-
thelin and claudin 4 [2, 15, 18, 19]. In addition, immunola-
beling can also be used as a surrogate marker for gene status, 

as labeling for the smad4 protein correlates with SMAD4 
gene status, and labeling for the p53 protein correlates with 
TP53 gene status [20, 21].

12.1.2  Diagnostic Features

The diagnosis of pancreatic cancer carries such a grim prog-
nosis and therapies are so debilitating, making it critically 
important that clear and precise criteria are used when estab-
lishing the diagnosis [2, 15]. As highlighted in Table 12.1, 
seven histologic features can be used to distinguish ductal 
adenocarcinoma from reactive glands.

First, the haphazard growth of pancreatic cancer, as 
appreciated at low magnification, contrasts with the lobular 
arrangement of normal pancreatic parenchyma and the 
orderly branching growth of non-neoplastic glands. Benign 
glands retain an organized lobular pattern even when there is 
severe atrophy, as seen in chronic pancreatitis. We like to 

a b

Fig. 12.1 Gross photographs of infiltrating ductal adenocarcinoma. Note the ductal dilitation secondary to the carcinoma stenosing the pancreatic 
duct in panel a, and the involvement of large vessels in panel b

a b

Fig. 12.2 Histologic sections of infiltrating ductal adenocarcinoma. Note the haphazard arrangement of the glands (panel a), and the intense 
desmoplastic stroma (panel b). Both are hemotoxylin and eosin stained
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think of benign glands as similar to orderly grapes on vine. 
Even when the grapes have dried up (atrophied), the vine 
retains a lobular arrangement of bunches of grapes. By con-
trast, there is no rhyme or reason to the organization of neo-
plastic glands (Fig. 12.2a).

A second helpful feature is a gland located immediately 
adjacent to a muscular vessel (Fig. 12.3a). The ducts of nor-
mal pancreas are surrounded by lobules of acinar cells and 
are thus separated from blood vessels with smooth muscle 
media. By contrast, it is common in pancreatic cancer to see 
a gland immediately adjacent to a vessel [2, 15, 22, 23]. 
Three-dimensional analyses of cleared human pancreatic 
cancers has reveals that this finding occurs because the inva-
sive glands of pancreatic cancer preferentially grow parallel 
to blood vessels [5, 22].

Perineural invasion is the third feature that can be used to 
distinguish benign from malignant glands. With extremely 
rare exceptions, benign glands do not grow into nerves in the 

pancreas [2, 15, 24–26]. In addition to diagnostic utility, 
perineural invasion in the pancreas has further clinical rele-
vance as it has been associated with pain, and extension of 
the cancer out of the pancreas and into the retroperitoneum 
[27–29]

Vascular invasion is the fourth feature that can be used to 
distinguish benign from malignant glands [2, 15]. What is 
remarkable is that the neoplastic glands growing within ves-
sels often grow along the inner lining of the vessels, replac-
ing the endothelial cells, and forming well oriented duct-like 
structures within the channel of the invaded vessel 
(Fig. 12.3b) [5, 30]. The foci are easy to pass over because 
this pattern of vascular invasion mimics a benign duct until 
one realizes that the cells are in a vessel!

Significant pleomorphism, the variation of nuclear size 
and shape from cell to cell, is the fifth feature [2, 15]. Known 
as the “four-to-one rule,” a four-fold variation in nuclear area 
supports the diagnosis of cancer [31]. This feature is very 
helpful, but unfortunately is not seen when it is needed most: 
differentiating well-differentiated cancers from benign 
glands.

The sixth feature is the presence of necrotic debris in the 
lumen of glands (“luminal necrosis”) and the seventh the 
incomplete epithelial lining of a lumen (“incomplete 
lumina”) [2, 15].

When rigorously applied these seven features produce 
very sensitive and specific diagnosis of pancreatic cancer [2, 
15, 31].

12.1.3  Clinical Implications

Pathologic findings provide significant prognostic informa-
tion that can be used to guide therapy. As recognized in the 
American Joint Commission on Cancer (AJCC) staging  

Table 12.1 Histologic features supporting the diagnosis of infiltrating 
ductal adenocarcinoma over reactive glands

Feature
Infiltrating ductal 
adenocarcinoma Reactive glands

Organization Haphazard Lobular
Relation to 
muscular vessel

Immediately adjacent Separated by 
parenchyma or stroma

Relation to 
nerves

Perineural invasion Separated from nerves

Relation to 
vessels

Vascular invasion No vascular invasion

Variation in 
nuclear size

Can be greater than 4 to 
1

Less than 4 to 1

Completeness of 
glands

Can be incomplete with 
lumen touching stroma

Complete. Always 
epithelial cells between 
lumen and stroma.

Luminal necrosis Necrotic cellular debris 
can be found in lumen

No necrosis

a b

Fig. 12.3 Histologic sections of infiltrating ductal adenocarcinoma. Note the neoplastic gland immediately adjacent to a muscular vessel (panel 
a), and the venous invasion (panel b). Both are hemotoxylin and eosin stained
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system, tumor size, lymph node status, and presence or absence 
of distant metastases are the most important prognostic fea-
tures [32]. The degree of histologic differentiation, margin sta-
tus, and the presence or absence of venous invasion are also 
important prognosticators [30]. Several somatic genetic altera-
tions also provide prognostic information, including loss of 
SMAD4, associated with poor survival, and mutations in one of 
the chromatin-regulating genes (MLL, MLL2, MLL3 and 
ARID1A), associated with improved survival [33, 34]. High 
GATA6 expression is associated with the “classical” RNA sub-
type and with better responses to chemotherapy [35, 36]. As 
useful as these features are, the reality is that the vast majority 
of patients succumb to their disease [1]. We need to do more 
than just prognosticate, we need to improve prognosis.

We believe that insights gained from the unique patho-
logic features of pancreatic cancer, as described in the next 
sections, will provide clues into how to improve outcomes 
for patients with pancreatic cancer.

12.1.4  Desmoplastic Stroma

The dramatic desmoplastic stroma that characterizes pancre-
atic cancer (Fig. 12.2b) has a number of important implica-
tions that deserve additional discussion [2, 3, 15]. First, the 
non-neoplastic stroma is usually so abundant that bulk pan-
creatic cancer tumors, in fact, contain relatively few neoplas-
tic cells [2, 15, 37]. This has implications in the interpretation 
of small biopsies, as rare cancer cells scattered in abundant 
stroma may be inadequately sampled, and it has profound 
implications for the study of pancreatic cancer as studies of 
bulk tumors actually end up studying the stroma not cancer. 
This problem is nicely illustrated in recent studies of RNA 
expression patterns in pancreatic cancer [35, 36, 38–40]. As 
shown in The Cancer Genome Atlas (TCGA) study of pan-
creatic cancer, non-neoplastic stromal contamination can 
lead to the incorrect subtyping of pancreatic cancers as, 
depending on which part of the cancer the sample was 
 harvested from, it will have varying amounts of stromal con-
tamination [35, 36, 38–40].

The desmoplastic stroma also has significant clinical 
implications as it may hinder the access of systemically 
administered drugs to the cancer cells [3, 37]. For example, 
Hingorani and colleagues have shown that high levels of 
hyaluronan in the stroma can reduce the perfusion of small 
molecule therapeutics in pancreatic cancer [41]. They, and 
others, have even suggested that therapies to deplete stroma 
may increase tumor perfusion and increase the efficacy of 
chemotherapies [41–43]. Clearly, future studies of stromal 
biology have the potential to unlock new approaches to the 
treatment of pancreatic cancer.

12.1.5  Venous Invasion

A second dramatic feature that is present in virtually all pan-
creatic cancers is venous invasion (Fig.  12.3). Almost all, 
even early stage, pancreatic cancers invade into the small 
veins in the pancreas [4, 5, 22, 30, 44]. In routine hematoxy-
lin and eosin stained sections, venous invasion is identified in 
~65% of surgically resectable pancreatic cancers [30, 44]. 
When one examines pancreatic cancers in three-dimensions, 
using techniques such as tissue clearing, the percentage of 
positive cases goes up to >90% [4, 5, 22].

The high prevalence of venous invasion in pancreatic 
cancer has profound implications. First, it may explain the 
poor blood flow to pancreatic cancer [45]. If the veins are 
occluded by neoplastic cells, blood cannot get into the can-
cers as it cannot get out. Second, since the veins in the pan-
creas drain directly into the liver, it may also explain the 
extremely high prevalence of liver metastases present in 
patients with pancreatic cancer [4]. Future studies of the 
biology of venous invasion have the potential to unlock 
new approaches to the treatment of pancreatic cancer that 
address this deadly propensity for early metastatic spread 
to the liver.

12.1.6  Variants

Several variants of pancreatic cancer deserve special note as 
they have clinical implications.

Adenosquamous carcinomas are, as the name suggests, 
characterized by a significant component of the carcinoma 
(at least 30%) having squamous differentiation (Fig. 12.4a) 
[6]. These carcinomas label with p63, p40 and CK5/6 in the 
areas of squamous differentiation and have low levels of 
GATA6 expression. Although they tend to be extremely 
aggressive with a poor prognosis, some respond to platinum- 
containing chemotherapies [7, 35, 36, 38–40].

Colloid carcinomas are characterized by the production of 
copious amounts of extracellular mucin (Fig. 12.4b). These 
carcinomas often arise in association with an intestinal-type 
intraductal papillary mucinous neoplasm (IPMN), and they 
tend to have a better prognosis than usual ductal adenocarci-
nomas of the pancreas [8, 9]. Since colloid carcinomas arise 
in association with IPMNs, they often harbor mutations in 
the IPMN-related genes GNAS and RNF43 [46].

Medullary carcinomas are a third variant of note. These 
carcinomas are characterized by a syncytial pattern of growth 
(the cells seem to blend into each other), pushing boarders, 
and a brisk inflammatory infiltrate (Fig. 12.4c) [47, 48]. They 
are important to recognize because these cancers often, but 
not always, have microsatellite instability (MSI high), and 
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they have a relatively good prognosis [47, 48]. Critically, 
MSI high cancers appear to be exquisitely sensitive to immu-
notherapy [49].

Undifferentiated carcinomas, as the name indicates, lack 
a definitive direction of differentiation. Of note, undifferenti-
ated carcinomas with rhabdoid features often have a distinc-
tive genetic change with loss of at least one member of the 
SWI/SNF complex [12–14]. This includes loss of SMARCB1 
(INI1), SMARCA2 (BRM), SMARCA4 (BRG1) or ARID1A 
[12–14]. Looking forward, these alterations may make these 
cancers susceptible to targeted therapy.

Undifferentiated carcinomas with osteoclast-like giant 
cells have a dramatic microscopic appearance with giant 
osteoclast-like cells scattered amongst highly atypical mono-
nuclear cells (Fig. 12.4d) [11]. Molecular studies have shown 
that the atypical mononuclear cells are the neoplastic cells, 
and that the osteoclast-like cells are reactive, non-neoplastic 
cells [11]. These distinctive cancers likely have a worse 
prognosis than usual ductal adenocarcinomas, but recent lit-
erature suggests that the prognosis may not be as dire as ini-
tially thought [11, 50].

12.1.7  Pathology in Familial Syndromes

Before we close, we should note that pancreatic pathology 
has been studied in individuals with a family history of pan-
creatic cancer and in patients with germline mutations, such 
as germline variants in BRCA2 and CDKN2A, known to pre-
dispose to the disease [51–53]. Both of these groups appear 
to have increased numbers of precursor lesions (IPMNs and 
pancreatic intraepithelial neoplasia), suggesting that screen-
ing efforts may detect early, curable, lesions in these patients 
and save lives [51–55]. The association of medullary histol-
ogy with MSI high status was noted above, and some MSI 
high cancers arise in patients with Lynch syndrome [56].

12.2  Conclusions

Pancreatic cancer pathology forms the basis for patient prog-
nostication and it provides unique insights into why this can-
cer is so deadly [4]. Looking forward, we believe that the 
integration of germline and somatic changes with tumor 

a b

c d

Fig. 12.4 Variants of pancreatic cancer include adenosquamous carcinoma (panel a), colloid carcinoma (panel b), medullary carcinoma (panel c), 
and undifferentiated carcinoma with osteoclast-like giant cells (panel d). All are hemotoxylin and eosin stained
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morphology will lead to more precise treatment of patients, 
and further studies into the desmoplastic stroma and into 
venous invasion will lead to both better understanding of the 
aggressive biology of pancreatic cancer as well as identify 
new therapeutic approaches. In the end, we believe that a 
better understanding of pancreatic pathology will reduce 
patient mortality.
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Abstract

Computed tomography (CT) represents the most current 
modality used to evaluate hepato-biliary tree and pancre-
atic (HBP) surgical pathology. Multidetector CT (MDCT) 
is a very quick, robust, reproductible and reliable method 
for the pretherapeutic and postsurgical hepato-biliary tree 
and pancreatic diagnostic. Using a correct and a specific 
CT protocol for the HBP region in correlation with multi-
planar reconstructions, maximum intensity and 3D recon-
structions, CT provides detailed and consistent 
information’s regarding the type of mass, its characteris-
tics, volumetry and local extension, allowing to appreci-
ate the vascular involvement and tumor resectability but 
also in malignant tumoral pathology the presence of dis-
tant metastasis.

13.1  Technical CT Considerations 
in Hepato-Bilio-Pancreatic Evaluation

Computed tomography (CT) is the fastest and most accessi-
ble imaging method of hepato-biliary-pancreatic (HBP) 
evaluation, currently used in medical and surgical emergen-
cies, and in the therapeutic treatment of expansive lesion(s) 
[1–4]. Multidetector CT (MDCT) exam of the HBP region 
involves, after the nonenhanced CT (NECT), a multiphase 
dynamic acquisition, with non-ionic iodinated contrast mate-
rial (CM) injected i.v. in late arterial phase (AP) at 30–35 sec-
onds (s) after the start of the CM injection, portal venous 
phase (PVP) at 50–70 s and late phase (LP) at 3–5 min post-
contrast injection, using a dose of 1.5 ml/kgc CM, in bolus, 
with a flow rate of 2.5–3 ml/s (Fig. 13.1).

Multiplanar reconstructions (MPR), three-dimensional 
(3D), Maximum Intensity Projection (MIP), VRT (Volume 

Rendering Transparency) reconstructions together with post- 
contrast source CT images analysis allow a complete lesion 
(s) characterization, vascular and biliary mapping, hepatic 
segmentation, specification of vascular and biliary tree ana-
tomical variants, volumetry of the liver parenchyma or of a 
tumor, with the elaboration of a virtual surgical plan, and 
appreciation of the remaining hepatic volume, being particu-
larly important in liver surgery and indispensable in liver 
transplantation with living donor [1–10]. In pre-therapy, in 
patients who are suspected with a tumoral mass of the HBP 
region, the role of CT is to make a complete assessment of 
the mass, by assessing: tumor location, size, number, involve-
ment of adjacent vascular and biliary structures, the presence 
of lymphadenopathies or extrahepatic metastases [4, 
10–14].

In cirrhotic patients with hepatocellular carcinoma (HCC) 
who meet the criteria for liver transplantation (LT), the opti-
mal treatment is LT [9]. MPR, especially the coronal and sag-
ittal plane, are very useful in assessing vascular invasion [4, 
10–18]. Thrombosis and invasion of the portal vein (PV) 
trunk, portal carrefour, hepatic veins (HV) or inferior vena 
cava (IVC) are associated with an unfavorable prognosis 
compared to cases in which only the secondary portal 
branches are involved. CT evaluation allows the detection of 
steatosis, fibrosis and liver cirrhosis, in association with the 
detection of all the anatomical variants [8, 19]. For example, 
the origin of the right hepatic artery (HA) in the superior mes-
enteric artery (SMA) involves additional steps of surgical 
technique for the donor and recipient. According to the 
Michel classification, the HA variants with increased surgical 
risk are type 2, 3, 5 and 9. For the PV it is important to specify 
in the CT report the presents of variants such as trifurcation, 
abnormal right configuration or accessory veins [3, 8, 19, 20]. 
Accessory HA and HV should be reported. It is also neces-
sary to specify the existing variants at the level of the intra-/
extrahepatic bile ducts (BD), aspect of biliary trifurcation, 
accessory BD (risk of biliary fistula) or low implantation of 
the cystic duct [3, 20]. The identification of ascites, hydrotho-
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rax, portal hypertension (splenomegaly, gastro-esophageal 
varices, porto-systemic anastomoses) are suggestive for 
severe hepatic dysfunction [8]. It is also important, in the CT 
report to specify the liver lesion (s) type knowing that there 
are 5 categories of LI-RADS lesions: LR-1: definitely benign 
lesion; LR-2: probably benign; LR-3: intermediate probabil-
ity for HCC; LR-4: probably HCC; LR-5: definitely HCC. A 
definite tumor into a vein correspond to LR-TIV. LR-M rep-
resent a malignant lesion, not suggestive for HCC.  A liver 
tumor which has been treated by a loco-regional procedure 
correspond to a LR-treated lesion (treatment). The lesional 
description must contain the following elements: nodule size 
(smaller or larger than 2 cm), postcontrast behaviour: early 
enhancement (hypervascularity) or iso/hypovascularity of the 
nodule, with washout in PVP or in LP, the presence or absence 
of a capsule, the dimensional increase of the lesion equal to/
or greater than 50% of the diameter at the re- evaluation imag-
ing exam compared to the previous evaluation after an inter-
val less than 6  months; more or equal 100% dimensional 
increasement of the nodule at the follow up imaging examina-
tion performed at an interval larger than 6 months, or newly 
appeared lesion, with dimensions equal to or larger than 
10 mm discovered after less than 24 months in relation to the 
last imaging evaluation [9].

For pancreatic tumors, the location of the tumor (head, 
isthmus, body, tail), the dimensions of the tumoral process 
(cm), the post-contrast aspect must be specified: hypo/iso/
hyperenhancing, involvement of the BD (yes/no), appear-
ance of the Wirsung duct (WD), presence of lymphadenopa-
thies (yes/no), presence of metastases (yes/no), presence of 
ascites/peripancreatic fluid (yes/no); involvement of vascular 
structures (90°, 180°, 360°)—yes/no: celiac trunk (CT), 
SMA, superior mesenteric vein (SMV), other vascular inva-
sions (yes/no), existence of vascular thrombosis (yes/no), 
anatomical variants, presence of venous collaterals, athero-
sclerosis of the CT and SMA, distance measurement between 
the tumor and the SMV (mm) [1–3, 5–8].

In cases of malignant tumoral pathology of the biliary tree 
(cholangiocarcinoma), the CT report must specify the type 

of tumor: intrahepatic mass forming, periductal, intraductal 
type, the cranio-caudal extension of the tumoral process, the 
invasion of adjacent structures, native and postcontrast 
aspect of the tumor (hypodense, moderate peripheral 
enhancement, central enhancement in the LP and peripheral 
washout ring), associating capsular retraction, vascular 
embedding without thrombosis at the level of the PV or HV, 
the presence of satellite nodules [1–3, 5–8].

13.2  CT in Focal Liver Mass

13.2.1  Benign Liver Tumors

Hepatic cyst (HC) represents the second liver benign tumor 
after haemangioma (incidence: 2–5%). HC can be congeni-
tal, associated with tuberous sclerosis, polycystic kidney dis-
ease, polycystic liver (over 10 cysts) or acquired in a 
post-traumatic, post-inflammatory, parasitic context [1–3, 
5–8]. CT aspects: circumscribed round or oval shape lesion 
with homogeneous structure and fluid density (0–10 HU); 
the cyst wall is often invisible. The simple cyst doesn’t 
enhance; dimensions varies from a few mm to 20 cm [1–3, 
5–8, 12]. CT report must contain localization, semiology of 
the cyst, single/multiple, complications (hemorrhage, infec-
tion) exclusion of a cystic tumoral lesion (metastases, cyst-
adenoma), other associated lesions.

Hemangioma represents the most common benign liver 
tumor (incidence: 5–7% of the population). CT aspects. On 
NECT, small hemangioma is homogeneous, hypodense 
(density close to that of the circulating blood); large heman-
giomas are heterogeneous; postcontrast, small hemangiomas 
(<1 cm) show complete and rapid filling; hemangiomas over 
2 cm have an intense contrast enhancement in the periphery 
which progresses towards the center; in the late phase there 
is a total filling of the lesion, with intralesional persistence of 
the CM.  Cavernous hemangioma present a heterogeneous 
structure (central fibrosis area, calcifications) and is not fully 
enhanced with CM in the LP. CT report: must contain semio-

Fig. 13.1 CT technique for liver focal lesions evaluation: nonenhanced 
CT and CT with non-ionic iodinated contrast material in late arterial 
phase, (AP) portal venous phase (PVP) and late phase (LP) in a patient 

with hepatocellular carcinoma-macronodular type, located in the right 
and left liver lobe (white arrows)
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logical appearance, number, exclusion of hypervascularized 
primary or secondary liver malignancies; other associated 
lesions (Fig. 13.2).

Focal nodular hyperplasia (FNH) represents 8% of 
primary liver tumors in adults and the second cause of 
benign solid hepatic tumor, mainly affecting decades 3 and 
4. FNHs are generally solitary and <5 cm; may be associ-
ated with hemangiomas. The central stellar scar is present 
in 20–30% of cases [1–3, 5–8, 12]. CT aspects: spontane-
ous hypodense to isodense liver mass; intense enhance-
ment in the AP, with discreetly washout in the PVP, and 
isodense aspect in the LP; the central scar appear sponta-
neously hypodense and enhance in the LP. CT report: must 
contain location and semiology of the lesion, single/mul-
tiple, exclusion of hypervascularized malignant tumors or 
liver perfusion disorders.

Hepatocellular adenoma (HA) is the most common 
tumor in young women (20–40 years) who use oral contra-
ceptive treatment; presents a risk of malignant degeneration. 
HA are generally unique and voluminous (up to 30 cm), with 
heterogeneous structure through areas of lipomatous infiltra-
tion, necrosis and hemorrhage [1–3, 5–8]. Hepatic adenoma-
tosis is a rare disorder characterized by the presence of more 
than 10 liver adenomas. CT aspects: frequent bulky tumor 
(over 5 cm), hypodense (may contain fat or areas of necrosis) 
or hyperdense in case of intratumoral haemorrhage; hetero-
geneous enhancement in AP with wash out in LP; peripheral 
capsule. CT report: in some cases, there are difficulties to 
delineate between liver HA, FNH or HCC [1–3, 5–8, 12].

Angiomyolipoma (AML) is a rare, benign mesenchymal 
tumor with a myoid, angioid and lipomatous component; 
associated with Bourneville tuberous sclerosis [1, 5, 6]. CT 
aspects: lipomatous intratumoral islands have negative den-
sities: −40/−80 UH, the angio component enhance very 
early with CM. CT report-semiological analysis of the tumor 
(lipomatous and angio components), exclusion of aggressive 
tumors that may have lipomatous inclusions [4, 11].

13.2.2  Malignant Liver Tumors

Hepatocellular carcinoma (HCC) is the most common pri-
mary liver tumor malignancy (80–90%). 60–90% of HCC is 
developed on a cirrhotic liver, in a context of B or C virus 
hepatitis, following the evolution and conversion of regen-
eration nodules into small/high-grade dysplastic nodules and 
then into small HCC [3, 9, 14, 18]. Simultaneously, there is a 
decrease in portal flow and an increase of arterial intratu-
moral vascularisation. HCC may be single, multiple, or dif-
fuse in shape. 24% of the HCC are encapsulated; calcifications 
are present in 10–20% of cases; vascular invasion is 
 encountered in ~48% of cases. HCC metastasizes into the 
lungs, adrenal glands, bone and lymph nodes [1–12]. CT 
aspects: hypodense/rarely isodense/hyperdense mass (hem-
orrhage, lipomatous areas); AP hyperenhancement (80%) 
with PVP washing and hypoattenuation appearance in LP 
(Fig.  13.3); heterogeneous appearance in large HCC (see 
Fig.  13.1); spontaneous hypodense peritumoral capsule 
which enhance in LP [13, 17, 21, 22]. CT report: positive 
diagnosis (Li-RADS criteria: hypervascularized mass in AP 
with wash out in PVP and LP [23]; may associate tumoral 
invasion of the adjacent PV, HV or IVC; staging; exclusion 
of pseudotumors or benign liver tumors [3, 7–9, 12].

Fibrolamellar hepatocellular carcinoma (FLC) is a rare 
primary liver malignancy (incidence: 1–9% of all HCC) 
which affects young people. General characteristics: encap-
sulated, hypervascularized mass; central scar (45–60%); 
nodular, stellate, dotted calcifications (35–55%); dimensions 
between 5–20 cm; capsular retraction (10%); satellite nod-
ules are present in 10–20% of cases; vascular invasion is rare 
(less than 5%). Lymph node (50–70%), pulmonary and peri-
toneal metastases [1–3, 5–7]. CT aspects: spontaneous 
hypodense mass; heterogeneous postcontrast aspect in AP 
and PVP; the absence of scar enhancement. CT report: exclu-
sion of other tumors or hypervascular liver lesions [23]; 
associated injuries.

Fig. 13.2 Liver hemangioma (white arrow) and liver steatosis: intense contrast enhancement in the periphery of the nodule, progressing towards 
the center, with total filling in the LP and persistence of the CM into the nodule
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Hepatoblastoma (HB) is the most common primary liver 
tumor of the child, usually voluminous, unique, with a well- 
defined, lobulated contour; in 20% of cases the HB is multi-
focal [3, 6]. Amorphous calcifications are present in 50% of 
cases. CT aspects: hypodense, heterogeneous mass with 
multiple amorphous calcifications and septa, and peripheral 
enhancement. CT report must contain tumoral location, 
 postcontrast behaviour, signs of vascular invasion; exclusion 
of other heterogeneous liver tumors; associated injuries.

Intrahepatic cholangiocarcinoma (IHCC). IHCC repre-
sents 15% of malignant tumors of the liver; 20–30% of bili-
ary ducts (BD) carcinomas originate into the small IHBD 
epithelium; occurs more frequently in patients with primary 
sclerosing cholangitis (PSC) and intrahepatic gallstones. 
IHCC forms: nodular (Fig. 13.4); infiltrative with periductal 
extension; intraductal, polypoid [1–3, 5–7, 12]. CT aspects: 
round homogeneous mass, hypodense, with irregular edges; 
hypovascular; fugitive early enhancement in the periphery of 
the mass, with progressive filling enhancement and washout 
in the periphery (the sign of peripheral wash out). Late 
homogeneous enhancement (74% of cases). CT report: loca-

tion of the tumor, semiological aspect, resectability criteria, 
elimination of a hepatocellular carcinoma.

Liver metastasis (LM) are the most common malignant 
tumors of the liver, being 20 times more common than primi-
tive malignant liver tumors; dissemination may be by systemic 
or portal vascular system. The most common primary tumors 
that metastasize into the liver are lung, breast, gastrointesti-
nal, pancreatic, melanoma, or sarcoma neoplasms. Types of 
metastases. Cystic LM: mucinous ovarian carcinoma; colon 
carcinoma; sarcoma; melanoma; lung carcinoma; carcinoid. 
Hemorrhagic LM: colon carcinoma; thyroid carcinoma; breast 
carcinoma; choriocarcinoma; melanoma; renal carcinoma. 
Hypervascularized LM: renal cell carcinoma; carcinoid; pan-
creatic endocrine tumors; melanoma; thyroid cancer; choriocar-
cinoma; cystadenocarcinoma; sarcoma; pheochromocytoma. 
Hypovascularized LM: stomach; colon; pancreas; lung; breast 
[1–3, 5–7]. CT aspects: iso-/spontaneous hypodense, most 
of LM are hypovascular; hypervascular metastases: intense 
enhancement in AP and hypovascular appearance in PVP and 
LP [4]. CT report must contain: number of nodules, location, 
size, other associated lesions (Fig. 13.5).

Fig. 13.3 Hepatocellular carcinoma: nodular type: isodense nodule with enhancement in arterial phase and wash-out in the late phase (white 
arrow)

Fig. 13.4 Intrahepatic cholangiocarcinoma. Large heterogeneous and hypovascular mass, with solid portion and cystic component, involving the 
caudate lobe (white arrow) which associate dilatation of adjacent BD (black arrow)
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13.2.3  Infectious and Parasitic Hepatic 
Pathology

13.2.3.1  Liver Abscess
Pyogenic abscesses (Fig. 13.6): may occur after biliary, diges-
tive surgery, in a context of cholangitis, secondary to chole-
dochal lithiasis or intrahepatic BD stones, in patients with 
inflammatory bowel disease or diverticulitis [1–3, 5–7, 12].

Fungal abscesses (candidiasis, cryptococcosis, aspergil-
losis) occur in immunocompromised patients [3]. CT aspects: 
nonenhanced central hypodense area (density: 20–40 UH), 
surrounded by a capsule, with a uniform thickness (2–4 mm), 
spontaneously hypodense which enhance moderately after 
CM i.v. injection. In fungal abscesses: multiple circum-
scribed hypodense lesions, small, without enhancement dis-
tributed throughout the liver parenchyma but also in the 

splenic one. Amoebic abscess: low-density mass with periph-
eral enhancing rim; unilocular/multilocular; debris, wall 
irregularities. CT report must contain the findings in favour 
of an abscess and highlighting of the underlying cause/
pathology.

Hepatic hydatic cyst (HHC) is an endemic parasitic 
infection caused by Echinococcus granulosus. The hepatic 
and pulmonary parenchyma are the location of choice. CT 
aspects: Fluid density, with frequent peripheral focal calcifi-
cations, daughter cysts may be visualized. The water- lily 
sign indicates a cyst with a floating, undulating membrane, 
caused by a detached endocyst. Rupture of the cyst in the BD 
is a major complication (10–15% c). The direct sign: biliary- 
cystic communication. Indirect signs: flattening of the cyst 
wall and dilation of IHBD. Infection of the cyst materializes 
by increasing the intracystic density and appearance of a 

Fig. 13.5 Liver metastasis: multiple large and heterogeneous liver tumors involving the right hepatic lobe and the IV segment, in a patient with 
colon cancer
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horizontal level between air and cystic fluid. CT report: 
pointing the CT diagnostic criteria and the exclusion of a 
simple liver cyst.

13.2.4  CT in Pre-/and Post Liver 
Transplantation

Liver transplantation (LT) is the only curative treatment 
for acute fulminant and chronic liver disease as well and in 
patients with HCC who do not have enough liver function 
reserve [5]. Medical imaging plays a major role in perform-
ing the pretransplant balance as well as in monitoring of 
posttransplant patients [2, 7, 19, 22–25].

CT evaluation of the liver in pretransplant At the 
donor, MDCT angiography (MDCTA) provides a com-
plete mapping of liver parenchyma, vascular anatomy 
(HA, PV, HV), allowing accuracy measurements of the 

liver volume, very important elements for virtual surgical 
planning. Knowing these anatomical variants, the surgeon 
can elaborate an adequate arterial, venous and biliary 
reconstruction plan [2, 7, 19, 20, 24]. At the receiver, CT 
imaging allow exclusion of absolute contraindications in 
LT: extrahepatic malignancy, infiltrating or diffuse hepatic 
tumor, extensive venous thrombosis of the PV axis and of 
the SMV [2, 7, 20, 25].

CT evaluation of the liver in post-transplant Aspects 
encountered early in LT are represented by periportal oedema 
(21%), fluid collections at the level of the liver hilum; peri-/
subhepatic hematoma; small left pleural fluid [25–30].

Vascular complications (VC). MDCTA is the method of 
choice; VC are represented by: HA stenosis; HA thrombosis 
(Fig.  13.7); HA pseudoaneurysm; stenosis of the inferior 
vena cava (IVC), PV stenosis at anastomosis level; thrombo-
sis of PV or IVC [25–31].

Fig. 13.6 Liver abscess: nonenhanced central hypodense area surrounded by a capsule, with a uniform thickness that enhance after CM injection 
(black arrow). Note also the perfusion abnormalities adjacent to the abscess and the hemangioma (white arrow).

a b

Fig. 13.7 Hepatic artery thrombosis (white arrow) in a patient with liver transplant-MDCTA in axial plane (a) and coronal reconstruction (b)
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Biliary complications after LT are evaluated using ultra-
sound and MRI and are represented by biliary obstruction, 
biliary fistula, biliary tree lithiasis [3, 31].

Intraparenchymal complications (IPC). The main IPCs are: 
liver graft infection, liver infarction, acute and chronic rejec-
tion. Malignancies. The most common neoplasms are HCC 
recurrence and lymphoproliferative syndromes [32, 33].

13.3  CT in Liver, Biliary Tree and Pancreatic 
Traumatic Injuries

Liver trauma MDCT is the best imaging modality to evalu-
ate liver trauma. CT aspects. Lacerations appear as irregular 
linear/branching areas of hypoattenuation; different grade of 
parenchymal disruption; vascular liver injury (arterial, venous) 
or active bleeding. Acute hematomas appear as a hyperdense 
accumulation compared to normal liver parenchyma located 
between the liver and its capsule or can be intraparenchymal 
[3, 12]. CT report must contain the complete list of parenchy-
mal and vascular liver injuries and of others associates intrab-
dominal posttraumatic or nontraumatic lesions.

CT in pancreatic trauma (PT) CT aspects. Direct signs of 
PT are represented by: enlargement of the pancreas with 
hypodense laceration of the pancreatic parenchyma; 
 heterogeneous parenchymal enhancement; fluid collections 
(pseudocyst, abscess or hematoma); pancreatic duct disrup-
tion. Secondary signs: peripancreatic fat stranding, fluid or 
hematoma between the pancreas and splenic vein, peripan-
creatic fluid, thickening of perirenal fascia’s [3, 6].

CT in biliary trauma Gallbladder (GB) injury. CT 
aspects. Presence of pericholecystic free fluid, intraluminal 
or pericholecystic high-density hematoma, or GB wall thick-
ening. Poor definition of GB, GB wall contour abnormal, or 

collapsed GB, particularly with surrounding pericholecystic 
fluid, raises suspicion for GB perforation. Unusual position 
of the GB or separation of GB from the normal location in 
cases of avulsion. Bile duct injuries. CT aspects. Free fluid 
or loculated collection (bilioma) in right upper quadrant 
adjacent to biliary tree [3, 7].

13.4  CT in Acquired Biliary Tract Pathology

Primitive sclerosing cholangitis (PSC) is an autoimmune 
disease in which the IHBD and EHBD become inflamed, 
scarred, narrowed or blocked. CT aspects and report: alter-
nation of dilatations and areas of stenosis, appearance of 
“winter tree”; lobar atrophy in the affected area; abscesses, 
development of liver cirrhosis and portal HT, development of 
BD carcinoma [3, 5, 34]. Secondary sclerosing cholangitis. 
Occur as a result of chronic bacterial cholangitis secondary 
to biliary strictures/choledocholithiasis; by postischemic BD 
changes; infectious cholangitis from AIDS; secondary to 
congenital bile duct abnormalities; in BD neoplasms; sec-
ondary to postoperative changes of the BD [3, 31].

CT aspects and report: BD dilation with inequalities of 
calibre, contrast enhancement of the BD walls; hyperdense 
biliary lithiasis [3, 5, 31].

Biliary tree lithiasis Composition of gallstones: choles-
terol (70%): transparent (93%), calcified (7%); discreetly 
hypodense compare to the biliary fluid; pure cholesterol 
stones (transparencies); small stones (cholesterol + bilirubin 
+ calcium)—spontaneous hyperdense in CT. Location: intra-
hepatic lithiasis, extrahepatic BD, in the gallbladder, in the 
cystic duct [3, 5]. CT aspects: gallstones are visible in 
60–70% of cases. CT report: location, appearance, size of 
the stone(s), signs of obstruction, complications (Fig. 13.8), 
associated lesions [3, 5, 7, 8].

Fig. 13.8 Calcified biliary lithiasis involving the CHD and the choledoc (white arrow) and liver abscess (black arrow)
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Acute cholecystitis (AC). CT aspects: GB distention; GB 
wall over 3 mm thick, hyperdense; mucosal hyperenhancement; 
densified gallbladder (GB) content; pericolecistic fat stranding 
or fluid; changes in hepatic perfusion in the early AP, with tran-
sient enhancement in the pericolecistic liver parenchyma.

Complications: emphysematous cholecystitis (hyper-
transparent air accumulations in the GB projection area); 
pericolecistic abscess; Mirizzi syndrome; gangrene; 
Bouveret’s syndrome (calculus that eroded the GB wall, 
migrated into the duodenal lumen with obstruction); biliary 
ileus: migration of the GB stone in the gastrointestinal tract 
secondary to bilio-digestive fistula and inclusion in the nar-
rowing areas of the digestive tract: Treitz angle, ileocecal 
valve, sigmoid colon, characterised by diagnostic triad: 
occlusive syndrome, aerobilia and hyperdense lithiasis [3, 
6–8]. Gangrenous cholecystitis: occurs in immunocompro-
mised patients; evolves into parietal necrosis and perfora-
tion; vesicular perforation can be done intraperitoneally, in 
the digestive tract (duodenum, colon) or can be collected in 
the GB bed in the form of a perivesicular abscess [3, 6]. CT 
report: calculus embedded in the cystic duct, pericholecys-
tic inflammatory changes, complications, exclusion of 
acute pancreatitis or of a perforated duodenal ulcer.

Chronic cholecystitis is a chronic inflammation of the GB 
walls. The causes of chronic cholecystitis are GB stones and 
cystic duct obstruction; the GB wall is increased in thickness 
(average 5 mm), with regular or irregular contour. Particular 
forms. Xanthogranulomatous cholecystitis is part of the 
chronic inflammations of the GB, simulating both clinically 
and imagistically a GB carcinoma [3, 7, 8]. The porcelain 
bladder represents the deposition of calcium carbonate in the 
GB wall; associated with GB stones in 90% of cases [3].

CT aspects and report: parietal GB changes associated 
with density content changes (hyperdense content in porce-
lain GB), exclusion of a GB carcinoma [3, 7, 8].

13.4.1  Biliary Tree Tumors

Cholangiocarcinoma (CC). CC are malignant tumors origi-
nating in the BD epithelium with peripheral (intrahepatic), 
centrohilar topography (Klatskin tumor) or located at the 
extrahepatic BD (EHBD) level: common hepatic duct (CHD) 
or choledochus. Intrahepatic CC represents approximately 
20% of all CC, being the second most common liver tumor 
after HCC. In the Klatskin tumors or in tumors of EHBD level, 
there are the following forms: obstructive with amputation in 
U or V (70–85%); stenotic (10–25%) with irregular edges 
appearance; polypoid (5–6%), with upstream BD dilation. The 
incidence of Klatskin’s tumor represents 70% of CC cases. 
Lymphatic extension (48%), infiltration in the liver paren-
chyma (23%); peritoneal determinations (9%); hematogenous 
disseminations are rare (liver, lung, peritoneum).

CT aspects. Intrahepatic CC: focal or segmental dilation 
of IHBD (see Fig. 13.4); segmental BD stenosis or presence 
of endoluminal polypoid mass [35]; spontaneous hypodense 
mass; after CM i.v. injection the tumor demonstrate hetero-
geneous peripheral enhancement with gradual centripetal 
enhancement. The rate and extent of enhancement depend on 
the degree of central fibrosis; segmental atrophy may be 
associated; portal invasion is rare [2, 3, 5–8, 36, 37]. Central 
CC: IHBD dilation, without distal EHBD dilation. Staging 
of the central CC (Bismuth and Corlette classification). Type 
I: tumor at CHD level with respect of the bifurcation. Type 
II: the tumor infiltrates CHD extending to the bifurcation. 
Type III a: infiltration of the CHD, bifurcation with right BD 
extension and right second-order branches involvements. 
Type III b: infiltration of the CHD, bifurcation, left hepatic 
duct, and left second-order BD branches. Type IV: tumor at 
the level of CHD, R and LCHD and of the second order BD 
branches [2, 3, 5–8, 36, 37]. CC at CHD level: mass circum-
scribing the CHD, infiltrative or polypoid type (Fig. 13.9), 

Fig. 13.9 Central cholangiocarcinoma-polypoid type (white arrow) involving the CHD and the bifurcation with symmetrical IHBD dilatation 
(black arrow)
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with upstream BD dilatation. Choledochal CC: more fre-
quently infiltrative lesion, rarely polypoid lesion. Dilation of 
the GB, CHD and IHBD are associated [2, 3, 5–8, 36, 37].

CT report: correct and complete evaluation of the tumor, 
resectability criteria, exclusion of benign BT pathologies, 
associated lesions [12].

Gallbladder carcinoma Represents the fifth tumor, in fre-
quency, from malignant tumors of the gastrointestinal tract [5, 
6]. There are two forms of GB neoplasm: nodular and infiltra-
tive with localized or diffuse thickening of the wall, difficult 
to differentiate from a scleroatrophic GB. The extension is 
made quickly towards the hilum, the hepatic pedicle and into 
the hepatic parenchyma (in the V, VI or IV liver segments). 
Regional lymphadenopathies may be present in the hepatic 
and peripancreatic pedicles. The mechanisms of EHBD 
involvement are represented by direct contiguous invasion or 
compression on CHD or choledocus, given by lymphadenop-
athies or by the tumor mass itself [2, 3, 5–8, 36, 37].

13.5  CT in Pancreatic Pathology

Acute pancreatitis (AP) represents the acute inflammation 
of the pancreatic tissue that causes changes in structure and 
function [1, 5, 6].

CT aspects and report. The Balthazar classification groups 
5 stages: A and B correspond to the oedematous form of AP; 
stage C corresponds to AC that associates peripancreatic 
inflammation; stages D and E correspond to extensive com-
plicated AC with poorly defined-phlegmon-type collections. 
CT visualizes the pancreas in 98% of cases. CT scan high-

light: diffuse increasement with convex edges of the pancreas; 
hypodense/or absence of enhancement of the pancreatic tis-
sue in necrotic areas; peripancreatic fat infiltration; thicken-
ing of the perirenal fascia’s; hyperdense areas (50–70UH) in 
hemorrhagic AP; intra-/peripancreatic fluid collections 
(Fig. 13.10); identification of fluid collection, pseudocyst (s) 
or of abscesses; assess the opportunity and the optimal 
approaches in the post AC encysted collections [1, 3, 5–8].

Chronic pancreatitis (CP) is a persistent and progressive 
inflammation of the pancreatic tissue that leads to irrevers-
ible alterations in anatomical architecture and pancreatic 
function. There are several types of CP: calcified, obstruc-
tive, autoimmune, pseudotumoral, groove pancreatitis [1, 3, 
5, 6]. CT aspects and report: moniliform dilatation of 
Wirsung duct (WD); intrapancreatic, intraductal calcifica-
tions (CT +++); atrophic appearance of pancreatic tissue; 
intra-/peripancreatic pseudocyst, focal/diffuse enlargement 
of the pancreas; moderate dilation of choledoc; others 
lesions: splenomegaly; splenic vein thrombosis; formation 
of arterial pseudoaneurysms; thickening of the peripancre-
atic fascia [1, 3, 5, 6, 12, 38, 39].

Pancreatic pseudocyst is an encapsulated fluid collec-
tion delimited by fibrous tissue with dimensions generally 
between 2–10 cm. Location: 2/3 are located in the pancreas; 
atypical topography: intraperitoneal, retroperitoneal, sub-
capsular (hepatic, splenic, renal), mediastinal, in the cervical 
region. It can communicate with the stomach, duodenum, 
spleen [1, 3, 5–8, 12].

CT aspects and report: fluid/parafluid density (0–30 UH) 
collection with well delineated wall, extremely rare parietal 
calcifications; changes in peripancreatic fat. Complications: 
rupture, hemorrhage, infection, intestinal obstruction [1, 3, 
5–8, 12].

Fig. 13.10 Acute pancreatitis with necrotic areas (white arrow) and multiple peripancreatic fluid collections (dotted arrow)
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13.5.1  Pancreatic Tumors

Serous cystadenoma represents 50% of all pancreatic cystic 
tumors and 1–2% of exocrine tumors of the pancreas; may be 
associated with von Hippel Lindau syndrome [1, 5, 6].

CT aspect: honeycomb cystic areas; after contrast, the 
septa and the periphery enhance; characteristic: central 
fibrous scar sometimes calcified.

Mucinous cystadenoma/cystadenocarcinoma corre-
sponds to a single cystic or multiloculated mass, delimited 
by a thick wall, sometimes with dense nodules on the inter-
nal contour, containing mucin in the cystic areas [1, 3, 5–8, 
12]. CT aspect: intratumoral septa; fluid densities into the 
cysts; the tumor is generally hypovascular; positive enhance-
ment of the walls and septa of the cysts; calcifications. Liver 
metastases are cystic, round with a regular thick wall.

Intraductal papillary mucinous neoplasm (IPMN) rep-
resent a mucinous ductal ectasia, with malignant potential. 
The location is in the WD causing global or focal dilation, or 
in the afferent branches [3, 6, 12]. CT aspects and report. 
Cystic dilatation of WD and related branches; presence of 
mural nodules and thick septa in malignant lesions; pancre-
atic tissue atrophy [3, 6, 12, 40].

Pseudopapillary solid tumor is a cystic and solid tumor 
with a low degree of malignancy [3, 7, 8, 12]. CT aspect: 
heterogeneous mass with important contrast uptake in the 
venous phase (Fig. 13.11); presence of calcifications in 30% 
of cases.

Pancreatic ductal adenocarcinoma (PDAC) is the most 
common malignancy of the pancreas. 65% of cases are inva-
sive tumors which presents at the time of diagnosis distant 
metastases. 21% of cases have lymph node invasion. Only 
14% have a tumor located strictly into the pancreas. CT 
aspects: pancreatic mass (95%), diffuse enlargement (4%), 
normal appearance (1%); hypodense, hypovascularized; 
dilation of choledoc and WD without noticeable tumor mass 
(4%); dilatation of EBD and IHBD (38%), dilatation of WD 
(67%); pancreatic body and tail atrophy of (20%); pseudo-
cyst (11%); calcifications (2%); arterial and venous invasion 

(Fig. 13.12); invasion of lymphatics; venous collateral circu-
lation; thickening of the Gerota fascia; posterior tumor 
extension; extension to the splenic hilum and hepatic hilum; 
contiguous invasion of adjacent organs (duodenum, stom-
ach, root of the mesentery).

CT report: 1. establishing resectability criteria: no contact 
with the celiac axis (CA), SMA, or common hepatic artery. 
Vein: no contact or abutment to the SMV or PV. 2. unresect-
able locally advanced-see Fig.  13.12). Artery: encasement 
(tumor–vascular contact>180°) of the SMA, HA or CA, abut-
ment or encasement of the first jejunal SMA branch, or abut-
ment of the CA and aortic involvement. Vein: occlusion or 
tumor thrombosis of SMV or PV or abutment or encasement 
of the first jejunal SMV branch; unresectable metastatic-dis-
tant metastasis including nonregional lymph node metastasis. 
3. borderline resectable: abutment (tumor–vascular con-
tact<180°) or short encasement of the common HA without 
extension to the CA or HA bifurcation or abutment of the 
SMA or variant artery; abutment or encasement of the CA 
without involvement of the aorta, GDA, and SMA.  Vein: 
abutment, impingement, short encasement of the SMV or PV, 
or short segment venous occlusion [1, 3, 5–8, 12, 41–47].

Pancreatic endocrine tumors Pancreatic neuroendo-
crine tumors are rare tumors that produce hormonal secre-
tion with specific symptoms; the most common are 
insulinomas and gastrinomas. Associated with MEN I syn-
drome; von Hippel Lindau disease, neurofibromatosis and 
tuberous sclerosis. The degree of malignancy is variable [1, 
3, 5–8, 12]. CT aspects. Frequently are tumors with a diam-
eter of less than 3 cm, hypervascularized; bulky tumors have 
necrotic and hemorrhagic areas; In most cases there are no 
signs of WD obstruction. CT aspect: location, number, semi-
ological appearance of the tumor/tumors, signs of malignant 
degeneration, distant metastases.

Pancreatic non-secreting endocrine tumors are often 
larger than secretory neuroendocrine tumors; 80% of tumors 
are hypervascularized; 20% are hypovascularized; cystic/

Fig. 13.11 Pseudopapillary solid tumor-large heterogenous pancreatic mass with cystic and solid areas (white arrow)
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necrotic components are common; bulky tumors may have 
calcifications; tumors over 5  cm are frequently malignant 
and can cause WD obstruction and dilation [1, 5, 6].

CT aspects: intense enhancement in 80% of cases; bulky 
tumors are heterogeneous with necrotic areas and calcifica-
tions. CT report: location, number, semiological appearance 
of the tumor/tumors, signs of malignant degeneration, dis-
tant metastases.

Pancreatic metastases occur in the terminal stages of a 
primary tumor, more commonly in renal cell carcinoma. 
Primary tumors: renal, lung, breast, colon carcinoma, mela-
noma, soft tissue sarcoma [1, 3, 5–8, 12]. CT aspects: nodules 
with heterogeneous appearance (60%), homogeneous (17%), 
iso-/hypodense; hypo-/hypervascularised [1, 3, 5–8, 12].

13.6  CT of Postoperative Complications 
in HBP Surgery

Postoperative complications in HBP surgery are not uncom-
mon, due to high complexity of surgical procedures. MDCT 
is the most effective postoperative imaging procedure used 

in early postoperative period in case of fever, leukocytosis, 
abdominal pain, jaundice or suspicion of bleeding or perito-
nitis. Early complications include collections, vascular 
thromboses, biliary, pancreatic or vascular injuries. Late 
complications are related mainly to the initial disease relapse. 
MDCT protocol include a nonenhanced phase (to detect 
hyperdense collection like hematoma), an AP to assess active 
bleedings and a PVP to detect and characterize complica-
tions like liver abscesses or venous thromboses (portal, 
mesenteric).

Liver injuries Pneumobilia, periportal edema and soft- 
tissue stranding can be normal findings during the early post-
operative period in patients with HBP surgery. Transient 
fluid collections are often seen after HBP surgery and drain-
age is not required, unless clinically indicated. CT aspects. 
Fluid collections are commonly represented by seromas, 
hematomas, bilioma, pancreatic fistula or abscesses 
(Fig.  13.13). MDCT is more accurate than ultrasound for 
diagnosis and characterization of complex collection and is 
used to perform invasive procedure if necessary. CT allows 
assessment of the size, location and content of the collection. 

Fig. 13.12 Invasive pancreatic adenocarcinoma: cephalo-isthmic pancreatic mass (white arrow) with invasion of celiac axis, HA, SMV and PV
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The diagnostic should be correlated with clinical status, lab-
oratory values and surgical procedure. CT-guided procedures 
(puncture with aspiration, percutaneous drainage) are often 
required for diagnostic confirmation. Hematomas are hyper-
dense (attenuation between 50–70 HU) on NECT and may 
show extravasations of CM when active bleeding is present. 
Fluid collections related with leakages from biliary or pan-
creatic fistula have lower attenuation (10–20 HU) and located 
near biliary or pancreatic anastomosis. Biliomas are com-
monly located in the upper right quadrant and appears on 
MDCT as a well-defined fluid collection, rounded or oval 
shaped. Complicated bilioma with hemorrhage or infection 
may have attenuation higher than 20 HU. Collections with 
gas bubbles and wall enhancement are highly suggestive for 
abscesses (see Fig. 13.13). Typical aspect on MDCT of an 
abscess is a well-defined, rounded hypodense mass, with gas 
bubbles inside (in <20% of cases) and wall enhancement 
after administration of intravenous contrast.

Vascular injuries and thromboses Postoperative vascular 
thromboses may include PV, SV, HV, HA, SMA. Vascular 
thrombosis following HBP surgery are rare. MDCTA is used 
for a precise evaluation of the vascular tree. CT aspects. A 
thrombus typically appears as a nonenhancing filling defect 
within the lumen of the vessel, an acute thrombus is hyper-
dense on NECT. MDCT may document associated signs like 
ischemia of the small bowel or perfusion abnormalities of 
the liver.

Biliary injuries The post-cholecystectomy BD injuries 
may be caused by mistakenly placed clips generating steno-
sis of the CHD or erroneous section of BD. CT aspects. 
MDCT with contrast visualizes the fluid collections and dila-

tation of the biliary tract and may detect the level of lesion 
and the associate vascular damage (arterio-venous fistula, 
vasculo-biliary fistula) if exists.

Pancreatic injuries The most common complications of 
pancreatic surgery are pancreatic fistula (related to the WD 
damage), abdominal abscesses, intraabdominal bleeding and 
anastomotic leakage producing peritonitis and pancreatitis of 
the remanent gland. CT aspect. Pancreatic fistula is the most 
common complication after the partial pancreatectomy. The 
most important CT finding is the presence of persistent peri-
anastomotic collection, sometimes with gas bubbles 
included.
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Magnetic Resonance Elastography 
(MRE) to Assess Hepatic Fibrosis

Aliya Qayyum

Abstract

Chronic liver disease and cirrhosis are a major worldwide 
health problem and represent the 11th leading cause of 
death in the USA based on data from 1999 to 2018 [1]. 
There are many etiologies of chronic liver disease includ-
ing hepatotoxic factors such as viral hepatitis B and C, 
alcohol, nonalcoholic fatty liver disease, hemochromato-
sis, and autoimmune hepatitis, as well as biliary factors 
(toxicities) such as primary sclerosing cholangitis and pri-
mary biliary cirrhosis. While liver biopsy is the standard 
of reference for diagnosis and monitoring of liver fibrosis, 
it is an invasive procedure associated with a non-negligi-
ble complication risk [2]. Bleeding occurs in ~1 of 500 
liver biopsies, which may be severe in 1 of 2500 to 10,000 
liver biopsies [3]. Additional important complications 
include sepsis, pneumothorax, and hemothorax. The 
reported mortality risk from liver biopsy is up to 0.3% [4]. 
Aside from complications, liver biopsy is not an accurate 
reference standard. Important limitations of liver biopsy 
include small sample size (~1/50,000 part of liver) result-
ing in sampling errors due to the heterogeneity of diffuse 
liver disease, and high intra- and inter- observer variability 
in interpretation [5–12].

Cross-sectional imaging with ultrasound, CT, and MRI can 
depict morphologic changes that can be present in some but 
not all patients with cirrhosis but liver morphology usually is 
normal with earlier stages of fibrosis. MR elastography 
(MRE) is an non-invasive technique for quantitatively assess-
ing the stiffness of tissue and is now deployed on more than 

1500 MRI systems around the world. MRE is often included 
as part of a standard liver MRI for evaluation of chronic liver 
disease. The normal liver is a soft organ with structural sup-
port mainly from the extracellular matrix of the parenchyma, 
which is comprised largely of collagen and a thin connective 
tissue capsule. In chronic liver injury, activation of the 
hepatic stellate cells to myofibroblasts results in fibrosis. The 
fibrosis is associated with alteration of liver blood flow. Both 
of these factors contribute to an increase in liver stiffness. 
Additional pathological processes that can contribute to liver 
stiffness include venous congestion, biliary obstruction, and 
inflammation within the liver [13]. The premise for clinical 
MRE is based on the altered mechanical properties of dis-
eased tissues. The most successful application of MRE to 
date is in the detection and staging of liver fibrosis, which 
has driven the use of MRE over the last decade. A normal 
liver typically has a stiffness of approximately 2 kPa (similar 
to subcutaneous fat), whereas a cirrhotic liver may have a 
stiffness value of >5 kPa. Shear waves propagating in tissues 
with higher stiffness will have a greater wavelength and a 
faster speed. The basis of MRE exploits the faster propaga-
tion of shear waves in stiffer tissue and slower propagation in 
softer tissue. During MRE, applied vibration to the organ of 
interest is synchronized with a modified phase-contrast MRI 
pulse sequence used to image the propagating shear waves. 
MRE measures the speed of the propagating shear waves. 
The MRE data is used to generate an “elastogram” which is 
a grayscale or color “stiffness” map (i.e., magnitude of the 
tissue shear modulus in kilopascals/kPa, commonly known 
as “shear stiffness” or simply “stiffness”). Liver stiffness is 
independent of magnetic field strength and MRE can be per-
formed on either 1.5T or 3T clinical scanners. However, it is 
necessary to perform liver MRE at the same frequency of 
vibration to achieve comparable measurements (stiffness 
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depends on frequency). Reportedly, a well-performed liver 
MRE study should “achieve a 95% confidence interval for a 
true change in stiffness when there is a measured change in 
hepatic stiffness of 19% or larger” [13–16]. The diagnostic 
accuracy of MRE (0.994 for fibrosis stage >2, 0.985 for 
fibrosis stage >3, and 0.998 for fibrosis stage >4) is reported 
to be greater than that of other tests such as transient elastog-
raphy (TE), serum aspartate aminotransferase to platelets 
ratio index (APRI), and the combination of TE with APRI 
[16].

14.1  MRE Technique

There are three key components to MRE: (1) transducers, (2) 
pulse sequences for data acquisition, and (3) postprocessing 
for converting raw images into an elastogram or stiffness 
map. The transducer generates and transmits mechanical 
waves into an organ of interest in the body (e.g., liver). All 
current commercially available MRE systems use an “active 
driver” located outside the magnet room to generate the low 
frequency pressure waves. These waves are transmitted by a 

coupling tube to a small drum-like device (“passive driver”) 
placed on the chest wall overlying the liver (Fig. 14.1). The 
passive driver converts the pressure waves into vibrations in 
the chest wall which generate shear waves in the liver.

MRE is based on a phase-contrast pulse sequence, with 
superimposed cyclic motion encoding gradients synchro-
nized with the mechanical waves from the transducer. An 
MRE pulse sequence can be either 2-dimensional (2D) or 
3-dimensional (3D). A typical MRE sequence involves a 
modified 2D echo-planar (EPI) imaging (TR/TE 600 ms/min 
full (~554.4); slice/gap 8/2 mm; flip angle default (90); field 
of view 42 cm; matrix 64×64; bandwidth 250 kHz; number 
of excitations (NEX) 2; 4–6 slices acquired through largest 
portion of the liver) (Fig.  14.1). The acquisition time is 
16–19 seconds (I breath-hold).

MRE postprocessing involves the following steps: (1) 
converting the raw phase data into displacement; (2) generat-
ing shear-wave images by removing the compressive wave 
component; (3) generating wave speed from the shear waves 
at the different phase offsets, and (4) generating the elasto-
gram from the wave speed with an inversion algorithm (mea-
surement units in kilopascals, kPa). The standard MRE 

a b

Fig. 14.1 (a) The passive driver (blue circle) is placed on the right 
lower chest wall overlying the liver. The vertical center of the driver is 
in line with the right mid-clavicle (red arrow). The horizontal level of 
the driver (black arrows) is in line with the tip of the xiphisternum 

(green arrow). (b) MRE images are acquired as 4–6 slices (8 mm slices 
with 2 mm gap) at the level of the widest extent of the liver (blue lines), 
while avoiding the liver dome and inferior liver tip
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postprocessing employs a multimodel direct inversion 
(MMDI) algorithm [17]. A confidence map, indicating where 
the inversion algorithm is unreliable (noisy data), is dis-
played as a checkerboard overlay on the stiffness map to 
highlight regions of low confidence. Liver stiffness is calcu-
lated as an average of measurements from ROIs placed at 
multiple liver slice levels while avoiding the checkered 
regions [14].

14.2  MRE Performance

Technical failure rates with MRE are small, reportedly 
occurring in 2–5% of scans [14, 18]. Liver MRE is repeat-
able and reproducible with high inter- and intra-observer 
agreement [19–22]. Liver stiffness measurements with MRE 
have also shown to be comparable across vendors [23, 24], 
and the reported accuracy is superior to routine serum liver 
function tests for detection of significant and advanced fibro-
sis [25–27]. The major advantage of MRE over ultrasound- 

based techniques is the large field of view enabling 
assessment over a much larger liver volume. This is particu-
larly important given the heterogeneous distribution of dif-
fuse liver disease. Patient factors are also less likely to affect 
MRE compared to ultrasound-based quantitative elastogra-
phy. In a review of 153 studies, MRE was the only non- 
invasive technique with reasonable accuracy for diagnosis of 
mild fibrosis [27]. Furthermore, it has been suggested that 
MRE may be useful for predicting inflammatory change in 
patients with nonalcoholic steatohepatitis before develop-
ment of fibrosis [28].

Fibrosis detection and staging: The normal liver is soft and 
has a mean stiffness value of 2.05–2.44  kPa with reported 
ranges from 1.54 to 2.87 [23, 29–31]. Liver stiffness increases 
with the development of fibrosis. MRE detects liver fibrosis 
before the development of morphological changes seen on 
cross-sectional imaging. MRE has a reported accuracy of 
89–99%, sensitivity of 80–98%, and specificity of 90–100% 
[13, 25, 26, 28–32]. The threshold for detecting liver fibrosis 
ranges from 2.4 to 2.93 kPa [13, 16, 25, 28–33]. The variation 
in threshold for detection may be related to population varia-
tion with different liver disease etiologies. MRE stiffness 
thresholds used for staging liver fibrosis are shown in Fig. 14.2 
[14]. The overlap between threshold values for fibrosis stage 
indicates the importance of interpreting liver stiffness mea-
surements within clinical context and test results.

Liver stiffness is calculated as an average using regions- 
of- interest placed at four to six axial levels through the liver. 
A liver stiffness of less than 2.5 kPa is generally considered 
normal. Images from a patient with an average liver stiffness 
of 1.6  kPa consistent with normal liver (no fibrosis) are 
shown in Fig. 14.3.

The severity of liver fibrosis can be readily identified with 
application of a color scale to the stiffness values of the elasto-
gram. For example, the images of two patients with a different 
fibrosis stage due to chronic liver disease are shown in Fig. 14.4.

Typically, diffuse liver disease is heterogeneous as shown 
in Fig.  14.5. The variation in liver fibrosis can be readily 
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2.5 to 2.9 = N or Inflammation

2.9 to 3.5 = Stage 1-2

3.5 to 4.0 = Stage 2-3

4.0 to 5.0 = Stage 3-4

Fig. 14.2 Range of MRE stiffness values (kPa) used to stage liver 
fibrosis and color representation of liver stiffness range on elastograms 
associated with fibrosis stage

a b c

Fig. 14.3 MRI images from a patient with a normal liver. (a) Axial 
T2-weighted image showing liver outlined by a white line. (b) MRE 
phase/wave image through the liver. (c) Color elastogram with checker-

board overlay to highlight regions of low confidence; the liver is purple/
blue based on the color scale. The average liver stiffness was 1.6 kPa 
indicating normal stiffness
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identified on the color MRE elastogram and highlights how 
a liver biopsy can result in incorrect estimation of fibrosis 
stage depending on the region sampled.

As mentioned above, shear waves propagate faster in 
stiffer tissue and are associated with a longer wavelength. 
The longer wavelength is represented by the width of propa-

gating waves on the MRE wave as shown in Fig. 14.6. The 
longer wavelength is reflected in the arbitrary color scale 
assigned to the shear stiffness values.

Liver fibrosis that is detected on MRE may not be appar-
ent on conventional MR images as shown in Fig. 14.7. The 
greater sensitivity of MRE for detection of liver fibrosis has 

a b

Fig. 14.4 Color elastograms from two patients with chronic liver dis-
ease. (a) In the first patient, the average stiffness of the liver (outlined 
by broken line) was 3.5 kPa (mainly green) corresponding to a fibrosis 

stage of 2–3. (b) In the second patient, the average liver stiffness was 
8 kPa (mainly red) corresponding to fibrosis stage 4

a c e

b d f

Fig. 14.5 Patient with nonalcoholic steatohepatitis. (a) T1-weighted 
image of the liver (outlined by a white line). (b) Fat fraction map; the 
estimated liver fat fraction was seven (mild steatosis). (c) MRE magni-
tude image. (d) MRE wave image. (e) Color MR elastogram demon-
strating heterogeneous liver color/stiffness. (f) MR elastogram with 

checkerboard overlay to highlight regions of low confidence. The liver 
biopsy of this patient demonstrated stage 1 portal fibrosis. However, the 
average liver stiffness derived from measurements obtained at multiple 
levels in the liver was 3.9 kPa corresponding to a higher overall fibrosis 
stage of 2–3
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resulted in an increased incorporation of MRE to routine 
liver MRI for assessment of liver disease.

14.3  Pitfalls in Stiffness Measurement

Liver stiffness measurements require manual segmentation 
of the liver on the MR images while avoiding regions of low 
confidence in the liver. It is also important to avoid nonhepa-
tocyte tissues such as major blood vessels, and areas suscep-

tible to artifact such as the left liver (cardiac pulsation 
artifact), diaphragm and liver edges (partial volume averag-
ing effect causing an artificial increased stiffness). Tumors 
within the liver should not be included when assessing back-
ground liver stiffness since tumors and tumor thrombus are 
associated with higher stiffness levels compared to nontumor 
liver parenchyma. For example, Fig.  14.8 shows images 
from a patient with extensive infiltrating hepatocellular car-
cinoma (HCC) and portal vein tumor thrombus resulting in 
marked increased stiffness of the liver. However, the 

a b c

Fig. 14.6 Patient with stage 4 fibrosis. (a) Gray scale and (b) Color 
MRE wave images demonstrate wide shear waves (arrows) in the liver 
due to long wavelength. (c) Color elastogram with large regions of red 

arbitrarily selected to indicate higher stiffness within the liver (outlined 
by white line). The liver stiffness was 6.8 kPa consistent with stage 4 
fibrosis

a b

Fig. 14.7 Liver images from a patient with nonalcoholic fatty liver 
disease, which affects one in three Americans. The conventional liver 
MRI exam showed no evidence of fibrosis. (a) T1-weighted image of 

the liver (outlined in white). (b) MRE color elastogram demonstrating 
extensive red color within the liver consistent with increased liver stiff-
ness and advanced fibrosis
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a

b d f

c e

Fig. 14.8 A 44-year-old man with infiltrating HCC and tumor throm-
bus. (a) T2-weighted image. The liver (outlined by white broken line) 
has extensive high T2-signal intensity due to infiltrating HCC (aster-
isk). Expansile tumor thrombus (arrow) is seen in the right and left por-
tal vein. (b) Contrast-enhanced image. (c) MRE magnitude image. (d) 
MRE wave image with color. The wide bands of color indicate longer 

wavelength and faster wave speed. (e) Color elastogram showing pre-
dominantly red color within the liver consistent with increased stiff-
ness. (f) Color elastogram with checkerboard overlay to highlight 
regions of low confidence. Although the liver stiffness is measured at 
>6 kPa, this cannot be interpreted as fibrosis since the tumor and portal 
vein tumor thrombus will contribute to the high liver stiffness

increased stiffness is likely due to tumor and tumor thrombus 
in the portal vein rather than reflecting liver fibrosis. When 
measuring liver stiffness, it is helpful to use the magnitude 
image for anatomical guidance in order to correctly match 
locations to the elastogram (use table position/slice location 
parameters). Matching anatomy facilitates identification of 
focal lesions on the elastogram. Follow-up imaging should 
use similar liver locations to the baseline scan [34].

14.4  Technical Limitations

There are several technical and biological factors that can 
affect the success of an MRE exam including:

 1. Transducer failure and incorrect settings (e.g., incorrect wave 
frequency and amplitude) and incorrect placement of the pas-
sive driver (driver does not overlie the liver). Additional fac-
tors that result in MRE failure are poor contact between the 
passive driver and patient, loose connection between the plas-
tic tube and passive driver and failure to synchronize the 
active driver with the MRE sequence (Fig. 14.9).

 2. Patient motion, as shown in Fig. 14.10, can degrade the 
MRE image, and intrinsic confounders, e.g. increased 
liver iron (reduces MRI signal), and post-prandial 
increased portal blood flow to the liver (increases liver 
stiffness). In the past, failure rates were more common at 
higher field strengths (3T) but these have been addressed 

by the improvement in pulse sequences. For example, 
ascites and high BMI are not significant causes of techni-
cal failure with up-to-date MRE techniques. Based on a 
recent meta-analyses, the overall technical failure rate of 
MRE is approximately 2%, and most commonly due to 
iron overload in the liver.

Several tactics can enhance the diagnostic quality of MRE 
exams. MRE data should be obtained at end expiration since 
this enables a more repeatable diaphragm position than end- 
inspiration and reduces respiratory motion artifact. 
Performing MRE with sequences that have a shorter echo 
time, such as spin-echo echo-planar imaging (EPI), reduces 
signal loss from increased liver iron. Imaging patients in a 
fasting state (4–6 h) reduces the likelihood of post-prandial 
portal blood flow related artificial increase in liver stiffness 
[35, 36]. The time-to-echo (TE) for MRE should be near or 
at the TE of in-phase imaging to maximize signal intensity of 
the liver parenchyma and avoid loss of signal from liver fat. 
Updated postprocessing techniques should be used as they 
continue to evolve. For example, the newer multimodel 
direct inversion (MMDI) algorithm has better image quality 
and slightly lower stiffness values compared to the previ-
ously used multiscale direct inversion algorithm (MSDI) at 
3T magnet strengths [17]. An average liver stiffness should 
be obtained using multiple regions-of-interest carefully 
placed in the liver to reduce the effects of heterogeneous dis-
ease distribution.
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a b c

Fig. 14.9 Driver failure due to improper connection of coupling tube. 
(a) Phase image which appears “flat” without wave visualization. (b) 
Color map of waves on phase image showing signal loss (dark region). 

(c) Elastogram with checkerboard overlay showing regions of low con-
fidence throughout the image. Stiffness measurements are not possible

a b

c d

Fig. 14.10 MRE failure due to severe respiratory motion artifact. (a) 
Magnitude image demonstrating phase encoding artifact causing an 
overlap/ghosting in the image. (b) Color map of waves on phase image 
showing signal loss (dark region). (c) Color map of elastogram (stiff-

ness map) with motion artifact. (d) Elastogram with checkerboard over-
lay highlights regions of low confidence throughout the image. Stiffness 
measurements are not possible
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Advances in MRE: Current commercially available 
MRE packages employ a two-dimensional wave propaga-
tion model (2D MRE), which assumes that shear waves 
propagate in the plane of acquisition while ignoring waves 
traveling in an oblique direction. This assumption may 
result in an overestimation of liver stiffness. More recently, 
3D MRE has been introduced, employing imaging the wave 
motion and processing the wave images in three dimen-
sions to calculate tissue stiffness. The 3D MRE offers more 
reliable and repeatable measures of liver stiffness with 
larger liver coverage, as well more accurate assessment of 
focal liver lesions. In addition, 3D MRE allows measure-
ment of the subcomponents of the complex shear modulus, 
i.e. the real and imaginary components, which represent the 
elastic (storage modulus, G’) and viscous (loss modulus, 
G”) properties of tissue, respectively. Such quantitative 
biomarkers are  promising for the non-invasive assessment 
of histopathologic processes such as inflammation UCSF 
[14, 37, 38].

14.5  Summary

Liver MRE is a robust technique for liver stiffness quantifica-
tion. Currently MRE is the most accurate non-invasive method 
for detection and staging of liver fibrosis. Advances in MRE 
technology may further our understanding of diffuse and focal 
liver disease and improve patient management in the future.
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FDG-PET for Management 
on Hepato- Pancreato- Biliary Disease

Koji Murakami

Abstract

PET (Positron Emission Tomography) has a unique fea-
ture that is visualized “metabolic activities” of cell, or tis-
sue. Malignant tumors including hepato-pancreato-biliary 
cancer (HPBC) usually shows hypermetabolism of glu-
cose to be depicted clearly by using FDG-PET. PET has 
the advantage of being able to survey the entire body 
because it covers a wide area, but on the other hand, 
because of its low spatial resolution, it is not suitable for 
detecting small lesions. From such features on FDG-PET, 
the major roles for HPBC are staging (detecting lymph 
node, distant metastases), response assessment for 
chemo(radiation) therapy, and early detection of recur-
rence (surveillance). But recent advancement of PET/CT 
camera enables us to detect small lesions which were 
missed by other imaging modalities. We should have a 
good understanding of the characteristics of FDG-PET 
and use it successfully in the management on HPBC 
patients.

15.1  Introduction

FDG-PET is said to be one of the most rapidly popular diag-
nostic imaging modalities in this century not only in Japan 
but in major advanced countries. However, since PET exami-
nation requires a large amount of capital investment, facili-
ties at which PET is available are still limited. PET equipment 
has been introduced mainly in major institutions or diagnos-
tic imaging centers in big cities. Although numerous middle- 
sized and small hospitals cannot economically afford to 
introduce PET, physicians can refer their patients to facilities 
where PET is available. Therefore, it is essential for general 

physicians to gain accurate knowledge about PET, including 
the appropriate indications for PET in order to select patients 
for referral to PET facilities.

General speaking, PET is not always a useful tool espe-
cially for detecting small lesions because of its low spatial 
resolutions. Main purpose of performing PET in malignant 
tumor are to detect lymph node and distant metastases for 
staging, response assessment for chemo (and/or radiation) 
therapy, and early detection of recurrence (surveillance). But 
these indications of PET are a little bit different according to 
the organs and disease. In this article, we review the indica-
tions for PET (or PET/computed tomography [CT]) using 
FDG of the liver, biliary tract, and pancreas.

15.2  FDG-PET Examination for Liver 
Cancer

15.2.1  PET for Hepatocellular Carcinoma (HCC)

HCC is known to show low FDG accumulation. This can be 
explained based on the mechanism of FDG uptake in tumors. 
FDG is an analogue of glucose, and when injected into the 
body, it is taken up by the cells and phosphorylated in the 
same pathway as glucose. The metabolic process of FDG is 
the same as that of glucose up to this point, but the reactions 
of FDG do not proceed further (Fig. 15.1). In other words, the 
FDG remains in the cells as phosphorylated FDG.  On the 
other hand, because dephosphorylating enzyme activity is 
higher in hepatocytes than in other tissues, it is likely that the 
glucose accumulated in normal hepatocyte is dephosphory-
lated again and excreted out of the cells. As activity of dephos-
phorylating enzyme is retained in well-differentiated HCC, 
the tumor shows relatively low FDG accumulation (Fig. 15.2). 
Another reason of low FDG uptake in well- differentiated 
HCC is that the expression of the glucose transporter at the 
surface of cell is fewer compared to other types of malignant 
tumors. On the other hand, poorly- differentiated HCC has 
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weak enzyme activity to show strong FDG uptake [1, 2]. As 
the FDG uptake vary with the degree of differentiation of 
HCC, we may be able to predict, to some extent the degree of 
differentiation of HCC by the degree of FDG uptake, even 
though FDG-PET is not useful for the detection. Furthermore, 
because poorly differentiated HCC is frequently associated 
with metastasis and recurrence, FDG/PET is useful for detect-
ing such metastasis/recurrence to be able to survey whole 
body (Fig. 15.3) [3]. The degree of histological differentiation 
is thought to be correlated with the prognosis, and the poorer 
the degree of differentiation of the HCC, the poorer the prog-
nosis is. Thus, FDG-PET offers the promising tool for pre-
dicting the prognosis of HCC [4, 5].

15.2.2  PET for Cholangiocellular Carcinoma 
(CCC)

CCC is histologically classified as adenocarcinoma, and usu-
ally shows increased FDG uptake (Fig. 15.4) [6, 7]. However, 
since both poorly differentiated HCC and metastatic hepatic 
carcinoma usually shows marked FDG uptake, it is difficult 
to differentiate these malignant liver tumors based on the 
uptake of FDG alone. Other morphological diagnostic imag-
ing such as dynamic CT or magnetic resonance imaging 
(MRI) are indispensable for reference.

Moreover, diagnostic “high-resolution” imaging tools, 
such as direct contrast radiography, endoscopic ultrasound 
(EUS), intraductal ultrasound (IDUS), contrast-enhanced 
CT and MRI, are sufficient for diagnosing the stage of pri-
mary lesions, so that clinical significance of PET is of little 
value for the diagnosis of the T factor in CCC. On the other 
hand, PET may be used as a complementary diagnostic tool 
for the diagnosis of lymph node metastases when diameter of 
which are below 10  mm. FDG positive lymph nodes less 
than 10 mm in diameter suggests a high probability of meta-
static lymph node that is difficult to estimate as metastasis 
only by CT criteria.

PET is also expected to be useful for detecting the pres-
ence/absence of distant metastases and diagnosing recurrent 
disease in CCC. In particular, PET is useful for the diagnosis 
of distant metastasis, as demonstrated by a study which 
showed that the treatment policy was determined by PET in 
17% of the cases [8], or changing the treatment policy in 
30% of the cases [9]. PET also has an excellent ability to 
diagnose recurrent disease, which is difficult to detect after 
hepatic resection or bile duct resection, in view of its excel-
lent contrast resolution.

There are two major pitfalls to be known. One is FDG 
uptake in inflammatory tissue, such as cholangitis which causes 
false positive. Another is weak FDG uptake in slow growing or 
fibrosis abundant tumor which cause false negative.
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Fig. 15.1 Schema of metabolic pathway in cells of glucose and 18-F- 
FDG. FDG take same pathway as glucose till phosphorylation, though 
it does not progress further. Most malignant cell is known to have over-
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15.2.3  PET Examination for Metastatic Liver 
Cancer

The visualization of liver metastases may depend on the his-
tological characters of the primary lesion. In general, when 
the primary lesion shows marked FDG uptake, the metasta-
ses also shows increased FDG uptake. However, the visual-
ization of metastases on PET is also influenced by other 
factors, e.g., such as the tumor size, cell density, presence of 
bleeding/necrosis as tumor-related factors, and the blood 

glucose level, respiratory movements during data acquisition 
as external factors, so and so. Thus, the FDG uptake may dif-
fer between the primary and metastatic lesions depending on 
the aforementioned factors.

As compared with other imaging modalities, PET is not 
the most suitable for the detection of small lesions because 
of its poor spatial resolution. Even if liver tumors show FDG 
avidity, tumor uptake of FDG must be stronger than the 
physiological liver uptake to be clearly recognized. Even 
considering these factors, it is sure that both the contrast 

a

c

b

Fig. 15.2 A case of well-differentiated HCC. (a, b) Arterial and portal phase of dynamic CT. Typical enhancement pattern of HCC was shown; 
(c) FDG-PET. There was no FDG uptake
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resolution and specificity of PET is superior to that offered 
by plain or contrast-enhanced CT (Fig.  15.5). In addition, 
recent technological advances in PET cameras have signifi-
cantly improved spatial resolution, and the detection rate of 
small lesions is improving year by year.

CT alone is sometimes inadequate for differentiating 
small liver tumors, such as cysts from hemangiomas or 
hepatic metastases even if dynamic contrast imaging is per-
formed, because small tumors do not always show character-
istic hemodynamics. MRI (especially contrast MRI and 
diffusion weighted MRI) may be currently the best imaging 
method for detecting small liver metastases, but it is also dif-
ficult to make differential diagnosis of small liver tumor by 
means of MR signal. In such cases, FDG-PET is highly use-

ful for deciding diagnosis due to its high specificity, though 
it should be noted that it is effective for tumors with strong 
FDG accumulation such as colon cancer and pancreatic can-
cer, but weak accumulation such as renal cell cancer.

PET has another advantage of being able to screen the 
whole body. Ruers et al. [10] focusing on the usefulness of 
PET for the detection of metastatic lesions in addition to pri-
mary hepatic tumors. There is a literature also emphasis of 
the merit of FDG-PET to find restaging disease and it has 
additional clinical value in management of solitary liver 
metastases [11].

PET is expected to play an important role in the future for 
assessment of the therapeutic response of molecular-targeted 
drugs. Molecular-targeted drugs have been reported to show 

a

d e

b c

Fig. 15.3 A case of mixed type HCC with extrahepatic metastases. (a) 
Arterial phase of dynamic CT; (b) Portal phase of dynamic CT. A tumor 
showed early enhancement which is a feature of HCC, though it also 
had lobular border and delayed enhancement that are the features of 

CCC (cholangiocellular carcinoma). Pathological diagnosis was mixed 
type HCC; (c) This type of HCC showed strong FDG accumulation; (d, 
e) This case also had lymph node and bone matastases (arrow)
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less effective for decreasing tumor size compared to conven-
tional cytotoxic anticancer drugs because of its cytostatic 
feature. Consequently, the findings of PET have attracted 
attention as surrogate markers for evaluating the effects of 
the molecular-targeted drugs. At present, molecular-targeted 
drugs are widely used in the treatment of lung cancer, breast 
cancer and gastrointestinal stromal tumors, which are fre-
quently happens liver metastases. Since PET allows detec-
tion of not only liver metastases but also metastases elsewhere 
in the body, it is expected to play a more important role in the 
future as surrogate markers [12].

15.3  FDG-PET Examination for Biliary 
Cancer

According to the report of Petrowsky et al. [8], the diagnostic 
accuracy of FDG-PET was 53% for extrahepatic bile duct 
cancer that is indicative of a poor diagnostic performance. 
The flat “infiltrating” type, which is the most common histo-
logical type of extrahepatic bile duct cancer, is characterized 
with abundant fibrosis and endoluminal extension not to 
form “mass”. Such histological and morphological features 
are major reasons for the poor diagnostic value in FDG-PET 
of this tumors.

On the other hand, the papillary type (one of minor sub-
type of bile duct cancer) that are characterized by a massive 
form and protruding growth into the lumen sometimes shows 
increased uptake of FDG.  PET has been shown to have a 
high sensitivity for the detection of this histological type of 
bile duct cancer [9, 13].

PET examination for bile duct cancer is desirable to be 
performed prior to the insertion of PTCD tube, because stim-
ulation to the tip of the inserted tube causes cholangitis. It 
may cause pseudo-positive result.

Although FDG also accumulate to the lymph node metas-
tases of extrahepatic bile duct cancer, it is incapable of 
revealing microscopic metastases. In other words, FDG-PET 
is not useful for the detection of lymph node metastases from 
extrahepatic bile duct cancer because of its low sensitivity 
[13]. Thus, FDG-PET appears to be limited usefulness for 
the diagnosis of bile duct cancer for staging before therapy.

Most valuable occasion to perform PET in biliary cancer is 
to find distant metastases or early detection of recurrence. 
Though morphological or anatomical change caused by surgi-
cal procedure sometimes makes difficult to find tumor recur-
rence, PET can play a great role to find missed tumors [14].

15.4  FDG-PET Examination for Gallbladder 
Cancer

FDG-PET has a sensitivity of 75–100% and specificity of 
80–89% for the detection of primary gallbladder cancer in 
the literature (Fig.  15.6). However, ultrasound, MRI, and 
contrast-enhanced CT would be better for the detection of 
this cancer because of its high spatial resolutions. FDG-PET 
is reported to be useful for differentiating benign from malig-
nant gallbladder tumors [15] though acute cholecystitis and 
mass-forming xanthogranulomatous cholecystitis may also 
show marked FDG uptake (Fig. 15.7). Thus, the ability of 
this modality to allow differentiation among these tumors 

a b

Fig. 15.4 A case of cholangiocellular carcinoma (CCC). (a) Non-contrast CT obtained by PET/CT (low-dose CT); (b) FDG-PET. CCC is usually 
depicted as FDG-avid tumor unlike HCC
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a

c

e f

d

b

Fig. 15.5 A case of cecum cancer with small liver metastases; (a) MIP 
(Maximum Intensity Projection) image (b) fusion image of PET/
CT. Both of PET images clearly shows liver metastases (arrow) besides 

primary cecum cancer (arrow head). (c) contrast CT; (d) T2WI; (e) con-
trast MRI using EOB-DTPA; (f) Diffusion weighted MRI. The small 
liver lesion is hard to pointed out both by CT and MRI except DWI
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a b

Fig. 15.6 Gall bladder cancer with hilar lymph node metastases. (a) 
CE-MRI (coronal section) showed poorly enhanced tumor near pancre-
atic head (arrow). The tumor was thought to be primary lesion at first; 

(b) PET/CT (with CE) demonstrated two FDG-avid lesions (arrow). 
Gall bladder cancer and its metastases usually shows strong FDG 
deposit

a b

Fig. 15.7 A case of acute cholecystitis. (a) CE-MRI (coronal section) 
showed irregular wall thickening of gall bladder (arrow) with hilar bile 
duct stenosis; (b) PET/CT performed after PTC. Gall bladder showed 

strong FDG accumulations (arrow) though pathological diagnosis was 
acute cholecystitis. Discrimination between active inflammation and 
tumor is difficult by accumulation of FDG
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remains controversial. For gallbladder cancer, the primary 
aim of performing FDG-PET would be to find distant metas-
tases and recurrence same as that of biliary cancer mentioned 
before.

15.5  FDG-PET Examination for Pancreatic 
Cancer

The 2019 edition of the Clinical Practice Guidelines for 
Pancreatic Cancer in Japan [16] recommends contrast- 
enhanced (dynamic) CT as the first-line diagnostic imaging 
method in pancreatic cancer practice, followed by MRI and 
US for detection and qualitative diagnosis. According to this 
guideline, FDG-PET is “weakly recommended not to be per-
formed” the reason of which is that FDG accumulates in 
inflammation, so the specificity is insufficient. Other reason 
includes PET to be economically expensive and having radi-
ation exposure. In other words, if contrast-enhanced dynamic 
CT is performed and additional examinations such as US, 
MRI, ERCP, and EUS are performed, it can be said that the 
information that can be added by FDG-PET is limited.

On the other hand, when the pancreas is not the target 
organ, plain CT or CT with only one phase contrast- 
enhancement is often performed. In such cases, small pan-
creatic cancers are sometimes missed especially in the case 
of uncinate pancreatic cancer without dilation of the main 
pancreatic duct. In the past, small pancreatic cancer which is 
overlooked by CT was also difficult to detect by PET because 
of its low spatial resolution, but recent advances in PET/CT 
detectors and image reconstruction algorithm have dramati-
cally improved spatial resolution. Therefore, the number of 
cases of small pancreatic cancer that is missed by CT but is 
detected by FDG-PET is increasing (Fig. 15.8).

Regarding to qualitative diagnosis, it is sure that chronic 
pancreatitis can be differentiated from cancer because of its 
lower FDG uptake compared to those of cancer. However, 
the inflammatory cells also show increased FDG uptake 
because of the accelerated glucose metabolism, differentia-
tion between acute pancreatitis and cancer is difficult. 
Accordingly, positive findings obtained in patients who have 
clinical symptoms of pancreatitis or biochemical evidence of 
inflammation should be interpreted with caution. Imdahl 
et al. [17] reported that delayed PET imaging is useful for the 
differentiation of cancer from acute pancreatitis as cancer 
shows increasing deposit in delayed phase. However, a con-
troversial study has reported that FDG uptake is enhanced in 
the delayed phase even in cases of inflammation. Thus, 
FDG-PET cannot be regarded as a reliable imaging tool for 
differentiation between acute pancreatitis and cancer even 
though obtaining delayed images.

FDG-PET has been reported to play significant roles in 
the differentiation of IgG4-related pancreatitis among cases 
of pancreatitis. This disease has been defined to be a sys-
temic disease complicated by inflammation in various organs 
other than pancreas. FDG-PET is reported as effective tools 
for evaluating the lesions [18] because various organs, such 
as the salivary glands, hilar lymph nodes, lungs (interstitial 
pneumonia), kidney (nephritis) and retroperitoneum are 
sometimes suffered simultaneously. In other words, abnor-
mal FDG uptake other than the pancreas may raise a suspi-
cion of IgG4-related pancreatitis rather than pancreatic 
cancer (Fig. 15.9).

In cases of pancreatic cancer, PET is the most powerful 
tool for finding distant metastasis (Fig. 15.10) and recurrence 
(Fig. 15.11). Local recurrence is sometimes difficult to evalu-
ate by conventional morphological imaging alone because it 
is associated with treatment-related morphological changes, 

a b c

Fig. 15.8 A case of pancreatic uncinate cancer incidentally found by 
FDG-PET performed for staging of ascending colon cancer. (a) MIP 
(b) fusion of PET/CT.  Both of FDG-PET image revealed abnormal 

accumulation at the pancreatic head (arrow) besides ascending colon 
(arrow head). (c) contrast CT performed for staging of colon cancer. It 
was difficult to detect pancreatic tumor by this image

K. Murakami



131

such as fibrosis, hemorrhage, etc. Moreover, as pancreatic 
cancer has character of poor vascularity, it is difficult to eval-
uate the tumor based on the dynamic contrast study. Under 
this circumstance, PET may be of great value for visualizing 
the lesion because of its high contrast resolution.

Another reason of difficulty to detect distant metastasis 
based on conventional imaging is difficulty to predict the site 
of metastasis. The merit of whole body imaging on PET is of 
great value particularly when recurrence is suspected by 
clinical symptoms such as the development of pain or 
increased serum levels of tumor markers, etc. Ruf et al. [19] 
performed PET, CT and MRI in 23 patients with clinically 

suspected recurrence of pancreatic cancer based on the 
development of postoperative pain, decreased body weight 
and increased serum levels of tumor markers, and confirmed 
recurrence by PET in 22 of the patients (96%) on PET, but in 
only nine patients (39%) by CT/MRI.

Besides FDG-PET, Somatostatin Receptor Scintigraphy 
(SRS) are very beneficial for clinical practice in pancreatic 
neuroendocrine tumor (PNET). Some advanced countries 
have already applied SRS as clinical PET imaging using 
68Ga-DOTA-TOC or 68Ga-DOTA-TATE.

As FDG accumulation represents the proliferative capac-
ity of tumor cells, low-grade G1 accumulation is low, high- 

a b

Fig. 15.9 IgG4 related pancreatitis. (a) PET/CT showed strong FDG 
accumulation to whole pancreas with swelling (arrow). (b) MIP image 
of PET. Besides diffuse uptake to pancreas, symmetrical FDG deposit 

was noted at bilateral salivary glands and hilar, mediastinal lymph 
nodes (arrow). Distribution of suffered organ is characteristic of this 
disease

a b c

Fig. 15.10 A case of pancreatic tail cancer with multiple metastases. (a) MIP image clearly shows all lesions at pancreatic tail (arrow), liver and 
spine (arrow heads). (b, c) fusion image of PET/CT. PET only could be able to point out the bone metastases at the spine
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grade G3 and NEC (Neuroendocrine Cancer) have strong 
accumulation [20]. Therefore, FDG-PET is effective for 
searching metastasis of high-grade PNET, and is recom-
mended as Grade A in “Pancreatic and gastrointestinal 
 neuroendocrine tumor (NEN) clinical guidelines 2nd edi-
tion” in Japan [21].

On the other hand, SRS has strong accumulation in G1 
with high somatostatin receptor expression and low accumu-
lation in poorly differentiated G3/NEC, which is inversely 
related to FDG accumulation. Therefore, it is important to 
use FDG-PET and SRS properly according to the degree of 
differentiation and malignancy of the tumor, and they play 
complementary roles.

Since this chapter focuses on FDG, details are omitted, 
though SRS using PET is very promising modality in the 
future because it is directly linked to internal radiation ther-
apy if the labeled radioisotope is replaced from positron 
emitter to α-ray or β-ray emitting nuclides, the therapy of 
which is called peptide receptor radionuclide therapy 
(PRRT) [22].

15.6  Conclusion

In this review, the usefulness and limitations of PET/CT for 
the evaluation of lesions in the liver, gallbladder, and pan-
creas were outlined. Ultrasound and dynamic CT are the 
simplest and most economical imaging modalities for the 
diagnosis of lesions in these organs. In addition, many other 

imaging tools, such as MRI, EUS and IDUS, are also avail-
able for detailed evaluation of these organs. All of these 
methods are used as “high-resolution” diagnostic imaging 
for visualizing “locoregional areas,” and PET is unlikely to 
play an important role in the local diagnosis of the lesion. 
On the contrary, PET (PET/CT) involves whole-body imag-
ing and is quite useful for visualizing distant metastases and 
unexpected recurrences. Therefore, PET/CT appears to be 
of significance in the evaluation of the whole body in cases 
with somewhat advanced or atypical tumors. On the other 
hands, recent advancement in PET/CT dramatically 
improved spatial resolution and enable us to find unexpected 
pancreatic lesions. SRS using PET/CT also is very promis-
ing modality in the future because it is directly linked to 
PRRT for PNET.
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for Hepato- Pancreato- Biliary Diseases
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Abstract

Endoscopic ultrasound (EUS) equipped with an ultra-
sound transducer at the tip of gastrointestinal endoscopy 
plays crucial roles for diagnosis of hepato-pancreato- 
biliary diseases because of high spatial resolution. In par-
ticular, EUS has advantages over the other imaging 
methods in detection of small lesions. In addition, recent 
advances in ultrasound technology such as contrast 
enhancement and tissue elastography allowed character-
ization of the undetermined lesions. EUS-guided fine-
needle aspiration has a high sensitivity and specificity in 
pathological diagnosis of pancreatic tumors with <1% of 
complications. This technique has been extensively 
applied to treatment of hepato-pancreato-biliary diseases 
with puncture of a needle, through which we can perform 
injection with liquid materials and ablation of the tumors 
as well as drainage of pancreato-biliary ducts and abdom-
inal abscess.

16.1  Introduction

Owing to its high spatial resolution, endoscopic ultrasound 
(EUS) equipped with an ultrasound transducer at the tip of a 
gastrointestinal endoscope plays a crucial role in the diagno-
sis of hepato-pancreato-biliary diseases. In particular, EUS 
has advantages over other imaging methods with respect to 
the detection of small lesions. Furthermore, recent advances 
in ultrasound technology such as contrast enhancement and 
tissue elastography has enabled the characterization of unde-
termined lesions.

EUS-guided fine-needle aspiration (EUS-FNA) for the 
pathological diagnosis of lesions with a complication rate of 

<1% has a high sensitivity and specificity (Fig. 16.3). EUS- 
FNA with needle puncture, through which liquid material 
injection, tumor ablation, and pancreatobiliary duct and 
abdominal abscess drainage can all be performed, has been 
extensively applied to the treatment of hepato-pancreato- 
biliary diseases.

16.2  Diagnosis

16.2.1  Pancreatic Cancers

16.2.1.1  Imaging
EUS images of pancreatic cancer show heterogeneous 
hypoechoic lesions with irregular margins. The sensitivity of 
EUS has been reported to be superior to that of computed 
tomography (CT) (98% vs. 74%) in 19 studies and abdomi-
nal ultrasound (94% vs. 67%) in four studies [1]. EUS is a 
particularly valuable tool for diagnosing early pancreatic 
cancers. Kanno et  al. reported stage 0 pancreatic tumor 
detection rates of 8.8%, 10%, 10.9%, and 24.4% as well as 
stage I pancreatic tumor detection rates of 67.3%, 65.8%, 
57.5%, and 92.4% for abdominal ultrasound, CT, magnetic 
resonance imaging (MRI), and EUS, respectively [2]. A 
meta-analysis focusing on the diagnostic performance of 
EUS in detecting pancreatic cancers missed on CT reported 
a pooled sensitivity of 85%, pooled specificity of 58%, and 
area under the curve (AUC) of 0.8 [3].

Considering the usefulness of EUS in diagnosing pancre-
atic cancers that are not detectable on CT, EUS is strongly 
recommended to be performed in patients with indirect find-
ings (e.g., dilated main pancreatic duct with no visible lesion 
on other imaging modalities) in order to diagnose pancreatic 
cancer (Fig. 16.1). Nonetheless, characterization of pancre-
atic lesions is difficult with conventional EUS because most 
solid pancreatic lesions are detected as hypoechoic lesions 
on EUS.  In this regard, contrast-enhanced harmonic EUS 
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(CH-EUS) and EUS elastography can improve the ability to 
characterize pancreatic lesions.

Signals from microbubbles produced by intravenously 
administered contrast agents are detected and selectively fil-
tered in CH-EUS. Pancreatic cancer, inflammatory masses, 
and neuroendocrine tumors generally exhibit hypo- 
enhancement, iso-enhancement, and hyper-enhancement 
patterns, respectively (Fig.  16.2), on CH-EUS.  A meta- 
analysis involving 887 patients from nine articles investigat-
ing the differential diagnosis of pancreatic lesions reported a 
pooled sensitivity of 93%, pooled specificity of 80%, and 
area under the summary receiver operating characteristic 
(SROC) curve of 0.97 [4]. Moreover, CH-EUS is superior to 
contrast-enhanced CT and MRI in patients with contraindi-
cations, such as renal failure and contrast allergy, given that 
adverse reactions to contrast agents for CH-EUS are rare in 
humans [5]. Hence, CH-EUS is both useful and effective in 
the differential diagnosis of pancreatic carcinomas.

As malignant tumors are generally harder than benign 
tumors, EUS elastography can enhance the ability to charac-
terize elastic pancreatic lesions. With respect to the underly-
ing principle, the strain created by the compression of target 
tissues with the EUS probe or cardiovascular pulsation 
through the aorta is expressed on ultrasound images [6], with 
a higher strain indicating softer tissues and a lower strain 
reflecting harder tissues [7]. A meta-analysis of 19 studies 
enrolling 1687 patients reported a pooled sensitivity of 98%, 
pooled specificity of 63%, and area under the SROC curve of 
0.91 for the differential diagnosis of pancreatic lesions using 
EUS elastography [8]. Thus, EUS elastography is also effec-
tive for the differential diagnosis of pancreatic cancers.

16.2.1.2  EUS-FNA
EUS-FNA is employed for the acquisition of tissue samples 
from pancreatic lesions using 19–25 G needles and is cur-
rently regarded as the most effective method for obtaining 
pancreatic samples with a complication rate of <1% [9]. A 
meta-analysis involving 31 studies reported a pooled sensi-
tivity of 89%, specificity of 96%, and AUC of 0.97 for the 
ability of EUS-FNA to diagnose pancreatic cancers [10]. 
Therefore, EUS-FNA is useful for the pathological diagnosis 
of pancreatic lesions (Fig. 16.3).

A previous study investigating needle tract seeding after 
preoperative EUS-FNA in patients who underwent surgery 
for pancreatic body and tail cancers reported a five-year 
cumulative needle tract seeding rate of 3.8% (95% confi-
dence interval [CI], 1.6–7.8%), which was estimated using 
the Fine and Gray method, and showed no significant differ-
ence in the median recurrence-free survival or overall sur-
vival between the EUS-FNA and non-EUS-FNA groups 
[11]. Preoperative EUS-FNA for pancreatic body and tail 
cancers has no negative effect on recurrence-free survival or 
overall survival; nevertheless, needle tract seeding after 
EUS-FNA was observed to have a non-negligible rate. 
Hence, we should always consider the possibility of needle 
tract seeding when performing EUS-FNA for pancreatic 
cancers.

16.2.1.3  Staging
Pooled summary estimates from a meta-analysis indicated a 
sensitivity of 85%, specificity of 91%, and AUC of 0.94 for 
the assessment of vascular invasion with EUS and a sensitiv-
ity of 69%, specificity of 81%, and AUC of 0.83 for nodal 

a b

Fig. 16.1 Representative endoscopic images of a small pancreatic car-
cinoma which contrast-enhanced multidetector-row computed tomog-
raphy (MDCT) detected only main pancreatic duct dilation (indirect 
findings) without depiction of the lesion. (a) MDCT: Although the main 

pancreatic duct dilation (arrow) was detected by contrast-enhanced 
MDCT, it failed to depict the pancreatic lesion. (b) Endoscopic ultraso-
nography (EUS): EUS shows a hypoechoic lesion of 8  mm in size 
(arrowhead) with main pancreatic duct dilation (arrow)
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a

b

c

Fig. 16.2 Typical patterns for contrast-enhanced endoscopic ultraso-
nography (CH-EUS) findings of pancreatic solid lesions. (a) Typical 
case of hypo-enhancement (a pancreatic cancer). CH-EUS image: 
CH-EUS (right) shows that the lesion (arrowhead) has a lower intensity 
echo signal than that of the surrounding pancreatic tissue. (b) Typical 
case of iso-enhancement (an inflammatory mass). CH-EUS image: 

CH-EUS (right) shows that the lesion (arrowhead) has signals of iso-
intensity compared to that of the surrounding pancreatic tissue. (c) 
Typical case of hyper- enhancement (a neuroendocrine tumor). CH-EUS 
image: CH-EUS (right) shows that the lesion (arrowhead) has a higher 
intensity echo signal than that of the surrounding pancreatic tissue
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staging with EUS in patients with pancreatic cancers [12]. 
Minaga et  al. reported that the diagnostic accuracy of CT, 
conventional EUS, and CH-EUS for staging metastasis in the 
left hepatic lobe was 90.6%, 93.4%, and 98.4%, respectively, 
and showed that the sensitivity and accuracy of CH-EUS for 
diagnosing metastasis in the left hepatic lobe were signifi-
cantly higher than those of conventional EUS or CT. In par-
ticular, the sensitivity of CH-EUS for the detection of small 
liver metastasis (<10 mm) was considerably higher than that 
of CT or conventional EUS (P < 0.001). In 2.1% of patients, 
only CH-EUS could detect a single distant metastasis in the 
left hepatic lobe, thereby upgrading tumor staging and alter-
ing clinical management [13]. With respect to resectability, a 
meta-analysis of eight studies enrolling 4903 patients indi-
cated that EUS alone identified unresectable diseases in 19% 
of patients after they were diagnosed with resectable pancre-
atic cancer by CT [14]. Hence, EUS is an important tool for 
the determination of pancreatic cancer stage.

16.2.2  Intraductal Papillary Mucinous 
Neoplasms (IPMNs)

16.2.2.1  Imaging
Mural nodules (MNs) in IPMNs are important factors for the 
determination of surgical indications and have a positive pre-
dictive value of 62.2% for malignancy according to a meta- 
analysis of 70 studies involving 2297 resected IPMNs. The 
MN size also has a considerable effect on the prediction of 
IPMNs with both invasive cancer and high-grade dysplasia, 
with a standardized mean difference of 0.79. However, no 
reliable cut-off value for the MN size was identified owing to 

the heterogeneity of proposed thresholds. Multivariate anal-
ysis revealed that MN was the only independent predictor of 
invasive cancer and high-grade dysplasia for all IPMN types 
[15]. Additionally, all studies included in the meta-analysis 
used CH-EUS for MN assessment. Therefore, CH-EUS is 
the best tool for characterizing size and has the best accuracy 
for predicting malignancy in IPMNs.

Kamata et al. followed up 102 patients with branch-duct 
IPMNs for a median of 42 months and concluded that EUS 
was useful for the early detection of newly developed con-
comitant pancreatic carcinomas, reporting 3- and 5-year 
rates of 4% and 8.8%, respectively. In their study, the sensi-
tivity and specificity for pancreatic cancer detection in 
patients with IPMNs were 100%, 100% on EUS and 39%, 
99% on abdominal ultrasound and 56%, 100% on CT and 
50%, 100% on MRI, respectively. EUS was significantly 
superior to other modalities [16].

16.2.2.2  EUS-FNA
EUS-FNA is also performed to diagnose cystic lesions. A 
meta-analysis of eight studies including a total of 1438 
patients evaluated the diagnostic accuracy of EUS-FNA for 
distinguishing mucinous from non-mucinous cystic lesions 
with cyst-fluid analysis for cytology and carcinoembryonic 
antigen (CEA). The most promising cystic fluid biomarker 
was CEA level, which was increased in mucinous cysts but 
was low in serous cystadenomas and benign lesions. The 
optimum threshold for cyst-fluid CEA level was 192 ng/mL 
in this study, indicating high discriminatory accuracy. 
Furthermore, the pooled sensitivity and specificity were 54% 
and 93% for cytology and 63% and 88%, for CEA level, 
respectively [17]. EUS-FNA, when used in conjunction with 

a b

Fig. 16.3 Endoscopic ultrasonography-guided fine-needle aspiration 
(EUS-FNA) for a small pancreatic lesion. (a) Image during EUS-FNA: 
EUS-FNA was performed for the diagnosis of small pancreatic lesion 
of 6 mm in size (arrowhead). The arrow indicates the EUS-FNA needle. 

(b) Cytology of EUS-FNA sample: Papanicolaou staining revealed 
adenocarcinoma with high nuclear-to-cytoplasmic ratio and irregular 
nuclear contours
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cross-sectional imaging, is a useful diagnostic tool for the 
correct identification of mucinous cysts.

16.2.3  Ampullary Cancers

Ampullary cancers without submucosal or ductal infiltration 
that are confined to the ampulla are considered amenable to 
endoscopic resection [18–22] because neither vascular inva-
sion, lymphatic permeation, nor lymph node metastasis is 
observed in patients when the lesions are restricted to the duo-
denal mucosa [22, 23]. A meta-analysis of 14 studies investi-
gating ampullary cancer staging by EUS in 422 patients 
reported a pooled sensitivity and specificity of 77% and 78% 
for T1 staging, 73% and 76% for T2 staging, 79% and 76% for 
T3 staging, 84% and 74% for T4 staging, and 70% and 74% 
for N staging, respectively [24]. Therefore, EUS is important 
for prognostic prediction and  determination of the most appro-
priate therapeutic approach for ampullary cancers.

16.2.4  Bile Duct Cancers

A comparison of different diagnostic tools for the detection 
of cholangiocellular carcinomas indicated the following 
accuracy rates: 92% for endoscopic retrograde cholangio-
pancreatography (ERCP)/intraductal ultrasound (IDUS), 
74% for endoscopic transpapillary forceps biopsy (ETP), 
92% for IDUS + ETP, 70% for EUS, and 79% for CT. An 
analysis of accuracy rates with respect to localization of bile 
duct stenosis revealed that the accuracy rate of EUS for prox-
imal versus distal stenosis was significantly higher than that 
for distal stenosis (79% vs. 57%; P < 0.0001) [25]. ERCP/
IDUS is superior to EUS and CT in establishing accurate 
diagnoses of bile duct strictures of uncertain etiology. Hence, 
multimodal diagnostic imaging is recommended for bile 
duct cancers.

16.2.5  Gallbladder Cancers

Diagnosis using imaging modalities is important because 
preoperative pathological diagnosis is difficult in gallbladder 
cancers. Malignancy diagnosis with conventional EUS and 
CH-EUS for 36 gallbladder wall thickening lesions had been 
reported to have an overall sensitivity of 61–87% and 
90–97%, specificity of 65–83% and 56–98% (P  <  0.001), 
and accuracy of 73–86% and 94–96%, respectively [26–28]. 
An inhomogeneous enhanced pattern on CH-EUS was a 
strong predictive factor for malignant gallbladder wall thick-
ening. CH-EUS has the potential to improve preoperative 
diagnostic accuracy in the differential diagnosis of gallblad-
der wall thickening.

16.3  Therapy

16.3.1  Drainage

16.3.1.1  EUS-Guided Biliary Drainage (EUS-BD)
Transpapillary drainage with ERCP is generally performed 
for malignant biliary obstruction. Nonetheless, some previ-
ous studies have reported difficulty in biliary cannulation in 
15–22% of patients [29, 30], occurrence of post-ERCP pan-
creatitis (PEP) in 3–15% of patients [31], and an inaccessible 
biliary orifice due to duodenal stenosis in 7–13% of patients 
with pancreatic head cancers [32].

Percutaneous transhepatic biliary drainage is convention-
ally performed when ERCP fails; however, this procedure 
has several disadvantages, including tube dislocation, exter-
nal drainage, and cosmetic problems. The recently devel-
oped EUS-BD is carried out when endoscopic transpapillary 
drainage fails in patients with distal malignant biliary 
obstruction. Important advantages of this method over other 
procedures include internal drainage and prevention of PEP 
(Fig.  16.4). A meta-analysis of four studies enrolling 302 
patients revealed no difference in technical success (risk 
ratio [RR], 1.00; 95% CI, 0.93–1.08), clinical success (RR, 
1.00; 95% CI, 0.94–1.06), and total adverse events (RR, 
0.68; 95% CI, 0.31–1.48) between EUS-BD and ERCP 
drainage as primary treatment for distal malignant biliary 
obstruction. EUS-BD was associated with lower rates of PEP 
(RR, 0.12; 95% CI, 0.02–0.62), stent dysfunction (RR, 0.54; 
95% CI, 0.32–0.91), and tumor ingrowth and overgrowth 
(RR, 0.22; 95% CI, 0.07–0.76). No differences in reinterven-
tions (RR, 0.59; 95% CI, 0.21–1.69), procedural duration 
(weighted mean difference, −2.11; 95% CI, −9.51–5.29), 
stent patency (hazard ratio, 0.61; 95% CI, 0.34–1.11), and 
overall survival (hazard ratio, 1.00; 95% CI, 0.66–1.51) were 
observed [33]. With adequate expertise in endoscopy, 
EUS-BD can show the same efficacy and safety as ERCP for 
the primary palliation of distal malignant biliary obstruction 
and exhibits several clinical advantages with respect to 
complications.

16.3.1.2  EUS-Guided Pancreatic Duct Drainage 
(EUS-PD)

EUS-PD is considered a feasible alternative to percutaneous 
drainage (PCD) or surgical drainage when endoscopic retro-
grade pancreatography is unsuccessful in patients with pan-
creatic ductal obstruction (Fig. 16.5). The overall technical 
and clinical success rates of EUS-PD had been reported to be 
85% (339/401; range, 63–100%) and 88% (328/372; range, 
76–100%), respectively. Additionally, 25% (102/401) of 
cases experienced short-term adverse events, including 
abdominal pain (n = 45), acute pancreatitis (n = 17), bleeding 
(n = 10), and problems associated with pancreatic juice leak-
age such as perigastric or peripancreatic fluid collection 
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(PFC; n  = 9) [34]. EUS-PD continues to be a challenging 
procedure associated with a high risk of adverse events; 
nonetheless, it is an alternative tool for pancreatic duct drain-
age in patients with altered anatomy or selected patients for 
whom ERCP conducted by experts at high-volume centers is 
unsuccessful.

16.3.1.3  EUS-Guided PFC Drainage
EUS-guided drainage has become a widely accepted treat-
ment option for PFC.  In the early days, EUS-guided PFC 
drainage was performed using double-pigtail plastic stents 
(DPPSs) to minimize migration risk. However, endoscopists 
eventually recognized the limitations of DPPSs. 
Consequently, fully covered self-expanding metal stents 
(FCSEMSs) and lumen-apposing metal stents (LAMSs) 

were developed to overcome these limitations (Fig. 16.6). A 
meta-analysis that included 15 studies (1746 patients) identi-
fied no significant difference in clinical success between 
LAMSs and DPPSs (RR, 1.04; 95% CI, 0.99–1.11) or 
between LAMSs and FCSEMSs (RR, 0.96; 95% CI, 0.91–
1.03). FCSEMSs were superior to DPPSs with respect to 
clinical success (RR, 1.09; 95% CI, 1.02–1.15). Furthermore, 
no significant difference in PFC recurrence was observed 
among the groups. As for adverse events, LAMSs exhibited 
a higher bleeding risk than FCSEMSs (RR, 6.70; 95% CI, 
1.77–36.27) and tended to have a higher bleeding risk than 
DPPSs (RR, 2.67; 95% CI, 0.71–9.28) [35]. LAMSs were 
considered a breakthrough in the endoscopic management of 
walled-off necrosis (WON), as their larger drainage diameter 
was expected to result in effective necrotic material drainage. 

a

c d

b

Fig. 16.4 Endoscopic ultrasonography (EUS)-guided choledochoduo-
denostomy. (a) EUS showing a 19-gauge needle (arrows) inserted into 
the dilating extrahepatic bile duct (arrowhead). (b) Fluoroscopic image 

showing a guidewire inserted into the dilating bile duct. (c) Fluoroscopic 
image showing stent placement. (d) Endoscopic image showing the 
fully opened stent in duodenum
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Rana et  al. reported that LAMSs were associated with a 
 significantly shorter time to resolution; however, with respect 
to technical success, the WON resolution and complication 
rates were similar between patients treated with multiple 
plastic stents and LAMSs [36]. Moreover, large WON or 
WON with a high proportion of solid debris may be a good 
indication for direct endoscopic necrosectomy through 
LAMS with large inner diameter [37] (Fig. 16.7).

16.3.1.4  EUS-Guided Postoperative Pancreatic 
Fluid Collection (POPFC) Drainage

POPFC is an important complication following abdominal 
surgery. While PCD is the traditional mainstay of treatment, 

EUS-guided drainage for POPFC has recently been per-
formed. EUS and PCD were used in the management of 
POPFC in 10 (239 patients) and 6 (267 patients) out of 13 
studies included in a meta-analysis. The pooled clinical suc-
cess rate was significantly higher with EUS than with PCD 
(93.2% vs. 79.8%; P = 0.002). Furthermore, the recurrence 
rate was significantly lower with EUS than with PCD (9.4% 
vs. 25.7%) [38]. The pooled technical success and adverse 
event rates were similar between EUS and PCD. EUS has 
significantly better clinical outcomes in terms of clinical suc-
cess and disease recurrence than PCD in the management of 
POPFC. Therefore, EUS-guided drainage plays a role in the 
management of POPFC.

a b

c

d

Fig. 16.5 Endoscopic ultrasonography (EUS)-guided pancreatic duct 
drainage. (a) EUS showing a 19-gauge needle inserted into the dilating 
main pancreatic duct (arrows). EUS showing pancreatic stone (arrow 
head) in main pancreatic duct. (b) Fluoroscopic image showing dilating 

main pancreatic duct and stone (arrowhead). (c) Fluoroscopic image 
showing stent placement. (d) Endoscopic image showing the plastic 
stent in stomach
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16.3.1.5  EUS-Guided Celiac Plexus Neurolysis 
(EUS-CPN)

EUS-CPN is widely employed to reduce pain originating 
from upper abdominal organs. In particular, EUS-CPN 
using the central or bilateral approach is accepted as a com-
mon pain control measure for patients with pancreatic can-
cer and chronic pancreatitis. Some of its advantages include 
real- time guidance; short puncture distance; use of anterior 
pathway, thereby avoiding puncture through the posterior 
diaphragm space; and color Doppler, thus preventing vas-
cular damage. Absolute ethanol is injected through the 
FNA needle at the base of the celiac artery in the central 
approach and on both sides of the celiac artery in the bilat-

eral approach. A meta-analysis extracted data from eight 
studies (238 patients) evaluating EUS-CPN for the relief of 
pain due to pancreatic cancer and from nine studies (376 
patients) investigating EUS-CPN for the relief of pain due 
to chronic pancreatitis. Overall, 80.12% of patients with 
pancreatic cancer (95% CI, 74.47–85.22) and 59.45% of 
patients with chronic pancreatitis (95% CI, 54.51–64.30) 
showed pain relief [39]. Wyse et al. reported that the relief 
of pain due to pancreatic cancer was significantly greater at 
three months in the EUS- CPN group than in the morphine 
group [40]. Hence, EUS- CPN offers a safe alternative tech-
nique for pain relief in patients with chronic pancreatitis or 
pancreatic cancer.

a

c d

b

Fig. 16.6 Peripancreatic fluid collection (PFC) drainage and endo-
scopic necrosectomy through lumen-apposing metal stent (LAMS) for 
walled-off necrosis. (a) MDCT showing large walled-off necrosis 
(WON) with a high proportion of solid debris (arrow) in peripancreatic 

area. (b) EUS image: EUS shows electrocautery-enhanced delivery sys-
tem (arrow) was inserted into WON with a high proportion of solid 
debris. (c) Fluoroscopic image showing stent placement (arrowhead). 
(d) Endoscopic image showing the fully opened stent in stomach
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16.3.1.6  EUS-Guided Ablation Therapy
EUS-guided ablation therapy is considered a safe alternative 
treatment for patients deemed unsuitable to undergo sur-
gery. According to a meta-analysis of 14 studies that 
included 158 patients, the major types of solid pancreatic 
tumors were nonfunctional pancreatic neuroendocrine 
tumors (n = 78, 49.4%), pancreatic cancers (n = 48, 30.4%), 
and insulinomas (n = 26, 16.5%). Overall, the pooled clini-
cal success and complication rates were 85.9% (95% CI, 
75.4–92.4%) and 29.1% (95% CI, 18.6–42.3%), respec-
tively. A subgroup analysis of ablation methods indicated 
clinical success rates of 83.5% (95% CI, 67.9–92.4%) and 
87.9% (95% CI, 66.2–96.4%) and complication rates of 
32.2% (95% CI, 19.4–48.4%) and 21.2% (95% CI, 6.8–
49.9%) for radiofrequency ablation and ethanol ablation, 
respectively [41]. EUS-guided ablation therapy may be an 
alternative treatment for solid pancreatic tumors, particu-
larly neuroendocrine tumors and insulinomas <2  cm with 
rarely severe complications. Further prospective studies 
with long-term follow-up are warranted in the future owing 
to the small number of studies.

16.4  Conclusions

EUS plays an important role in the diagnosis and staging of 
pancreaticobiliary lesions, offers advantages over other 
imaging methods in the detection of small lesions, and is 
superior to any other modality with respect to spatial resolu-
tion. With a high accuracy rate and a low complication rate, 

EUS-FNA can be regarded as the final tool for decision- 
making regarding the therapeutic strategy and is extensively 
applied as treatment for hepato-pancreato-biliary diseases. 
EUS-guided drainage for PFC is a widely accepted treatment 
option, and EUS-guided pancreatobiliary duct drainage has 
become an alternative to conventional drainage in difficult 
cases. Further studies investigating the role of EUS ablation 
in solid pancreatic lesions are required in the future.
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Abstract

Despite tremendous development of preoperative imag-
ing techniques in liver tumors, the high complexity liver 
surgery, including techniques to increase resectability and 
the minimal invasive approach, as well as the significant 
intraoperative risk, demand the development and imple-
mentation of intraoperative imaging techniques, such as 
intraoperative cholangiography, intraoperative ultra-
sound, intraoperative fluorescence, and intraoperative 
navigation.

Despite tremendous development of preoperative imaging 
techniques in liver tumors, the high complexity liver surgery, 
including techniques to increase resectability and the mini-
mal invasive approach, as well as the significant intraopera-
tive risk, demand the development and implementation of 
intraoperative imaging techniques, such as intraoperative 
cholangiography, intraoperative ultrasound, intraoperative 
fluorescence, and intraoperative navigation.

17.1  Intraoperative Cholangiography

The first report on depiction of the biliary ducts was pub-
lished in 1918 by Reich [1], who used bismuth and petrola-
tum to define a biliary fistula. Mirizzi advanced the field by 
reporting in 1932 the first series of routine intraoperative 
cholangiography (IOC) is using lipiodol during cholecystec-
tomy [2]. Berci, Shore, Hamlin, and Morgenstern [3] 
reported in 1978 a series of patients in whom a C-arm mobile 
image intensifier was used for IOC, obtaining high-definition 
X-rays.

Intraoperative cholangiography (IOC) is currently the 
most frequently used technique for intraoperative assess-

ment of the biliary anatomy. Being safe, effective, and help-
ful in evaluating the biliary anatomy and guiding the surgical 
procedures that involves the bile ducts.

The diagnostic accuracy of a static X-ray method is 
50–70%, but the digitized image intensifier fluoroscopic 
method increases the accuracy to 95–100%. The time 
decreased from 20–30  min for a static cholangiogram to 
3–5 min with fluoroscopic IOC. Dynamic fluoroscopy speeds 
up the IOC and provides high-resolution images that more 
accurately depict the biliary anatomy [4].

The advantages of IOC are [4]:

 – identification of the anatomy and aberrant anatomy of the 
extrahepatic bile ducts,

 – identification of pathology and injuries of the common 
bile duct or Oddi’s sphincter,

 – data storage for documentation and review,
 – landmarks for further surgical dissection.

However, IOC has several drawbacks, preventing the routine 
use of IOC:

 – does not allow 3-dimensional (3D) anatomical viewing;
 – the spatial relationships between the bile ducts and liver 

parenchyma, as well as the location of the bile ducts pass-
ing through the liver, are difficult to understand because 
only the bile duct can be imaged [5].

 – the caudate bile ducts, that may cause biliary leakage after 
bile duct division, are not always clearly delineated;

 – poor detection of variants of intrahepatic biliary anatomy 
[6],

 – risk of false positive results,
 – risk of iatrogenic bile duct injuries.
 – time consuming procedure;
 – a large C-arm fluoroscopy device and additional human 

resources are required,
 – the patient and medical staff are exposed to radiation.
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However, in the era of laparoscopy and of no tolerance for 
complications in living donor, IOC is extremely important in 
case of unclear or aberrant biliary anatomy [4].

17.2  Intraoperative Ultrasound

Intraoperative ultrasonography (IOUS) was introduced in 
liver surgery in 1980′ by Makuuchi [7] and had proven to be 
fundamental for making a complete diagnosis during liver 
surgery, but also for guiding the liver resection (LR), with a 
low rate of intraoperative incidents and postoperative com-
plications, while increasing the resectability [8].

IOUS usually uses high-frequency probes (7.5–10 MHz), 
due to the high resolution and, therefore, the highest detection 
rate, especially in case of small relatively superficial lesions. 
The low-frequencies probes (3.5–5  MHz) may be used for 
initial exploration, allowing a panoramic view of the liver and 
the detection of deep located structures and lesion (such as 
segment 1). They also are used for contrast-enhance IOUS.

It is worth mentioning that IOUS has difficulties in detect-
ing small subcapsular lesions; however, these are usually 
easily detected at inspection and palpation. If IOUS is 
intended to be used for detecting such lesions, especially in 
case of a fibrotic liver that impedes lesion palpation, a surgi-

cal glove filled with sterile saline solution can be used as an 
interface between the probe and the liver surface, making the 
lesion visible.

IOUS is performed using specific devices, either in open 
approach or in laparoscopy (Fig. 17.1), after partial mobili-
zation of the liver by sectioning the round and falciform 
 ligaments, and the triangular and coronary ligaments. It 
involves four main steps:

 1. evaluation of liver anatomy: exploration of vessels and 
bile ducts at hilum and intrahepatic levels, establishing 
the liver segmentation;

 2. diagnosis: detection, diagnosis and mapping (according 
to liver segmentation and relation to major intrahepatic 
structures) of all liver lesions; Contrast-enhanced IOUS 
may detect additional lesions and/or ensure a positive 
diagnosis of the detected lesions [9]. Additionally, IOUS 
evaluates the background liver, assessing its impairments, 
such as cirrhosis and steatosis,

 3. guidance of liver resection: resection planning, and real- 
time guidance of the transection plane using specific 
techniques, such as the hooking technique for vessel 
identification during transection [10],

 4. control of post-resection results in terms of tumor clear-
ance, including the control of the specimen for very small 

Fig. 17.1 BK 5000 
ultrasound machine designed 
for intraoperative ultrasound. 
of the liver, with various 
probes: T-shaped convex 
intraoperative probe (1); 
I-shaped convex 
intraoperative probe (2); 
biplane convex intraoperative 
probe (3); laparoscopic 4-way 
convex probe (4); convex 
probe for (5)
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lesions using the “water-bath” technique [11] and vessel 
and bile duct integrity of the remnant liver.

17.2.1  Anatomy

IOUS examination is started by placing the ultrasound probe 
on the diaphragmatic face of the liver in the central portion 
(at the level of segment 4) to obtain an ultrasound section of 
the main portal bifurcation. From here, the examination con-
tinues following the left portal vein and its branches for 
 segments 2, 3 and 4 (upper and lower) and then the left and 
middle hepatic veins, thus achieving the precise delimitation 
of the segments of the left hemiliver. After repositioning the 
ultrasound probe at the portal bifurcation, the examination 
follows the right portal vein with its branches for the right 
anterior section (with the portal branches for segments 8 and 
5), and then, after returning to the right portal bifurcation, for 
the right posterior section (with the corresponding branches 
for segments 6 and 7). Then, the right and middle hepatic 
veins are followed to the confluence with the inferior vena 
cava, achieving the delimitation of the segments of the right 
hemiliver. The examination is completed with segment 1 
exploration.

Intraoperative ultrasound can be performed before any 
dissection and repeated at will to guide the surgeon espe-
cially when hilar mapping is difficult due to fibrosis, inflam-
mation or tumor infiltration. IOUS may be repeated as many 
times as needed during surgery, prior, during and after the 
resection, assisting in mapping the biliary, arterial, portal and 
hepatic veins system, in detecting all their aberrant anatomy 
[12], guiding the resection plane in order to prevent biliary 
and vascular injuries, controlling the results after resection, 
and, as discussed in this paper, identifying the corresponding 
drainage territories of the bile duct stumps on the liver cut 
surface for a proper biliary reconstruction.

17.2.2  Diagnosis

IOUS is superior to preoperative imaging methods, detecting 
10–50% more focal liver lesions (FLL) [13, 14]. While per-
cutaneous ultrasound, computed tomography (CT) and mag-
netic resonance imaging (MRI) are limited in identifying 
FLL <2 cm, IOUS easily detects FLL of 3–5 mm [15, 16] 
(Fig.  17.2). The sensitivity of CT in the FLL detection is 
72%, while for IOUS is 98%. CT sensitivity decreases with 
tumor size, reaching 35% for tumor of 1  cm, while IOUS 
sensitivity is maintained in this scenario [17]. Moreover, 
thrombosis of any vascular and/or biliary structure is easily 
identified at IOUS, and helps in establishing its tumoral fea-
ture. IOUS also effectively assesses the background liver, 

diagnosing impairments such as cirrhosis, cholestasis, and 
steatosis. The use of contrast agent further increases the sen-
sitivity and specificity of IOUS [18]. New generation liver- 
specific contrast agents, such as perfluorobutane (Sonazoid, 
Daiichi Sankyo, Tokyo) further improves the detection and 
differential diagnosis of focal liver lesions [19, 20].

Additionally, IOUS precisely defines the 3D relationships 
between the FLLs and the surrounding main vessels, helping 
in establishing the proper strategy and resection planning, 
while maximizing the volume of the future liver remnant 
(FLR). IOUS can change the resection planning in up to 72% 
of cases [21].

17.2.3  Resection Guidance

This step involves IOUS techniques that guide the liver 
resection planned based on information gathered by IOUS, 
IOUS-guided techniques that are integrated in the surgical 
technique as follows:

 1. Demarcation of the resection area.
 2. Resection guidance.
 3. Identification of intrahepatic vessels.
 4. Evaluation of post-resection results.

17.2.3.1  Demarcation of the Resection Area
IOUS-guided demarcation of the resection area is achieved 
by using:

• IOUS-guided placement of the tip of the electrocautery: 
the tip is placed between the ultrasound probe and the 
liver surface, generating a specific artefact at ultrasound 
exploration that helps the precise positioning of the tip at 

Fig. 17.2 IOUS detection of a 4 mm colorectal liver metastasis
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the level of the planned resection plane (Fig. 17.3). In this 
way, multiple key points are marked onto the liver sur-
face, that are afterwards united by a closed-shaped line 
(demarcating the resection area) in a such manner that 
this area includes the lesion/lesions to be resected with 
safety margins, while excluding key structures of the 
future liver remnant (FLR), thus insuring its viability and 
function. The resection volume is virtually delimited, 
based on the demarcated resection area and intrahepatic 
landmarks identified at IOUS; these landmarks are few 
key points located in vicinity of the deepest part of the 
lesion to be resected, and/or of a key vascular element that 
is to be preserved for the FLR and exposed on the resec-
tion plane. This technique is used commonly used for 
non-anatomical LR;

• tattooing technique [22]—consists in puncturing the 
portal branch(es) that vascularize(s) the (sub)segments 
that encompasses the tumor, and injecting a dye (car-
mine blue) that colors the anatomical territory to be 
resected both on the liver surface and in depth (intrapa-
renchymal delimitation is not as clear), thus guiding the 
resection plane. When this technique is not feasible, the 
counterstaining may be used, consisting in puncturing 
and injecting the portal branches that serve the seg-
ments/subsegments adjacent to the resection territory. 
This technique was designed for anatomical liver resec-
tion, particularly recommended in hepatocellular carci-
noma [23, 24];

• IOUS-guided digital compression of intrahepatic 
vessels:
 – of intrahepatic portal pedicles—alternative to the tat-

tooing technique: IOUS locates the portal branch(es) 
for the (sub)segment to be resected, and clamped 
between the ultrasound probe and the surgeon’s finger 
placed opposite to the probe onto the liver surface; the 
induced transient ischemia of the corresponding paren-
chyma allows the demarcation of the resection area 
(Fig. 17.4). When not feasible, the counter-compres-
sion may be used as an alternative (the concept is anal-
ogous to the counterstaining) [25];

 – of the hepatic veins (HV)—while the HV planned to 
be resected is finger clamped under IOUS-guidance, 
the identification at eco-Doppler of hepato-hepatic 
shunts (between the branches of the clamped HV and 
those of the neighboring HV) and certification of a 
normal flow in the portal branch(es) related to the 
drained parenchyma of the finger-occluded HV allows 
to preserve the drained territory of the HV to be 
resected [26].

17.2.3.2  Resection Guidance
Using IOUS-guidance, the resection plane is established 
between the border of the resection area marked by electro-
cautery (and easily visualized in IOUS, similarly to the tip of 
the electrocautery), the deepest point of the future specimen, 
and the key intrahepatic vessels in relation to the resection 
plane which are to be preserved for the FRL, that are usually 
exposed on the cut surface. The transection plane is visualized 

Fig. 17.3 Electrocautery tip placement between the ultrasound probe 
and the liver surface, generating a specific artefact at ultrasound explo-
ration that helps the precise positioning of the tips at the level of the 
planned resection plane, in a patient with HCC on HBV-related 
cirrhosis

Fig. 17.4 Demarcation for S7 subsegmentectomy based on the isch-
emia induced by ultrasound-guided portal pedicle compression, in a 
patient with HCC on HBV chronic hepatitis
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at IOUS as a hyperechoic irregular line, due to the presence of 
air and coagulated blood between the two hepatic tranches 
[27]. Thus, under ultrasound control, the transection plane is 
guided and changed in real-time if necessary, adapting it in 
real time in such way to correspond to the planned resection.

17.2.3.3  Identification of Intrahepatic Vessels
During transection, any significant vessel exposed on the 
transection plane can be identified by the hooking technique 
[10]: a reference surgical thread placed around the key vessel 
is visualized at IOUS as a hyperechoic point with a posterior 
shadow cone; by gently pulling the thread during IOUS, the 
traction point on the vessel is identified [10].

17.2.3.4  Evaluation of Post-Resection Results
The IOUS evaluation of immediate postresection results 
consists of:

 – control of tumor clearance: IOUS exploration of the rem-
nant liver identifies potentially missed lesions. In case of 
very small lesion, IOUS certifies its presence in the speci-
men immersed in saline solution (the “water-bath” tech-
nique) (Fig. 17.5), and guides the sectioning the specimen, 
allowing the marking of the lesion, so the pathologist 
wouldn’t miss it.

 – control of the vascularization and biliary drainage of the 
remnant liver: control of vascularization is performed by 
intraoperative Doppler echo, any significant alteration of 
vascularization found at Doppler IOUS is sanctioned by 
repositioning the remaining liver (in case of torsion, 

angulation or traction of vessels), thrombectomy (in the 
case of portal thrombosis), or resection of the ischemic/
congested territory. Detection of any significant biliary 
dilatation usually involves the resection of the corre-
sponding territory.

IOUS ensures optimal tumor clearance. In case of non- 
assisted IOUS LR, positive oncological safety margins were 
registered in 16–18% of cases, while no such case was 
recorded after IOUS-guided LR [28]. Postoperative morbid-
ity also appears to be lower with IOUS-guided LR [29]. The 
main advantage of such LR is the maximization of functional 
residual liver volume, preventing the risk of liver failure [29], 
while allowing extensive multiple resections to be performed 
in a single operation [30, 31]. Another important benefit is 
the possibility of repeated liver resections in the case recur-
rences, with a significant impact on the oncological outcome 
[32, 33]. The disadvantages of such procedure are repre-
sented by the cost of the equipment, and the slow learning 
curve. We emphasize that, unlike the diagnostic IOUS that 
can be performed by the radiologist, the IOUS guidance of 
LR can be done only by the liver surgeon.

Literature analysis proved ultrasound as a safe, quick, 
non-irradiating, cost-effective technique, which is well 
known but largely under-utilized, probably due to the per-
ception of a difficult learning curve.

IOUS is a precise real-time method of diagnosis and guid-
ance of LR, that must be part of the arsenal of liver surgery, 
being optimally exploited when performed by the liver 
surgeon.

Fig. 17.5 “Water-bath” technique for detecting a 5-mm colorectal liver metastasis in the specimen
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17.3  Intraoperative Fluorescence Imaging

The use of intraoperative fluorescence imaging (IFI) in liver 
surgery has significantly increased and improved, offering 
new perspectives. In selected patients, especially during 
minimally invasive surgery, IFI adds useful data to visual 
inspection, palpation, and intraoperative ultrasound, limited 
to a depth of 5–10 mm [34]. IFI is based on the visualization 
at a special infrared camera of certain areas where indocya-
nine green (ICG) injected intravenously accumulates or not.

The main use of IFI is the visualization of the biliary anat-
omy, due to ICG biliary excretion starting approximately 
30 min after intravenous injection (Fig. 17.6). This is useful 
especially resections of centrally located liver tumors and 
hilar cholangiocarcinoma [35, 36]. IFI cholangiography can 
detect bile duct leakages during hepatectomies, that are 
missed by other routine tests [37].

IFI may also be used as an alternative to the tattooing 
technique, by injecting ICG into the portal branch (instead of 
the colored dye) [38]. However, one of the disadvantages of 
this procedure is difficult tracking of the stained plane during 
transection. The ICG within the targeted segment gradually 
disappears and repeated ICG injection or temporally clamp-
ing the hepatic artery (for reducing washout of the dye) is 

necessary to continuously track the transection plane. 
Additionally, a small amount of ICG recirculates the liver 
after the initial passage through the portal vein branch, that 
lead eventually to the staining of the entire liver. To avoid 
this, intermittent Pringle maneuver is recommended [39] in 
order to obtains continuous fluorescence tracking during 
transection, allowing a persistent visualization of the seg-
mental boundaries [40].

Moreover, IFI enables identification of subcapsular liver 
tumors through accumulation of ICG administered preopera-
tively in malignant tissues, as in case of hepatocellular carci-
noma (HCC), or in the surrounding parenchyma in case of 
intrahepatic cholangiocarcinoma and liver metastases 
(Fig. 17.7). However, only tumors located 5 mm or closer to 
the liver surface are usually detected at IFI, while tumors 
located ≥8 mm from the liver surface cannot be identified 
[41]. Nevertheless, in this thin superficial zone of the liver, 
IFI may detect up to 29% more liver metastasis with diame-
ter ≤ 3 mm [42].

Fluorescens patterns are related to the type of cancer and 
its grade of differentiation [43]. Impaired bile excretion in 
HCC cells retains the ICG within the tumor, therefore well- 
differentiated HCCs appears at IFI as strong, homogenous 
fluorescence emissions. In contrast, in poorly-differentiated 

Fig. 17.6 Intraoperative fluorescence imaging depicting the gallbladder, cystic and the main bile ducts
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HCCs and liver metastases, ICG is retained in the cytoplasm 
of the surrounding parenchyma, inducing a rim type fluores-
cence pattern.

Recent experimental study showed that IFI may be used 
as a drug delivery system in combination with photody-
namic therapy may not only detect cancer tissue but also 
treat it [44].

17.4  Navigation Assisted Liver Resection

Some attempts were made on computer-aided navigation- 
assisted LR, using preoperative imaging superimposed intra-
operatively onto the anatomical structures of the liver 
[45–47]. However, the implementation of this procedure in 
liver surgery is impeded by intraoperative organ shift and 
deformation, and differences of total liver volume and vascu-
lar anatomy (when compared to the preoperative imaging), 
the respiratory movements during surgery, along with the 
lack of intraoperative external liver landmarks. Efforts are 
made to overcome these obstacles, but still remains only a 
future perspective [48, 49].
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Abstract

The continuous rise in incidence of hepatocellular carci-
noma (HCC) worldwide has led to renewed efforts to 
improve therapeutic strategies. The gold standard of cura-
tive therapy for patients with HCC is surgery. However, in 
HCC patients with tumors with specific anatomical loca-
tions, such as near gastrointestinal structures or vessels, or 
with vascular occlusions, surgery may be particularly chal-
lenging. Poor baseline liver function is often an additional 
limiting factor for many established treatment modalities, 
especially for liver resection. Therefore, available treat-
ment options have been very limited in efficacy, which led 
to dismal survival rates. In recent years, radiotherapy has 
emerged as a new and promising local treatment option for 
certain patients with HCC.  Advances in technology and 
delivery techniques have aided in establishing radiotherapy 
as a safe and effective treatment modality. As a painless, 
non-invasive, outpatient treatment procedure, radiotherapy 
may have many advantages over other treatment modali-
ties. This chapter will discuss recent developments and 
advances in establishing radiotherapy as a new pillar of 
treatment for patients with HCC, review available data 
from retrospective and prospective trials, and give an over-
view of potential future combinational treatment approaches 
with systemic therapies to further expand the benefits.

18.1  Introduction

Hepatocellular carcinoma (HCC) is a primary cancer of the 
liver and is often associated with chronic liver injury. The 
etiology of chronic liver injury is different in various regions 
of the world. While in Eastern areas the development of 
HCC is often based on viral infections of the liver (Hepatitis 
B and C), the rising incidence of liver tumors (~42,800 cases/
year) in the US is linked to increased rates of non-alcoholic 
fatty liver disease (NAFLD) [1]. Although, therapeutic 
options have evolved in the last decade, mortality from liver 
cancer is still high (6% of all cancer related deaths in men in 
the USA) [1], and five-year survival ranges between 20% 
(after ablation) and 67% (after liver transplantation) [2].

The gold standard for curative therapy remain total resec-
tion of the tumor or liver transplantation for patients within 
Milan criteria (single tumor <5  cm or up to three lesions 
<3  cm, no angioinvasion, no extrahepatic disease) [3, 4]. 
However, less than one-third of patients are eligible for these 
treatments, mainly due to limited overall health status or 
underlying liver disfunction [2, 5]. Moreover, HCC tumors 
are often multifocal, including pre-cancerous and cancerous 
areas, further limiting surgical options [2]. Other local treat-
ment options include radiofrequency ablation (RFA), percu-
taneous ethanol injection (PEI), microwave ablation and 
trans-arterial chemoembolization (TACE) [6]. Especially for 
RFA and TACE, treatment efficacy is limited in patients with 
portal vein thrombosis or vascular invasion due to delivery 
technique via the vascular system. Another limitation of 
these treatment approaches is tumor size, as they are less 
effective against larger tumors [7, 8].

In recent years, technological advances in radiation oncol-
ogy have led to the establishment of radiotherapy as a locore-
gional treatment option for patients with HCC. In particular, 
hypofractionated image-guided radiotherapy (HIGRT), bet-
ter known as stereotactic body radiotherapy (SBRT), has 
been shown to be a safe and effective way to deliver ablative 
doses of radiation to liver tumors. In general, hypofraction-
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ated (stereotactic) radiotherapy refers to delivery of high 
radiation doses in few, usually in less than 10 fractions. 
These fractions may be delivered daily or spaced apart by 
several days, generally between two to seven days. Precision 
and accuracy are at the heart of this new therapy. 
Improvements in treatment planning and delivery techniques 
as well as the establishment of new imaging solutions during 
radiotherapy have accelerated its implementation for liver 
cancer treatment. This holds especially true for tumors in 
challenging locations including tumors near blood vessels or 
GI organs. As a non-invasive, painless, outpatient treatment 
procedure with short treatment periods the benefits for 
patients are indisputable. While efficacy of RFA greatly 
diminishes with tumor diameters above 3 cm, radiotherapy 
has been shown to achieve high local control rates also 
in locally advanced patients [9–11].

In this chapter, we provide an overview of the advances in 
liver cancer radiotherapies, including photon and charged 
particle therapy, review the available data from retrospective 
and prospective studies, and point to potential future combi-
nation with novel systemic therapies.

18.2  Photon Therapy

Photon radiotherapy is the most readily available form or 
radiotherapy. Historically, patients have been treated with 
conventionally fractionated radiotherapy, resulting in gener-
ally low local control (LC) rates. This was mainly due to the 
inability to deliver tumor ablative radiation doses within the 
constraints of normal tissue tolerance. Technological 
advancements in recent years have made it possible to pre-
cisely deliver higher radiation doses and to improve normal 
tissue preservation, therefore reducing risk of liver- associated 
side effects.

Efficacy of SBRT has been shown both for patients with 
single site HCC as well as for patients with large or locally 
advanced tumors. Currently available data is summarized in 
Table 18.1. Overall survival (OS) rates after irradiation in 
these studies shows very promising results with local con-
trol rates between 65% and 100%. In a Phase II trial, Takeda 
and his group reported high LC as well as OS rates in 
patients with solitary HCC with a maximal dimension of 
4 cm. Good treatment outcomes were independent of pre-
treatment or residual tumor burden or treatment in recurrent 
settings [33]. Similarly, Kang et al. and Bujold et al. reported 
high local control rates for patients with large or multiple 
HCC lesions [34, 35]. As with many other treatment modali-
ties, local control rates largely depend on tumor size. In a 
retrospective analysis Yoon and colleagues reported 76.3%, 
93.3% and 100% local recurrence- free survival rates for 
patients with HCC > 3 cm, between 2.1–3 cm, and ≤ 2 cm, 
respectively [17].

Possible side effects after liver irradiation include eleva-
tion of liver enzymes, increase of Child-Pugh (CP) score and 
worsening of liver function and hematologic toxicities as 
well as fatigue and erythema. In general, side effects could 
be separated into early (within 90 days after treatment) and 
late toxicities (>90 days after treatment). Whereas early side 
effects have the potential to resolve without treatment, late 
onset toxicities are more likely to persist. A summary of side 
effects Grade 3 or more is provided in Table 18.1.

The optimal radiation dose as well as the timing of radia-
tion in relation to other treatments remains unclear to date 
[39]. However, studies have indicated a distinct dose-depen-
dence of tumor response for HCC. In this context, Park and 
colleagues observed increasing response rates correlating to 
radiation dose (<40  Gy: 29%; 40–50  Gy: 69%; >50  Gy: 
77%) [40]. In line with this observation, Kang and his group 
reported a dose-dependence of two-year LC rates for patients 
treated with SBRT: Patients receiving >54 Gy showed a LC 
of 100% whereas patients treated with doses <54 Gy had a 
LC rate of 81.7% [34]. However, in this study patients were 
treated in a primary tumor setting and results are unlikely 
relevant for adjuvant treatment settings. Similar results from 
other studies led to the assumption that a radiation dose 
>50 Gy is required to achieve effective LC for HCC patients 
[24, 41, 42]. A retrospective analysis by Su and colleagues 
indicated that a biologically effective dose (BED10) ≥100 Gy 
and an equivalent dose in 2 Gy fractions (EQD2) ≥ 74 Gy are 
correlated with longer OS [20]. Similarly, Kim et al. reported 
significant higher two-year PFS and OS for patients treated 
with BED10 > 105 Gy [15]. In this study, a gross tumor vol-
ume  <  214  cm3 was also correlated with OS.  Of note, a 
review of the national cancer database for patients treated 
with SBRT revealed no association between a BED > 100 
and overall survival. Further studies are needed to clarify the 
relationship between dose, fractionation and patient survival 
and to answer the outstanding questions.

In addition, the majority of previous studies have focused 
on the treatment of patients with low grade liver cirrhosis 
(mainly CP class A patients) due to the increased risk of 
development of side effects after radiotherapy. A small study 
by Culleton et al. in 29 patients with CP class B and C tested 
SBRT with a median dose of 30 Gy in six fractions. They 
reported favorable survival data with a median OS of 
7.9 month in this patient cohort with very limited treatment 
options. However, 63% of treated patients showed a worsen-
ing of CP sore of at least two points after treatment. Whether 
these changes were correlated with treatment toxicity or due 
to natural decline of liver function in these patients with 
underlying liver diseases remained uncertain. The authors 
argued for the application of the lowest effective radiation 
dose in this very vulnerable patient population, and postu-
lated that use of combinational treatment approaches may 
allow further dose reduction [22]. In line with this conclu-
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Table 18.1 Overview over current data on photon therapy

n

Dose 
(fractionation)
[Gy]

Tumor size 
median (range) 
[cm]

Baseline liver 
function (CPA/
CPB/CPC) [%] LC [%] OS [%] Toxicities

Retrospective analysis
Lou et al. 
2019 [12]

75 30–48 (3–4 Gy/
fx)

NA 88/12/0 NA 10 months 
(median)

• No ≥ grade 3

Hara et al. 
2019 [11]

374 34/40 (5 fx) 1.7 (1.0–3.0) 96/4/0 NA 63.6 (3 y) •  8.2% worsening of CP 
score

• 4 deaths (liver failure)
Park et al. 
2018 [13]

77 35–50 (10 fx) 2.4 (0.8–5.6) 56/21/0 72.6 (5 
y)

52.3 (3 y) 40.9 (5 
y)

• 1.3% grade 3

Bae et al. 
2012 [14]

20 50 (10 fx) 80% <3 cm 90/10/0 85 100 (1 y) 87.9 (2 
y)

• No ≥ grade 3

Kim et al. 
2017 [15]

72 33–60 (3–10 fx) 7 (5.0–10.0) 87.5/12.5/0 NA 70.1 (1 y)
45.2(2 y)

•  29.1% worsening of CPC 
score ≥ 2 pt

•  1 patient grade 4 GI 
toxicity

Andolino 
et al. 2011 
[16]

66 CPA: 44 (3 fx)
CPB: 40 (5 fx)

3.2 54.5/36.4/0 90 (2 y) 67 (2 y) • 20% progression CTP 
class
•  13% increase hepatic 

dysfunction
Yoon et al. 
2013 [17]

93 30–60 Gy (3–4 
fx)

2 (1.0–6.0) 74.2/25.8/0 92.1 (3 
y)

86(1 y)
53.8 (3 y)

• 6.5% ≥ grade 3

Sanuki et al. 
2014 [18]

185 CPA: 40 CPB: 
35 (5 fx)

35 Gy: 2.7 
(1.0–5.0)
40 Gy: 2.4 
(0.8–5.0)

35 Gy: 48/52/0
40 Gy: 99/1/0

91 (3 y) 70 (3 y) • 13% ≥ grade 3
•  10.3% worsening of CP 

score by 2
•  Grade 5 liver failure 2 

patients
Huertas 
et al. 2015 
[19]

77 45 (3 fx) 2.4 85.7/14.3/0 99 (1/2 
y)

81.8 (1 y) 56.6% 
(2 y)

• Acute: 2.6% ≥ grade 3
• Long-term: 2.6% ≥ grade 
3

Su et al. 
2016 [20]

50 30–50 (3–5 fx) 8.5 (5.1–21.0) 82/18/0 NA 62.4% (1 y)
32.9% (3 y)
32.9% (5 y)

• 1/50 death (RILD)
• 5/50 grade ≥ 3

Jacob et al. 
2015 [21]

37 36/45/60 (3 fx) 7.8 ± 3.3 
(mean + SD)

NA 89.2 33 months 
(median)

• 1/37 ≥ grade 3

Culleton 
et al. 2014 
[22]

29 30 (6 fx) 8.6 (4.1–26.6) 0/28/1 NA 32.3 (1 y) •  63% worsening of CP 
score ≥ 2

•  Grade 3 thrombocytopenia 
14/17% (1/3 months)

•  Grade 3/4 elevated 
transaminases 10.3%

•  Grade 3 and 4 
hyperbilirubinemia 
17/28% and 14/3.5% 
(1/3 months)

Park et al. 
2013 [23]

26 40–50 (10 fx) 2.8 (1.1–5.7) 73.1/26.9/0 87.6 (2 
y)

88.5 (1 y) 67.2 (2 
y)

•  3.8% grade 3 hepatic 
toxicity

•  3.8% worsening of CP 
score ≥ 2

Huang et al. 
2013 [24]

40 40–66 (14–23 
fx)

<5: 62.5%
5–10: 35%
>10: 2.5%

62.5/37.5/0 73 (1 y)
62 (2 y)
56 (5 y)

60 (1 y)
40 (2 y)
21 (5 y)

•  20% worsening of CP 
score ≥ 2

• 2.5% duodenal ulcer
Yao et al. 
2018 [25]

33 39–45 (3–5 fx) NA 100/0/0 84.8 
(6 m)

75.8 (1 y) 45.5 (2 
y)

• 24.2% fatigue grade 1–2
•  33.3% grade 1–2 GI 

toxicity
Katz et al. 
2012 [26]

18 50 (10 fx) 4 (1.2–6.5) 16.7/44.4/22.2 NA NA •  5.5% grade 3 increase of 
hepatic enzymes

(continued)
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sion, a recent study by Lee and colleagues reported slightly 
longer OS rate at one year of 56.5% and worsening of CP 
sore by at least two points in only 17% of patients with CP 
score B and C after treatment with SBRT. Of note, patients in 
this cohort had less advanced disease compared to the cohort 
reported by Culleton et al. (tumor diameter: 3.1 vs. 8.6 cm; 
portal vein thrombosis: 4.3% vs. 76%) [30].

18.3  Charged Particles Therapy

In recent years, charged particle therapy in form of Proton 
Beam Therapy (PBT) and Carbon Ion Radiotherapy (CIRT) 
has been developed into an exciting new treatment modal-
ity to overcome the limitations of photon-based radiother-
apy in HCC.

Table 18.1 (continued)

n

Dose 
(fractionation)
[Gy]

Tumor size 
median (range) 
[cm]

Baseline liver 
function (CPA/
CPB/CPC) [%] LC [%] OS [%] Toxicities

Prospective studies
Mendez- 
Romero 
et al. 2006 
[27]

25 (8 HCC, 
17 
metastasis)

12.5/10 (3 fx), 5 
(5 fx)

3.2
(0.5–7.2)

5(8)/2(8)/0 94% (1 
y) 82% 
(2 y)

82%(1 y)
54% (2 y)

• 1 grade 5 (death)
• 16% ≥ grade 3

Tse et al. 
2008 [28]

41 36 (24–54) (6 
fx)

173 ml 
(9–1913 ml)

41/0/0 65% (1 
y)

51% (1 y) • 7% increase CP class
•  12% grade 3 increase liver 

enzymes.
Scorsetti 
et al. 2015 
[29]

48 48–75 (3 fx), 
36–60 (6 fx)

4.8
(1–12.5)

53/47/0 85.8 (1 
y)
64.4 (2 
y)

77.9 (1 y)
45.3 (2 y)

• 16% ≥ grade 3
•  4.2% worsening of CP 

score

Lee et al. 
2020 [30]

23 40 (5 fx) 3.1
(1–10)

0/78.3/21.7 92.3 (1 
y)

56.5 (1 y) • 43% CP score progression
•  17% worsening of CP 

score ≥ 2
• 7 liver related deaths

Seo et al. 
2008 [31]

65 61 (34 fx) 10.8 (6.1–15.5) 66.2/33.8/0 NA 34.7(1 y) •  15.4% did not complete 
RT (HCC/liver function 
detoriation)

• 6.2% ≥ grade 3
Hepatic events
• 9.2% ≥ grade 3
Hematologic events

Cardenes 
et al. 2010 
[32]

17 40/48 (3–5 fx) 4
(2–6)

35.3/64.7/0 100 (2 
y)

75 (1 y)
60 (2 y)

• 17.6% RILD
• 47% grade 3
• 11.8% grade 4

Takeda et al. 
2016 [33]

101 35–40 (5 fx) 2.3
(1–4)

91/9/0 96.3 (3 
y)

66.7 (3 y) •  8.9% worsening of CP 
score ≥ 2

• 6.6% grade 3
Kang et al. 
2012 [34]

50 42–60 (3 fx) 2.9 (1.3–7.8) 87.2/12.8/0 94.6 (2 
y)

68.7 (2 y) • 6.4% grade 3 GI toxicity
•  4.3% grade 4 gastric ulcer 

perforation.
Bujold et al. 
2013 [35]

102 24–54 (6 fx) 9.9 (1.8–43.3) 100/0/0 87% (1 
y)

17 months 
(median)

• 30% > grade 3
• 6.9% grade 5
•  7 patient’s death possibly 

related to SBRT
Lasely et al. 
2015 [36]

59 40 (5 fx), 48 Gy 
(3 fx)

NA 64.4/35.6/0 CPA: 
92 
(6 m)
CPB: 
93 
(6 m)

CPA: 94/72/61.3 
(1/2/3 y)
CPB:
57.1/32.7/26.1 
(1/2/3 y)

•  50%/33.3% worsening of 
CP score (CPA/CPB)

•  10.5/38% ≥ grade 3 
hepatic toxicity (CPA/
CPB)

• 5.1% RILD
Weiner et al. 
2016 [37]

26 55 (5 fx) 5 (1.6–12.3) 88/12/0 91 (1 y) 45 (1 y) •  23/19.2% ≥ grade 3 GI 
toxicity (acute/late)

•  65.4/69.2% ≥ grade 3 
(acute/late)

•  34.6% worsening of CP 
score ≥ 2

Takeda et al. 
2008 [38]

16 35–50 (5–7 fx) (1.9–7) 87.5/12.5/0 NA NA •  37.5% transient elevation 
of CP score
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PBT is a form of radiotherapy that utilizes protons instead 
of photon beams to deliver therapeutic doses of radiation. 
The advantage to this modality is the characteristic depth- 
dose curve with a pronounced dose peak, also known as 
Bragg peak, and a very fast dose demarcation in the periph-
ery, which provides significant normal tissue dose sparing 
[43, 44] (Fig. 18.1). In the clinic, multiple proton beams with 
differences in energies are applied together to create a 
spread-out Bragg peak and therefore a “treating field”. Due 
to the low radiation tolerance of normal liver tissue, PBT has 
unique beneficial capabilities for HCC patients [45, 46]. This 
technique seems to be especially beneficial for patients with 
large tumors or multiple lesions, as a decrease of the tumor 
target dose often has to be accepted in photon-based  therapies 
in order to comply with dose constraints in the surrounding 
normal liver tissue [47, 48].

Several studies have reported promising efficacy of PBT 
with high local control rates (61.9–100%) (Table 18.2). The 
high efficacy of local PBT was histologically proven in a 
phase II study, where explants after liver transplantation fol-
lowing PBT showed a pathological complete response in 
33% and only microscopic residual disease in an additional 
39% of patients [56]. Of note, Chadha and colleagues 
reported that BED>90 GyE led to significantly higher OS 
and showed a trend towards higher LC after two years com-
pared to patients treated with lower doses of radiation [54]. 
Based on this data, authors hypothesized that further dose 
escalation beyond 90 GyE might be beneficial to improve 
outcomes.

Conversely, the frequency and severity of adverse effects 
are comparatively lower. In a prospective phase II study 
reported by Bush and colleagues, which included patients 
with CP-C liver cirrhosis, only 5 out of 76 patients experi-
enced Grade 2 GI adverse reactions after PBT, and no Grade 

3 or higher toxicities were reported in the treatment cohort 
[56]. Similarly, a retrospective, propensity matched analysis 
showed significantly higher biological equivalent doses for 
patients treated with protons in combination with lower risk 
of RILD compared to the photon group, again highlighting 
the potentially better protection properties of normal tissue 
[63]. In another retrospective analysis, authors reported 
higher OS in combination with lower risk of RILD after irra-
diation with protons compared to photons. Of note, LC rates 
did not differ between the groups [64]. However, a meta-
analysis by Qi et al. reported similar OS rates between PBT 
and SBRT patients [65]. Currently, a clinical study directly 
comparing photon vs. proton SBRT for patients with HCC is 
underway, led by our institution (clinicaltrials.gov identifier 
NCT03186898). This study will prospectively evaluate 
which treatment modality has higher efficacy with lower risk 
of severe side effects and has integrated biomarker evalua-
tions such as plasma hepatocyte growth factor (HGF) [66], 
discussed below.

Another study directly compared PBT with TACE, one of 
the most common treatment modalities for irresectable HCC 
patients, found a trend towards higher two-year LC rate 
(88% vs. 45%) while OS rates did not significantly differ 
between the two groups in an interim analysis. Of note, the 
number of days patients had to be hospitalized was signifi-
cantly lower in the PBT group (24 vs 166 days) [58].

However, there are also limitations and disadvantages of 
PBT compared to photon-based therapies. These primarily 
include significantly higher costs and comparatively lower 
availability of PBT. Furthermore, PBT is more susceptible to 
range uncertainties due to daily changes in abdominal anat-
omy causing changes in tissue density (e.g., bowel move-
ment). The relative added benefit of PBT vs. photon therapy 
remains to be yet determined.

Similar to PBT, CIRT also creates a Bragg peak and dose 
falls of rapidly after reaching it. The main advantage of CIRT 
over PBT lies however in its increased relative biological 
effectiveness (RBE), through induction of higher cellular 
damage [67, 68]. Generally, a RBE of three is assumed for 
CIRT [44]. Clinical data from patients treated with CIRT for 
HCC is relatively spare and studies have been mainly con-
ducted in Asia resulting in potential differences to Western 
patients due to different etiologies of disease. Applied radia-
tion doses for CIRT range from 40–79.5 GyE with accept-
able side effects in patients (Table  18.3). Of note, several 
studies excluded patients with known risk factors for acute 
and long-term toxicities including close proximity to GI 
organs (<1  cm), portal vein invasion and/or thrombosis as 
well as patients with poor baseline liver function. 
Furthermore, especially for CIRT, radiation dose is largely 
based on retrospective analysis of Japanese patient data and 
further, prospective larger clinical trials are needed to define 
dose-constraints as well as optimal treatment dose. In this 
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Fig. 18.1 Figure showing overview over depth dose distribution of 
photon and proton therapy
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context Shibuya and colleagues reported feasibility of a 
60 Gy (RBE) in four fractions schedule, equivalent to 125 Gy 
in EQD2 (α/β  =  10), which is the highest dose-escalation 
protocol to date. Promising results were also reported 

recently in patients with large HCC tumors (median tumor 
diameter 5.3  cm) treated with doses between 52.8 and 
60 GyE [77]. Of note, a matched-pair analysis revealed that 
for stage IIIB patients with inferior vena cava thrombus 

Table 18.2 Overview over current studies on proton irradiation of HCC patients

n
Dose 
(fractionation)

tumor size 
median (range) 
[cm]

Baseline liver function 
(CPA/CPB/CPC) [%] LC [%] OS [%] Toxicities Ref

Retrospective analysis
Fukuda et al. 
2017

129 66–77 GyE 
(10–35 fx)

3.9
(1.0–13.5)

78.3/21.7/0 94/87/75 (5 y) 
(CPA/CPB/
CPC)

69/66/25
(5 y) (CPA/
CPB/CPC)

• No grade 3 [49]

Lee et al. 
2014

27 55 GyE (20–22 
fx)

7 (3–16) 66.7/33.3/0 70.7 (1 y)
61.9 (2 y)

55.6 (1 y)
33.3 (2 y)

• No grade 3 [50]

Sekino et al. 
2020

21 72.6 Gy (RBE) 8 (3.9–20) 57.1/42.9/0 NA 62 (1 y)
33 (2 y)
19 (3 y)

• No grade 3 [51]

Hata et al. 
2006

21 73 Gy (18 fx) 4 (2.5–10) 28.6/28.6/42.8 93 (5 y) 62 (2 y)
33 (5 y)

• No grade 3 [52]

Chiba et al. 
2005

162 72 Gy (16 fx) <3.0:26.6%
3–5: 56.3%
>5: 17.2%

50.6/38.3/6.2 86.9 (5 y) 23.5 (5 y) • 1.1% infection
  Biloma
• 1.1% GI
  Bleeding
• 0.5% common bile
  Duct stenosis

[53]

Chadha et al. 
2019

46 97.7 GyE (15 
fx)

6 (1.5–21) 83/17/0 81 (2 y) 62 (2 y) •  13% worsening 
CP score

• 13% acute grade 3

[54]

Mizuhata et al 
2018

40 60–80 CGE 
(20–38 fx)

3.7 (1.1–12.4) 70/30/0 94% (2 y) 76% (2 y) •  2.5% grade 3 GI 
toxicity and aszites

[55]

Sugahara et al. 
2009

22 72.6 GyE (22 
fx)

11 (10–14) 50/50/0 87% (2 y) 36% (2 y) • No grade 3 [48]

Prospective studies
Bush et al. 
2011

76 63 Gy (15 fx) 5.5 (mean) 29/47.4/23.7 NA 34/13/12 mo 
(CPA/CPB/
CPC)

• No grade 3 [56]

Hong et al. 
2016

83 67.5 GyE (15 
fx)

5 (1.9–12) 79.5/15.7/0 94.8 (2 y) 63.2 (2 y) • 4.8% grade 3 [47]

Kim et al. 
2020

45 70 GyE (10 fx) 1.6 (1.0–6.8) 100/0/0 95.2 (3 y) 86.4 (3 y) • No grade 3
•  4.4% worsening 

CP score

[57]

Kim et al. 
2015

27 60 GyE (20 fx)
66 GyE (22 fx)
72 GyE
(24 fx)

(1.3–7) 88.9/11.1/0 79.9 (3 y) 63.9 
(5 y)

56.4 (3 y) 42.3 
(5 y)

• No grade 3
•  3.7% worsening 

CP score

[46]

Bush et al. 
2016

69 70.2 Gy (15 fx) 3.2 (1.8–6.5) NA 88 (2 y) 59 (2 y) •  2 pt. hospitalized 
within 30 days

[58]

Mizumoto 
et al. 2011

266 66 GyE (10 fx)
72.6 GyE (22 
fx)
77 GyE (35 fx)

3.4
(0.6–13)

76/23/1 98(1 y)
87 (3 y)
81 (5 y)

87 (1 y)
61 (3 y)
48 (5 y)

•  0.8% grade 3 
erythema

• 1.1% rib fractures
•  1.1% grade 3 GI 

toxicity

[59]

Kawashima 
et al. 2005

30 76 CGE (20 fx) 4.5
(2.5–8.2)

66.7/33.3/0 96% (2 y) 66% (2 y) • 4 deaths
•  40% grade 3 acute 

toxicity

[60]

Fukumitsu 
et al.2009

51 66 GyE (10 fx) <5: 88.2% >5: 
11.8%

80.4/19.6/0 94.5 (3 y)
87.8 (5 y)

49.2 (3 y)
38.7 (5 y)

•  15.7% worsening 
of CP class

[61]

Hata et al. 
2007

21 60 Gy
(10 fx) 66 Gy 
(22 fx)
70 Gy (35 fx)

4 (1–13.5) 71.4/23.8/4.8 100% (3 y) 62% (3 y) •  9.5% grade 3 
thrombopenia

[62]
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median OS was higher in patients treated with either PBT or 
CIRT compared to surgery, and resulted in significantly 
lower treatment-related side effects (0% vs. 26%) [78].

18.4  MRI Guided Therapy

One of the main challenges for radiotherapy in liver cancer is 
the inter- and intra-fractional variability as well as poor reso-
lution of tumors in x-ray images. The simplest method to 

overcome this issue is to increase therapeutic margins—
resulting in increased non-targeted liver irradiation and thus 
risk of developing radiation-induced liver damage (RILD) 
and liver failure. In recent years, a new system combining a 
linear accelerator with an MRI system—called MR linear 
accelerator (MR Linac)—has been developed by industry to 
address this gap. First promising results of studies utilizing 
this hybrid system on treatment of liver cancers, including 
HCC, have been published [79, 80]. Another advantage of 
this system is the option to adapt the radiation plan to the 

Table 18.3 Overview over current data on carbon ion therapy

n
Dose 
(fractionation)

Tumor 
size 
median 
(range) 
[cm]

Baseline liver 
function (CPA/
CPB/CPC) [%] LC [%] OS [%] Toxicities Ref.

Retrospective analysis
Shiba et al. 
2017

31 52.8/60 Gy (RBE)
(4 fx);
50 Gy (12 fx)

4.5 
(1.5–9.3)

87.1/12.9/0 89.2 (2 y) 82.3 (2 y) •  9.7% grade 3 
encephalopathia

•  3.2% progressed 
from CPA to CPB

[69]

Shibuya 
et al. 2018

174 48 Gy (RBE) (2 
fx)
52.8/60 Gy (RBE) 
(4 fx)

3 
(0.8–10.3)

88/12/0 94.6/87.7/81 (1/2/3 
y)

94.5/82.5/73.3 (1/2/3 
y)

• 5.7% grade ¾
• 1.7% RILD

[70]

Shiba et al. 
2020

11 52.8/60 Gy (RBE) 
(4 fx); 50 Gy 
(RBE) (12 fx)

5.3 
(2.7–11.9)

90.9/9.1/0 78 (3 y) 64 (3 y) • No grade 3 [67]

Prospective studies
Kato et al. 
2004

24 49.5–79.5 GyE 
(15 fx)

5
(2.1–8.5)

66.7/33.3/0 92/81/81 (1/3/5 y) 92/50/25 (1/3/5 y) •  22%/25% 
worsening of CP 
score ≥ 2 (acute/
late)

•  4% grade 3 early 
skin reaction

•  20.8% grade 3 
hematologic

[71]

Habermehl 
et al. 2013

6 40 Gy (RBE) (4 
fx)

3.5 
(0.9–4.5)

66.7/16.7/0 100 (11 mo) 11 mo (mean OS) • 83% mild fatigue
• No grade 3

[72]

Shibuya 
et al. 2019

21 60 Gy (RBE) (4 
fx)

4.8 mean 
(3–7.8)

100/0/0 92.3 (2 y) 80 (2 y) • No grade 3 [73]

Kasuya 
et al. 2017

124 52.8 Gy (RBE) (4 
fx)

4
(1–12)

77/23/0 94.7/91.4/90.0 
(1/3/5 y)

90.3/50/25 (1/3/5) •  4 deaths of liver 
failure

• 2% grade 3: Skin
• 1.6% rib fracture
•  29/22% change in 

CP score + 1 (3/6 
mo)

•  3/5% change in 
CP score + 2 (3/6 
mo)

[74]

Imada et al. 
2010

64 52.8 GyE (4 fx) 4
(1.2–12)

92.2/7.8/0 87.8/95.7 (5 y) 
(porta hepatis 
group/non- porta 
hepatis group)

44.4/22.2; 60.9/34.8 
(3/5 y) (porta hepatis 
group/non- porta 
hepatis group)

• No grade 3
•  84.4% change in 

CP score + 1
•  15.6% change in 

CP score + 2

[75]

Komatsu 
et al. 2011

16 52.8 GyE
(4 fx);
52.8 GyE
(8 fx)

NA 75/18.75/6.25 NA 61.1/36.7 (1/3 y) • No grade 3 [76]
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daily anatomy of the patient [81]. In this context, Henke and 
colleagues reported a phase 1 study showing improved spar-
ing of organs at risk as well as good feasibility of their 
online-adapted radiation system in 20 patients [82].

18.5  Combination Strategies Using 
Cytotoxics

Combination of trans-arterial chemoembolization (TACE) 
with irradiation—either conventionally fractionated radio-
therapy and SBRT [34]—has shown improved outcomes in 
patients with HCC compared to TACE alone [83]. This 
advantage is most likely due to tumor-shrinkage after TACE, 
resulting in smaller target volumes for radiotherapy. Of note, 
a direct comparison between conventional fractionated and 
hypofractionated radiotherapy in combination with TACE 
revealed higher OS for patients treated with SBRT in 
advanced HCC [84]. Another important factor influencing 
efficacy of combination treatment may be tumor size. For 
tumors >3  cm, Jacob and colleagues showed a significant 
increase of OS in the combination group compared to TACE 
alone (33 vs. 20 months) [21]. Similarly, in a retrospective 
analysis, Su et  al. observed significant differences in OS 
between combination therapies (SBRT + TAE/TACE or 
TAE/TACE+SBRT) and SBRT alone (p = 0.047), indicating 
that a combinational approach might be beneficial for 
patients with large tumors (>5 cm longest tumor diameter).

Radiotherapy has also been successfully used as a bridg-
ing strategy for patients who were not eligible for other types 
of treatments [85, 86]. In this context, a BEDs between 15.7 
and 124.8  Gy have been used showing good local control 
rates for medium sized HCC tumors [26, 87].

18.6  Radioimmunotherapy

Over the last decade, systemic treatment options for advanced 
HCC have rapidly evolved starting with the approval of the 
multi-tyrosine kinase inhibitor (mTKI) sorafenib. Since then, 
several more agents have been successfully tested in phase 
III trials including the mTKIs lenvatinib, regorafenib and 
cabozantinib and the anti-VEGFR2 antibody ramucirumab 
[88]. Furthermore, several phase I/II studies with immune 
checkpoint blockers (ICB), such as the anti- Programmed 
cell Death protein 1 (PD-1) antibodies pembrolizumab and 
nivolumab as well as ipilimumab, an anti-cytotoxic T lym-
phocyte antigen 4 (CTLA-4) antibody, have shown promis-
ing results with durable responses in patients with advanced 
HCC [89, 90]. However, the randomized phase 3 trials on 
nivolumab and pembrolizumab monotherapy missed their 
predefined primary endpoints despite significant activity in a 
minority of the advanced HCC patients [91, 92]. These 

results suggested that the efficacy of ICB therapy needs to be 
enhanced by combinational treatment approaches. In this 
context, a promising approach is combining different ICBs, 
for example ipilimumab and nivolumab [93]. In addition, 
ICB with atezolizumab (an anti-PD ligand 1 antibody) com-
bined with an anti-VEGF antibody (bevacizumab) showed 
substantial and significant improvement in OS and PFS in a 
randomized phase III trial in advanced HCC [94].

The availability of these systemic drugs has raised the 
feasibility of combinations with radiotherapy. In particular, 
over recent years, increasing evidence has supported the 
rationale of combining radiotherapy with immunotherapy 
for earlier stages of the disease. The unique characteristics of 
radiotherapy offer the great potential to boost immunothera-
peutic responses in patients. These include induction of 
immunogenic cell death, supporting a pro-inflammatory 
tumor microenvironment and increased availability of tumor 
antigen [95]. In brief, radiotherapy has the potential to sup-
port the conversion of an immunologically “cold” tumor into 
an immunologically “hot” tumor [96]. Radiotherapy has also 
been shown to upregulate PD-L1 expression in  vivo and 
combination of radiation with anti-PD-L1 treatment led to 
significantly increased survival in a murine HCC mouse 
model [97]. In a first clinical case study of five patients 
treated with SBRT followed by anti-PD1 antibody treatment, 
two patients showed complete response, while three patients 
had partial responses according to modified RECIST criteria. 
The one-year LC and OS rates were both 100% [98]. These 
results are in line with a report by Yu and colleagues, who 
observed significantly longer PFS and OS in patients with 
previous or concurrent radiotherapy during application of 
nivolumab for advanced HCC [99]. To further enhance syn-
ergy of radiotherapy and ICB approaches with triple- 
combinational treatments are also under evaluation. In a 
preclinical study by Sheng and colleagues, authors reported 
further improvement of survival of tumor bearing mice after 
adding an ATR inhibitor (AZD6738) to radioimmunotherapy 
(radiation + αPD-L1) [100].

Clearly, further preclinical and clinical studies are needed 
to elucidate the potential synergy of radiation and ICB and to 
clarify optimal treatment schedules, dosing and fractionation.

18.7  Challenges and Opportunities

Radiotherapy for liver malignancies, including HCC, is lim-
ited by various factors including radiation field size and 
underlying liver damage. One of the most severe side effects 
of liver irradiation is the induction of RILD. While the etiol-
ogy remains largely unclear up to date, the clinical presenta-
tion in patients ranges from pain in the right upper quadrant 
to subacute onset of liver failure and death. Retrospective 
analysis of patient data presumes a threshold for onset of 
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RILD at a total liver irradiation dose above 30 Gy and prob-
ability of developing RILD increases with radiation dose and 
irradiated volume. Bujold and colleagues reported worsen-
ing of Child-Pugh Score in 29% of patients three months 
after SBRT and seven patient deaths were possibly related to 
radiotherapy [35]. Similar side effect profiles were reported 
by other groups [16, 37]. Of note, several groups reported a 
correlation between either treated or spared liver volume 
with worsening of CP scores [101–103]. This “volume- 
response” relationship seemed to be independent of treat-
ment modality (photons vs. protons) and was also shown for 
patients treated with PBT [104]. However, treatment doses 
and regimes differed greatly diminishing comparability of 
studies and transferability to other patient groups. Other risk 
factors for development of RILD seem to be underlying viral 
hepatitis [24, 105], portal vein thrombosis and tumor mor-
phology (singular vs. multi-site HCC).

Many groups have attempted to establish biomarkers to 
predict occurrence and severity of RILD.  Sanuki and his 
group for example proposed Grade 3 elevated transaminases 
and thrombocytopenia as well as a CP score above eight to 
be predictive for severe liver damage after irradiation [106]. 
Another promising biomarker is circulating HGF level as a 
direct measure for hepatic function. HGF is a ligand mainly 
produced by activated stromal cells in the liver. It has been 
shown previously to be associated with high CP scores and 
liver fibrosis [107, 108]. In our recent study of PBT, we 
found that high plasma HGF level was associated with lower 
two-year OS compared to patients with low plasma level 
(14% to 69%) [66, 109]. Currently, a phase III trial is under-
way trying to validate these results in a larger patient cohort 
(clinicaltrials.gov identifier NCT03186898).

Underlying liver damage, e.g., cirrhosis, further increases 
the risk of (fatal) liver failure after radiotherapy. In a phase I 
study by Cárdenes and his group, the treatment protocol for 
patients with CP-B disease had to be amended to lower doses 
after two patients developed Grade 3 hepatic toxicity at 42 
Gy, whereas dose could be escalated to 48  Gy in patients 
with CP-A disease without dose-limiting toxicity [32]. A 
worsening of CP scores after radiotherapy has also been 
shown to be associated with decreased OS in patients [22]. 
Taken together, these findings resulted in a recommendation 
to treat CP-B patients with lower doses and fractionation 
sizes, in acceptance of resulting lower LC rates.

Another possibly severe side effect of liver radiotherapy 
is gastrointestinal toxicity. Patients with underlying portal 
hypertension due to liver cirrhosis seem to be susceptible to 
developing gastroduodenal complications including ulcers, 
bleeding and perforation. This is likely related to impaired 
function and defense mechanisms of the gastrointestinal 
mucosa. As a result, it has been recommended that patients 
with impaired liver function should undergo esophagogas-

troduodenoscopy prior to SBRT to determine underlying 
health concerns and subsequently adopting fractionated 
radiotherapy and normal tissue constraints if warranted [34]. 
Indeed, the study of Weiner and colleagues showed that only 
81% of patients could receive the prescribed dose of 55 Gy 
due to dose constraints [37]. Park and colleagues specifically 
addressed this question in a study and showed that radio-
therapy could be safely administered also for tumors within 
2 cm of radiosensitive organs, including the stomach, duode-
num, large bowel and esophagus, with an adapted fraction-
ation regime (35/40/50 Gy in 10 fraction over a two-week 
period) [23]. Of note, long-term local control rates were 
slightly lower compared to studies delivering higher doses/
fraction [13].

18.8  Summary

In conclusion, radiotherapy has shown promise as a thera-
peutic option for liver cancers, including in patients with less 
favorable disease and underlying liver cirrhosis. Further 
studies are needed to clarify the optimal treatment option for 
these patients, including the type of radiation technique and 
specific combination with other treatment modalities. 
Currently, evidence indicates that for patients with small 
tumors photon radiotherapy may be effective, particularly as 
MR-guided radiotherapy. For patients with advanced and 
large tumors, charged particle therapies can result in very 
promising survival data in combination with a favorable side 
effect profile.
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Recent Update in Chemotherapy 
of Cholangiocarcinoma

Jung Hyun Jo, Seungmin Bang, and Si Young Song

Abstract

Cholangiocarcinoma (CCA) is a relatively rare form of 
cancer arising from epithelial cells lining the biliary 
tree that connects the liver and gallbladder to the small 
intestine and can be categorized into intrahepatic CCA 
(iCCA), perihilar CCA (pCCA), and distal CCA 
(dCCA). While only surgical resection can provide a 
cure, most CCAs are detected at inoperable stages and 
are associated with poor prognosis with median sur-
vival of less than two years in patients with advanced 
stages. Moreover, CCA has a high recurrence rate, even 
after radical surgery. Therefore, chemotherapy has an 
important role in the treatment but presently the avail-
able systemic medical therapies for advanced and meta-
static CCA have very limited efficacy. Even though 
scientists and physicians have made tremendous efforts 
to reveal genetic factors of tumor progression and iden-
tify CCA specific biomarkers and novel therapeutic tar-
gets to develop novel drugs, we are still in the dark 
when it comes to this cancer. In this chapter, we sum-
marize the latest updates on chemotherapy-based strate-
gies for CCA, and discuss therapeutic targets that may 
be relevant for the future development of personalized 
treatments.

19.1  Introduction

Approximately 10,000 new cases of cholangiocarcinoma 
(CCA) are diagnosed annually in the USA, and a five-year 
survival rate is below 20% [1, 2]. In Korea, there are 11.2 

new cases per 100,000 people annually, and a five-year sur-
vival rate is 29.2% according to cancer statistics in 2014 [3]. 
CCA usually presents at an advanced stage, with less than 
20% of patients considered resectable at presentation. 
Additionally, in applicable cases, adjuvant chemotherapy 
indicated improved rates of relapse-free survival and overall 
survival (OS). In inoperable patients, stent placement can be 
offered to treat obstructive jaundice, control symptoms such 
as pruritus, cholangitis, and decrease related secondary 
morbidity. Endobiliary techniques have made notable prog-
ress, improving stent median patency with self-expanding 
metal stents.

The standard therapy using gemcitabine and platinum-
based chemotherapy showed a median OS of 12 months for 
inoperable CCA. Namely, there are only few therapeutic 
options that establish an effective chemotherapy for advanced 
CCA failed to standard therapy.

In recent years, some studies have focused on CCA 
behavior and their prognosis by anatomical site, their respon-
sivity to chemotherapeutic agents and their molecular patho-
physiology, finding new treatment options, the carcinogenic 
role of some genes, and genes affected by copy number alter-
ations which can benefit from targeted therapy. Common 
gene alterations beyond Kras and TP53 have been identified. 
These include potentially actionable mutations in the HER 
and FGFR families, MAPK, PI3K/AKT/mTOR pathway, 
and epigenetic alterations (e.g., IDH). Interestingly, the 
molecular changes are dependent on the anatomical location 
of the tumor with iCCA shown to have IDH1/2 and FGFR2 
alterations, whereas eCCA and gallbladder cancers are more 
likely to have ERBB2 or catenin beta 1 alterations. We herein 
discuss these latest therapeutic strategies and their possible 
future applications.
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19.2  Systemic Chemotherapy

19.2.1  Adjuvant Therapy

Necessity of adjuvant chemotherapy for CCA is based on 
prognosis after surgical treatments. Surgery is only a cura-
tive therapy; however, two-year survival after radical resec-
tion was reported to be very poor [4]. A meta-analysis data 
from retrospective studies presented a survival benefit in 
high-risk patients with node-positive disease and R1 resec-
tion status after surgery [5].

Several randomized clinical trials were reported, but 
could provide only limited evidence of adjuvant chemother-
apy for CCA.  In ESPAC-3 trial [6], of the 428 patients 
included in the primary analysis, 144 patients were assigned 
to the observation group, and 143 patients received 5-FU 
chemotherapy and the other 141 patients received gem-
citabine chemotherapy. Median survival for the observation 
group was 35.2 months; for patients treated with 5-FU plus 
folinic acid, 38.9 months; and for patients treated with gem-
citabine, 45.7 months, without significant differences by log- 
rank analysis across the three groups (p = 0.23). In secondary 
analyses adjusting for prognostic variables using multiple 
regression analysis, the HR for chemotherapy compared 
with observation was 0.75 (p = 0.03) and for gemcitabine, 
0.70 (p  =  0.03). In the BCAT trial [7], 226 patients with 
eCCA were randomly selected to either receive gemcitabine 
or were assigned to the observation group, only after surgery. 
There were no significant differences between groups in 
median OS (62.3 vs. 63.8 months, p = 0.964) and median 
 disease-free survival (DFS) (36.0 vs 39.9 months, p = 0.693). 
The PRODIGE-12/ACCORD-18 trial [8] reported no signifi-
cant differences between gemcitabine and oxaliplatin (GEM/
OX) versus observation only after surgical resection of CCA 
in 196 patients (DFS, 30.4 vs. 18.5, p = 0.48). The BILCAP 
study [9], which enrolled 447 patients, also could not show 
survival benefits of the capecitabine arm compared to the 
observational arm in terms of OS by the intention-to-treat 
(ITT) analysis. However, the per-protocol analysis presented 
an increased median OS in the capecitabine arm (53 vs. 
36  months, p  =  0.028). Despite the native difficulties in 
research about CCA which has anatomical heterogeneity, 
adjuvant chemotherapy for CCA is considered effective with 
limited evidences, and the nodal involvements and histologic 
margin status after surgery are suggested as the most impor-
tant conditions for indication of adjuvant therapy. Further 
large randomized trials are required for confirmative prospec-
tion, and one of the largest ongoing RCT, the ACTICCA 
study (gemcitabine/cisplatin versus capecitabine, 
NCT02170090) is expected to report further evidences for 
adjuvant chemotherapy in CCA.

19.2.2  First-Line Therapy

Currently recommended standard treatment for patients with 
advanced CCA is gemcitabine and cisplatin combination 
therapy. The phase III ABC-02 trial [10] revealed that the 
combination of gemcitabine with cisplatin improved the OS 
by 3.6 months compared to gemcitabine alone. The median 
OS was 11.7 months in the cisplatin–gemcitabine group and 
8.1 months among the gemcitabine group (p < 0.001). The 
median progression survival (8.0 versus 5.0  months, 
p  <  0.001) and tumor control rate (81.4 versus 71.8%, 
p = 0.049) were improved in the cisplatin–gemcitabine group.

Further studies are ongoing to develop more effective 
chemotherapy. The phase III FUGA-BT trial [11] presented 
non-inferiority of gemcitabine/S1 chemotherapy compared 
to gemcitabine/cisplatin chemotherapy. Of a total 354 
patients, there was no difference between gemcitabine/S1 
and gemcitabine/cisplatin in median OS (15.1 vs. 
13.4 months, p = 0.046 for non-inferiority). In the phase II 
trial of gemcitabine/cisplatin plus nanoparticle albumin- 
bound (nab)-paclitaxcel [12], sixty CCA patients showed 
prolonged median progression-free survival (PFS) and 
median OS (11.8 months and 19.2 months) compared to his-
torical controls. Phase III randomized clinical trial is ongo-
ing to compare this regimen to gemcitabine/cisplatin (S1815 
clinical trial, NCT03768414). In the ongoing Phase II/III 
AMEBICA trial, modified FOLFIRINOX (5-FU, irinotecan, 
and oxaliplatin) is currently tested as a first-line treatment for 
patients with CCA (NCT02591030).

19.2.3  Second-Line Therapy

Still, there is no effective second-line anti-cancer drugs that 
could be used for patients who have failed to respond to the 
gemcitabine-based first-line chemotherapy. Moreover, cispl-
atin is associated with severe toxicity, including dose- 
dependent nephrotoxicity and neurotoxicity, which may 
limit the opportunities for second-line treatment after disease 
progression. In a systematic review of second-line chemo-
therapy in advanced CCA including 25 studies comprising of 
14 phase II clinical trials [13], nine retrospective analyses, 
and two case reports evaluate the level of evidence for the 
use of second-line chemotherapy. A total of 761 patients 
were evaluated and the mean OS was 7.2 months while the 
mean PFS, response rate, and disease control rate were 
3.2 months, 7.7%, and 49.5%, respectively.

Several novel anti-cancer strategies are being tried. The 
phase III ABC-06 trial [14] reported mFOLFOX (5-FU and 
oxaliplatin) showed a benefit in terms of OS compared to 
active supportive care (HR 0.69, 95% CI [0.50–0.97], 

J. H. Jo et al.



167

p = 0.031) in 162 CCA patients following progression after 
first-line gemcitabine/cisplatin therapy. Median OS 
(months), 6 m and 12 m OS-rate (%) were 6.2 m, 50.6%, 
and 25.9% for the mFOLFOX and 5.3 m, 35.5%, and 11.4% 
for the active supportive care, respectively. Other novel regi-
mens, such as FOLFIRINOX (5-FU, irinotecan, and oxali-
platin) [15], and nal-irinotecan based regimens (the 
NALIRICC trial; NCT03043547, the NAPOLI-2 trial; 
NCT04005339) are currently under investigation as second-
line chemotherapy for CCA.

19.3  Targeted Therapy

Recently the advent of next-generation sequencing has sub-
stantially improved the ability of scientists to understand the 
complex molecular events occurring in CCA, including 
interactions between gene mutations and disease risk factors. 
Among the discoveries regarding the important mutations 
associated with the pathogenesis of CCA are mutations in 
isocitrate dehydrogenase (IDH) 1/2, as well as mutations in 
the genes involved in chromatin remodeling, such as 
ARID1A, PBRM1, and BAP1. The deregulation of several 
growth factor tyrosine kinases, noted in various malignan-
cies including CCA, also plays a critical role in tumor initia-
tion and progression. These include the FGFR pathway and 
EGFR and HGFR pathways. The most promising target for 
CCA identified in recent years is within the FGF signaling 
pathway.

Molecular profiles of CCA have been recently investi-
gated. In addition to the combination of cytotoxic 
chemotherapeutic agents, combination regimen with target 
agents was studied in several trials. A couple of studies eval-
uated possibility of growth factor inhibitors as combination 
agent with conventional chemotherapeutic agents, such as 
EGFR [16–18] and VEGF receptor inhibiting agents [19, 
20]. However, there was not enough evidence yet to use these 
target agents in advanced CCA.

Recent updates about fusion genes as therapeutic target of 
CCA are notable. Research has shown that fibroblast growth 
factor receptor (FGFR) or neurotropic tyrosine kinase recep-
tor (NTRK) fusions and IDH-1/2 or BRAF mutations may be 
potential therapeutic targets in CCA [21–23]. A phase II 
study of BGJ398 [24], an pan-FGFR kinase inhibitor, has 
shown clinical activity against CCA with FGFR alterations. 
Sixty-one patients with FGFR2 fusion, mutation, or amplifi-
cation were enrolled and the overall response rate was 14.8%, 
disease control rate was 75.4%, and median PFS was 
5.8 months (95% CI, 4.3 to 7.6 months). Another phase II 
trial with Derazantinib (ARQ 087) [25], a pan-FGFR kinase 
inhibitor, presented encouraging anti-tumor activity with 29 
iCCA patients with FGFR2 fusion. Overall response rate 
was 20.7%, disease control rate was 82.8%, median PFS was 

5.7 months (95% CI: 4.04–9.2 months). Currently, there are 
several ongoing trials of FGFR inhibitors; Infigratinib, pemi-
gatinib, and futibatinib have been studied in the Phase III 
trials as first-line therapy (NCT03773302, NCT03656536, 
and NCT04093362). In the Phase III ClarIDHy trial [26], 
ivosidenib (AG-120), a targeted inhibitor of mutated IDH1, 
was evaluated in 230 patients with IDH1-mutant, 
chemotherapy- refractory CCA.  Median PFS was signifi-
cantly improved with ivosidenib compared with placebo (2.7 
vs. 1.4  months; hazard ratio 0.37; one-sided p  <  0.0001). 
Other ongoing clinical trials targeting the IDH1 mutation in 
CCA are also being investigated (NCT03212274 and 
NCT03878095) and results are expected. However, FGFR 
and IHD inhibitors have only proven to be effective in about 
20% of iCCA patients with FGFR fusion and IHD muta-
tions. Other druggable targets need to be developed to oppose 
CCA for the future.

19.4  Immunotherapy

Advances in the field of cancer immunology has made it pos-
sible to apply immunotherapy as a new therapeutic option for 
CCA.  Immunotherapy strengthens the immune system of 
patients to struggle against cancer through personalized vac-
cination, adoptive immunotherapy, or immune checkpoint 
inhibitor therapy. Pembrolizumab, an immune checkpoint 
inhibitor that blocks programmed cell death 1 (PD-1) pathway 
and its ligands (PD-L1 and PD-L2), has been reported as a 
possible promising anti-tumor agent in patients with advanced 
CCA in the interim results of the clinical trial, KEYNOTE-028. 
In the study, objective response rate was 17% (four partial 
response and four had stable disease) [27]. Recently, final 
result from the KEYNOTE-158 (NCT02628067; phase II) 
and KEYNOTE-028 (NCT02054806; phase Ib) studies [28] 
reported the efficacy and safety of pembrolizumab for the 
treatment of advanced CCA.  Total 104 patients from 
KEYNOTE-158 and 24 patients from KENOTE-028 pre-
sented ORR; 5.8%, median OS/PFS; 7.5/2.0  months and 
ORR; 13%, median OS/PFS; 5.7/1.8  months, respectively. 
The response of pembrolizumab was not related to PD-L1 
expression of the tumor.

The therapeutic efficacy of immunotherapy as monother-
apy is a disappointment so far. Consequently, combinations 
of immunotherapy and other therapies are under evaluation. 
Nivolumab alone or in combination with cisplatin plus gem-
citabine was tested in phase I trial with 30 advanced CCA 
patients [29]. The median OS and PFS were much longer in 
combined therapy cohort than nivolumab monotherapy (OS; 
15.4 vs. 5.2 months, PFS; 4.2 vs. 1.4 months). In the phase I 
JVDF study [30], ramucirumab, a VEFG inhibitor, in combi-
nation with pembrolizumab was used to treat advanced 
CCA. Of the total 26 patients, objective response rate was 

19 Recent Update in Chemotherapy of Cholangiocarcinoma



168

4%. Median PFS and OS were 1.6 months and 6.4 months, 
respectively. Immunotherapy and chemotherapy combina-
tions are currently ongoing in phase III studies, TOPAZ-1 
(Durvalumab with Gemcitabine/Cisplatin, NCT03875235) 
and KEYNOTE-966 (Pembrolizumab with Gemcitabine/
Cisplatin, NCT04003636). In addition to the immune 
checkpoint inhibitor, NK cell, T-cell, and dendritic cell based 
therapies have been tested to treat CCA. Depending on the 
findings of ongoing research, immunotherapy may be a new 
treatment option for CCA.

19.5  Precision Medicine

Personalized therapy has come into focus with the recent 
advances in targeted therapy and immunotherapy, in con-
junction to systemic chemotherapy or chemoradiation for the 
treatment of CCA.  Understanding the molecular pathways 
associated with the development and progression of CCA 
may help identify novel biomarkers and develop potential 
therapeutic targets. With further development of gene 
sequencing technic, it is expected that precision therapy will 
be possible by judging the presence or absence of a specific 
gene and selecting an optimized therapeutic drug accord-
ingly. So far, most previous studies have viewed cholangio-
carcinoma and gallbladder cancer as a group of biliary tract 
cancers. However, recent studies revealed that molecular 
profiling of CCA is different from gallbladder cancer. 
Furthermore, several studies reported that iCCA and eCCA 
have different molecular features. Jusakul et  al. reported 
their research combining whole-genome sequencing and 
epigenomic analysis of CCA with 489 patients from 10 
countries [31]. In the study, CCA was subgrouped into four 
clusters according to their molecular features. Cluster 1 com-
prised mostly fluke positive tumors with enrichment of 
ARID1A and BRCA1/2 mutations. Cluster 2 was character-
ized by a mix of fluke positive and negative tumors with 
upregulated CTNNB1, WNT5B, and NKT1. Clusters 1 and 
2 were enriched in TP53 mutation and ERBB2 gene expres-
sion. Clusters 3 and 4 were mostly fluke negative tumors, 
and cluster 3 exhibited specific upregulation of immune 
checkpoint genes; PD-1, PD-L2, and BTLA. Cluster 4 had 
BAP1, IDH1/2 mutations, and FGFR alterations. Anatomical 
classification of CCA was associated with clusters. Clusters 
1 and 2 were enriched in eCCA, whereas clusters 3 and 4 
consisted almost of iCCA. Moreover, iCCA was more fre-
quently mutated in BAP1 and KRAS. Clinically, each clus-
ters had different OS; clusters 3 and 4 had significantly better 
OS than clusters 1 and 2. These findings suggest heterogenic 
clinical features of CCA were also based on genetic and epi-

genetic variance of tumors, and further studies have to  
focus on classifying subgroups according to treatment strat-
egy and identifying novel therapeutic targets for personal-
ized therapy.

19.6  Summary and Conclusion

Adjuvant chemotherapy is effective in patients with CCA after 
curative surgery, especially with lymph node-positive and 
resection margin-positive disease. Although there are limited 
clinical trial data to establish a standard chemotherapy regi-
men for CCA after surgery, current recommended regimens 
are 5-FU-based or gemcitabine-based chemotherapies.

Palliative chemotherapy has an important role in the treat-
ment of advanced and recurrent CCA.  According to the 
results of randomized controlled phase III trial, gemcitabine 
plus cisplatin combination became the standard treatment 
option for first-line chemotherapy of advanced and meta-
static CCA. The efficacy of second-line chemotherapy was 
not definite until now. Novel targeted therapies reported 
promising results especially with fusion gene targets in 
iCCA but immunotherapies demonstrated disappointing 
results so far.

Precision medicine is recently on the rise in addition to 
cytotoxic systemic chemotherapy or chemoradiation. The 
identification of novel therapeutic targets based on next- 
generation sequencing technology and immunologic assess-
ment is actively being researched. In the future, anti-cancer 
therapy for CCA will develop to identify specific genes 
expressed in individual patients and provide personalized 
therapies accordingly.

However, the therapeutic landscape for CCA has expanded 
considerably in recent years after being nearly forgotten for 
a few decades. Combined therapy with chemotherapy, 
locoregional treatment, and immunotherapy are promising 
strategies. The knowledge of the biology of CCA is still lim-
ited compared to that of other solid cancers, but the available 
data on target therapies have added hopes for the future man-
agement of CCA and will likely continue to improve patient 
outcomes. Results from ongoing clinical trials are eagerly 
awaited to further elucidate the optimal management of this 
aggressive malignancy.

References

 1. Jo JH, Song SY.  Chemotherapy of cholangiocarcinoma: current 
management and future directions. Topics in the surgery of the bili-
ary tree. IntechOpen. 2018;2:35–52.

 2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer 
J Clin. 2017;67:7–30.

J. H. Jo et al.



169

 3. Korea Central Cancer Registry NCC. Annual report of cancer sta-
tistics in Korea in 2014. Ministry of Health and Welfare; 2016.

 4. Jarnagin WR, Fong Y, DeMatteo RP, Gonen M, Burke EC, 
Bodniewicz BJ, et  al. Staging, resectability, and outcome in 225 
patients with hilar cholangiocarcinoma. Ann Surg. 2001;234:507–
17. discussion 517–509

 5. Horgan AM, Amir E, Walter T, Knox JJ. Adjuvant therapy in the 
treatment of biliary tract cancer: a systematic review and meta- 
analysis. J Clin Oncol. 2012;30:1934–40.

 6. Neoptolemos JP, Moore MJ, Cox TF, Valle JW, Palmer DH, 
McDonald AC, et al. Effect of adjuvant chemotherapy with fluo-
rouracil plus folinic acid or gemcitabine vs observation on sur-
vival in patients with resected periampullary adenocarcinoma: 
the espac-3 periampullary cancer randomized trial. JAMA. 
2012;308:147–56.

 7. Ebata T, Hirano S, Konishi M, Uesaka K, Tsuchiya Y, Ohtsuka M, 
et  al. Randomized clinical trial of adjuvant gemcitabine chemo-
therapy versus observation in resected bile duct cancer. Br J Surg. 
2018;105:192–202.

 8. Edeline J, Benabdelghani M, Bertaut A, Watelet J, Hammel P, 
Joly JP, et  al. Gemcitabine and oxaliplatin chemotherapy or sur-
veillance in resected biliary tract cancer (PRODIGE 12-ACCORD 
18-UNICANCER GI): a randomized phase III study. J Clin Oncol. 
2019;37:658–67.

 9. Primrose JN, Fox RP, Palmer DH, Malik HZ, Prasad R, Mirza D, 
et al. Capecitabine compared with observation in resected biliary 
tract cancer (BILCAP): a randomised, controlled, multicentre, 
phase 3 study. Lancet Oncol. 2019;20:663–73.

 10. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, 
Maraveyas A, et al. Cisplatin plus gemcitabine versus gemcitabine 
for biliary tract cancer. N Engl J Med. 2010;362:1273–81.

 11. Morizane C, Okusaka T, Mizusawa J, Katayama H, Ueno M, Ikeda 
M, et al. Combination gemcitabine plus s-1 versus gemcitabine plus 
cisplatin for advanced/recurrent biliary tract cancer: the FUGA-BT 
(JCOG1113) randomized phase III clinical trial. Ann Oncol. 
2019;30:1950–8.

 12. Shroff RT, Javle MM, Xiao L, Kaseb AO, Varadhachary GR, Wolff 
RA, et al. Gemcitabine, cisplatin, and nab-paclitaxel for the treat-
ment of advanced biliary tract cancers: a phase 2 clinical trial. 
JAMA Oncol. 2019;5:824–30.

 13. Lamarca A, Hubner RA, David Ryder W, Valle JW.  Second-line 
chemotherapy in advanced biliary cancer: a systematic review. Ann 
Oncol. 2014;25:2328–38.

 14. Lamarca A, Palmer DH, Wasan HS, Ross PJ, Ma YT, Arora A, et al. 
ABC-06 | a randomised phase III, multi-centre, open-label study of 
active symptom control (ASC) alone or asc with oxaliplatin / 5-FU 
chemotherapy (ASC+mFOLFOX) for patients (pts) with locally 
advanced / metastatic biliary tract cancers (ABC) previously-
treated with cisplatin/gemcitabine (CisGem) chemotherapy. J Clin 
Oncol. 2019;37:4003.

 15. Belkouz A, Vos-Geelen J, Eskens F, Mathot RAA, van Gulik T, 
van Oijen MGH, et  al. Efficacy and safety of FOLFIRINOX in 
advanced biliary tract cancer after failure of gemcitabine plus cis-
platin: a phase II trial. J Clin Oncol. 2019;37:4086.

 16. Sohal DP, Mykulowycz K, Uehara T, Teitelbaum UR, Damjanov 
N, Giantonio BJ, et al. A phase II trial of gemcitabine, irinotecan 
and panitumumab in advanced cholangiocarcinoma. Ann Oncol. 
2013;24:3061–5.

 17. Gruenberger B, Schueller J, Heubrandtner U, Wrba F, Tamandl 
D, Kaczirek K, et al. Cetuximab, gemcitabine, and oxaliplatin in 
patients with unresectable advanced or metastatic biliary tract can-
cer: a phase 2 study. Lancet Oncol. 2010;11:1142–8.

 18. Malka D, Cervera P, Foulon S, Trarbach T, de la Fouchardiere 
C, Boucher E, et  al. Gemcitabine and oxaliplatin with or with-
out cetuximab in advanced biliary-tract cancer (bingo): a ran-
domised, open-label, non-comparative phase 2 trial. Lancet Oncol. 
2014;15:819–28.

 19. Valle JW, Wasan H, Lopes A, Backen AC, Palmer DH, Morris 
K, et  al. Cediranib or placebo in combination with cisplatin and 
gemcitabine chemotherapy for patients with advanced biliary 
tract cancer (abc-03): a randomised phase 2 trial. Lancet Oncol. 
2015;16:967–78.

 20. Moehler M, Maderer A, Schimanski C, Kanzler S, Denzer U, 
Kolligs FT, et al. Gemcitabine plus sorafenib versus gemcitabine 
alone in advanced biliary tract cancer: a double-blind placebo- 
controlled multicentre phase II AIO study with biomarker and 
serum programme. Eur J Cancer. 2014;50:3125–35.

 21. Lamarca A, Barriuso J, McNamara MG, Valle JW. Molecular tar-
geted therapies: ready for “prime time” in biliary tract cancer. J 
Hepatol. 2020;73:170–85.

 22. Sia D, Losic B, Moeini A, Cabellos L, Hao K, Revill K, et  al. 
Massive parallel sequencing uncovers actionable FGFR2-PPHLN1 
fusion and ARAF mutations in intrahepatic cholangiocarcinoma. 
Nat Commun. 2015;6:6087.

 23. Wang Y, Ding X, Wang S, Moser CD, Shaleh HM, Mohamed 
EA, et  al. Antitumor effect of FGFR inhibitors on a novel chol-
angiocarcinoma patient derived xenograft mouse model endog-
enously expressing an FGFR2-CCDC6 fusion protein. Cancer Lett. 
2016;380:163–73.

 24. Javle M, Lowery M, Shroff RT, Weiss KH, Springfeld C, Borad 
MJ, et  al. Phase II study of BGJ398  in patients with fgfr-altered 
advanced cholangiocarcinoma. J Clin Oncol. 2018;36:276–82.

 25. Mazzaferro V, El-Rayes BF, Droz Dit Busset M, Cotsoglou C, 
Harris WP, Damjanov N, et al. Derazantinib (ARQ 087) in advanced 
or inoperable fgfr2 gene fusion-positive intrahepatic cholangiocar-
cinoma. Br J Cancer. 2019;120:165–71.

 26. Abou-Alfa GK, Macarulla T, Javle MM, Kelley RK, Lubner SJ, 
Adeva J, et al. Ivosidenib in idh1-mutant, chemotherapy- refractory 
cholangiocarcinoma (ClarIDHy): a multicentre, randomised, double-
blind, placebo-controlled, phase 3 study. Lancet Oncol. 2020;21: 
796–807.

 27. Bang YJ, Doi T, De Braud F, Piha-Paul S, Hollebecque A, Razak 
ARA, et  al. Safety and efficacy of pembrolizumab (mk-3475) in 
patients (pts) with advanced biliary tract cancer: interim results of 
keynote-028. Eur J Cancer. 2015;51:S112.

 28. Piha-Paul SA, Oh DY, Ueno M, Malka D, Chung HC, Nagrial A, 
et  al. Efficacy and safety of pembrolizumab for the treatment of 
advanced biliary cancer: results from the keynote-158 and keynote-
 028 studies. Int J Cancer. 2020;147:2190–8.

 29. Ueno M, Ikeda M, Morizane C, Kobayashi S, Ohno I, Kondo S, 
et al. Nivolumab alone or in combination with cisplatin plus gem-
citabine in Japanese patients with unresectable or recurrent biliary 
tract cancer: a non-randomised, multicentre, open-label, phase 1 
study. Lancet Gastroenterol Hepatol. 2019;4:611–21.

 30. Arkenau HT, Martin-Liberal J, Calvo E, Penel N, Krebs MG, 
Herbst RS, et  al. Ramucirumab plus pembrolizumab in patients 
with previously treated advanced or metastatic biliary tract can-
cer: nonrandomized, open-label, phase I trial (JVDF). Oncologist. 
2018;23:1407–e1136.

 31. Jusakul A, Cutcutache I, Yong CH, Lim JQ, Huang MN, 
Padmanabhan N, et al. Whole-genome and epigenomic landscapes 
of etiologically distinct subtypes of cholangiocarcinoma. Cancer 
Discov. 2017;7:1116–35.

19 Recent Update in Chemotherapy of Cholangiocarcinoma



171© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
M. Makuuchi et al. (eds.), The IASGO Textbook of Multi-Disciplinary Management of Hepato-Pancreato-Biliary Diseases, 
https://doi.org/10.1007/978-981-19-0063-1_20

Chemotherapy in Pancreatic Ductal 
Adenocarcinoma

Hee Seung Lee, Seung Woo Park, and Si Young Song

Abstract

Pancreatic ductal adenocarcinoma (PDAC) can be divided 
into four groups: (1) resectable, (2) borderline, (3) locally 
advanced, and (4) disseminated. Resection followed by 
adjuvant chemotherapy remains the standard of care for 
resectable PDAC. All patients with resected PDAC should 
be offered six months of adjuvant chemotherapy in the 
absence of contraindications. The modified FOLFIRINOX 
(mFOLFIRINOX) is preferred in the absence of concerns 
for toxicity or tolerance. Alternatively, combination ther-
apy with gemcitabine and capecitabine, monotherapy 
with gemcitabine alone or (Fluorouracil) plus folinic acid 
can be offered as adjuvant chemotherapy. Recently, there 
has been increasing interest in neoadjuvant treatment due 
to the inability of some patients from adjuvant chemo-
therapy and the possibility of early micrometastasis even 
in resectable and borderline resectable PDAC. Patients at 
high risk for positive surgical margins are not considered 
to be good candidates for an upfront resection but may be 
potentially downstaged and safely resected following 
neoadjuvant therapy. Recent clinical trials  suggested that 
neoadjuvant chemotherapy with FOLFIRINOX, gem-
citabine plus nanoparticle albumin- bound paclitaxel (nab-
paclitaxel), and S-1 might be useful. However, future 
confirmative prospective studies are required. 
Unfortunately, most PDAC patients are metastatic at their 
diagnosis. FOLFIRINOX and gemcitabine plus nab-
paclitaxel are the first recommended chemotherapeutic 
drugs. FOLFIRINOX and gemcitabine plus nab-pacli-
taxel combination therapy has shown remarkable effects 
in patients with advanced PDAC with relatively good sys-
temic conditions, bringing new hope in the treatment of 
advanced PDAC. In addition, new targeted treatments and 

immune treatments using cancer cell-specific targets, and 
new treatments for desmoplastic characteristics of PDAC 
tissues are being attempted.

20.1  Introduction

PDAC is a highly lethal malignancy originating from the 
exocrine pancreas [1]. Radical resection is the only hope to 
expect long-term survival; however, at the time of diagnosis, 
resectable PDAC accounts for only about 20% of all patients, 
and most patients were diagnosed as advanced stages [2–4]. 
Even, cancer recurrence occurs in 70–80% of patients with 
PDAC discovered in the early stages after radical surgery [5]. 
Including surgery, chemotherapy, radiation therapy, chemo- 
combined radiotherapy, and palliative care are treatment 
options depending on the stage of PDAC [6, 7]. For decades, 
various types of anti-cancer treatment have been tried. 
However, PDAC shows a remarkable resistance to estab-
lished therapeutic options due to various innate mechanisms 
of resistance like genetic and epigenetic alterations and a 
complex and dense tumor microenvironment. Here, we 
aimed to discuss briefly the present and future of anticancer 
therapy in PDAC.

20.2  Chemotherapy in PDAC

20.2.1  Neoadjuvant Chemotherapy

The benefits of neoadjuvant therapy include the potential to 
downsize tumors in order to increase the possibility of a 
margin- free resection, select PDAC patients with more sta-
ble disease, and to treat micrometastases at an earlier stage 
[8]. Preoperative chemotherapy in borderline resectable 
PDAC can be effective and well-tolerated [8, 9]. Patients 
with borderline resectable PDAC demonstrated a higher pos-
sibility for an R0 resection after neoadjuvant therapies, and 
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survival of patients who underwent surgical resection was 
better than that of those who did not [10]. However, further 
research is necessary to discover the best regimens to use in 
a neoadjuvant setting.

Recently, neoadjuvant chemotherapy was also used in 
patients with resectable cases, especially in those with 
high- risk features. The phase III study (Prep-02/JSAP-05) 
of neoadjuvant gemcitabine plus S-1 conducted in Japan 
[11] demonstrated a significant survival benefit of neoadju-
vant chemotherapy, with a median overall survival (OS) of 
36.7 months vs. 26.6 months for upfront surgery (Hazard 
ratio (HR) 0.72, p = 0.015). Approximately 80% of patients 
enrolled in this study had resectable PDAC at diagnosis. On 
the other hand, perioperative mFOLFIRINOX and gem-
citabine/nab-paclitaxel showed similar efficacy, with 
acceptable safety and resectability rates. The 2-year OS 
was 41.6% with mFOLFIRINOX (p  =  0.42) and 48.8% 
with gemcitabine/nab-paclitaxel (p  =  0.12) [12]. Median 
OS was 22.4 months and 23.6 months, respectively. Median 
disease- free survival (DFS) after resection was 10.9 months 
with mFOLFIRINOX and 14.2 months with gemcitabine/
nab- paclitaxel. Neither arm’s two-year OS estimate was 
statistically significantly higher than the prior historical 
threshold of 40%. The National Comprehensive Cancer 
Network (NCCN) guideline of the USA recommends neo-
adjuvant therapy for selected patients who appear techni-
cally resectable but have poor prognostic features (i.e., 
markedly elevated CA 19–9, large primary tumors, large 
regional lymph nodes, excessive weight loss, and extreme 
pain) [13].

20.2.2  Adjuvant Chemotherapy

Postoperative adjuvant chemotherapy is routinely performed 
in all resectable PDAC. It was proven effective by improving 
recurrence free survival and OS after curative resection. The 
ESPAC-1 trial demonstrated a benefit of adjuvant chemo-
therapy with 5-FU and folinic acid (leucovorin) in patients 
following resection. The CONKO-001 trial showed increased 
DFS and OS with the use of adjuvant gemcitabine for six 
cycles compared with no adjuvant treatment [14].

The Japan Adjuvant Study Group of Pancreatic Center 
(JASPAC) conducted a phase III comparative study of 
 postoperative adjuvant chemotherapy with gemcitabine 
alone versus S-1 alone in patients who had undergone resec-
tion for PDAC [15, 16]. A total of 385 patients were enrolled, 
and the five-year survival rate and median survival time were 
44.1% vs. 24.4% and 46.5 vs. 25.5 months in both groups. It 
has been reported that S-1 is superior to gemcitabine (HR 
0.56, p < 0.0001). The ESPAC-4 trial demonstrated that the 
combined gemcitabine plus capecitabine regimen yielded a 
significantly prolonged OS after PDAC resection as com-

pared to gemcitabine monotherapy (25.5 vs. 28.0  months, 
HR 0.82, p = 0.032) [17, 18].

In the phase III PRODIGE 24/Canadian Cancer Trials 
Group (CCTG) PA.6 trial, patients aged 18−79  years with 
resected (R0 or R1) PDAC, who had not received prior che-
motherapy or radiation therapy were randomly assigned to 
receive six months of adjuvant therapy with either gem-
citabine or mFOLFIRINOX [19]. Median DFS, the primary 
end point of the study, was significantly prolonged for patients 
receiving mFOLFIRINOX compared with gemcitabine 
monotherapy (21.6 vs. 12.8  months, HR 0.58, p  <  0.001). 
Furthermore, median OS, a secondary end point of the study, 
was 54.4 months and 35.0 months for those receiving mFOL-
FIRINOX and gemcitabine, respectively (HR 0.64, p = 0.003). 
However, grade 3/4 adverse events were more frequent in the 
mFOLFIRINOX compared with the gemcitabine (75.9% vs. 
52.9%), including fatigue, diarrhea, nausea, vomiting, 
abdominal pain, sensory peripheral neuropathy, paresthesia, 
mucositis, and increased γ-glutamyl transferase level.

The global phase III APACT trial evaluated adjuvant che-
motherapy with gemcitabine plus nab-paclitaxel versus gem-
citabine alone in patients with resectable PDAC [20]. The 
primary endpoint, DFS by independent assessment, was not 
met. The median DFS was 19.4  months with gemcitabine 
plus nab-paclitaxel compared to 18.8  months with gem-
citabine monotherapy (HR = 0.88, p = 0.1824). However, in 
the prespecified sensitivity analysis of investigator-assessed 
DFS, a benefit was shown for the combination, with a median 
DFS of 16.6 months vs. 13.7 months for gemcitabine mono-
therapy (HR = 0.82, p = 0.0168). OS data are immature, yet. 
The interim median OS was 40.5 vs. 36.2 months, respec-
tively (HR = 0.82, p = 0.045).

20.2.3  Palliative Chemotherapy

In the majority of patients with PDAC, the cancer is already 
at an advanced unresectable stage at the time of diagnosis. 
Therefore, chemotherapy is the mainstay of treatment for 
metastatic PDAC [21, 22]. After a landmark clinical trial to 
compare gemcitabine and 5-FU in 1997, gemcitabine has 
been a standard of chemotherapy, and numerous clinical tri-
als have compared novel regimens against gemcitabine 
monotherapy [23]. In a phase III trial, the addition of erlo-
tinib to gemcitabine improved progression-free survival 
(PFS) and OS compared with gemcitabine alone, although 
this benefit was marginal.

In the phase III ACCORD-11 trial, the FOLFIRINOX 
regimen (oxaliplatin 85 mg/m2, folinic acid 400 mg/m2, iri-
notecan 180 mg/m2, bolus fluorouracil 400 mg/m2, infusional 
5-FU 2400 mg/m2 over 46 hr., every 14 days) had a median 
OS of 11.1 months when compared to the existing standard 
therapy, gemcitabine alone, which was significantly 
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improved compared to 6.8 months in the gemcitabine alone 
group (HR 0.57, p < 0.001) [24]. Median PFS was 6.4 months, 
showing a prolonged effect compared to 3.3 months of the 
gemcitabine alone group (HR 0.47, p  <  0.001). However, 
treatment-related toxicity was also significantly worse with 
FOLFIRINOX, including grade 3/4 neutropenia (45.7%), 
thrombocytopenia (9.1%), and diarrhea (12.7%). Therefore, 
this regimen is recommended for relatively younger patients 
with good performance status. Another phase III trial, the 
MPACT trial, showed that gemcitabine plus nab-paclitaxel 
was superior to gemcitabine alone in terms of response, PFS, 
and OS in patients with metastatic PDAC [25, 26]. The 
median OS was significantly improved at 8.5 vs. 6.7 months 
(HR 0.72, p < 0.001), and the median PFS was also at 5.5 vs. 
3.7 months (HR 0.69, p < 0.001). Some studies investigated 
the biological effects of gemcitabine plus nab-paclitaxel and 
suggested that this regimen decreases cancer associated 
fibroblast (CAF) content inducing a marked alteration in 
cancer stroma that results in tumor softening. Since the two 
drugs showed an improvement in survival time compared to 
the gemcitabine alone group, FOLFIRINOX and gem-
citabine plus nab-paclitaxel could be considered as first-line 
chemotherapeutic agents.

Recently, efficacy of maintenance Olaparib (PARP inhibi-
tor) in patients with a germline BRCA mutation and meta-
static PDAC that had not progressed after at least 16 weeks 
of first-line platinum-based chemotherapy was reported 
(POLO trial) [27]. This was an international, double-blind, 
placebo-controlled, phase III trial that randomized a total of 
154 patients to either Olaparib (n = 92) or placebo (n = 62). 
If there is a germline BRCA1 or BRCA2 mutation, Olaparib 
(300 mg twice a day) was used as maintenance therapy. The 
median PFS was 7.4 months, which was significantly longer 
than the placebo group, 3.8 months (HR 0.53, p = 0.004). 
POLO is the first randomized trial to study the efficacy of 
PARP inhibitors in germline BRCA-mutated patients. The 
study is the first proof of concept of the feasibility of an indi-
vidualized strategy in the choice of therapy based on a 
genomic marker in PDAC.

For patients who are refractory to first-line chemothera-
peutic regimen, it is reasonable to consider further second-
line chemotherapy in patients who maintain a good perfor-
mance status. For patients with advanced disease who have 
received prior gemcitabine-based therapy, 5-FU-based che-
motherapy regimens are acceptable second-line options. 
Alternatively, gemcitabine-based therapy can be given to those 
previously treated with 5-FU-based therapy. However, there 
are no widely accepted optimal regimens for second-line 
therapy yet. In the recent NAPOLI-1 phase III randomized 
trial, the effects of nanoliposomal irinotecan were examined 
in patients with metastatic PDAC who previously received 
gemcitabine-based therapy [28]. Median PFS (3.1 vs. 
1.5 months, HR 0.56, p < 0.001) and OS (6.2 vs. 4.2 months, 

HR 0.75, p = 0.042) were significantly greater for patients 
who received nanoliposomal irinotecan with 5-FU/leucovo-
rin, compared to patients who did not receive irinotecan. 
When the above treatments are not suitable, gemcitabine 
alone therapy, TS-1 therapy, gemcitabine combined with 
other drugs (erlotinib, cisplatin, or capecitabine) are also 
possible [29–32].

Second-line treatment options for patients with good per-
formance status and previously treated with gemcitabine- 
based therapy include: 5-FU/leucovorin/liposomal 
irinotecan, FOLFIRI, FOLFIRINOX, 5-FU/leucovorin/
oxaliplatin (OFF), FOLFOX, CapeOx, capecitabine, and 
continuous infusion 5-FU [7, 33, 34]. Options for patients 
with good performance status and previously treated with 
5-FU-based therapy include: gemcitabine/albumin-bound 
paclitaxel, gemcitabine/cisplatin, gemcitabine/erlotinib, and 
gemcitabine monotherapy [13].

20.3  Immunotherapy

Immunotherapy is one of the emerging therapeutic options. 
However, previous clinical trials of immunotherapy did not 
show benefit in OS in PDAC. Immunotherapy stimulates a 
host immune response that results in long-term tumor 
destruction [35, 36]. The stroma of PDAC is particularly rich 
in inflammatory cells that are proposed to mediate drug 
resistance and tumor progression. Therefore, immune cells—
such as T-cells and macrophages—infiltrating the peri- 
tumoral stroma represent a promising target for 
immunotherapeutic approaches. T-cell mediated immunity 
includes multiple sequential steps that are regulated by coun-
terbalancing stimulatory and inhibitory signals that fine-tune 
the response [37, 38]. These inhibitory pathways are referred 
to as immune checkpoints and these are crucial for maintain-
ing self-tolerance and modulating the duration and ampli-
tude of physiological immune responses.

A new treatment option uses human immune-check 
point-inhibitor antibodies that inhibit the interactions 
between immune cells and antigen-presenting cells, includ-
ing tumor cells. There is evidence that PD-1 blockade with 
pembrolizumab may be effective in tumors with mismatch 
repair deficiency (dMMR) [39, 40]. Pembrolizumab is an 
anti-PD-1 receptor antibody which blocks its interaction 
with PD-L1 and PD-L2, releasing the PD-1-mediated inhi-
bition of the immune response, which improves antitumor 
immunity. The results of a phase II study in patients with 12 
different dMMR advanced cancers, including pancreas, 
found that treatment with pembrolizumab resulted in dura-
ble responses (ORR in 53% of patients, with 21% complete 
response). There were six patients with PDAC with an ORR 
in 62% of patients (two had complete response and three 
had progressive disease).
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Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) 
is an immune checkpoint that plays a critical role in regulat-
ing and limiting immune responses, and it can be blocked by 
specific antibodies such as ipilimumab, a fully human 
 antibody [41, 42]. The binding of ipilimumab to CTLA-4 
blocks the immune limiting activity of CTLA-4, thereby sus-
taining an active immune response against the cancer cells. 
Early phase trials are currently underway in PDAC for ipili-
mumab (NCT01473940). Another promising immune-mod-
ulatory target is CD40, which is a co-stimulatory molecule 
for antigen presenting cells [43, 44]. Gemcitabine treatment 
combined with CD40 agonist-activated T-cells reduced the 
tumor burden in advanced PDAC patients in a phase I study 
by decreasing tumor stroma and increasing the tumor infil-
tration of activated macrophages [45]. In addition to enhanc-
ing the systemic immune response, attracting selected 
antitumor cytokines is also a promising concept that is cur-
rently under intense preclinical and clinical investigation. 
One of the most tumor selective antigens that can be used to 
guide cytokines to the site of a tumor is the extradomain B 
(ED-B) of fibronectin. The fusion product consisting of the 
ED-B antibody fragment L19 and interleukin-2 is currently 
being tested in a phase I/II trial in PDAC (NCT01198522).

20.4  Tumor Microenvironment

Other promising novel approaches to PDAC treatment 
include therapies targeting the desmoplastic stroma [46]. 
PDAC is characterized by the presence of a dense fibrous 
stromal tissue that represents up to 90% of the tumor volume 
[38]. This pancreatic extracellular matrix, produced by CAF, 
is predominantly made of collagen, hyaluronic acid, and 
fibronectin [47]. The full implications of this extracellular 
matrix and associated cells are still under investigation, but 
this dense stroma has been shown to limit efficacy of stan-
dard cytotoxic, immune, and targeted agents [48, 49]. 
Inefficient drug deliveries due to the intense stromal reaction 
may be an important contributor to chemo-resistance in 
PDAC [50]. The inhibition of stroma-related signaling path-
ways is considered to be a promising tool to decrease stromal 
density and to facilitate the access of cytotoxic drugs to the 
tumor cells. A cellular matrix component is currently being 
evaluated as targets for therapeutic intervention. Human 
recombinant PH20 hyaluronidase (PEGPH20) enzymati-
cally depletes hyaluronan (highly abundant in the extracel-
lular matrix of both human and murine PDAC tissues), 
thereby inducing the re-expansion of tumor blood vessels 
and increasing the concentration of gemcitabine within the 
tumor [51]. PEGPH20 resulted in significantly diminished 
tumor growth and prolonged survival in mice. Increased 

hyaluronic acid is associated with decreased survival in 
patients with PDAC, probably through increased interstitial 
pressure that impedes diffusion of therapeutic agents and 
nutrients into the tumor microenvironment. Hyaluronidase 
was investigated to break down hyaluronic acid. A phase 1b 
study of PEGPH20 in combination with gemcitabine showed 
an OS of 6.6 months in all-comers, but an OS of 13 months 
in the six patients with elevated hyaluronic acid concentra-
tions [52]. This study was followed by a randomized phase II 
trial of gemcitabine and nab-paclitaxel with or without 
PEGPH20 [53]. The PEGPH20 group of this trial had an 
improvement in PFS (6.0 vs. 5.3 m), which was amplified in 
patients with tumors with high hyaluronic acid expression 
(9.2 vs. 5.2 m). But phase III trial evaluating PEGPH20 in 
combination with gemcitabine and nab-paclitaxel in patients 
who have tumors with high hyaluronic acid concentrations 
reported no improvement in OS compared with gemcitabine 
alone, leading to a suspension of further exploration of 
PEGPH20.

20.5  Summary

As the landscape of cancer treatment continues to evolve, 
understanding and targeting driver mutations will become 
the cornerstone of anticancer chemotherapy. In cancers such 
as PDAC that have an extremely poor prognosis and limited 
treatment options, molecular targeted therapy is even more 
important. Multiple clinical trials are currently under way, 
and more promising data will soon be available.

References

 1. Ryan DP, Hong TS, Bardeesy N.  Pancreatic adenocarcinoma. N 
Engl J Med. 2014;371:1039–49.

 2. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, 
Matrisian LM. Projecting cancer incidence and deaths to 2030: the 
unexpected burden of thyroid, liver, and pancreas cancers in the 
United States. Cancer Res. 2014;74:2913–21.

 3. Kamisawa T, Wood LD, Itoi T, Takaori K.  Pancreatic cancer. 
Lancet. 2016;388:73–85.

 4. Ferlay J, Soerjomataram I, Dikshit R, et  al. Cancer incidence 
and mortality worldwide: sources, methods and major patterns in 
GLOBOCAN 2012. Int J Cancer. 2015;136:E359–86.

 5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer 
J Clin. 2020;70:7–30.

 6. Hartwig W, Werner J, Jager D, Debus J, Buchler MW. Improvement 
of surgical results for pancreatic cancer. Lancet Oncol. 
2013;14:e476–85.

 7. Kalser MH, Ellenberg SS. Pancreatic cancer. Adjuvant combined 
radiation and chemotherapy following curative resection. Arch 
Surg. 1985;120:899–903.

 8. Muller PC, Frey MC, Ruzza CM, et al. Neoadjuvant chemotherapy 
in pancreatic cancer: an appraisal of the current high-level evi-
dence. Pharmacology. 2020;106(3–4):143–53.

H. S. Lee et al.



175

 9. Christians KK, Tsai S, Mahmoud A, et  al. Neoadjuvant 
FOLFIRINOX for borderline resectable pancreas cancer: a new 
treatment paradigm? Oncologist. 2014;19:266–74.

 10. Tinchon C, Hubmann E, Pichler A, et al. Safety and efficacy of neo-
adjuvant FOLFIRINOX treatment in a series of patients with bor-
derline resectable pancreatic ductal adenocarcinoma. Acta Oncol. 
2013;52:1231–3.

 11. Motoi F, Kosuge T, Ueno H, et  al. Randomized phase II/III trial 
of neoadjuvant chemotherapy with gemcitabine and S-1 versus 
upfront surgery for resectable pancreatic cancer (Prep-02/JSAP05). 
Jpn J Clin Oncol. 2019;49:190–4.

 12. Ahmad SA, Duong M, Sohal DPS, et al. Surgical outcome results 
from SWOG S1505: a randomized clinical trial of mFOLFIRI-
NOX versus gemcitabine/nab-paclitaxel for perioperative treat-
ment of resectable pancreatic ductal adenocarcinoma. Ann Surg. 
2020;272(3):481–6.

 13. Tempero MA, Malafa MP, Chiorean EG, et  al. Pancreatic ade-
nocarcinoma, version 1.2019. J Natl Compr Cancer Netw. 
2019;17:202–10.

 14. Neoptolemos JP, Stocken DD, Friess H, et al. A randomized trial of 
chemoradiotherapy and chemotherapy after resection of pancreatic 
cancer. N Engl J Med. 2004;350:1200–10.

 15. Oettle H, Post S, Neuhaus P, et  al. Adjuvant chemotherapy with 
gemcitabine vs observation in patients undergoing curative-intent 
resection of pancreatic cancer: a randomized controlled trial. 
JAMA. 2007;297:267–77.

 16. Uesaka K, Boku N, Fukutomi A, et al. Adjuvant chemotherapy of 
S-1 versus gemcitabine for resected pancreatic cancer: a phase 3, 
open-label, randomised, non-inferiority trial (JASPAC 01). Lancet. 
2016;388:248–57.

 17. Neoptolemos JP, Palmer DH, Ghaneh P, et  al. Comparison of 
adjuvant gemcitabine and capecitabine with gemcitabine mono-
therapy in patients with resected pancreatic cancer (ESPAC-4): 
a multicentre, open-label, randomised, phase 3 trial. Lancet. 
2017;389:1011–24.

 18. Valle JW, Palmer D, Jackson R, et al. Optimal duration and timing 
of adjuvant chemotherapy after definitive surgery for ductal ade-
nocarcinoma of the pancreas: ongoing lessons from the ESPAC-3 
study. J Clin Oncol. 2014;32:504–12.

 19. Vivaldi C, Fornaro L, Vasile E. FOLFIRINOX adjuvant therapy for 
pancreatic cancer. N Engl J Med. 2019;380:1187–8.

 20. Tempero MA, Reni M, Riess H, et  al. APACT: phase III, multi-
center, international, open-label, randomized trial of adjuvant 
nab-paclitaxel plus gemcitabine (nab-P/G) vs gemcitabine (G) 
for surgically resected pancreatic adenocarcinoma. J Clin Oncol. 
2019;37:4000.

 21. Sohal DP, Mangu PB, Khorana AA, et  al. Metastatic pancreatic 
cancer: American Society of Clinical Oncology Clinical Practice 
Guideline. J Clin Oncol. 2016;34(23):2784–96.

 22. Ko AH. Progress in the treatment of metastatic pancreatic cancer and 
the search for next opportunities. J Clin Oncol. 2015;33:1779–86.

 23. Burris HA 3rd, Moore MJ, Andersen J, et al. Improvements in sur-
vival 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.

 24. Conroy T, Desseigne F, Ychou M, et  al. FOLFIRINOX ver-
sus gemcitabine for metastatic pancreatic cancer. N Engl J Med. 
2011;364:1817–25.

 25. Von Hoff DD, Ervin T, Arena FP, et al. Increased survival in pan-
creatic cancer with nab-paclitaxel plus gemcitabine. N Engl J Med. 
2013;369:1691–703.

 26. Von Hoff DD, Ramanathan RK, Borad MJ, et al. Gemcitabine plus 
nab-paclitaxel is an active regimen in patients with advanced pan-
creatic cancer: a phase I/II trial. J Clin Oncol. 2011;29:4548–54.

 27. Golan T, Hammel P, Reni M, et al. Maintenance olaparib for germ-
line BRCA-mutated metastatic pancreatic cancer. N Engl J Med. 
2019;381:317–27.

 28. Wang-Gillam A, Hubner RA, Siveke JT, et al. NAPOLI-1 phase 3 
study of liposomal irinotecan in metastatic pancreatic cancer: final 
overall survival analysis and characteristics of long-term survivors. 
Eur J Cancer. 2019;108:78–87.

 29. Cunningham D, Chau I, Stocken DD, et al. Phase III randomized 
comparison of gemcitabine versus gemcitabine plus capecitabine 
in patients with advanced pancreatic cancer. J Clin Oncol. 
2009;27:5513–8.

 30. Herrmann R, Bodoky G, Ruhstaller T, et  al. Gemcitabine plus 
capecitabine compared with gemcitabine alone in advanced 
pancreatic cancer: a randomized, multicenter, phase III trial 
of the Swiss Group for Clinical Cancer Research and the 
Central European Cooperative Oncology Group. J Clin Oncol. 
2007;25:2212–7.

 31. Moore MJ, Goldstein D, Hamm J, et al. Erlotinib plus gemcitabine 
compared with gemcitabine alone in patients with advanced pan-
creatic cancer: a phase III trial of the National Cancer Institute of 
Canada Clinical Trials Group. J Clin Oncol. 2007;25:1960–6.

 32. Ueno H, Ioka T, Ikeda M, et  al. Randomized phase III study of 
gemcitabine plus S-1, S-1 alone, or gemcitabine alone in patients 
with locally advanced and metastatic pancreatic cancer in Japan 
and Taiwan: GEST study. J Clin Oncol. 2013;31:1640–8.

 33. Louvet C, Labianca R, Hammel P, et al. Gemcitabine in combina-
tion with oxaliplatin compared with gemcitabine alone in  locally 
advanced or metastatic pancreatic cancer: results of a GERCOR 
and GISCAD phase III trial. J Clin Oncol. 2005;23:3509–16.

 34. Oettle H, Riess H, Stieler JM, et al. Second-line oxaliplatin, folinic 
acid, and fluorouracil versus folinic acid and fluorouracil alone 
for gemcitabine-refractory pancreatic cancer: outcomes from the 
CONKO-003 trial. J Clin Oncol. 2014;32:2423–9.

 35. Ribas A. Releasing the brakes on cancer immunotherapy. N Engl J 
Med. 2015;373:1490–2.

 36. Wu J, Cai J. Dilemma and challenge of immunotherapy for pancre-
atic cancer. Dig Dis Sci. 2021;66(2):359–68.

 37. Balachandran VP, Beatty GL, Dougan SK. Broadening the impact 
of immunotherapy to pancreatic cancer: challenges and opportuni-
ties. Gastroenterology. 2019;156:2056–72.

 38. Immunotherapy shows promise in pancreatic cancer. Cancer 
Discov. 2019;9:1330.

 39. Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency 
predicts response of solid tumors to PD-1 blockade. Science. 
2017;357:409–13.

 40. Asaoka Y, Ijichi H, Koike K.  PD-1 blockade in tumors with 
mismatch- repair deficiency. N Engl J Med. 2015;373:1979.

 41. Bengsch F, Knoblock DM, Liu A, McAllister F, Beatty GL. CTLA-4/
CD80 pathway regulates T cell infiltration into pancreatic cancer. 
Cancer Immunol Immunother. 2017;66:1609–17.

 42. Bajor DL, Vonderheide RH. Cracking the stone: combination vac-
cination and CTLA-4 blockade in pancreatic cancer. J Immunother. 
2013;36:362–4.

 43. Beatty GL, Chiorean EG, Fishman MP, et al. CD40 agonists alter 
tumor stroma and show efficacy against pancreatic carcinoma in 
mice and humans. Science. 2011;331:1612–6.

 44. Van Audenaerde JR, Marcq E, von Scheidt B, et  al. Novel com-
bination immunotherapy for pancreatic cancer: potent anti-tumor 
effects with CD40 agonist and interleukin-15 treatment. Clin Transl 
Immunology. 2020;9:e1165.

 45. Vonderheide RH, Bajor DL, Winograd R, Evans RA, Bayne LJ, 
Beatty GL.  CD40 immunotherapy for pancreatic cancer. Cancer 
Immunol Immunother. 2013;62:949–54.

 46. Karamitopoulou E.  The tumor microenvironment of pancreatic 
cancer. Cancers (Basel). 2020;12:3076.

20 Chemotherapy in Pancreatic Ductal Adenocarcinoma



176

 47. Karamitopoulou E. Tumour microenvironment of pancreatic can-
cer: immune landscape is dictated by molecular and histopathologi-
cal features. Br J Cancer. 2019;121:5–14.

 48. Christenson ES, Jaffee E, Azad NS. Current and emerging thera-
pies for patients with advanced pancreatic ductal adenocarcinoma: 
a bright future. Lancet Oncol. 2020;21:e135–45.

 49. DuFort CC, DelGiorno KE, Hingorani SR. Mounting pressure in 
the microenvironment: fluids, solids, and cells in pancreatic ductal 
adenocarcinoma. Gastroenterology. 2016;150:1545–57.e2.

 50. Ligorio M, Sil S, Malagon-Lopez J, et al. Stromal microenviron-
ment shapes the intratumoral architecture of pancreatic cancer. 
Cell. 2019;178:160–75.e27.

 51. PEGPH20 may improve standard-of-care therapy in pancreatic can-
cer. Cancer Discov. 2018;8:136.

 52. Hingorani SR, Harris WP, Beck JT, et  al. Phase Ib study of 
PEGylated recombinant human hyaluronidase and gemcitabine 
in patients with advanced pancreatic cancer. Clin Cancer Res. 
2016;22:2848–54.

 53. Hingorani SR, Zheng L, Bullock AJ, et  al. HALO 202: random-
ized phase II study of PEGPH20 plus nab-paclitaxel/gemcitabine 
versus nab-paclitaxel/gemcitabine in patients with untreated, meta-
static pancreatic ductal adenocarcinoma. J Clin Oncol. 2018;36: 
359–66.

H. S. Lee et al.



177© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
M. Makuuchi et al. (eds.), The IASGO Textbook of Multi-Disciplinary Management of Hepato-Pancreato-Biliary Diseases, 
https://doi.org/10.1007/978-981-19-0063-1_21

Immune-Checkpoint Inhibitors 
in Hepatocellular Carcinoma

Rubens Copia Sperandio, Roberto Carmagnani Pestana, 
and Ahmed O. Kaseb

Abstract

Hepatocellular carcinoma (HCC) is a major cause of 
cancer- related death worldwide. Prognosis is grim, with 
5-year overall survival <10% for patients with advanced 
disease, and the management is complex, demanding a 
multidisciplinary approach. Recently, a better understand-
ing of the pathophysiology and immune microenviron-
ment of HCC has led to advances in systemic treatment 
with the incorporation of immunotherapeutic strategies. 
The rationale behind immunotherapy as a treatment 
modality for HCC include the immunosuppressive effects 
of chronic inflammatory conditions associated with cir-
rhosis and hepatitis. Initially, anti-PD-1 immune- 
checkpoint inhibitors (ICIs)—nivolumab and 
pembrolizumab—were evaluated in single-arm early- 
phase trials, with promising efficacy. However, larger 
confirmatory studies of anti-PD1 ICI alone have yielded 
disappointing results. This insufficient activity of single- 
agent ICI led to interest in combination strategies, and the 
association of atezolizumab (an anti-PD-L1 ICI) and bev-
acizumab (an anti-VEGF antibody) has been established 
as the new standard of care for first-line systemic therapy 
in advanced HCC. Furthermore, there is increasing inter-
est in assessing the usefulness of ICIs as an option to ear-
lier stages—either in the neoadjuvant or adjuvant settings 
or combined with locoregional approaches. In this chap-
ter, we aim to review the rationale, efficacy data and 
future perspectives regarding the use of ICI for HCC.

21.1  Background

Hepatocellular carcinoma (HCC) is the fourth leading cause 
of cancer-related mortality worldwide, accountable for over 
780,000 deaths in 2018 [1]. The major risk factor is cirrhosis 
from any etiology, most notably viral hepatitis, environmen-
tal toxins, alcohol abuse, and metabolic factors leading to 
non-alcoholic fatty liver disease (NAFLD) [2]. As a hetero-
geneous disease that most commonly arises in this back-
ground of chronic inflammatory liver conditions, the 
management of HCC is complex and demands a multidisci-
plinary approach. Regrettably, less than 20% of patients are 
diagnosed at early stages, when a curative treatment with 
surgical resection, ablation or liver transplantation is feasible 
[3]; the majority get the diagnosis when disease is already 
locally advanced or metastatic and prognosis is grim, with 
5-year overall survival of less than 10% [4]. Additionally, 
over 70% of patients will experience recurrence following 
curative-intent therapy [5].

Historically, effective systemic therapies for advanced 
HCC have been scarce. HCC is a chemotherapy-refractory 
tumor and no cytotoxic agent has been shown to meaning-
fully improve survival [6, 7]. A more refined understanding 
of the pathophysiology of HCC lead to the discovery that 
hypervascularity and vascular abnormalities such as arteri-
alization and sinusoidal capillarization, mediated by the 
action of proangiogenic factors such as vascular endothelial 
growth factor (VEGF), are common findings in HCC and 
shed light on angiogenesis as a potential therapeutic target 
[8]. In fact, the treatment landscape of advanced, unresect-
able HCC substantially evolved with clinical development of 
tyrosine-kinase inhibitors (TKI) that target the VEGF path-
way. Initially, in 2008, sorafenib, an orally-available TKI, 
was approved based on data from the phase III SHARP trial, 
demonstrating a modest but significant overall survival ben-
efit versus best supportive care alone (10.7 versus 7.9 months, 
HR 0.69; p < 0.001) [9]. This targeted-therapy became the 
standard of care and was the only first-line approved sys-
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temic approach until 2018, when the therapeutic arsenal 
against HCC was broadened with the approval of lenvatinib 
as first-line, after demonstrating non-inferiority versus 
sorafenib in the phase III REFLECT study [10]. Moreover, 
since 2017, a plethora of anti-angiogenic agents were 
approved in second-line settings, with overall survival 
improvements ranging from 1.6 to 2.8  months versus pla-
cebo; subsequent options include regorafenib [11], ramuci-
rumab [12] and cabozantinib [13]. Nevertheless, the impact 
of these agents is modest, and no reliable biomarker for 
selection of patients has been identified. Therefore, progress 
is needed and effective therapy against HCC remains an 
unmet need.

With the recognition of cancer as an immunogenic dis-
ease, the role of immune modulation as a part of oncologic 
management was explored. In the early 2000s, local and sys-
temic immunotherapy with interferon [14] and cytokines 
such as IL-12 [15] were studied, with poor results. More 
recently, cancer treatment was revolutionized by the intro-
duction of immune checkpoint inhibitors (ICI) [16]. This 
group of agents is composed by immunomodulatory anti-
bodies with the primary function of blocking immune inhibi-
tory pathways and therefore unleashing the body’s response 
against malignancies, with particular success in melanoma 
[17], renal cell carcinoma [18], and non-small cell lung can-
cer [19]. Strikingly, ICI has demonstrated potential for long- 
term disease control and even cure in metastatic 
chemotherapy-refractory solid tumors [20]. In light of the 
limited treatment options and an improved understanding of 
liver immune biology, ICI’s use soon expanded to HCC. In 
this chapter, we will review the rationale, efficacy data and 
future perspectives regarding the use of ICI for HCC.

21.2  Rationale and the Evolving Role 
of Immunotherapy in Cancer 
Treatment

A better understanding of how innate and adaptive immune 
surveillance interplay with cancer development has led to 
major therapeutic advances across many cancer types [21]. 
The intricated mechanisms underlying this process initiate 
with the immune system’s ability to recognize self and non- 
self antigens. The interface between the immune and tumor 
cells is mediated by antigen-presenting cells (APC) and 
components of major histocompatibility complex (MHC) 
classes I and II, responsible for recognition and consequent 
activation/inhibition of the immune response, comprising the 
“immune synapse”. The primary connection between T cells 
and APC is through the MHC and the T cell receptor (TCR) 

complexes [22]. To ensure meticulous regulation of this pro-
cess, the initial signal depends on additional costimulatory 
and co-inhibitory molecules, collectively known as “immune 
checkpoints”. These bindings may produce, respectively, 
two opposing effects as a final result: immune activation 
through effector T cells; or immune evasion through 
increased participation of regulatory and suppressing cells 
[23]. These pathways create a dynamic balance between car-
cinogenesis and immune destruction, exemplifying a phe-
nomenon called “cancer immunoediting”—a relationship 
described in three phases: elimination, equilibrium, and 
escape. The latter is characterized by tumor growth that is no 
longer blocked by adaptive immunity and is able to cause 
clinical manifestations of disease [24]. The most representa-
tive and studied negative immune checkpoints to date are 
cytotoxic T-lymphocyte associated protein 4 (CTLA-4), 
 programmed cell-death receptor (PD-1) and its ligand pro-
grammed cell-death ligand 1 (PD-L1) (Table 21.1).

CTLA-4 blockade is a hallmark to immunotherapy as it 
represents the first-ever approved drug of ICI class—ipilim-
umab [25]. CTLA-4 is constitutively expressed in regulatory 
T cells, and by activated CD4+ and CD8+ lymphocytes. 
CTLA-4 competitively binds to CD80 (also known as B7-1) 
and CD86 (B7-2), thus decreasing the costimulatory signal 
of CD28 on APCs [26]. Upregulation of CTLA-4 occurs 
mediated by pro-effector cytokines IL-12, IFN-gamma and 
the degree of TCR activation, which leads to a feedback inhi-
bition loop on effector T cells and, consequently, impairment 
of the immune response [27].

PD-1 is expressed in lymphocytes (T cells, B cells and 
NK cells) and is paramount for immunomodulation in tumor 
microenvironment. PD-1 is a co-inhibitory receptor that 
binds to the PDL-1 (also known as B7-H1 or CD274) and 
PDL-2 (B7-H2 or CD273), promoting peripheral T effector 
cell exhaustion [28]. While PDL-2 is mostly found in hema-
topoietic cells, PDL-1 is expressed across many tissues, 
including tumor cells. PDL-1 expression in the tumor micro-
environment is also enhanced by IL-12 and IFN-gamma, 
highlighting its role as a physiological brake to effector T 
cells and as a mechanism for immune evasion [29, 30]. 
Chronic presented antigens as seen in chronic viral infec-
tions or neoplastic clones may induce feedback inhibition of 
effector T cells, in a process called “immune exhaustion” 
[23].

Table 21.1 Immune checkpoint inhibitors

Anti-PD1 Anti-PDL-1 Anti-CTLA-4
Pembrolizumab Atezolizumab Ipilimumab
Nivolumab Avelumab Tremelimumab
Cemiplimab Durvalumab
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21.3  The Unique Microenvironment 
and Immune System of the Liver

ICI have yielded better responses when used in solid tumors 
with high mutational burden cancers, such as melanoma and 
non-small cell lung cancer. In such tumors, there is a pre-
dicted higher burden of neoantigens to be recognized by 
immune effector cells. Most cases of HCC arise in the back-
ground of a chronically inflamed liver, with underlying cir-
rhosis. A correlation between an inflamed tumor 
microenvironment and more neoantigens leading to higher 
IFN-gamma and PD-L1 expression has suggested—in a 
broad analysis of over 100,000 cancer genomes, the tumor 
mutational burden for HCC was found to be moderate [31].

Due to unique features of the hepatic tissue, such as self- 
tolerance, the immunological landscape of HCC is a key fea-
ture to the effectiveness of this class of agents. There is a 
myriad of cells found in HCCs, which include malignant 
hepatocytes, endothelial cells and infiltrating immune cells 
such as dendritic cells, lymphocytes, macrophages and 
monocytes (Fig.  21.1). The immune microenvironment in 
HCC is also characterized by upregulation and overexpres-
sion of PD-1  in intrahepatic lymphocytes, PD-L1 and 
PD-L2  in Kupffer cells, liver sinusoidal endothelium and 
leucocytes [32].

Recent advances in gene profiling and identification of 
gene signatures and other molecular features allow a pheno-
type classification that intend to better select subsets of 
patients which are more likely to respond. There has been 
evidence for classifying microenvironment-based immune 
subtypes in distinct phenotype groups. A study found that 
25% of HCC samples show features of inflammatory 
response with overexpression of PD-1 and PD-L1. This so- 
called “Immune Class” is subdivided in two groups accord-
ingly to immune status: (1) active (~65%, with overexpression 
of adaptive immune response genes) or (2) exhaustion of 
immunological activity (~35%, with predominance of immu-
nosuppressive features such as TGF-ß expression and M2 
macrophages infiltration [33].

21.4  Single-Agent Immune Checkpoint 
Inhibitors Trials

Efficacy and safety of ICI in treating HCC were initially 
assessed in single-arm trials. Published in 2017, the 
CheckMate-040 [34] was a phase I/II study that evaluated 
nivolumab (an anti-PD1 ICI) after sorafenib failure in 262 
patients. Results were promising, with an overall response 
rate of 20%, and disease control rate of 64%. The median 

Fig. 21.1 The complex and multi-faceted functional interactions guid-
ing cancer immune tolerogenesis in hepatocellular carcinoma. Cellular 
and functional heterogeneity of the HCC tumour microenvironment. 
Reused with permission from: Pinato DJ, Guerra N, Fessas P, et  al. 

Immune-based therapies for hepatocellular carcinoma. Oncogene. 
2020;39(18):3620–3637. https://doi.org/10.1038/s41388- 020- 1249- 9. 
License at: http://creativecommons.org/licenses/by/4.0/
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progression-free survival was 4.0  months, and the median 
duration of response was 9.9 months, highlighting the ICI’s 
potential for long-term responses. Overall survival at 
6 months and at 9 months were 83% and 74%, respectively, 
which compared favorably to published trials in the later line 
setting. Moreover, treatment was well tolerated, and only 3% 
of subjects had to discontinue treatment due to drug-related 
adverse events. A particular safety concern was the risk of 
immune-related hepatitis, but this event was rare and mostly 
low grade [35].

In 2018, the results of the single-arm phase II 
KEYNOTE-224 trial [36] were reported. In this study, 104 
patients that had progressed on sorafenib were treated with 
pembrolizumab (an anti-PD-1 ICI). Overall response rate 
was 17%, and disease control rate 62%. Median time to 
response was 2.1 months and median duration of response 
was not reached, with 77% of patients continuing to respond 
for ≥9  months. Median overall survival was 12.9  months. 
Similarly to nivolumab, only 3% of patients showed 
increased alanine aminotransferase concentration attribut-
able to immune-mediated hepatitis, with no viral flares or 
further complications.

Unfortunately, larger confirmatory trials of single-agent 
anti-PD-1 ICI yielded disappointing results, both in first- and 
second-line settings. KEYNOTE-240 [37] was a multicenter, 
randomized phase III study that assigned 413 patients to 
pembrolizumab or placebo as second-line therapy, after pro-
gression to sorafenib. The trial was negative for the co- 
primary endpoints of overall survival and progression-free 
survival. Notwithstanding, secondary efficacy data was con-
sistent with prior reports—response rate was 16.9, with 
median duration of response of 13.8  months. Regarding 
frontline therapy, CheckMate-459 [38] was a phase III trial 
comparing nivolumab versus sorafenib for 743 systemic- 
therapy naive patients with advanced HCC. This study has 
also failed to meet its primary endpoint of overall survival, 
with median overall survival of 16.4  months versus 
14.8 months for the nivolumab and sorafenib groups, respec-
tively (HR 0.85; p = 0.0522 not significant). At 33 months, 
overall survival rates were 29% for nivolumab and 21% for 
sorafenib. Grade 3–4 treatment-related adverse events were 
reported in 82 patients (22.3%) of the nivolumab group and 
in 180 patients (49.6%) of the sorafenib group.

21.5  Combination Strategies

Despite the initial high expectations and relatively good 
response rates, ICI as single agents so far failed to demon-
strate improvement in survival endpoints. Consequently, 
there has been a growing interest towards diversifying strate-
gies and combining agents in order to improve efficacy 
(Fig. 21.2).

There is a strong scientific rationale suggesting that com-
bined VEGF/PD-L1 blockade may be beneficial in a number 
of solid cancers, including HCC. It is recognized that HCC is 
a highly vascularized tumor [39], and the VEGF pathway 
plays a crucial role in exerting and maintaining an immuno-
suppressive tumor microenvironment through several mech-
anisms [40]. In May 2020, a combination therapy has become 
the new standard of care for advanced and unresectable HCC 
as the FDA approved atezolizumab (an anti-PD-L1 ICI) and 
bevacizumab (an anti-VEGF monoclonal antibody) as first- 
line therapy. This approval followed results of the phase III 
IMbrave150 trial [41], which assessed the aforementioned 
combination versus sorafenib as a first-line treatment in 501 
previously untreated patients. Median overall survival was 
significantly better for the combined therapy (NR vs 
13 months; HR 0.58, p < 0.001), translating into an overall 
survival benefit of 12% at 1 year (67% vs 55%). Combination 
therapy also yielded longer progression-free survival (6.8 vs 
4.3 months, HR 0.59; p < 0.001). Moreover, the combined 
therapy doubled the objective response rate (27% vs 12%). 
Importantly, authors also reported a benefit in quality of life 
and physical/role functioning [42].

Further, a novel ICI combination has been approved in the 
later-line setting. In March 2020, the FDA granted acceler-
ated approval to the combination of nivolumab plus ipilim-
umab (an anti-CTLA-4 ICI) for previously treated advanced 
HCC patients, based on a cohort of the CheckMate-040 study 
[43]. Overall response rate was 33%, including four complete 
responses and 12 partial responses. More than 30% of 
responses persist for at least 24 months, with median response 
duration of 17 months. This combination was associated with 
higher occurrence of immune-related adverse events, requir-
ing the use of steroids, including grade 3–4 increased levels 
of aspartate aminotransferase and lipase [44].

Currently, in 2020, there are multiple ongoing clinical tri-
als assessing different combinatory schemes incorporating 
ICI—either in combination with other ICIs or with targeted- 
therapies—, and more approvals are anticipated in the near 
future.

21.6  ICIs Use in the Neoadjuvant 
and Adjuvant Settings 
in Resectable HCC

The approval of ICIs for most malignancies initially took 
place in the context of advanced disease. More recently, ICI 
have been assessed in the management of earlier stages of 
cancer, and are approved for the (neo)adjuvant treatment of 
melanoma [45, 46] and non-small cell lung cancer [47]. 
Incorporating ICI earlier in HCC is of special interest as 
tumor recurrence is common and 5-year recurrence rates for 
resected HCC have been reported to be >70% [5].
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In the neoadjuvant setting, it is hypothesized that block-
ing immune checkpoints preoperatively increases systemic T 
cell response by enhancing neoantigen presentation and T 
cell priming both at the primary tumor site and draining 
lymph nodes [48]. The resulting effect would be the elimina-
tion of micrometastatic niches that are deposited far from the 
resectable lesion, which is thought to be the cause of relapse.

An interim analysis of an ongoing phase II pilot trial of 
preoperative ipilimumab with or without nivolumab has 
demonstrated a pathological complete response of 29% (4 
out of evaluable 14 patients), highlighting the promise of 
early ICI use. As expected, grade 3 or higher toxicities prior 
to surgery were more present at the combination arm [49]. 
Larger confirmatory trials are ongoing. Currently, adjuvant 
immunotherapy studies in HCC include ICI alone random-
ized to placebo, including nivolumab (CheckMate-9DX, 

NCT03383458) and pembrolizumab (KEYNOTE-937, 
NCT03867084), in addition to atezolizumab plus bevaci-
zumab randomized to placebo (Imbrave-050, NCT04102098).

21.7  Future Perspectives

Based on the new standard of care approved in 2020—
atezolizumab plus bevacizumab—, the trend for the near 
future is towards evaluating diverse combination strategies, 
such as ICI with other ICI, or in conjunction with molecular 
targeted therapies such as multi-kinase inhibitors, or locore-
gional therapies, among others. Despite great excitement 
regarding the introduction of a novel modality of treatment 
with immunotherapy after a long time with few and modest 
options of systemic therapy, there is still a significant cohort 
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Fig. 21.2 General overview of immune-based therapies for HCC. (a) 
Simultaneous inhibition of CTLA-4 and the PD-1 axis by monoclonal 
antibodies (brown and blue respectively). The effect of dual checkpoint 
blockade on T-cell immune reconstitution is demonstrated, with 
CTLA-4 acting mainly on T-reg cells and antigen-presenting cells, and 
PD-1 acting on effector CD8+ CTLs. (b) Schematic representation of 
synergy between anti-angiogenic therapy (green antibody) and PD-1/
PD-L1-targeted therapy. (c) Locoregional therapies, such as ablation 
and trans-arterial chemoembolisation are loco-regional inducers of 
immunogenic cell death and drive CD8+ cell infiltration into the tumour 
microenvironment, providing a rationale for combined anti-PD-1 ther-

apy. (d) Autologous T cell transfer involves ex vivo activation of mixed 
T cell/NK cell populations by cytokines (i.e., CIK cells) and reinfusion 
into the patient with the intent of bypassing immune-evasion and elicit-
ing an anti-tumour responses. (e) Anti-tumour vaccines against 
immunodominant peptides of oncofoetal proteins, such as AFP, GPC3 
and hTERT, have been combined with ex vivo activation of dendritic 
cells to promote effective antigen presentation. Reused with permission 
from: Pinato DJ, Guerra N, Fessas P, et al. Immune-based therapies for 
hepatocellular carcinoma. Oncogene. 2020;39(18):3620–3637. https://
doi.org/10.1038/s41388- 020- 1249- 9. License at: http://creativecom-
mons.org/licenses/by/4.0/
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of patients who do not respond to ICIs or combinations. 
Additionally, mechanisms of resistance—tumor intrinsic and 
extrinsic factors—are relevant and may play an important 
role in long-term follow-up of HCC patients. Moreover, 
inducing higher response rate is essential to improving out-
come in unresectable HCC since it could downsize tumors to 
a resectable or transplantable stages and offer cure.

Notably, reliable predictive biomarkers that allow identi-
fication and better selection of patients more likely of 
responding to therapy are currently lacking. There is a num-
ber of candidates under investigation—both intratumoral and 
extratumoral biomarkers; such as PD-L1 expression, Tumor 
Mutational Burden (TMB), gene signatures, signaling path-
ways, tumor microenvironment features such as infiltrating 
lymphocytes. Circulating soluble factors such as cytokines, 
and immune cells, are other possible biomarkers which are 
currently under investigation [50]. Imaging predictors are 
also being assessed—recently, a significant correlation 
between HCC stiffness at magnetic resonance elastography, 
presence of intratumoral T lymphocytes, overall survival and 
time to disease progression has been recently reported and 
warrants further validation [51].

In summary, the study of immunotherapy for HCC is an 
active area of interest and has led to the establishment of a 
new frontline standard of care for unresectable disease. 
However, survival for patients with advanced HCC is still 
suboptimal, and there remains a need for novel treatment 
strategies, highlighting that progress is particularly strenu-
ous due to the challenges of treating patients with underlying 
cirrhosis.
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Abstract

Biliary tract cancers (BTCs) are a heterogeneous group of 
aggressive malignancies of the liver and biliary tract. 
While traditional approaches for advanced disease 
patients have comprised cytotoxic therapies such as gem-
citabine and cisplatin, next generation sequencing has 
revolutioned the field and has cast growing appreciation 
of the molecular underpinnings of the disease. Towards 
this end, inhibitors of fibroblast growth factor receptor 2 
(FGFR2) and isocitrate dehydrogenase 1 (IDH1) have 
yielded compelling data in pivotal clinical studies and 
subsequently garnered regulatory approval across a num-
ber of geographies. Enhancing this paradigm are studies 
that have yielded promising early data for targets such as 
BRAF and HER2 and microsatellite instability. These 
trends are expected to continue and the role of precision 
medicine deepens in the treatment of BTCs and these 
therapies are studies in relevant combinations, earlier dis-
ease settings and as next generation therapies towards 
these targets are developed.

Biliary tract cancers (BTCs) are a heterogeneous group of 
malignancies arising from the epithelial cells of the distinct 
anatomical locations of the biliary tree (intrahepatic, perihi-
lar, distal bile ducts or the gallbladder). BTCs are generally 

categorized into intrahepatic cholangiocarcinoma (ICCA), 
extrahepatic cholangiocarcinoma (ECCA), and gallbladder 
carcinoma (GBC). In 2019, in there was an estimated total of 
54,390 new cases (liver cancer and BTC), with approxi-
mately 35,740 deaths in the United States [1].

The definition of an ICCA is a cholangiocarcinoma 
(CCA) detected inside the hepatic parenchyma, whereas 
ECCA is a type of tumor located outside the liver paren-
chyma. These tumors can arise in any portion of the extrahe-
patic bile duct and can be additionally classified as hilar or 
distal CCA [2].

For localized disease, surgery remains the only curative 
option. Meanwhile, for advanced inoperable disease, chemo-
therapy with gemcitabine and cisplatin has emerged as the 
standard of care [3]. In recent years, a growing number of 
genomic studies have begun to uncover the molecular under-
pinnings of BTCs and suggest many potential treatments 
(Table  22.1). Targeted testing of advanced cholangiocarci-
noma for deficient mismatch repair (dMMR)/microsatellite 
instability (MSI) and for specific molecular alterations 
(FGFR, IDH and others), for which a targeted treatment 
might be available (Table 22.2), is indicated for those who 
might be eligible for molecularly targeted therapy or immu-
notherapy, preferably within the context of a clinical trial.

In the Molecular Screening for Cancer Treatment 
Optimization (MOSCATO)-01 trial, 43 of 1035 adults with 
advanced cancer had a biliary tract malignancy, 34 of whom 
successfully underwent high-throughput molecular screen-
ing. Potentially actionable molecular aberrations were iden-
tified in 23 patients (68 percent), 18 of whom received 
targeted treatment. Median progression-free survival was 
5.2  months, and there were six objective responses (33 
 percent, one complete) [4]. This trial informed on the poten-
tial impact of a molecularly targeted approach in patients 
with advanced biliary tract cancers. Thus, genomic studies of 
BTCs are ushering in a new era of precision therapy, already 
playing an emerging role in the treatment and prognostica-
tion of BTCs.
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The NCI-MATCH trial data confirmed the richness of 
molecular targets in cases of cholangiocarcinoma including: 
IDH1 mutations (17%), CDKN2A mutations (10%), BRAF 
mutations (7%), ERBB2 alterations (6%), NRAS mutations 
(6%), IDH2 mutations (5%), and FGFR2 alterations (3%). 
Intrahepatic cholangiocarcinoma had an assignment rate of 
29.1% to 12 different NCI-MATCH subprotocols [5].

The genes most frequently associated with genomic alter-
ations are TP53, KRAS, ARID1A, SMAD4, CCND1, MET, 
MDM2, CDKN2A, and CDKN2B, and the most common 
actionable gene targets are FGFR2 fusions, IDH1 mutations, 
and ERBB2 (HER-2) and MET amplifications; actionable 
targets are commonly observed in ICCA (Fig. 22.1) [6].

In this chapter, we discuss evidence for the management 
of CCA and molecular insights of personalized approaches, 
including fibroblast growth factor receptor (FGFR) inhibi-
tors, checkpoint inhibitors, and other targets.

22.1  FGFR Alterations

About 13–17% of ICCAs harbor genomic alterations in the 
FGFR2 gene, with most being fusions, which predict tumor 
sensitivity to anti-FGFR2 tyrosine kinase inhibitors [7]. 
Translocations that relieve the FGFR2 gene of its upstream 
transcriptional regulation result in constitutively active 

Table 22.1 Therapeutic targets and approach to molecular profiling in biliary tract cancers

Molecular target Frequency Targeted agents Molecular test
FGFR pathway ~10–20% of intrahepatic 

cholangiocarcinoma
Erdafitinib [9] Infigratinib 
[10] Pemigatinib [11] 
Futibatinib [13]

Tumor next generation DNA sequencing including FGFR2 
intronic region, targeted RNAseq, or FISH testing for 
FGFR2 translocation

IDH1 ~15% of intrahepatic 
cholangiocarcinoma

Ivosedinib [16] Tumor next-generation DNA sequencing or targeted 
sequencing for hotspot mutations in coding region of 
IDH1

BRAF ~5% of intrahepatic 
cholangiocarcinoma

Dabrafenib plus Trametinib 
[18], Vemurafenib [33]

Tumor next-generation DNA sequencing or targeted 
sequencing for hotspot mutations in coding region of 
BRAF

MSI-high or 
MMR deficiency 
or high TMB

~2% of biliary tract cancers Pembrolizumab [34] PCR, immunohistochemistry, or tumor next generation 
DNA sequencing

ERRB2 (HER2) ~15–20% gallbladder cancer and 
extrahepatic cholangiocarcinoma 
cases

Trastuzumab/Pertuzumab Multiple testing modalities available including 
immunohistochemistry and FISH for expression and 
amplification, tumor next generation DNA sequencing for 
mutations

NTRK Rare Entrectinib [31], 
Larotrectinib [32]

Tumor next-generation DNA sequencing including NTRK 
intronic region or targeted
RNAseq, or FISH testing for NTRK translocation

Table 22.2 Clinical studies for molecularly targeted therapies in cholangiocarcinoma

Drug
Type of trial 
(n = sample size) Primary endpoints (95% CI) Secondary endpoints (95% CI)

FGFR2 fusions or gene rearrangements
Erdafinitib [9] Phase 1 (n = 11) ORR: 27% –
Infigratinib [8, 10] Phase 2- cohort 1 

(n = 108)
ORR: 23.1% (15.6%–32.2%); DoR: 
5.0 months (0.9–19.1)

mPFS: 7.3 months
mOS: 12.2 months

Pemigatinib [11] Phase 2 (n = 146) ORR: 35.5% (26.5%–45.5%) mPFS: 6.9 months
OS: 21.1 months

IDH1 mutations
Ivosedinib [16] Phase 3 (n = 187) mPFS: 2.7 months vs. 1.4 months; HR: 

0.37 (0.25–0.54)
mOS: 10.3 months (vs. 7.5 months), HR: 0.79; 
(95% CI, 0.56–1.12)

BRAF V600E mutations
Dabrafenib/Trametinib 
[18]

Phase 2 (n = 43) ORR: 51% (36%–67%) mPFS: 9 months
mOS: 14 months

MSI or dMMR/TMB
Pembrolizumab [20] Phase 2 (n = 41) irORR: 40% mPFS, mOS: NR
Pembrolizumab [23] Phase 2 (n = 105) ORR: 29% 3-yr PFS: 32%
ERRB2 (HER2) mutations
Neratinib [30] Phase 2 (n = 9) PR: 2/9 patients (22.2%) –

ORR overall response rate, irORR immune related ORR, DoR duration of response, mPFS median progression free survival, mOS median overall 
survival, NR not reached
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growth factor pathway signaling, promoting cell prolifera-
tion, angiogenesis, and metastasis. Patients with FGFR aber-
rations may have superior overall survival (OS) with 
FGFR-targeted therapy as compared to standard non targeted 
regimens [8]. Multiple inhibitors of FGFR isoforms 1–3 
have shown activity in advanced cholangiocarcinoma har-
boring FGFR2 translocations, including several ATP- 
competitive, reversible inhibitors (erdafitinib, infigratinib, 
pemigatinib, and derazantinib) as well as a non-ATP com-
petitive, covalent inhibitor, futibatinib.

Erdafitinib was studied in a phase I trial including 187 
patients with advanced solid tumors for which standard anti-
neoplastic therapy was no longer effective. All patients with 
urothelial carcinoma and cholangiocarcinoma who responded 
to erdafitinib carried FGFR mutations or fusions. Median 
duration of response (DoR) was 5.6  months for urothelial 

carcinoma and 11.4 months for cholangiocarcinoma, clearly 
demonstrating response in cholangiocarcinoma patients [9].

BJG 398 (infigratinib), an ATP-competitive FGFR1–3- 
selective oral tyrosine kinase inhibitor has showed good 
response in the second line setting for patients resistant to 
frontline gemcitabine-based therapies. This was based on the 
an open-label, phase 2 trial enrolled 140 patients with unre-
sectable locally advanced or metastatic cholangiocarcinoma 
who had either progressed on or were intolerant to 
gemcitabine- based chemotherapy. For eligibility, all partici-
pants had to have either FGFR gene fusions or rearrange-
ments. Patients were grouped into three different cohorts: 
patients with FGFR2 gene fusions or rearrangements com-
prised cohort 1 (n  =  120), those with FGFR1 and FGFR3 
gene fusions or rearrangements and/or FGFR mutations 
comprised cohort 2 (n = 20), and those with FGFR2 gene 
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fusions who had progressed after previous treatment with a 
selective FGFR inhibitor beyond infigratinib were included 
in cohort 3 (n = 20). Patients received infigratinib 125 mg 
orally for 21 days of each 28-day cycle until unacceptable 
toxicity or disease progression.

Among 61 patients (n = 48 FGFR2 fusions, n = 8 FGFR2 
mutations, n  =  3 FGFR2 amplifications) with >1 type of 
FGFR2 aberration detected in three patients the ORR, all 
partial responses (PRs), was 15%, with 75% of patients 
experiencing some disease control and a median progression- 
free survival (PFS) of 5.8 months. Four patients who carried 
FGFR3 amplifications did not respond. Dose modifications 
were required for many patients, although AEs were mostly 
reversible. The most common adverse events (AE) were 
hyperphosphatemia (72%), with 25% of patients experienc-
ing grade 3 or 4 hyperphosphatemia [10].

The updated results of the largest cohort of FGFR2 gene 
fusions or rearrangements (cohort 1) were reported recently 
with median follow up of 10.6  months (range 1.1–
55.9 months). Centrally reviewed ORR was 23.1% (95% CI 
15.6–32.2) with a median DoR of 5.0 months (range 0.9–
19.1 months). Among responders, 8 (32.0%) patients had a 
DoR of 6  months. Median PFS was 7.3  months (95% CI 
5.6–7.6  months). Most common adverse events (AEs, any 
grade) were hyperphosphatemia (76.9%), eye disorders 
(67.6%, excluding central serous retinopathy/retinal pigment 
epithelium detachment [CSR/RPED]), stomatitis (54.6%), 
and fatigue (39.8%).

Pemigatinib is a selective, potent, oral competitive inhibi-
tor of FGFR1, FGFR2, and FGFR3, which was studied in the 
multicenter, open-label phase 2 fibroblast Growth factor 
receptor inhibitor in oncology and Hematology Trial 
(FIGHT-202) [11]. This trial evaluated the safety and anti- 
tumor activity of pemigatinib in previously treated patients 
with locally advanced or metastatic cholangiocarcinoma, 
with or without FGF/FGFR alterations. 38 (35.5% [95% CI 
26.5–45.4]) patients with FGFR2 fusions or rearrangements 
achieved an ORR. Overall, hyperphosphatemia was the most 
common all-grade adverse event irrespective of cause (88 
[60%] of 146 patients). Overall, 71 (49%) patients died dur-
ing the study, most frequently because of disease progression 
(61 [42%]); no deaths were deemed to be treatment related.

Lastly, activation of FGFR2 kinase domain point muta-
tions occurs as a mechanism of resistance to ATP-competitive 
FGFR inhibition; these mutations can be polyclonal and het-
erogeneous [12]. Futibatinib (non-ATP-competitive) shows 
inhibitory activity against most secondary acquired resis-
tance mutations, suggesting a role in FGFR2-translocated 
cholangiocarcinoma after progression on ATP-competitive 
FGFR inhibitors [13], although it is not active against the 
V565F gatekeeper mutation. Selective FGFR2 kinase inhibi-
tors are in development with more potent FGFR2 inhibition 
and reduced off-target adverse events.

22.2  IDH Mutations

Gain-of-function mutations in the coding region of IDH1 are 
present in about 13% of cases of intrahepatic cholangiocarci-
noma (almost never in extrahepatic cholangiocarcinoma) 
based upon a systematic review including 5393 cases of 
cholangiocarcinoma [14]. The mutant- IDH1 protein cata-
lyzes production of an oncometabolite, D-2-hydroxyglutarate 
(2-HG), via NADPH-dependent reduction. Accumulation of 
2-HG impairs cellular differentiation through effects on 
chromatin structure and DNA methylation, leading to 
tumorigenesis.

Ivosidenib is a first-in-class, oral, selective, and revers-
ible mutant-IDH1 inhibitor. In a phase 1 basket study of 
IDH1- mutated solid tumors, 73 patients with advanced 
cholangiocarcinoma refractory to standard therapies 
received ivosidenib [15]. Although objective responses were 
uncommon (5%), the median progression-free survival 
(3.8 months) and overall survival (13.8 months) were longer 
than expected for standard chemotherapy in similar popula-
tions. The subsequent phase 3 ivosidenib in IDH1-mutant, 
chemotherapy- refractory cholangiocarcinoma (ClarIDHy) 
trial enrolled 185 patients with advanced IDH1-mutant 
cholangiocarcinoma after 1–2 lines of previous, unsuccess-
ful systemic therapy [16]. Patient were randomized 2:1 to 
ivosidenib versus placebo and allowance of crossover at 
progression for patients in the placebo group Ivosidenib 
improved progression- free survival (the primary endpoint): 
median 2.7 months for ivosidenib versus 1.4 months for pla-
cebo (HR 0.37, 95% CI 0.25–0.54, p  <  0.001), and 32% 
treated with ivosidenib were progression-free at six months 
(vs none in the placebo group). The updated OS results pre-
sented at ASCO GI 2021 showed median OS was 
10.3 months in patients who received ivosidenib compared 
with 7.5 months for those who received placebo (HR, 0.79; 
95% CI, 0.56–1.12; 1-sided p = 0.093). Overall, ivosidenib 
was well tolerated with low rates of grade 3 or higher 
adverse events and only 8.5% (vs. 6.6%) requiring discon-
tinuation for toxicity attributed to ivosidenib. The most 
common grade 3 or higher TEAEs reported in the ivosidenib 
and placebo groups, respectively, were ascites (9.0% vs 
6.8%, respectively), blood bilirubin increase (5.4% vs 
1.7%), and anemia (7.2% vs 0%). Based on these results, a 
regulatory approval is anticipated for patients with advanced, 
IDH1-mutant cholangiocarcinoma after ineffective standard 
therapy.

22.3  BRAF Alterations

Activating serine/threonine-protein kinase B-raf kinase 
(BRAF) mutations at the V600E locus are well-known driv-
ers in oncology and an established therapeutic target in 
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BRAF-V600E-mutant melanoma, colorectal cancer, ana-
plastic thyroid cancer, and non-small cell lung cancer. 5% of 
intrahepatic cholangiocarcinoma cases may harbor BRAF- 
V600E mutations. [8] Reports have shown potential for 
robust activity of dual BRAF plus MEK inhibition in biliary 
tract cancer harboring BRAF-V600E mutations [17]. The 
phase 2 ROAR basket trial of the BRAF inhibitor, dab-
rafenib, in combination with the MEK inhibitor, trametinib, 
in multiple tumor type cohorts, included advanced biliary 
tract cancer refractory to standard therapy [18]. ORR 
occurred in 51% of cases, with median PFS of 9.2 months 
and OS of 11.7 months. Common treatment-related adverse 
events included fever, rash, and nausea.

Similarly, another multicohort “basket” study of the 
BRAF inhibitor vemurafenib in non-melanoma BRAFV600 
mutation–positive solid tumors enrolled 9 (5%) patients with 
cholangiocarcinoma. Although subgroup analysis is not 
available at this time, an objective response rate of 32.6% 
(25.6%–40.1%) was observed across all tumor types with 
DoR 13.1  months, mPFS 5.8  months and mOS of 
17.6 months. These early results warrant further investiga-
tion of exploring this molecular target in larger trials for 
cholangiocarcinoma.

22.4  Microsatellite Instability (MSI) 
and Tumor Mutation Burden (TMB)

Patients with high microsatellite instability (MSI) or mis-
match repair (MMR) deficiency form a special subset with 
robust response to immunotherapies. Pembrolizumab is 
FDA-approved for the treatment of patients with metastatic 
or inoperable solid tumors with these abnormalities. A 
genetic risk factor for biliary tract cancer includes Lynch 
syndrome, characterized by MSI and MMR deficiency [19]. 
The pivotal phase 2 study of pembrolizumab which included 
four patients with cholangiocarcinoma or ampullary cancer, 
showed a longer survival in MMR-deficient patients com-
pared with MMR-proficient patients (median OS not reached 
versus 5.0 months); moreover, radiological responses were 
exclusively seen in MMR-deficient patients [20]. Another 
phase 2 basket study of anti-PD1 antibody in advanced 
MMR-deficient tumors (including n  =  8 with biliary tract 
cancer) showed an ORR of 53% (complete RR, 21%). 
Responding patients harbored a vast amount of mutation- 
associated neoantigens making them susceptible to immune 
checkpoint-blockade [21]. Given this treatment option, 
determining if patients with biliary tract cancer have high 
MSI or MMR is important, although this applies to a small 
minority of only about 2% of patients.

Tumor Mutation Burden (TMB) has been of increasing 
interest as a potential biomarker of benefit from immune 

checkpoint inhibitor immunotherapy, and several reports 
now support a link between high levels of TMB and response 
to anti-PD-1 therapy [22]. The most compelling data on the 
predictive capacity of TMB in the response to immune 
checkpoint inhibitor immunotherapy come from the multi-
center open-label phase II KEYNOTE-158 study, which 
established a link between TMB-high status (as determined 
by the FoundationOne CDx assay) and overall response rate 
with pembrolizumab [23]. The trial accrued patients with 
anal, biliary, cervical, endometrial, salivary, thyroid, or vul-
var carcinoma, mesothelioma, a neuroendocrine tumor 
(NET), or small cell lung cancer (SCLC), who had an Eastern 
Cooperative Oncology Group performance status (ECOG 
PS) of 0 or 1, and had progressed or were intolerant of at 
least one prior line of standard therapy. Pembrolizumab was 
administered at 200 mg IV every three weeks. For TMB-high 
patients, the ORR (the primary endpoint) was 29 percent, 
while the ORR for TMB-low patients was only six percent. 
Within the context of biliary tract cancers, none of the 63 
enrolled patients with biliary tract cancer had TMB-high dis-
ease. However, given the recent FDA approval for pembroli-
zumab for the treatment of adult and pediatric patients with 
unresectable or metastatic solid tumors that are tissue TMB- 
high (≥10 mut/Mb) by an FDA-approved assay (although 
the FoundationOne CDx assay was used in the supporting 
KEYNOTE-158 clinical trial), who have progressed follow-
ing prior therapy, and who have no satisfactory alternative 
treatment options, patients with cholangiocarcinoma with 
this biomarker should be considered for treatment with 
pembrolizumab.

Currently, many immunotherapeutic agents are under 
investigation for biliary tract cancers. For example, bintra-
fusp alfa (M7824) is a first-in-class bifunctional fusion pro-
tein composed of the extracellular domain of the tumor 
growth factor (TGF)βRII receptor (a TGF-β trap) fused to a 
human IgG1 monoclonal antibody blocking PD-L1. In an 
expansion cohort from a phase 1 study (NCT02699515), 30 
patients with refracted biliary tract cancer were treated with 
bintrafusp alfa monotherapy [24]. RR was 20% by central 
assessment (23.3% by investigator assessment), the median 
PFS was 2.6  months (95% CI 1.3–5.6), and OS was 
12.7 months (95% CI 6.7–not reached). There is an ongoing 
phase 2 study of bintrafusp alfa monotherapy being investi-
gated as a second-line treatment option in patients with 
advanced biliary tract cancer (NCT03833661).

Additionally, first-line, placebo-controlled phase 3 
studies of immunotherapy in combination with cisplatin 
and gemcitabine chemotherapy include durvalumab 
(NCT03875235) and pembrolizumab (NCT04003636), 
and there is a phase 2–3 study of bintrafusp alfa in combi-
nation with cisplatin and gemcitabine chemotherapy 
(NCT04066491) underway.
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22.5  HER2 Amplifications and Mutations

The epidermal growth factor receptor (EGFR) pathway is 
upregulated in preclinical models of biliary tract cancer, 
however currently no randomized controlled trial data has 
shown an improvement in OS with the addition of EGFR 
to standard gemcitabine and platinum chemotherapy [25–
27]. The EGFR family member receptor tyrosine-protein 
kinase erbB-2 (ERBB2; HER2) can be activated by over-
expression, amplification, or mutation in subsets of 
patients with biliary tract cancer. In gallbladder cancer and 
extrahepatic cholangiocarcinoma, ERBB2 overexpression 
or gene amplification can occur in ~15–20% of cases, 
while rates of activation are much lower in intrahepatic 
cholangiocarcinoma [28]. A small biliary tract cancer 
cohort (n = 7) treated with trastuzumab plus pertuzumab 
had an ORR in two patients along with three additional 
patients experiencing prolonged (>6 months) disease sta-
bility [29]. In a basket trial of patients with ERBB2 or 
ERBB3 mutations treated with neratinib, two of nine 
patients with biliary tract cancer experienced confirmed 
PR [30]. Additional studies are needed to determine the 
efficacy of ERBB2- targeted therapies as monotherapy or 
in combination for patients with ERBB2-activated biliary 
tract cancer.

22.6  NTRK and Other Targets

The neurotrophic receptor tyrosine kinase (NTRK) 1–3 
genes can undergo fusion events of the NTRK kinase 
domain to various upstream partners, leading to overex-
pression of chimeric protein and constitutively active, 
ligand- independent downstream signaling. NTRK fusions 
are implicated in many tumor types and occasionally (in 
<5% cases) in biliary tract cancer [8]. The TRK inhibitors, 
entrectinib and larotrectinib, achieved high RRs (57% for 
entrectinib and 75% for larotrectinib) with long DoR 
(10  months for entrectinib and not reached for larotrec-
tinib), in patients with advanced solid tumors harboring 
NTRK gene fusions [31, 32]. The robust and durable 
responses, coupled with overall mild and manageable 
safety profiles, led to both larotrectinib and entrectinib 
receiving accelerated approval from the US FDA in 2018 
and 2019, for patients with histology- agnostic solid 
tumors harboring NTRK fusions. Several patients with 
cholangiocarcinoma were included in the data leading to 
regulatory approval for both entrectinib and larotrectinib, 
supporting the role for NTRK fusion testing in cholangio-
carcinoma, and treatment, if present.

22.7  Conclusions

In conclusion, cholangiocarcinoma represents a substantial 
area of unmet need globally. The various entities that consti-
tute cholangiocarcinoma have distinct differences in molecu-
lar characteristics. Surgery remains the cornerstone of cure 
in early-stage disease, however evaluation of advanced dis-
ease with the identification of molecular subgroups and asso-
ciated targeted therapies is rapidly emerging. It is incumbent 
on clinicians to look for these aberrations. The role of immu-
notherapy continues to evolve with a focus on better patient 
selection and the value of its addition to a chemotherapy 
backbone is under investigation. It is important to realize that 
many of the mutations/aberrations observed in cholangiocar-
cinoma’s are often indolent drivers alone (e.g., IDH or 
FGFR2), and even where such drivers may be significantly 
beneficial to target as monotherapy, combination therapy tar-
geting two or more drivers is likely to yield deeper and more 
durable responses. Well-designed preclinical models, that 
recapitulate in vivo properties and thus can accurately inter-
rogate precise genomic contexts to derive and test such com-
bination therapies, will be paramount in moving beyond 
empirical therapy into a new era of precision therapy for 
cholangiocarcinoma.
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Systemic Therapies for Pancreatic 
Cancer

Faysal Dane and Nazim Can Demircan

Abstract

Pancreatic cancer is a highly deadly cancer with a 5-year 
survival rate of only about 10%. Most of the patients are 
diagnosed with advanced disease at the time of admis-
sion. Even in resectable cancers, the disease recurs in 
most patients. Almost all patients with good performance 
status, whether in the early or advanced stages, need sys-
temic treatments. Advances in systemic treatments have 
improved median overall survival. Here we review sys-
temic treatment options for both early and advanced pan-
creatic cancer.

23.1  Introduction

Pancreatic cancer (PC) is the 11th most common cancer 
worldwide and the seventh leading cause of cancer deaths in 
developed countries according to GLOBOCAN 2018 statis-
tics [1]. In recent years, its incidence and mortality rates 
show a trend towards increasing regardless of gender [1]. 
More than half of patients are diagnosed with metastatic dis-
ease and for those with initially localized disease, progres-
sion is often inevitable despite multimodal approach. 
Pancreatic ductal adenocarcinoma (PDA) is the most fre-
quent histologic subtype of PC and carries a dismal progno-
sis, with a 5-year survival remaining below 10% [2].

Systemic therapy is the mainstay of PC management and 
largely based on cytotoxic agents. Survival benefit of chemo-
therapy (CT) for PC was demonstrated in several studies in 
the last two decades. CT can be administered postoperatively 
to prevent or delay recurrence (adjuvant setting), preopera-

tively to downstage tumors and achieve negative surgical 
margins (neoadjuvant setting) and in a palliative manner for 
advanced, unresectable disease. This chapter will cover sys-
temic treatment strategies in different settings of PC and 
review clinical trial data regarding these approaches.

23.2  Adjuvant Systemic Therapy

Surgical resection is the primary treatment for patients with 
localized PDA whose tumors do not involve mesenteric ves-
sels and who have suitable performance status (PS) and 
comorbid conditions. Adjuvant CT is recommended for all 
patients who underwent resection for PDA and did not 
receive neoadjuvant CT [3, 4]. Although optimal timing and 
duration of adjuvant CT for PDA has not been established 
yet, an updated guideline by the American Society of Clinical 
Oncology (ASCO) recommends six months of postoperative 
CT preferentially starting within eight weeks of surgery [3].

Early trials which compared adjuvant single-agent CT 
with observation in resected PDA demonstrated survival 
benefit of CT.  First of those was the ESPAC-1 trial from 
Europe, which enrolled 541 patients with resected PDA and 
consisted of three parallel studies: chemoradiotherapy (CRT) 
vs. no CRT (n = 68), adjuvant CT vs. no CT (n = 188), and a 
four-arm trial including CRT (n  =  73), CT (n  =  75), both 
(n = 72), and observation (n = 69) [5]. Pooled analysis of 
these trials was published in 2001 and highlighted a median 
survival of 19.7  months in patients who received adjuvant 
CT consisting of 5-fluorouracil (5-FU) and folinic acid (FA) 
and 14 months in patients who did not (p = 0.0005). A subse-
quent report of ESPAC-1  in 2004 including 289 patients 
from the four-arm study also showed improved survival with 
adjuvant CT (20.1 vs. 15.5 months, hazard ratio (HR) = 0.71, 
p  =  0.009) [6]. Another European trial, CONKO-001, 
included PC patients who had microscopically or 
 macroscopically complete (R0 or R1) resection and were 
randomized to gemcitabine or observation [7]. First report of 
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this study from 2007 showed superior disease-free survival 
(DFS) in gemcitabine arm (13.4 vs. 6.9 months, p < 0.001) 
and this translated into improved long-term survival as sug-
gested by the update published in 2013 (22.8 vs. 20.2 months, 
p = 0.01) [7, 8]. Head-to-head comparison of adjuvant 5-FU 
plus FA and gemcitabine in the ESPAC-3 trial demonstrated 
similar efficacy, making both regimens established options 
in resected PC [9].

Subsequent trials focused on multiagent combination 
strategies in adjuvant CT for PC.  The ESPAC-4 study 
assigned 730 patients with R0 or R1 resected PC to gem-
citabine alone or gemcitabine plus capecitabine [10]. In this 
trial, the majority of patients had R1 resection and positive 
lymph nodes and median overall survival (OS) was signifi-
cantly longer in combination arm (28.0 vs. 25.5  months, 
p = 0.032), with no remarkable difference in serious toxici-
ties between treatment arms. Updated analysis of ESPAC-4, 
which was published in 2019, revealed median OS of 30.2 
vs. 27.9 months in two-drug and gemcitabine arms, respec-
tively (HR = 0.81, p = 0.03) [11]. On the other hand, the mul-
ticenter PRODIGE-24 trial investigated efficacy of modified 
FOLFIRINOX (mFOLFIRINOX = infusional 5-fluorouracil, 
leucovorin, irinotecan, and oxaliplatin) compared to gem-
citabine [12]. This study enrolled 493 patients with PDA 
who had R0 or R1 resection along with an ECOG PS of 0 or 
1 and its results confirmed superiority of mFOLFIRINOX in 
both DFS and OS (21.6 and 54.4  months, respectively). 
Based on the recently published results that indicate 
improved long-term survival, mFOLFIRINOX and gem-
citabine plus capecitabine are both recommended by the 
National Comprehensive Cancer Network (NCCN) as pre-
ferred adjuvant CT regimens for PC, with mFOLFIRINOX 
requiring an ECOG-PS of 0 or 1 [13]. Clinical trial data 
regarding adjuvant CT in PC are summarized in Table 23.1.

There are other adjuvant regimens which were evaluated 
in phase III trials but are not among recommended treatment 
protocols currently due to limited evidence. One of them is 
S-1, a fluoropyrimidine approved for gastric cancer treatment 
in Europe and Japan, which was compared to gemcitabine in 
385 Japanese patients with stage I-III resected PC [14]. 
Although 5-year survival was higher in S-1 arm (44.1% vs. 
24.4%, p < 0.0001), these outcomes have not been assessed 
yet in non-Asian populations. Gemcitabine plus nab- 
paclitaxel is an active regimen in metastatic PC and it was 
investigated in adjuvant setting in 866 patients with R0 or R1 
resected PC [14]. Here, addition of nab-paclitaxel to six- 
month gemcitabine did not improve DFS significantly (19.4 
vs. 18.8 months, p = 0.18) and although interim analysis of 
this study suggests improved OS with nab-paclitaxel (40.5 vs. 
36.2 months, p = 0.045), additional follow-up is needed [15].

23.3  Neoadjuvant Systemic Therapy

The role of neoadjuvant therapy (NAT) in PC management is 
growing and it is increasingly used in resectable or border-
line resectable disease. The term “borderline resectable,” 
although often variable in definition, generally refers to a 
tumor that abuts the superior mesenteric artery, encases the 
gastroduodenal artery up to the hepatic artery, or involves the 
superior mesenteric/portal vein which is suitable for resec-
tion and reconstruction. Borderline resectable disease differs 
from potentially resectable tumors in that it is more likely to 
result in positive surgical margins due to abutment of arteries 
which is associated with poor prognosis; however, it encom-
passes the majority of tumors initially deemed to be poten-
tially resectable, especially considering the inaccuracy of 
imaging and high rates of margin positivity with upfront sur-

Table 23.1 Clinical trials evaluating adjuvant systemic therapy in pancreatic cancer

Trial [Reference] Treatment arms
mDFS/mPFS 
(Months)

mOS 
(Months)

ESPAC-1 [5] 5-FU 425 mg/m2 + FA 20 mg/m2; d1–5 q4w x6 (n = 238)
No CT (n = 235)

NR 19.7 vs. 14
HR = 0.66
p = 0.0005

CONKO-001 [8] Gemcitabine 1000 mg/m2; d1,8,15 q4w x6 (n = 179)
Observation (n = 175)

13.4 vs. 6.7
HR = 0.55
p < 0.001

22.8 vs. 20.2
HR = 0.76
p = 0.01

ESPAC-3 [9] 5-FU 425 mg/m2 + FA 20 mg/m2; d1–5 q4w x6 (n = 551)
Gemcitabine 1000 mg/m2; d1,8,15 q4w x6 (n = 538)

14.1 vs. 14.3
HR = 0.96
p = 0.53

23.0 vs. 23.6
HR = 0.94
p = 0.39

ESPAC-4 [10] Gemcitabine 1000 mg/m2; d1,8,15 q4w x6 (n = 366)
Gemcitabine 1000 mg/m2; d1,8,15 + capecitabine 1660 mg/m2; d1–21 q4w x6 
(n = 364)

13.1 vs. 13.9
HR = 0.86
p = 0.082

25.5 vs. 28.0
HR = 0.82
p = 0.032

PRODIGE-24 
[12]

mFOLFIRINOXa q2w x 12 (n = 247)
Gemcitabine 1000 mg/m2; d1,8,15 q4w x6 (n = 246)

21.6 vs. 12.8
HR = 0.58
p < 0.001

54.4 vs. 35.0
HR = 0.64
p = 0.003

5-FU 5-fluorouracil, FA folinic acid, HR hazard ratio, mDFS median disease-free survival, mPFS median progression-free survival, mOS median 
overall survival, NR not reported
aModified FOLFIRINOX = 5-fluorouracil 2400 mg/m2 (46-hour infusion) + leucovorin 400 mg/m2 + irinotecan 180 mg/m2 + oxaliplatin 85 mg/m2
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gery. Rationale of NAT is based on that it helps selecting 
patients for whom surgery would not be beneficial (i.e., dis-
ease progression during treatment), increases R0 resection 
rates, and enables early treatment of micrometastatic disease. 
However, guidelines have been conflicting in the use of NAT 
for PC so far: The ASCO recommends it in potentially resect-
able tumors which have an interface with mesenteric vessels, 
the European Society of Medical Oncology (ESMO) sug-
gests not to administer it in potentially resectable disease, 
whereas the NCCN suggests that it could be considered in 
high-risk potentially resectable tumors, i.e. those with con-
cerning radiological findings, very high CA 19–9 levels, 
large size, large regional lymph nodes, or accompanying 
severe symptoms (excessive weight loss, severe pain) [4, 13, 
16]. Some of the recent studies demonstrated higher R0 
resection rates and longer survival with neoadjuvant approach 
than upfront surgery, as discussed below, and preoperative 
therapy is therefore a reasonable option in potentially or bor-
derline resectable PC.

One of the first reports showing benefit of NAT in PC was 
from 2015 and included 127 patients with locally advanced 
or borderline resectable disease, 87 of them had upfront 
resection and 40 had received neoadjuvant FOLFIRINOX, 
of whom 24 had also received neoadjuvant radiotherapy 
(RT) with 5-FU [17]. In the FOLFIRINOX arm, 25 patients 
were locally advanced and 15 were borderline resectable ini-
tially, and post-treatment imaging revealed objective 
response in 36 patients (90%) while there was no progressive 
disease. Surgical morbidity was lower, rates of aggressive 
pathological features (lymphovascular invasion, perineural 
invasion, greater tumor size, and positive lymph nodes) were 
lower, and overall survival was significantly improved in 
patients who received FOLFIRINOX (p  =  0.008); a non- 
significant increase in R0 resection rate was also observed 
(92% vs. 86%). An analysis including the largest sample size 
was derived from the National Cancer Database (NCDB), 
which was issued in 2017 and matched 2005 patients who 
received NAT with 6015 patients who underwent surgery 
first for clinical stage I or II PC [18]. Approximately half of 
the NAT arm had received multiagent CT and 58% of the 
arm had completed multimodal therapy (vs. 30% in the 
surgery- first arm). Patients in the upfront surgery arm had 
significantly higher pathologic T3 and T4 stage (86% vs. 
73%), higher positive lymph nodes (73% vs. 48%), and 
higher positive margins (24% vs. 17%). Besides, OS was 
superior in the NAT arm (26 vs. 21  months, HR  =  0.72, 
p < 0.01) and this significance persisted when NAT was com-
pared to the group with upfront resection and adjuvant ther-
apy (26 vs. 23  months, HR  =  0.83, p  <  0.01). A second 
retrospective analysis from NCDB including 593 patients 
who had clinical stage III PC supported the benefit of NAT, 
with higher rates of pathologic downstaging (78% vs. 36%), 
lymph node negativity (63% vs. 25%), and operative margin 

negativity (79% vs. 54%) along with improved OS (20.7 vs. 
13.7 months, HR = 0.68, p = 0.001) [19].

Following the above-mentioned studies, the preoperative 
CT plus CRT strategy in PC continued to be investigated in 
prospective studies. A phase II trial including 48 patients 
with borderline resectable PC was designed to administer 
eight cycles of FOLFIRINOX followed by short-course CRT 
with capecitabine in cases with resolution of vascular 
involvement and long-course CRT with 5-FU or capecitabine 
in cases with persistent vascular involvement upon restaging 
[20]. Radiographic response to induction CT was partial in 
44% of patients and two patients (5%) experienced progres-
sion with liver metastasis. R0 resection was accomplished in 
65% of patients, median progression-free survival (PFS) and 
OS were 14.7 and 37.7  months, respectively. Despite the 
absence of a control group, R0 resection rate in this trial is 
higher than previously reported rates with upfront surgery 
for borderline resectable disease [21]. In the Dutch phase III 
PREOPANC trial, which is the only prospective randomized 
study to compare NAT with immediate surgery plus adjuvant 
therapy, 246 patients with resectable or borderline resectable 
PC were randomized in a 1:1 design to three courses of neo-
adjuvant (concurrent RT in the second course) and four 
courses of adjuvant gemcitabine or upfront resection fol-
lowed by six months of gemcitabine [22]. In this study, 
radiographic progressive disease was identified in 10 patients 
who received neoadjuvant CT. Recently published results of 
this trial demonstrated significantly higher R0 resection rate 
(71% vs. 40%), longer DFS (8.1 vs. 7.7 months, p = 0.03), 
and longer locoregional failure-free interval (not reached vs. 
13.4 months, p = 0.003) in the preoperative therapy arm.

Efficacy of neoadjuvant CT without CRT was addressed 
by two randomized studies. A phase II/III trial from Italy 
allocated 93 patients with clinical stage I-II PC to surgery 
followed by six cycles of gemcitabine (arm A), surgery fol-
lowed by six cycles of PEXG consisting of cisplatin, epirubi-
cin, gemcitabine, and capecitabine (arm B) or three cycles of 
preoperative and three cycles of postoperative PEXG (arm 
C) [23]. In arm C, one patient had local progressive disease 
during preoperative CT and three were unresectable intraop-
eratively. Highest R0 resection rate, longest median event- 
free survival, and median OS were in arm C (63%, 16.9 and 
38.2 months, respectively). Nevertheless, the authors did not 
continue with phase III of this trial because the standard of 
care for adjuvant therapy of PC had changed after the trial 
had begun. Another phase II/III trial from Japan allocated 
364 patients with potentially resectable PC to two courses of 
neoadjuvant gemcitabine plus S-1 or upfront surgery, with 
patients undergoing curative resection receiving six months 
of S-1 in both arms [24]. A preliminary report of his study, 
presented in 2019, showed an improvement only in OS with 
preoperative therapy (36.7 vs. 26.6  months, HR  =  0.72, 
p = 0.015).

23 Systemic Therapies for Pancreatic Cancer
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The FOLFIRINOX and gemcitabine plus nabpaclitaxel 
(Gem-NabP) regimens were compared as perioperative regi-
mens (three months before and three months after surgery) in 
the phase II SWOG S1505 study which included 102 patients 
with potentially resectable PC and was presented in 2020 
[25]. The study revealed high resectability rates (73% vs. 
70%), similar median DFS (10.9 and 14.2 months, p = 0.87) 
and OS (22.4 vs. 23.6 months, p = 0.42) between two arms. 
These results emphasized FOLFIRINOX and Gem-NabP as 
active regimens for preoperative approach and both are pre-
ferred NAT protocols as stated by the NCCN guidelines [13].

23.4  Systemic Therapy for Locally 
Advanced and Metastatic Disease

23.4.1  First-Line Therapy for Locally Advanced 
and Unresectable Disease

Initial CT is commonly recommended by the ASCO, ESMO, 
and NCCN guidelines for non-metastatic, locally advanced, 
and unresectable disease [4, 13, 16]. Preferred first-line regi-
mens for patients with good PS are FOLFIRINOX (ECOG 
0–1) and Gem-NabP (ECOG 0–2); however, these recom-
mendations were extrapolated from randomized trials on 
metastatic PC [26, 27]. A meta-analysis including 315 
patients with locally advanced PC (LAPC) who received 
FOLFIRINOX reported a pooled median PFS of 15 months 
and median OS of 24.2 months, proportion of surgery was 
26% and 74% of these cases had R0 resection [28]. Data 
regarding gemcitabine combinations in LAPC are scarce and 
some can be acquired from the German phase II NEOLAP 
study, final results of which were presented in 2019 [29]. In 
this trial 130 patients with LAPC were administered two 
cycles of induction Gem-NabP, cases without disease pro-
gression and unacceptable adverse events were then 
 randomly allocated to two additional cycles of Gem-NabP or 
four cycles of FOLFIRINOX.  No significant difference in 
rates of R0/R1 resection (30.6% vs. 45%, p = 0.13) and OS 
(17.2 vs. 22.5 months, p = 0.26) was observed between treat-
ment arms.

In patients with LAPC and poor PS, standard or fixed 
dose rate (FDR) gemcitabine, capecitabine, and continuous 
5-FU infusion are among frontline treatment alternatives 
[13]. Of these agents, gemcitabine was shown to improve 
clinical benefit and median survival over bolus 5-FU in an 
early trial including patients with locally advanced or meta-
static PC [30]. The rationale of FDR gemcitabine is that it 
can maximize intracellular concentrations of the active drug 
and at a dose of 10 mg/m2/min, it provided a modest survival 
advantage versus standard gemcitabine infusion over 30 min-
utes (6.2 vs. 4.9 months, p = 0.04) in advanced PC according 
to the ECOG-6201 study [31].

23.4.2  First-Line Therapy for Metastatic 
Disease

Systemic CT is only palliative in metastatic PC (MPC) but 
can improve symptoms and survival. Similar to LAPC, pre-
ferred first-line protocols for patients with good PS are 
FOLFIRINOX (ECOG 0–1) and Gem-NabP (ECOG 0–2) 
[13]. These regimens also require a total bilirubin level of 
≤1.5 times the upper limit of normal, according to the updated 
guidelines of the ASCO [32]. In contrast to LAPC, both 
approaches are supported by phase III trials for MPC. In the 
phase III PRODIGE trial, 342 patients with MPC were ran-
domized 1:1 to FOLFIRINOX or gemcitabine [26]. 
FOLFIRINOX was superior in terms of median OS (11.1 vs. 
6.8  months, p  <  0.001), median PFS (6.4 vs. 3.3  months, 
p  <  0.001), and objective response rate (ORR) (31.6% vs. 
9.4%, p < 0.001). The phase III MPACT study, which enrolled 
861 patients with MPC, demonstrated significant improve-
ments in OS (8.5 vs. 6.7 months, p < 0.001), PFS (5.5 vs. 
3.7 months, p < 0.001), and ORR (23% vs. 7%, p < 0.001) 
with addition of nab-paclitaxel to gemcitabine [27].

The BRCA1/2 and PALB2 genes are important elements 
of homologous recombinant repair (HRR) pathway and 
mutations in them are found in approximately 5–9% of PDA, 
leading to defective DNA repair [33]. One clinical implica-
tion of this is susceptibility to DNA cross-linking agents, 
especially platinum compounds. In fact, cisplatin plus gem-
citabine was tested in a phase II trial including 50 patients 
with treatment-naive stage III or IV PDA and germline 
BRCA/PALB2 mutations, where ORR was 74%, median 
PFS 10.1 months, and median OS 15.5 months [34]. Although 
a randomized comparison with non-platinum CT has to be 
performed yet in the specific population, cisplatin plus gem-
citabine, along with FOLFIRINOX, is one of the frontline 
options for MPC as well as LAPC patients with BRCA1/2 or 
PALB2 mutations and good PS [13].

Other recommended first-line regimens for MPC patients 
with good PS include gemcitabine, gemcitabine plus 
capecitabine, FDR gemcitabine plus docetaxel plus 
capecitabine (GTX), 5-FU plus leucovorin plus oxaliplatin 
(OFF), capecitabine plus oxaliplatin (CapeOx), and gem-
citabine plus erlotinib [13]. A randomized phase III trial 
assessed addition of capecitabine to gemcitabine in 533 
patients with previously untreated LAPC or MPC [35]. In 
this study, a significant increase in ORR (19.1% vs. 12.4%, 
p  =  0.03) and PFS (5.3 vs. 3.8  months, p  =  0.004) was 
observed in the combination arm; a trend toward better OS 
was also reported with capecitabine plus gemcitabine (7.1 
vs. 6.2 months, p = 0.08). Data regarding the activity of GTX 
regimen is available from a phase II trial which included 43 
patients with previously untreated MPC; ORR was 21.9%, 
median time to treatment failure 6.9 months, and median OS 
of 14.5  months [36]. Overexpression human epidermal 
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growth factor receptor type 1 (HER1/EGFR) can be found in 
many pancreatic tumors and it is associated with progressive 
disease [37]. Based on this perspective, the oral EGFR tyro-
sine kinase inhibitor erlotinib was added to gemcitabine in a 
phase III trial including 569 with LAPC or MPC, who were 
only allowed prior concurrent RT and radiosensitizing agents 
[38]. The gemcitabine plus erlotinib combination provided a 
small but significant benefit in terms of OS (6.2 vs. 
5.9  months, p  =  0.038) and PFS (3.7 vs. 3.5  months, 
p = 0.004) compared to gemcitabine only, ORRs were simi-
lar (8.6% vs 8.0%). Recommendations regarding the OFF 
and CapeOx regimens are based on trials assessing them in 
second-line setting, these will be mentioned in the “Second- 
line Therapy” subsection below.

For MPC cases with poor PS, preferred initial regimens 
are the same as in LAPC; namely standard or FDR gem-
citabine, capecitabine, and continuous 5-FU infusion [13]. 
Table 23.2 recaps efficacy data of first-line combination regi-
mens in MPC.

23.4.3  Second-Line Therapy

Patients with LAPC or MPC who progress during or after 
first-line CT and have suitable PS should be offered second- 
line therapy. Aside from PS, regimens in this setting depend 
on first-line treatment.

After first-line gemcitabine-based CT, recommended 
combination regimens for patients with good PS include 
5-FU plus leucovorin plus liposomal irinotecan, 5-FU plus 
leucovorin plus unencapsulated irinotecan (FOLFIRI), 

FOLFIRINOX, OFF, and CapeOx [13]. The phase III 
NAPOLI-1 trial was a three-arm study randomizing 417 
PDA patients, who progressed with gemcitabine-based ther-
apy, to liposomal irinotecan, 5-FU plus FA, or combination 
of these agents [39]. The combination arm was superior to 
5-FU plus FA arm in terms of OS (6.1 vs. 4.2  months, 
p = 0.01), PFS (3.1 vs. 1.5 months, p = 0.0001), and ORR 
(16% vs. 1%, p < 0.0001) whereas efficacy of liposomal iri-
notecan monotherapy was not better than 5-FU plus FA. In 
two phase II trials from Italy including a total of 90 patients 
with gemcitabine-refractory stage III-IV PC, FOLFIRI pro-
duced a partial response of 8% and 15%, median PFS of 3.2 
and 3.7 months, and median OS of five and six months [40, 
41]. Oxaliplatin-based protocols are also active in advanced 
PC after progression on gemcitabine. OFF did significantly 
improve OS over best supportive care (4.8 vs. 2.3 months, 
p = 0.008) in the phase III CONKO-003 trial whereas median 
PFS and OS were 9.9 and 23 weeks in a phase II study inves-
tigating second-line CapeOx [42, 43]. Although no prospec-
tive trials assessing FOLFIRINOX after gemcitabine-based 
therapy in advanced PC exist, it can be active as suggested by 
a retrospective analysis reporting an ORR of 19% and 
median PFS of 5.4 months but should be limited to patients 
with good PS (ECOG 0–1) [13, 44].

For patients who have progressed on first-line 
fluoropyrimidine- based therapy and have a good PS, recom-
mended regimens are gemcitabine, Gem-NabP, gemcitabine 
plus erlotinib, gemcitabine plus cisplatin (for known 
BRCA1/2 or PALB2 mutations), and 5-FU plus leucovorin 
plus liposomal irinotecan (if irinotecan was not received 
 previously) [13]. Trials evaluating gemcitabine after 

Table 23.2 Clinical trials evaluating first-line systemic therapy in metastatic pancreatic cancer

Reference Treatment arm(s) ORR (%)
mPFS 
(months)

mOS 
(months)

Conroy et al. 
(PRODIGE) [26]

FOLFIRINOXb (n = 171)
Gemcitabine 1000 mg/m2; d1,8,15,22,29,36,43 q8w, then d1,8,15 q4w 
(n = 171)

31.6 vs 9.4
p < 0.001

6.4 vs. 3.3
HR = 0.47
p < 0.001

11.1 vs. 6.8
HR = 0.57
p < 0.001

Von Hoff et al. 
(MPACT) [27]

Nab-paclitaxel 125 mg/m2 + gemcitabine 1000 mg/m2; d1,8,15 q4w (n = 431)
Gemcitabine 1000 mg/m2; d1,8,15,22,29,36,43 q8w, then d1,8,15 q4w 
(n = 430)

23 vs. 7
p < 0.001

5.5 vs. 3.7
HR = 0.69
p < 0.001

8.5 vs. 6.7
HR = 0.72
p < 0.001

O’Reilly et al. [34]a Cisplatin 60 mg/m2 + gemcitabine 600 mg/m2; d3,10 q3w (n = 27, germline 
BRCA/PALB2+)

74.1 10.1 15.5

Cunningham et al. 
[35]a

Capecitabine 1660 mg/m2/d; d1–21 + gemcitabine 1000 mg/m2; d1,8,15 q4w 
(n = 267)
Gemcitabine 1000 mg/m2; d1,8,15,22,29,36,43 q8w, then d1,8,15 q4w 
(n = 266)

19.1 vs. 
12.4
p = 0.03

5.3 vs. 3.8
HR = 0.78
p = 0.004

7.1 vs. 6.2
HR = 0.86
p = 0.08

Fine et al. [36] Capecitabine 1500 mg/m2/d; d1–14 + gemcitabine 750 mg/m2; 
d4,11 + docetaxel 30 mg/m2; d4,11 q21

21.9 6.9 14.5

Moore et al. [38]a Erlotinib 100 or 150 mg/day (n = 285) or placebo (n = 284) + Gemcitabine 
1000 mg/m2; d1,8,15,22,29,36,43 q8w, then d1,8,15 q4w

8.6 vs. 8.0
p = NR

3.7 vs. 3.5
HR = 0.77
p = 0.004

6.2 vs. 5.9
HR = 0.82
p = 0.038

HR hazard ratio, mPFS median progression-free survival, mOS median overall survival, NR not reported, ORR objective response rate
aAlso include patients with locally advanced disease
bFOLFIRINOX = 5-fluorouracil 2400 mg/m2 (46-hour infusion) + 5-fluorouracil 400 mg/m2 (bolus) + leucovorin 400 mg/m2 + irinotecan 180 mg/
m2 + oxaliplatin 85 mg/m2
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FOLFIRINOX failure in PC reported median PFS of 
2–2.5 months, median OS of 3.6–5.7 months, and ORR of 
11% [45–48]. On the other hand, two trials assessing Gem- 
NabP after progression on FOLFIRINOX highlighted a 
median PFS of 3.8 and 5.1 months, median OS of 7.6 and 
8.8 months, and ORR of 13% and 18% [49, 50]. Although 
these outcomes favor Gem-NabP in second-line setting after 
FOLFIRINOX, it should be noted that these regimens have 
not been compared in a randomized trial yet.

Patients with LAPC or MPC and a poor PS can be offered 
single-agent gemcitabine (standard or FDR), capecitabine, 
or continuous 5-FU as second-line treatment [13]. Efficacy 
data of second-line CT in advanced PC is summarized in 
Table 23.3.

23.4.4  Targeted Therapy

Poly (ADP-ribose) polymerase (PARP) as an enzyme is the 
main repair pathway for DNA single-strand breaks in cells 
with defective HRR, its inhibition leads to unrepaired DNA 
breaks and ultimately death of cancer cells harboring BRCA 
mutations [51, 52]. The multicenter phase III POLO trial 
investigated efficacy of olaparib, an oral PARP inhibitor, ver-
sus placebo in 154 patients with MPC and germline BRCA1/2 
mutations whose disease did not progress during at least 
16 weeks of first-line platinum-based CT [53]. Olaparib sig-
nificantly improved PFS (7.4 vs. 3.8 months, p = 0.004) but 
OS was similar between the two arms (18.9 vs. 18.1 months, 
p = 0.68), response rate was also higher with olaparib (20% 

vs. 10%). Subsequently, olaparib was approved by the Food 
and Drug Administration (FDA) for maintenance treatment 
after first-line platinum-based CT in patients with MPC and 
germline BRCA1/2 mutations, it is also among recommen-
dations in the NCCN guidelines [13].

Enhancing anti-tumor immunity is a potential therapeutic 
strategy and targeting programmed death receptor 1 (PD-1) 
or its ligand PD-L1, which limit immune response, is a com-
mon method to restore immunologic activity against cancer 
cells. Predictive value of mismatch repair deficiency 
(dMMR) for immunotherapy in solid tumors was demon-
strated; however, only 2% or less of PCs have dMMR [54, 
55]. Nevertheless, activity of the anti PD-1 monoclonal anti-
body pembrolizumab was observed in 22 PC patients with 
dMMR or high microsatellite instability (MSI-H) enrolled in 
the phase II KEYNOTE-158 trial [56]. Four of these subjects 
(18%) experienced objective response and median duration 
of response was 13.4  months. Thus, pembrolizumab is an 
alternative for patients with advanced PC whose tumors are 
dMMR or MSI-H and who progressed on first-line therapy, 
regardless of PS [13].

The neurotrophic tropomyosin receptor kinase (NTRK) 
gene fusion is found in <1% of PC but responses can be 
achieved with NTRK inhibitors entrectinib and larotrectinib 
[57–59]. As recommended by the NCCN, entrectinib and 
larotrectinib are second-line options in patients with LAPC 
or MPC and NTRK gene fusion [1].

In conclusion, pancreatic cancer is fatal for the majority 
of patients. Systemic chemotherapies are currently used as 
standard therapy in adjuvant, neoadjuvant, and palliative 

Table 23.3 Efficacy data from clinical trials regarding second-line CT in locally advanced or metastatic pancreatic cancer

Reference Treatment arm(s) ORR (%) mPFS mOS
Wang-Gillam et al. 
(NAPOLI-1) [39]a

Liposomal irinotecan 80 mg/m2 + FA 400 mg/m2 + 5-FU 2400 mg/m2 
in 46 h; q2w (n = 117)
Liposomal irinotecan 120 mg/m2; q3w (n = 151)
FA 200 mg/m2 + 5-FU 2000 mg/m2 in 24 h; d1,8,15,22 q6w (n = 149)

16 vs 1c

p < 0.0001
3.1 vs. 1.5c 
months
HR = 0.56
p = 0.0001

6.1 vs. 4.2c 
months
HR = 0.67
p = 0.012

Zaniboni et al. [41]a Irinotecan 180 mg/m2; d1 + FA 200 mg/m2; d1,2 + 5-FU 400 mg/m2 
bolus; d1,2 + 5-FU 600 mg/m2 in 22 h; d1,2 q2w (n = 50)

8 3.2 months 5 months

Pelzer et al. 
(CONKO- 003) [42]a

FA 200 mg/m2 + 5-FU 2000 mg/m2 in 24 h; d1,8,15,22 + oxaliplatin 
85 mg/m2; d8,22 q6w (n = 23)
BSC (n = 23)

NR NR 4.8 vs. 
2.3 months
HR = 0.45
p = 0.008

Xiong et al. [43]a Capecitabine 2000 mg/m2/d; d1–14 + oxaliplatin 130 mg/m2; d1 q3w 
(n = 39)

3 9.9 weeks 23 weeks

Portal et al. [49]b Nab-paclitaxel 125 mg/m2 + gemcitabine 1000 mg/m2; d1,8,15 q4w 
(n = 57)

18 5.1 months 8.8 months

Mita et al. [50]b Nab-paclitaxel 125 mg/m2 + gemcitabine 1000 mg/m2; d1,8,15 q4w 
(n = 30)

13 3.8 months 7.6 months

5-FU 5-fluorouracil, BSC best supportive care, FA folinic acid, HR hazard ratio, mPFS median progression-free survival, mOS median overall 
survival, NR not reported, ORR objective response rate
aIncludes patients who progressed on prior gemcitabine-based therapy
bIncludes patients who progressed on prior FOLFIRINOX
cCombination arm vs. 5-FU + FA arm
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treatments. Clinical studies investigating the benefit of tar-
geted therapies and immunotherapy strategies have resulted 
in significant benefits in a small percentage of patients. 
Ongoing studies on tumor biology and tumor microenviron-
ment are promising for treatment options that will yield clin-
ical benefit in this cancer.
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Abstract

Endoscopic biliary drainage of a malignant biliary 
obstruction (MBO) is a common procedure, but a recog-
nized standard of evaluation is lacking. To this end, the 
Tokyo criteria have been newly proposed and include cer-
tain definitions. Recurrent biliary obstruction (RBO) is 
defined as stent occlusion and migration, and the time to 
RBO is employed rather than the duration of stent patency. 
For patients with distal MBO, the preoperative manage-
ment has changed to incorporate new developments in 
neoadjuvant chemotherapies for pancreatic cancer. Self- 
expandable metallic stents (SEMSs) serve as the current 
standard. Palliative management requires long-term stent 
patency, and SEMS use is thus indicated. A covered 
SEMS serves as the standard for palliative cases with dis-
tal MBO because such stents afford a time to RBO that is 
similar or superior to those of other stents, with a similar 
rate of adverse events. Furthermore, SEMSs are remov-
able. However, the optimal covered SEMS is not yet 
available, and covered large-bore SEMSs with anti- 
migration and anti-reflux properties remain under evalua-
tion. There is currently no standard management for hilar 
MBO (in either the preoperative or palliative context). 
Recently, an inside stent placed above the papilla was 
reported to afford better results than those of conventional 
stents, but strong evidence is lacking. Endoscopic 
ultrasound- guided biliary drainage (EUS-BD) serves as a 
salvage technique when routine endoscopic retrograde 

cholangiopancreatography fails or is difficult. Recent 
clinical practice guidelines for EUS-BD are becoming 
accepted gradually. However, dedicated devices and 
strong evidence of efficacy and safety are required.

24.1  Introduction

Endoscopic biliary drainage (EBD) of a malignant biliary 
obstruction (MBO) is a common procedure. However, the 
surgical strategy is affected by patient anatomy, disease char-
acteristics, and overall health status. Various types of stents 
are available. Here, we review the various strategies and 
stents used for EBD of MBO in an effort to increase the 
effectiveness, efficiency, and safety of our procedures.

24.2  The Tokyo Criteria: A Standard 
Reporting System

Evaluation of the various available biliary stents is crucial. 
No standard criteria have been defined until recently. The 
first authors (H.I) proposed the use of the Tokyo criteria for 
evaluating biliary stents in terms of both efficacy and safety 
(Table 24.1) [1]. Although many different evaluations have 
been published, a meta-analysis is difficult given the large 
variations in the stents examined and the study methods. The 
Tokyo criteria propose the use of the phrase “recurrent bili-
ary obstruction (RBO)” to define stent occlusion and migra-
tion, replacing terms such as “stent occlusion” and “stent 
dysfunction”. Complications are classified as RBO or other 
(pancreatitis, cholecystitis, and cholangitis). We propose 
using the time to RBO (TRBO) when evaluating stent 
patency. Technical and clinical successes and other items are 
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also defined in the Tokyo criteria. We hope that many future 
reports on biliary stents will employ the Tokyo criteria, as 
this would greatly aid meta-analyses.

24.3  Biliary Drainage in Patients 
with Malignant Biliary Strictures

Many factors affect selection of the procedure and stent in 
patients requiring EBD (Table 24.2). It is essential to con-
sider the tumor type, patient’s condition, stricture location, 
and surgical skills available. Distal strictures are most com-

monly caused by pancreatic cancer but also by distal cholan-
giocarcinoma, gallbladder and papillary cancers, and 
metastatic lymph nodes. Hilar strictures are caused by vari-
ous malignant tumors including hilar cholangiocarcinoma, 
gallbladder cancer, metastatic lymph nodes, and liver metas-
tases. The resectability status must be considered when 
developing a drainage strategy. Resectable cancers, border-
line resectable cancers (requiring neoadjuvant chemother-
apy/chemoradiotherapy [NAC]), and unresectable cancers 
require different drainage strategies and stents.

Individual patient anatomies must also be considered. It 
is difficult to attain the papilla if a patient presents with a 
surgically altered anatomy and/or duodenal tumor obstruc-
tion. Device-assisted enteroscopy is required if the anat-
omy is surgically altered, and percutaneous trans-hepatic 
biliary drainage (PTBD) is indicated for duodenal tumor 
obstruction. If the papilla can be accessed via the duodenal 
obstruction, double stenting is required (for both the duo-
denal and biliary strictures). Recently, endosonography/
endoscopic ultrasound (EUS)-guided biliary drainage 
(EUS-BD) has become possible [2]. Finally, the perfor-
mance status of the patient is used to guide the selection of 
one of several possible anti-cancer treatments; the perfor-
mance status also affects biliary drainage, as do older age 
and frailty status.

24.4  The Various Stents Available

The stent is selected by reference to the stricture location, 
stage of the causative disease, patients’ condition, etc. 
Table 24.3 lists the various stents available. Basically, two 
stent types are used for EBD: plastic stents (PSs) and self- 
expandable metallic stents (SEMSs). Both straight and 
double- pigtail PSs are commonly employed. SEMSs may be 
either braided or laser-cut. Braiding varies by the wire pat-
tern, which may be a cross, hook, combined cross and hook, 
zigzag, or spiral zigzag (Fig. 24.1). Laser-cut stents feature 
zigzag wires. The differences described above affect the 
mechanical properties of SEMSs, particularly their ability to 
withstand radial force (RF) and axial force [3]. Some SEMSs 
feature a covering membrane to prevent tumor ingrowth via 
the stent mesh and to facilitate stent removal [4].

The Achilles’ heel of a covered SEMS is stent migration. 
Tumor and hyperplastic tissues invade uncovered SEMSs via 
the mesh, rendering the stents difficult to remove. However, 
the membrane prevents tumor and tissue ingrowth; therefore, 
covered SEMSs do not become occluded by ingrowing tis-
sue and may be easily removed. Some covered SEMSs fea-
ture anti-migration systems [5, 6]. However, the optimal 
covered SEMS is not yet available.

Table 24.1 Factors affect the endoscopic biliary drainage

Causative disease
    Papillary cancer (distal stricture)
    Pancreatic cancer (distal stricture)
    Cholangiocarcinoma (distal and hilar stricture)
    Gallbladder cancer (distal and hilar stricture)
    Metastatic lymph node (distal and hilar stricture)
    Direct invasion of another malignant tumor (distal and hilar 
stricture)
    Hepatocellular carcinoma (hilar stricture)
    Metastatic liver cancer (hilar stricture)
Tumor status
    Resectable
    Borderline resectable (only pancreatic cancer)
    Palliation
Stricture location
    Distal
    Hilar (bismuth type 1–4)
Anatomy affected endoscopic procedure
    Normal
    Surgically altered (B-1, B-2, Leu-en-Y)
    Duodenal invasion
Patients’ condition
    Performance status (1–4)
    High age
    Frail

Table 24.2 Kinds of self-expandable metallic stent

Structure
    Braided type
        Cross wire design
        Hook wire design
        Zigzag & Spiral-Zigzag wire design
    Laser cut type
        Zigzag wire design
Covering membrane
    Covered type (partially-, fully-covered)
    Uncovered type
Anchoring system
    Flare & Square flare
    Flare and bank
    Flap
Other function
    Drug eluting
    Anti-reflux
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24.5  Preoperative Management  
of a Distal Stricture

Previously, the basic management of a preoperative distal 
MBO featured the use of PSs [7, 8], which can be easily 
placed and removed/exchanged. However, the TRBO of a PS 
is shorter than that of a SEMS, and thus PS placement should 
be performed soon after surgery. A SEMS may be indicated 
by pathological evaluation of the resected specimen. However, 
NAC has recently become indicated for patients with resect-
able or borderline resectable pancreatic cancers [9]. The dura-
tion of stent placement prior to surgery is thus prolonged, and 
the stenting strategy must be reconsidered if the patient 
becomes unfit for surgery. Initially, a SEMS should be chosen 
for patients with pancreatic cancers that are resectable or bor-
derline resectable [10, 11]. Both covered and uncovered 
SEMSs have been used, but very few comparative studies 
have been published. A randomized controlled trial (RCT) of 
covered and uncovered SEMSs placed in patients receiving 
NAC revealed no significant difference in the cumulative 
stent patency [12]. However, the complication profiles of the 
two groups differed. Stent migration and cholecystitis were 
the principal causes of complications in the covered SEMS 
group versus tumor ingrowth in the uncovered SEMS group. 
Both types of SEMSs were used, but for patients receiving 
NAC, over 40% of the tumors were never resected [12]. In 
such cases, covered SEMSs are optimal.

Critically, stent selection must be based on patient and 
disease status. However, NAC is not a standard therapy for 
patients with distal cholangiocarcinoma; PSs remain the 
standard.

Table 24.3 Evaluating items of biliary metallic stents (Modified cita-
tion from Tokyo Criteria [1]

Technical and 
functional success 
rates
Recurrent biliary 
obstruction (RBO)

The incidence of RBO during the observed 
period. (required the description of 
observational time)
Median time to RBO (TRBO) estimated 
using the Kaplan-Meier method
Non-obstruction rates at the time of 3, 6 and 
12 months estimated using the Kaplan- 
Meier method
Comparison using the log-rank test

Causes of RBO
    ✓ Rate of each 
cause
    ✓ Median time 
from the placement
    ✓ Early (within 
30 days) or late 
(31 days or later)

Occlusion
✓ Tumor ingrowth/mucosal hyperplasia
✓ Tumor overgrowth
✓ Sludge with/without stone
✓ Food impaction
✓ Hemobilia
✓ Kinking of bile duct
✓ Others
Symptomatic migration (required any 
intervention)
✓ Proximal
✓ Distal

Complications other 
than RBO
✓ Rate of each cause
✓  Median time from 

the placement
✓  Early (within 

30 days) or late 
(31 days or later)

✓  Severity 
(Table 24.2)

✓ Pancreatitis
✓ Cholecystitis
✓ Non-occlusion cholangitis
✓  Others (bleeding, ulceration, penetration, 

perforation, etc.)
✓  Complications associated with stent 

placement procedure (peroration, 
bleeding with scope, desaturation of 
oxygen, aspiration pneumonia, etc.)

Survival time

a c

b d

Fig. 24.1 Basic structures of self-expandable metallic stent (SEMS). (a) Cross wire design; (b) Hook wire design; (c) Zigzag wire design; (d) 
Zigzag wire design (Laser-cut type SEMS)
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24.6  Palliative Management of Distal 
Strictures

A few RCTs and meta-analyses have compared PSs with 
SEMSs for patients with unresectable distal MBOs [13–16]. 
The SEMSs were clearly superior, but the choice of covered 
versus uncovered SEMS remains controversial. Although 
covered SEMSs prevent tumor ingrowth via the stent mesh 
[4] and thus are easily removable, this renders them prone to 
migration. RCTs that found no superiority of covered SEMSs 
over uncovered SEMSs reported a high incidence of migra-
tion. However, RCTs showed significantly longer cumulative 
TRBOs when using covered SEMSs with anti-migration sys-
tems compared with SEMSs lacking the anti-migration mod-
ification [6, 17].

24.7  Efforts to Prolong the TRBOs 
of Covered SEMSs

Despite the introduction of anti-migration systems, the 
TRBOs of covered SEMSs remain inadequate. Recently, 
effective chemotherapies have been used to manage unre-
sectable pancreatobiliary malignancies; the incidence of 
stent migration is thus expected to increase [18, 19]. 
Prevention of migration is crucial to maintain patient quality 
of life and to allow patients to maintain their chemotherapy 
schedules. We previously showed that a weak RF and che-
motherapy were the principal predictors of stent migration 
[19, 20]. Anti-migration systems effectively prolonged the 
TRBO.  Figure  24.2 shows the various types of covered 
SEMSs with anti-migration systems, which include flaps, 
external uncovered regions, flares, and methods of enhanc-
ing the RF. No system is yet ideal, and the safety of each 
system requires further evaluation.

Recently, a larger-diameter fully covered SEMS 
(FCSEMS) developed by the first author (H.I) has become 
commercially available in Japan. Mukai et al. evaluated the 
large-bore covered SEMS (12  mm in diameter); in a pilot 
study, the TRBO was prolonged (compared with that of a 
control stent); sludge accumulation in and food impaction of 
the new stent were slower [21]. The complications associ-
ated with stent placement were acceptable. Recently, a 
12-mm-diameter FCSEMS with a large flare (16  mm) has 
become commercially available in Japan, and is considered 
promising.

FCSEMSs with anti-reflux functions (ARSEMSs) are 
also promising. Bacterial infection in the FCSEMS cavity 
attributable to refluxed duodenal contents creates biliary 
sludge and stones. Food impaction of the stent body and ori-
fice is a prime cause of stent occlusion. In a pilot study, an 
ARSEMS effectively prevented food impaction soon after 
placement [22]. RCTs comparing a conventional FCSEMS 

with an ARSEMS yielded controversial results. Lee and 
Moon et  al. reported that the ARSEMS exhibited a longer 
cumulative TRBO than that of a conventional FCSEMS, but 
Hamada et al. found no superiority of the ARSEMS [23, 24]. 
Efforts to reduce the incidence of RBO and prolong the 
TRBO are continuing.

24.8  Hilar Strictures (Resectable Cases)

Prior to hepatectomy, biliary drainage and portal vein 
embolization are standard to prevent liver dysfunction 
after surgery. Pre-surgical preparation includes biliary 
drainage of the future remnant lobe and portal vein embo-
lization of the future resected lobe. Hypertrophy of the 
future remnant lobe and atrophy of the future resected lobe 
may reduce liver dysfunction after surgery. Previously, 

a

b

c

d

Fig. 24.2 Anti-migration systems of self-expandable metallic stent. 
(a) Flaps; (b) Flap; (c) Flare design; (d) Square flare design
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PTBD was employed to thoroughly drain the target biliary 
branch; however, the incidence of recurrent tract cancer 
was relatively high [25, 26]. The EBD procedure has grad-
ually improved and is currently the standard treatment. 
However, stent selection during preoperative EBD remains 
controversial. Most Japanese institutions employ endona-
sobiliary drainage to reduce cholangitis before surgery, but 
this is uncomfortable for patients [27]. In addition, many 
high-volume cholangiocarcinoma surgery centers in Japan 
require patients to drink bile juice. Conventional PSs are 
standard for preoperative cases, but an inside stent placed 
above the papilla exhibited a longer cumulative TRBO 
[28]. This type of stent is promising, but more evidence is 
required.

24.9  Hilar Stricture: Palliative Cases

Drainage of 50% of the liver volume is required to preserve 
liver function and prevent ineffective stenting [29]. However, 
stent selection and placement are not standardized. 
Uncovered SEMSs exhibited longer TRBOs than those of 
PSs in some RCTs, but re-interventions were required when 
the uncovered SEMS became occluded. The Japanese clini-
cal practice guidelines for bile duct cancer recommend the 
use of both PSs and metallic stents because many endosco-
pists favor PSs.

Two endoscopic stenting methods are used when placing 
SEMSs in patients with unresectable hilar biliary malignan-
cies: the stent-in-stent (SIS) and side-by-side (SBS) meth-
ods. During the SIS method, it is sometimes difficult to place 
the second stent through the mesh. Certain SEMSs with 
loose or moveable portions have been developed to facilitate 
through-the-mesh placement. SBS is easier than SIS, and in 
some clinical trials, the initial placement success rate was 
similar to or slightly better than that of the SIS method. A 
problem with SBS placement is that a second/third SEMS 
delivery system passes beside the prior SEMS.  When 
 uncovered SEMSs are used, the techniques are different, but 
the clinical results have been similar [30].

Recent advances include slim-covered SEMSs and inside 
stents. Slim-covered SEMSs of thin diameter (6  mm) are 
placed in patients with hilar MBOs using the SBS method. 
Segmental cholangitis caused by obstruction of the biliary 
branch after covered SEMS placement has been of concern. 
However, the incidence thereof is not high [31]. Slim- 
covered SEMSs can be easily removed and exchanged. 
Inside stents are sutured above the papilla and have been 
reported to be easily removable (Fig. 24.3). The inside stent 
also exhibits a longer cumulative TRBO than that of conven-
tional PSs [32] (Fig.  24.4). However, many endoscopists 
remain concerned about removability, and large-scale stud-
ies are warranted. No ideal stent for management of hilar 
MBO is yet available, thus requiring continued efforts.

a b

Fig. 24.3 Side-by-side stenting for hilar cholangiocarcinoma with three slim-covered self-expandable metallic stents (6 mm in a diameter). (a) 
X-ray image of side-by-side stenting. (b) Endoscopic image of side-by-side stenting
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24.10  Radiofrequency Ablation 
of the Bile Duct

Radiofrequency ablation of the bile duct was developed to 
improve stent TRBO [33]. Uncovered SEMSs exhibit tumor 
ingrowth via the stent mesh, and tumor ablation prior to 
SEMS placement delayed such ingrowth. Radiofrequency 
ablation prior to PS placement effectively prolonged the 
TRBO [34]. More studies and more evidence are needed.

24.11  Endoscopic Ultrasound-Guided 
Biliary Drainage

EUS-BD was developed as a salvage technique after diffi-
culty or failure of conventional endoscopic drainage. Initially, 
EUS-BD was indicated only for patients with unresectable 

MBOs, but currently, the indications are increasing. There 
are two principal types of EUS-BD: hepaticogastrostomy 
(EUS-HGS) and choledochogastrostomy (EUS-CDS) [2]. In 
EUS-HGS, a fistula is created between the liver (the intrahe-
patic bile duct) and the stomach. The EUS-CDS fistula runs 
from the common hepatic duct/common bile duct to the duo-
denum. This procedure is easier than EUS-HGS because the 
liver parenchyma is not penetrated. Recent Japanese clinical 
practice guidelines to ensure that EUS-BD is safe were pro-
posed [35]. The procedure should be preferred to PTBD in 
various situations; however, very few reports on preoperative 
EUS-BD have appeared. Given recent developments in dedi-
cated devices, two clinical trials have suggested that EUS-BD 
might serve as a primary drainage method [36, 37], being 
both effective and promising. The technique and devices 
must be developed further and standardized by referencing 
strong clinical and safety evidence.

a b

Fig. 24.4 Inside stent placement for the malignant hilar stricture case. 
(a) X-ray image of inside stent placement above the papilla. (b) Inside 
stents. Suture for removal was attached to the distal site. Right side stent 

with deep angle indicates for the left and right-posterior branch. Left 
side stent indicates for right-anterior branch
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24.12  Conclusions

EBD remains the standard treatment for patients with biliary 
obstruction/stricture. As many procedures and stents are 
available, it is essential to choose them carefully. No stan-
dard procedure or stent has yet emerged. EUS-BD is a rela-
tively new biliary drainage modality that should become the 
drainage method of choice.

The English in this document has been checked by at least 
two professional editors, both native speakers of English. For 
a certificate, please see: http://www.textcheck.com/certifi-
cate/QZ6lR6
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Endoscopic Management 
of Peripancreatic Fluid Collection

Yukitoshi Matsunami, Shuntaro Mukai, and Takao Itoi

Abstract

Patients with acute necrotic pancreatitis occasionally 
develop walled-off necrosis (WON). Traditionally, surgi-
cal necrosectomy has been the standard treatment for 
symptomatic WON.  However, open surgical necrosec-
tomy has been associated with high morbidity and mortal-
ity rates. In recent years, the endoscopic step-up approach 
has been developed as an alternative to open surgical 
necrosectomy, and studies have demonstrated that this 
method is associated with a high clinical success rate. In 
the endoscopic step-up approach, endoscopic 
ultrasonography- guided transmural drainage (EUS-TD) 
is presently the standard first step. In the absence of 
improvement by EUS-TD alone, endoscopic necrosec-
tomy is performed. More recently, the electrocautery- 
enhanced lumen-apposing metal stent was invented for 
use in EUS-TD. Although there have been advancements 
in the devices, techniques, and methodology of EUS-TD, 
the mortality rate of WON still appears to be high owing 
to the serious complications, including bleeding and per-
foration. Therefore, multidisciplinary management by 
endoscopists, surgeons, and interventional radiologists is 
required.

25.1  Introduction

Peripancreatic fluid collection (PFC) is a well-known clini-
cal consequence of acute necrotizing pancreatitis. In the 
revised Atlanta classification, PFC is classified into the fol-
lowing four categories [1]. Acute peripancreatic fluid collec-
tion, which is the collection of peripancreatic fluid associated 
with interstitial edematous pancreatitis that is seen within the 

first four weeks after the onset of pancreatitis, pancreatic 
pseudocyst (PP), which is a late complication of interstitial 
edematous pancreatitis that is seen usually more than four 
weeks after onset, acute necrotic collection, which is the for-
mation of variable amounts of both fluid and necrosis that is 
associated with necrotizing pancreatitis, and walled-off 
necrosis (WON), which is a mature encapsulated necrotic 
collection usually occurring more than four weeks after the 
onset of pancreatitis. PFC, including WON, has been tradi-
tionally managed by open necrosectomy [2]. However, the 
procedure is associated with high morbidity and mortality 
[3]. Management of PFC has changed significantly in the 
previous decade, and endoscopic techniques are increasingly 
utilized in the management of PFC. Recently, the endoscopic 
step-up approach has been developed as an alternative to sur-
gical necrosectomy [4]. This method aims to control the PFC 
by a less invasive approach in the first step of treatment, and 
then moving to more invasive approaches step by step. This 
endoscopic step-up approach has been reported to achieve 
high technical and clinical success rates [5, 6]. Endoscopic 
ultrasonography-guided transmural drainage (EUS-TD) and 
endoscopic necrosectomy (EN) play an important role in the 
endoscopic step-up approach. The lumen- apposing metal 
stent (LAMS) has been increasingly used for EUS-TD [7, 8]. 
This stent anchor is designed to distribute pressure evenly 
over the luminal wall and to securely anchor the stent to pre-
vent migration. The large bore enables the evacuation of 
debris, and direct scope insertion when performing EN. More 
recently, the novel electrocautery-enhanced lumen-apposing 
metal stent (EC-LAMS) was invented and has contributed to 
enabling simpler and quicker endoscopic procedure [9]. 
However, determining the indications and timing of drain-
age, as well the timing of step-up is occasionally difficult. 
Herein, we describe the present status of the management of 
PFC, including the indications of drainage and the endo-
scopic techniques that are used.
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25.2  Indications of Drainage

In general, drainage of PFC is not recommended in the early 
phase, owing to the lack of formation of a matured capsule. 
Well-encapsulated PFCs, i.e., PP and WON, are safely 
drained and are good indications of intervention. Drainage is 
recommended for patients with confirmed or clinically sus-
pected infected WON, in whom control by conservative ther-
apy, such as by antibiotics, was unsuccessful. Furthermore, 
symptomatic WON, such as organ compression, including 
gastric outlet obstruction, intestinal and biliary obstruction, 
and pain owing to a large mass is also an indication for drain-
age. However, the appropriate timing to perform the drain-
age is controversial. If the patient is tolerating the WON, the 
intervention is recommended to be delayed for four weeks; 
however, if the patient’s condition is severe and associated 
with organ failure, it should be drained, as long as it is encap-
sulated. Contrast-enhanced computed tomography (CT) is 
often the initial imaging modality used to evaluate the size of 
the cavity and the presence of a pseudoaneurysm. Magnetic 
resonance imaging (MRI) is also considered before the inter-
vention, as the contents of PFC, whether liquid or solid, are 
more accurately characterized by MRI.  Pseudoaneurysms 
are occasionally associated with infected PFC and surround-
ing artery disruption. If an aneurysm is present, preceding 
interventional radiology (IVR) and embolization is required 
to avoid bleeding, which is a common adverse event of drain-
age. Understanding the differences between PP and WON is 
also important, as the endoscopic drainage of WON has been 
demonstrated to have a significantly lower success rate and 
higher adverse events rate, as well as requires more frequent 
reinterventions and a longer hospital stay than that of 
PP. Some contraindications to endoscopic drainage include 
splenic or portal vein occlusion, gastric varices, and the pres-
ence of pseudoaneurysm [10].

25.3  EUS-TD Technique

A linear array echoendoscope is first inserted into the stom-
ach or duodenum, and the diameter of the PFC and the dis-
tance between the GI tract and cavity are measured. The 
distance between the GI tract and cavity wall longer than 
1 cm should be avoided. The conventional method is to use a 
19-gauge needle to puncture the PFC cavity under EUS 
guidance. After the needle puncture, a 0.035-inch or 0.025- 
inch guidewire is advanced within the cavity under fluoro-
scopic guidance. The tract is dilated using an electrocautery 
dilator and/or balloon dilator. After tract dilation, plastic 
stents or fully covered self-expandable metal stents (SEMS) 
are placed. Plastic stents are usually double-pigtail stents in 
order to avoid migration. The metal stents used are either 
fully covered biliary stents, esophageal SEMS, or LAMS 

[11, 12]. The recently developed EC-LAMS, which has an 
electrocautery wire at the distal tip of the delivery system, 
enables one-step stent deployment without needle puncture, 
guidewire advancement, or tract dilation [9]. EC-LAMS, 
such as the Hot-AXIOS system (Boston Scientific, Natick, 
MA, USA), has enabled simplification of the endoscopic 
drainage procedure (Fig. 25.1).

25.4  EN Technique

In patients in whom there is a poor clinical response to the 
drainage, EN is performed through the previously placed 
stent (Fig.  25.2). EN involves direct insertion of the endo-
scope into the cavity with a combination of suction and 
removal of the debris using a polypectomy snare, basket cath-
eter, and retrieval forceps. The use of CO2 instead of air for 
insufflation during necrosectomy is mandatory to reduce the 
risk of gas embolism. EN is usually performed once or twice 
a week, until clinical improvement is achieved. A balance 
between efficacy and safety is required to avoid injury to the 
intracavity vessels and retroperitoneal tissue, which leads to 
bleeding and perforation. In the case of bleeding during the 
procedure, clip hemostasis, epinephrine injection, and argon 
plasma coagulation are useful [13]. However, if endoscopic 
hemostasis is unsuccessful, emergent IVR or surgical hemo-
stasis is required (Fig. 25.3). Contrast- enhanced CT is per-
formed during the interval period of necrosectomy to evaluate 
the appearance of pseudoaneurysms.

25.5  Treatment Algorithm and Outcomes

The treatment algorithm for symptomatic PFC has evolved 
from invasive open surgical necrosectomy to a less invasive 
endoscopic step-up approach. The step-up approach was 
first introduced by a Dutch group in 2010, in which they 
reported a randomized controlled trial (RCT) comparing 
open necrosectomy with minimally invasive endoscopic or 
percutaneous drainage, and patients in the step-up approach 
group were found to experience significantly fewer major 
complications [14]. A recent retrospective study demon-
strated that the endoscopic step-up approach is associated 
with a technical success rate of 99% and a clinical success 
rate of 96.5% [5]. The European Society of Gastrointestinal 
Endoscopy guidelines, which are recently released multidis-
ciplinary guidelines for the endoscopic management of 
acute necrotizing pancreatitis, also recommend the use of 
the step-up approach [15]. In the step-up approach, the first 
step is the drainage of the infected fluid endoscopically or 
percutaneously. Endoscopic transmural drainage appears to 
be advantageous in patients in whom the PFC is located 
adjacent to the stomach or duodenum. At present, EUS-TD 
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a b
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e f

Fig. 25.1 Images of the EUS-TD. (a) CT scan axial view of WON. (b) EUS image of the encapsulated WON. (c) The opened distal stent anchor 
is visible on EUS. (d) Endoscopic image of Hot-AXIOS. (e) Fluoroscopic image of Hot-AXIOS. (f) CT scan coronal view of Hot-AXIOS
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is the optimal transmural drainage approach, replacing the 
conventional transmural drainage method using a gastro-
scope, owing to the higher success rate of drainage. 
Regarding the type of stent, some retrospective studies dem-
onstrated no differences in the treatment success rate of 
drainage between plastic stents and metal stents, although 
procedure time was shorter in the metal stents group [16, 
17]. However, a recently published systematic review dem-
onstrated that resolution of WON was more likely with the 
use of metal stents than with plastic stents, with a trend of 
lower perforation and stent occlusion with metal stents, 
although there is more migration [18]. Another systematic 
review demonstrated that the clinical success rate of drain-
age using metal stents was 93.8% and the adverse events 
rate was 10.2%, which included bleeding, perforation, stent 

migration, and infection [19]. At present, most clinical insti-
tutions use metal stents, particularly LAMS for the initial 
drainage. The technical success rate of EUS-TD using 
EC-LAMS has been demonstrated to be 100% with no pro-
cedure-associated complications, and a 96% clinical suc-
cess rate regarding resolution of the PFC [20]. If the PFC is 
located far from the stomach or duodenum, percutaneous 
drainage can be considered as an appropriate first step. The 
percutaneous procedure is performed under CT or ultra-
sound guidance. In the case of extended WON to the pelvic 
area, a combination of EUS-TD with additional percutane-
ous drainage is considered. In patients with multiple cavities 
or a large WON showing insufficient response to drainage 
alone, the multiple transluminal gateway technique (MTGT) 
and/or single transluminal gateway transcystic multiple 

a b

c d

Fig. 25.2 Images of the EN. (a) Necrotic debris within the WON cavity. (b) Necrosectomy through the stent. Polypectomy snare was used for the 
debris removal. (c) Bleeding from intracavity vessel was seen during the necrosectomy. (d) Clip hemostasis was performed
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drainage (SGTMD) should be considered [21, 22]. MTGT 
involves creation of some transmural gateways, and SGTMD 
involves drainage via one gateway by placing multiple plas-
tic stents for the multiple cavities. Both methods were estab-
lished from the idea that multiple sites of access to the 
cavities would achieve more efficient drainage. In the 
absence of improvement by drainage, EN is the next step of 
therapy. Patients who require EN tend to have a larger col-
lection with more solid and necrotic debris [6]. Although 
EN is less invasive than surgical necrosectomy, the rate of 
adverse events is not low. One study demonstrated that the 
clinical success rate of endoscopic necrosectomy was 75%, 
with an adverse events rate of 33% and mortality rate of 
11% [23]. The potential serious adverse events, such as 
bleeding, perforation, and air embolism can be life-threaten-
ing. Therefore, the procedures should be performed in a 
multidisciplinary setting, in which emergency rescue sur-
gery or IVR can be performed. The LAMS should be 
retrieved within four weeks of placement, to avoid stent- 
associated complications [24]. If treatment is incomplete 
after four weeks, the plastic stent should be replaced. If 
clinical improvement is not achieved by these procedures, 
the next step is minimally invasive surgery, such as video- 
assisted retroperitoneal debridement (VARD), which mini-
mizes the surgical incision, usually along the previously 
placed percutaneous catheter, or open surgical necrosec-
tomy [14]. Indications of surgery have become limited, 
although surgery plays an important salvage role, such as 
decompressive laparotomy in cases of abdominal compart-

ment syndrome, which is a less common but lethal compli-
cation of acute necrotizing pancreatitis [25]. These studies 
indicate that the endoscopic step-up approach is a reason-
able treatment algorithm. However, a recently reported RCT 
comparing the endoscopic step-up approach and the surgi-
cal step-up approach, which consists of percutaneous cath-
eter drainage followed by VARD if necessary, demonstrated 
that the endoscopic step-up approach is not superior to the 
surgical step- up approach in reducing major complications 
or death, although the rate of pancreatic fistulas and length 
of hospital stay were lower in the endoscopy group [4]. 
Regarding the role of endoscopic retrograde cholangiopan-
creatography (ERCP) for the management of WON, if the 
patient has disconnected pancreatic duct syndrome (DPDS), 
which is disruption of the main pancreatic duct (MPD) 
owing to WON, combining EUS-TD with transpapillary 
stenting by ERCP for bridging the disruption is considered. 
ERCP enables management of the underlying source of per-
sistent leakage. A recent retrospective study demonstrated 
that DPDS occurs more frequently in patients with WON 
than those with other PFCs [26]. However, routine ERCP 
with transpapillary drainage is not necessary in patients that 
do not have DPDS. If transpapillary stenting for the MPD 
disruption is unsuccessful or if there is complete disruption, 
EUS-guided pancreatic duct drainage can be considered 
[27]. Although most of the previous data were from small 
retrospective studies, and the procedure is technically chal-
lenging, the placement of a stent as pancreatico-gastrotomy 
is feasible for patients with a dilated MPD.

a b

Fig. 25.3 Images of the IVR. (a) Rupture of pseudoaneurysm was seen from the marginal artery. (b) IVR with hemostatic coiling was 
conducted
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25.6  Conclusion

The step-up approach is useful for the treatment of patients 
with WON. However, despite advancements in the devices, 
techniques, and methodology, the mortality of patients with 
WON is still high owing to its serious complications. 
Therefore, multidisciplinary management by endoscopists, 
surgeons, and interventional radiologists is required for suc-
cessful treatment of WON.
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Endoscopic Ultrasound and Fine Needle 
Tissue Acquisition for Pancreatic 
Tumors

Razvan Iacob and Cristian Gheorghe

Abstract

Endoscopic ultrasound (EUS) has emerged as one of the 
most valuable tools in current clinical practice to assess 
pancreatic tumors, allowing accurate early diagnosis, 
tumor staging as well as tissue acquisition for histological 
and immunohistochemical characterization. The present 
chapter is focused on EUS in pancreatic solid tumors, 
reviewing indications of EUS examination, technical rec-
ommendations, and available equipment and accessories. 
Fine needle aspiration or biopsy (FNA/FNB) procedures 
have dramatically changed the management of patients 
with pancreatic tumors. Clinical benefit, relevant techni-
cal aspects, possible limitations of pancreatic tissue 
acquisition by the means of EUS-guided FNA/FNB are 
further detailed. EUS guided tissue sampling methods 
open the prospect of molecular characterization of pan-
creatic tumors, even in the absence of a surgical speci-
men, facilitating the novel personalized treatment 
approach.

26.1  Background

Pancreatic tumors include multiple solid or cystic primary 
pancreatic lesions. Solid pancreatic lesions comprise up to 
85% of pancreatic tumors, whereas cystic lesions represent 
10–15% of cases [1]. Pancreatic adenocarcinoma, neuroen-
docrine tumors, pancreatic cystic neoplasms, lymphomas, 
and other rare miscellaneous neoplasms are the main catego-
ries of pancreatic tumors. Pancreatic ductal adenocarcinoma 
represents 85–95% off all malignant pancreatic tumors. 
Pancreatic neuroendocrine tumors (PanNET) account for 

approximately 1% of pancreatic cancers by incidence and 
10% of pancreatic cancers by prevalence. PanNET are insu-
linomas, gastrinomas, glucagonomas, somatostatinomas, 
VIPomas, PPomas (one third) or non-functioning tumors 
(two thirds) and represent the second cause of malignant 
pancreatic neoplasms (1–2% of all neoplasms of the pan-
creas) [2, 3]. Pancreas is also the site of metastasis from 
other primary tumors, more frequently renal cell carcinomas, 
or other tumor-like lesions (Table 26.1).

Appropriate management of pancreatic lesions requires 
adequate imaging techniques performed by experienced 
radiologists, as well as adequate tissue sampling capabilities. 
Multidetector-row computed tomography is the most fre-
quently used imaging technique for the assessment of pan-
creatic tumors [5, 6]. It has a sensitivity of 72–92% for 
pancreatic cancer, an accuracy of up to 95% for tumor detec-
tion, with a negative predictive value in evaluating unresect-
ability of up to 79% [6, 7].

Due to its high soft tissue contrast resolution, magnetic 
resonance imaging (MRI) including morphologic and func-
tional image acquisitions, is currently preferred for the diag-
nosis of pancreatic lesions, having a very high accuracy for 
detection and staging of pancreatic adenocarcinoma (90–
100%) [8]. The anatomy of pancreatic ductal system is accu-
rately imaged by the means of magnetic resonance 
cholangiopancreatography (MRCP), allowing the assess-
ment of relationships between cystic lesions and pancreatic 
duct as well as the follow-up of pancreatic cystic neoplasms 
[9, 10].

Positron Emission Tomography (PET) with 2-deoxy-
[18F] fluoro-D-glucose (18FDG-PET) was found, in a recent 
meta-analysis, to have a 95% sensitivity and 100% specific-
ity for pancreatic cancer diagnosis [11]. F-DOPA 
(3,4- dihydroxy-L-phenylalanine labelled with 18F) or 
Ga-DOTA peptides (somatostatin analogues) are better 
suited for PanNET diagnosis, the latter also allowing the 
evaluation of somatostatin receptors expression to guide 
treatment [12].
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The most sensitive technique that allows detection of 
small pancreatic tumors (less than 2 cm) especially located 
in the head of the pancreas is endoscopic ultrasound (EUS) 
[13]. Contrast-enhanced US (CEUS) has emerged as a 
cost- effective method that allows a real time evaluation 
and differential diagnosis of pancreatic lesions, being 
exceptionally accurate to demonstrate PanNET vascular-
ization [14]. A major advantage of EUS over other tech-
niques is that EUS allows tissues sampling during the 
same diagnostic session, by the means of fine need aspira-
tion or core biopsy [15].

26.2  Short History

EUS was initially developed in 1970 and emerged as an 
essential diagnostic tool for pancreatic parenchyma in 1980s, 
when the groups of DiMagno and Hisanaga first described 
the ability to examine the gastrointestinal wall and the 
extraluminal space by the means of and US transducer 
mounted on the tip of a rigid endoscope [16, 17]. The first 
radial echoendoscope was developed by Olympus (Tokyo, 
Japan) in 1982, whereas Tytgat and Tio first proposed to use 
the biopsy channel of the endoscope for cytology [18]. First 
linear-array echoendoscopes were constructed by the col-
laboration of Hitachi with Pentax Medical in the 1990s and 
developed rapidly due to the novel ability to track the biopsy 
needle in real time across the image plane to target the lesion. 
Vilmann et al. introduced the first EUS biopsy tool, in col-
laboration with Medi-Globe GmbH opening an entirely new 
field for diagnostic EUS [19]. Subsequently Wiersema et al. 
have published the first EUS-FNA in the United States in 
1992 [20]. The importance of on-site cytopathology was 
assessed also by the Wiersema group in 1994 [21], whereas 
Giovaninni et al. have documented EUS-FNA as a safe pro-
cedure for routine clinical practice [22]. In 1997 Binmoeller 
et  al. have described the first automated biopsy device for 
pancreatic lesions [23] while the first clinical experience 
with EUS-guided biopsies in perigastric tissues were 
reported in 2002 [24]. The initial True-cut biopsy needle 
with limited flexibility was replaced by the ProCore fine 
needle biopsy (FNB) needles, available in a wide variety of 
sizes from 25 to 19G [25].

26.3  EUS Equipment and Accessories

Current echoendoscopes have been designed to overcome 
technical challenges of older equipment having improved 
maneuverability, better endoscopic views, and detailed ultra-
sound images for all investigating frequencies. Different 
needle designs, including core biopsy needles together with 
the new optical biopsy concept have revolutionized the field 
of cytological and histological endoscopic ultrasound tissue 
sampling.

All three major endoscope manufacturers (Olympus, 
Pentax and Fujifilm) provide forward viewing endoscopes 
having electronic 360° radial-array transducers for high res-
olution EUS images. There are subtle differences in scope 
designs between the available scopes, concerning mainly the 
positioning of the suction channel and the optical sensor. 
Clinical applications for radial EUS scopes remain for pri-
mary staging of esophageal, gastric or rectal cancers or for 
characterization of gastrointestinal submucosal lesions.

Table 26.1 Pancreatic tumors and tumor-like lesions (after Scialpi M 
et al. Reference [4])

Tumor 
lesions Primitive Secondary

Solid exocrine tumors •  Renal cell 
carcinoma

    •  Ductal adenocarcinoma •  Lung 
carcinoma

    •  Acinar cell carcinoma •  Breast 
carcinoma

    •  Pancreatoblastoma •  Colorectal 
carcinoma

    •  Solid pseuodpapillary neoplasm •  Melanoma
    •  Pancreatic lymphoma •  Ovarian 

cancer
    •  Miscalaneous carcinoma •  Sarcoma
Solid endocrine tumors
    •  Insulinoma
    •  Gastrinoma
    •  Glucagonoma
    •  Vipoma
    •  Pancreatic polypeptide secreting 

tumors (PPoma)
    •  Somatostatinoma
    •  Non-functioning tumors
Cystic lesions
    •  Intraductal papillary mucinous 

neoplasm (IPMN)
    •  Serous cystadenoma
    •  True cyst
    •  Cystic variants of solid tumors 

(cystic teratoma, cystic ductal 
adenocarcinoma, cystic NET)

Tumor- 
like 
lesions

•  Focal pancreatitis

•  Fatty infiltration replacement
    –  Pseudocysts
    –  Intrapancreatic accessory spleen
    –  Hydatic cysts
    –  Fibrocystic disease
    –  Duplication cysts and retention 

cysts
    –  Sarcoidosis
    –  Castelman disease
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The same endoscope manufacturers provide linear echo-
endoscopes with subtle differences between devices: the tip 
of the Olympus transducer is more rounded and contoured, 
allowing for increased imaging of tissue anterior to the echo-
endoscope. The Hi-Compound feature of Pentax linear echo-
endoscopes allows the image scanning from multiple angles 
by combining frequency and spatial compounding. Fijifilm 
echoendoscopes are characterized by easier maneuverability 
having similar therapeutic capabilities.

Each EUS platform requires unique ultrasound proces-
sors for imaging having defined features and enhancements. 
Olympus has two distinct ultrasound platforms (Hitachi 
Aloka ProSound F75 and EU-ME2 and Premier Plus, allow-
ing frequencies up to 12  MHz and many enhanced ultra-
sound physics capabilities, as well as contrast echo features, 
to visualize microvascularisation to the capillary level. 
Pentax uses the Hitachi HI VISION Preirus Ultrasound plat-
form that combines Hi-Compound imaging with 
Hi-Resolution for enhanced organ boundary visualization 
and reduced angle-dependent artifacts. Fijifilm promotes 
scopes using the new generation small Super CCD chip tech-

nology for bright, high-resolution endoscopic images, inte-
grating the ZONE Sonography and Sound Speed Correction 
technologies for ultrasound imaging. The new Sonart Su-1 
processor is used for both radial and linear echoendoscopes, 
having specific features for compound harmonic imaging, 
sound speed imaging and elastography [26].

The fine needle aspiration needles have been substantially 
enhanced having different characteristics in term of needle 
tip, configuration, stylet composition, different sheath mate-
rials, different length and attachment to the FNA channel. 
There are numerous single-use needle devices available in 
25-, 22- and 19-G. Some of the features of available FNA 
needles are presented in Table 26.2. 19G needles may offer 
advantages over 22G needles in terms of the size and quality 
of the tissue sample. However, these needles are stiffer and 
more difficult to use, and as a result, often fail, especially 
when biopsy is performed with the scope in a bent position, 
for example in the duodenum.

Fine needle biopsy needles have been developed to over-
come the frequent drawback of failure to obtain an adequate 
sample for analysis, despite advancement in needle designs 

Table 26.2 Fine needle aspiration, available needles, main design features and benefits (after Mishra G et al. Reference [26])

Company Product name Sizes Needle design Main design features and benefits
Cook Medical EchoTip Ultra 19-, 22-, 25-G Lancet Better target and visibility; contoured handle; 

compatibility with multiple echoendoscopes 
by sheath adjuster; greater needle flexibility 
by coiled sheath

Boston Scientific Expect; Expect 
Slimline

19-, 19-G Flexible 
(Nitinol), 22-, 25-G

Lancet Precise targeting and sampling with 
echogenic tip and sharp needle grind; better 
tissue penetration capability by cobalt-
chromium construction providing greater 
hardness and tensile properties; needle 
resistant to damage; stylet cap with 
integrated tip

Medronic Beacon EUS Delivery 
System

19-G (nitinol), 22-, 
25-G (stainless steel)

Lancet Allows the passage of multiple needles 
through a single delivery system for 
improved workflow; only FDA-cleared EUS 
safety needle with automated safety shield; 
improved tissue yield for cytology by four 
cutting edges design

Con-Med Clearview 19-, 22-, 25-G Lancet Laser-etched needle for clear visibility with 
ultrasound; Nitinol stylet with locking cap; 
enhanced Luer-Lok design

Olympus EZ Shot 3 Plus 19-G+, 19-G (side 
hole), 22G + (side 
hole), 25-G

Menghini Less force to pass into torqued endoscope; 
smooth puncture even from oblique angles; 
needle remains straight during fanning after 
multiple passes; greater force transmission 
by multilayered metal coil sheath

Medi- Globe GmbH SonoTip Pro Control 19-, 22-, 25-G Standard cut with back 
cut without special 
facet

TLT (Twist-Lock Technology) for needle 
length and sheath length adjustment; large 
needle opening for atraumatic puncture and 
optimal clean yield of cytology specimen; 
faster stylet insertion time and easier coiling 
by optimized lighter stylet; specially treated 
needle for needle visibility
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and multiple passage procedures. Fine needle biopsy proce-
dure is now standard for centers that lack on-site cytology 
capabilities or when molecular characterization of the sam-
ple is required for personalized targeted therapy, as it pro-
vides adequate amount of tumor cells and desmoplastic 
stroma suitable for molecular analysis. In suspected autoim-
mune pancreatitis or in cases requiring molecular staining 
for metastasis diagnosis (kidney, lung, melanomas) FNB is 
indicated. Needles have been designed also to allow injec-
tion of content rather than only for tissue acquisition, cone 
shaped tip needles with side-holes being specifically 
designed to deliver neurolysis agents radially by spray into 
the celiac plexus. Currently available fine needle biopsy nee-
dles with respective design features and intended benefits are 
depicted in Table 26.3.

26.4  EUS for Pancreatic Solid Tumors

EUS with tissue acquisition is currently considered the diag-
nostic test of choice for pancreatic masses. A significant 
minority of these patients do not have PDAC and those who 
do, are increasingly requiring precision therapy. Pancreatic 
solid tumors may be malignant, benign, or inflammatory. In 
prospective EUS-FNA trials 55–70% of pancreatic tumors 
are adenocarcinomas, 15 to 25% are inflammatory masses, 6 
to 15% are PanNET, whereas 5 to 15% are metastasis or rare 
tumors. It has been shown that neoadjuvant therapy may 
improve outcomes, so that approximately 46% of borderline 
resectable tumors are converted to resectable lesions after 
treatment [27]. EUS is also the best diagnostic modality for 
PanNETs superior to both CT and MRI.

EUS-guided FNA diagnostic yield can be optimized by 
specific technical recommendations, like performing FNA 
by the “fanning technique”, by the availability of onsite 
pathologist for immediate sample processing and analysis or 
by the means of core biopsy needles use to maximize tissue 
acquisition. Initially there has been concern that EUS-FNA 
might led to potential spread of malignant cells but subse-
quent studies in pancreatic masses have shown that EUS- 
FNA procedure is not associated with decreased survival due 
to malignant cells dissemination in patients with resected 
pancreatic cancer [28]. The recent innovations in core nee-
dles allows better tissue sampling especially for tissue acqui-
sition for molecular characterization of tumors and 
personalized therapy.

26.4.1  Indications for Evaluation 
of a Suspected Pancreatic Tumor

The ultrasound examination should always investigate key 
characteristics off visualized masses like maximal diameter 
of the lesion, lesion border characteristics (irregular or well- 
defined borders), echogenicity, associated cystic lesions, the 
presence of ductal dilatation. The relationship with surround-
ing vessels should be investigated, describing the tumor ves-
sel interface, the vascular tumor invasion or occlusion. 
Lymph nodes (LN) stations should be examined to establish 
possible metastatic disease: celiac axis, peripancreatic 
region, porta hepatis, gastrohepatic ligament, aortocaval, 
posterior mediastinal stations. Liver examination during 
EUS could indicate the presence of hypoechoic, well defined 
metastatic lesions, however only limited transgastric or 
transduodenal examination is possible.

The presence of an anechoic triangular or irregularly 
shaped region outside the duodenal or gastric wall, as well as 
omental nodules could be an indication of peritoneal carci-
nomatosis, and fluid aspiration or biopsy could be performed 
for diagnosis.

Table 26.3 Fine needle biopsy, available needles, available needles, 
main design features and benefits (after Mishra G et al. Reference [26])

Company
Product 
name

Sizes and 
design Design and benefits

Cook 
Medical

Echotip 
ProCore

19-C (Lancet), 
20-C 
(Menghini), 
22-C (Lancet), 
25-C (Lancet)

Receives sample into the 
needle using the core trap 
technology; secure 
management and 
minimizing contamination 
risk using Nitinoil Recoil 
stylet; coiled sheath 
which facilitates steel 
needle flexibility

Boston 
Scientific

Acquire 19-G, 22-G 
(All Franseen), 
25-G

Maximize tissue capture 
and minimize 
fragmentation by the 
means of the three 
symmetrical cutting 
surfaces with fully formed 
heels; better needle 
penetration, less kinking 
and deformation after 
multiple passes due to the 
cobalt-chromium needle; 
optimized control during 
actuation by Controlzone 
and Lubricomp polymer 
ergonomically defined 
areas

US 
Endoscopy

Moray Micro Forceps Effective tissue grabs by 
serrated jaws; 0.8 mm 
stainless steel spring 
sheath compatible with 
most 19-G FNA needles; 
designed to take tissue 
samples from wall of 
pancreatic cysts

Medtronic SharkCore 19-G, 22-G, 
25-G

Designed to acquire 
cohesive units with intact 
cell architecture having 
six distal cutting edges; 
minimizes tissue stacking 
and fracturing to provide 
better core samples

R. Iacob and C. Gheorghe



219

When performing tissue sampling, the most distant meta-
static station should be sampled first, prioritizing sampling 
for ascites, distant metastatic lymph node, omental nodule or 
liver nodule followed by sampling of regional lymph node or 
suspected tumor in case of initial negative result.

For all suspected pancreatic malignant lesions, tumor 
staging according to the most recent tumor-node-metastasis 
(TMN) staging classification should be conducted.

26.4.2  Technical Aspects of Endoscopic 
Ultrasound (EUS)-Guided Sampling

Technical aspects of endoscopic ultrasound (EUS)-guided 
sampling have been recently reviewed by the European 
Society of Gastrointestinal Endoscopy (ESGE) in its techni-
cal guideline published in March 2017 [29]. For routine 
EUS-guided sampling of solid masses and lymph nodes 
ESGE recommends 25G or 22G needles with equal recom-
mendation of fine needle aspiration (FNA) and fine needle 
biopsy (FNB). Analyzing the results of randomized con-
trolled trials comparing the diagnostic yield and accuracy of 
EUS-FNA and EUS-FNB there have not been significant dif-
ferences that could strongly and routinely recommend one or 
the other technique in term of diagnostic yield [30]. With the 
aim of obtaining a core tissue specimen 19G FNA or FNB 
needles or 22G FNB needles are recommended. EUS- FNB 
needles (Pro-core, Acquire, Shark core) have advantages 
over FNA needles in improving diagnostic yield in cases 
with prior negative diagnosis (salvage approach), improving 
the assessment of tissue architecture and allowing for immu-
nohistochemical stains for autoimmune pancreatitis, lym-
phoma, metastasis, neuroendocrine tumors, if there is no 
rapid on site cytological evaluation capability or whenever 
evaluation of molecular markers and genomic profiling for 
targeted therapies is desired.

The use of a 10-mL syringe suction for EUS-guided sam-
pling of solid masses and LNs with 25G or 22G FNA needles 
as well as with other types of needles is suggested. The neu-
tralization of residual negative pressure in the needle before 
withdrawing the needle from the target lesion should be per-
formed. There is no recommendation in favour or against 
using the needle stylet for EUS-guided sampling of solid 
masses and LNs with FNA needles but there is benefit for 
using the needle stylet for EUS-guided sampling with FNB 
needles. When sampling solid masses or LNs the “fanning 
technique” should be used. When the is no on-site cytologic 
evaluation available, ESGE suggests conducting three to 
four needle passes with an FNA needle or two to three passes 
with an FNB needle [29].

The is no ESGE recommendation for routine antibiotic 
prophylaxis for EUS-guided sampling of solid masses or 
LNs, but fluoroquinolones or beta-lactam antibiotics should 

be used as antibiotic prophylaxis when sampling cystic 
lesions. ESGE recommends not to use smear cytology only 
for evaluation of tissue obtained by EUS-guided sampling, 
but instead to include histologic preparations (e. g., cell 
blocks and/or formalin-fixed and paraffin-embedded tissue 
fragments) whenever possible [29].

26.4.3  EUS for Pancreatic Ductal 
Adenocarcinoma

Pancreatic ductal adenocarcinoma has a dismal five-year sur-
vival rate of 8%, thus early diagnosis and adequate manage-
ment planning are of paramount importance for better 
outcomes. Although usually diagnosed in the seventh decade 
of life, cases diagnosed in younger patients are associated 
with a greater disease burden, through the potential years of 
life lost, emphasizing the importance of an accurate early 
diagnosis for optimal management [31]. The use in clinical 
practice of EUS-FNA is currently the most accurate diagnos-
tic modality of pancreatic cancer and had led to a changing 
paradigm in the management of PDAC patients [32]. EUS - 
FNA is indicated in PDAC in case of locally irresectable of 
metastatic lesions prior to chemotherapy, for borderline- 
resectable tumors before chemotherapy and in case of resect-
able lesions, only in selected cases, when histology is 
required for differential diagnosis. Several factors could 
impact the yield of EUS FNA procedure: the experience of 
the operator, the technique of the biopsy, the type of needle 
used and the availability of on-site pathology for rapid sam-
ple processing and examination. There is a learning curve in 
performing adequate EUS-FNA.  ASGE guidelines recom-
mend 25 supervised EUS-FNA for the diagnosis of pancre-
atic adenocarcinoma whereas ESGE guidelines recommend 
20–30 supervised procedures. Most experts recommend a 
6–24 months “hands-on” training in EUS before achieving 
competency.

For detection of pancreatic cancer, EUS has a sensitivity 
of 89–100%, a specificity of 50–100%, an accuracy of 
94–96% and a negative predictive value of 100% [33]. EUS 
suggests pancreatic cancer in case of a hypoechoic tumor 
with irregular margins (Fig. 26.1) and contrast administra-
tion could further enhance the diagnostic accuracy by visual-
izing a hypoenhancing lesion, allowing differential diagnosis 
with chronic pancreatitis (isoenhancing or hyperenhancing) 
[34]. Elastography uses different colors to indicate the degree 
of stiffness of the tissue, that could be evaluated qualitatively 
or quantitatively, in comparison to adjacent tissue in the form 
of a strain ratio [35].

EUS has a well-defined role in the staging algorithm of 
PDAC as an accurate modality to determine tumor size, to 
provide a tissue acquisition modality, to assess vascular inva-
sion especially portal vein invasion and to evaluate locore-
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Fig. 26.1 Pancreatic ductal adenocarcinoma, EUS appearance, FNA 
cytology and surgical specimen. (a) EUS appearance of resectable pan-
creatic ductal adenocarcinoma (PDAC), the FNA needle could be visu-
alized as a hyperechoic tract in the upper right corner of the image. (b) 
Atypical cells at cytologic examination with pleomorphic nuclei sug-
gesting malignancy (HE stain 400×). (c) Surgical specimen of resected 

PDAC. (d) EUS appearance of an unresectable PDAC. (e) Cell-block 
cytology—sheets of ductal atypical cells with pleomorphic nuclei and 
focal acinar structures suggesting PDAC (HE stain, 200×) (Becheanu 
G. and Dumbrava M.  Collection, Digestive Diseases and Liver 
Transplantation Center, Fundeni Clinical Institute, Bucharest, 
Romania)
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gional lymph node stations. The following lymph node 
stations should be assessed by EUS in case of patients with 
suspected PDAC: celiac axis, peripancreatic station, porta 
hepatis, gastro-hepatic ligament and aortocaval stations. The 
metastatic lymph node EUS appearance is that of round 
hypoechoic lymph nodes, with well-defined margins and 
over 1 cm size. EUS has also an important role in establish-
ing the diagnosis of peritoneal carcinomatosis by visualizing 
the peritoneal fluid even in small volumes and allowing fluid 
aspiration for cytologic diagnosis [36].

Fine needle aspiration is currently the standard diagnostic 
procedure for PDAC, using needles of different sizes (19G, 
22G or 25G). Although initial meta-analyses have shown 
that 25G needle systems are more sensitive than 22G needles 
for diagnosing pancreatic malignancy, more recent RCTs 
have indicated that FNA yield is comparable between 22G 
and 25G needles [37]. Pancreatic masses located in the body 
and tail of the pancreas should be sampled via the trans- 
gastric route, whereas lesions located in the head or the unci-
nate process could be accessed via the trans-duodenal route. 
Trans-duodenal route poses supplementary problems when 
using 22G needles due to the torque of the endoscope and the 
angulation of the echoendoscope’s tip. When performing 
FNA one should take into account that the center of a malig-
nant mass is usually necrotic, while the periphery is often 
fibrotic (desmoplastic). Repeated sampling along the same 
trajectory increase bloodiness. The currently recommended 
sampling technique is the “fanning technique” that consists 
in the moving of the FNA needle in multiple planes and areas 
of the tumor, rather than sampling of a single area, thus 
increasing diagnostic accuracy.

The use of a stylet in EUS FNA of a pancreatic tumor was 
not associate with a significant improvement of the diagnos-
tic yield, the present recommended approach is to let the sty-
let in situ for the first pass and to remove it for subsequent 
passes [38]. The availability of a cytopathologist on site 
when performing EUS-FNA is increasing the diagnostic 
accuracy of the procedure. In case he is not available, the 
FNA aspirate should be placed in a preservative for specimen 
processing and off-site assessment, however with a reduction 
in diagnostic yield of up to 20% according to some studies. 
The use of FNB instead of FNA needles is currently recom-
mended in this setting [39].

Lesions located in the uncinate process could be difficult 
to sample thus the adoption of an algorithmic approach is 
recommended, using 25G needles for trans-duodenal sam-
pling and 22G needles for the trans-gastric approach. The 
presence of chronic pancreatitis is also challenging when 
assessing suspected pancreatic tumors, due to the high nega-
tive FNA samples in case of fibrous modifications or the 
abundant inflammatory infiltrate that mimics malignant 
cells. In this setting it is recommended to repeat the FNA to 
document the diagnosis of malignancy.

FNA is considered a safe procedure as adverse events are 
cited in up to 1% of cases comprising in acute pancreatitis, 
abdominal pain, bleeding, fever and infection [40]. Most 
adverse events are mild in severity and self-limiting, and 
severe complications are rare [41].

26.4.4  EUS for Pancreatic Neuroendocrine 
Tumors

PanNET is the second most common pancreatic malignancy, 
comprising approximately 2% of pancreatic neoplasms, and 
most lesions arise de novo or as part of multiple endocrine 
neoplasia type I (MEN-1). The diagnostic workup requires 
immunohistochemical staining for neuroendocrine markers 
such as chromogranin, synaptophysin and the assessment of 
Ki-67 index for tumor grading. PanNETs are a very hetero-
geneous group of neoplasms, often slow growing, but some-
times may present at advanced, incurable stage. Therapeutic 
management is mainly guided by symptoms, tumor grade 
(G1-G3) (EUS-FNA/FNB) and tumor stage (TNM). Surgery 
is the only curative treatment, whereas systemic therapy can 
only control disease progression. Observation may represent 
a reasonable approach for patients with small, low-grade 
non-functional PanNETs (evaluated by EUS-FNA/FNB). In 
the presence of unresectable progressive disease, somatosta-
tin analogs, targeted therapies such as everolimus, peptide 
receptor radionuclide therapy (PRRT) and systemic chemo-
therapy are useful.

On EUS PanNETs appear as homogenous, vascular, 
hypoechoic lesions with smooth margins, with peripheric 
rim enhancement (Fig. 26.2). Some lesions might have a cys-
tic component and, in most cases, do not obstruct the main 
pancreatic duct, in contrast to PDAC. The sensitivity of EUS 
for the diagnosis of PanNET is 86–97% and the specificity of 
95–98% [42].

As PanNETs are vascular lesions, the FNA samples could 
be bloody, so that it is recommended not to use 19G needles 
or suction for tissue sampling. For immunohistochemical 
diagnosis is required to have at least two dedicated passes 
and cell block cytology or paraffin embedded tissue samples. 
In PanNETs EUS has a role in assisting surgical planning, 
allowing a more limited resection (after excluding PDAC by 
FNA), accurately assessing the distance to pancreatic cap-
sule and to main pancreatic duct or even allowing endoscopic 
tattooing.

26.4.5  EUS for Other Pancreatic Tumors

In up to 15% of cases the pancreas could be the site of metas-
tasis for other cancers like renal cell carcinoma, non-small 
cell lung carcinoma or urogenital cancers, malignant mela-
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noma, gastrointestinal cancers, breast cancer, sarcomas and 
lymphomas, which could occur up to 29 years after the initial 
tumor was diagnosed [43]. EUS can identify in these cases 
single or multiple hypoechoic pancreatic lesions, with a 
round shape and usually without ductal dilation, with well- 
defined margins. EUS-FNA/FNB has a sensitivity of 88–94% 
and specificity of 60–100% for diagnosis of pancreatic meta-
static lesions and diagnosis is established based on immuno-
histochemistry staining of cell block specimens or pancreatic 
biopsy [44].

Pancreatic lymphoma is a rare entity with a uniformly 
hypoechoic EUS appearance, usually located in the pancre-
atic head with ill-defined margins. The lesions are usually 
less than 4 cm in size, could present vascular invasion in up 
to 40% of cases and peripancreatic lymphadenopathy is 
encountered in >50% of cases. Atypical lymphocytes could 
be identified by FNA and diagnosis is established by immu-
nohistochemical staining [45].

26.4.6  Personalized Cancer Treatment

Molecular profiling using EUS-guided tissue acquisition 
could be used to improve diagnostic accuracy, to establish 
prognosis and to guide therapy in PDAC. Targeted therapies 
have shown significant survival benefit in many different 
cancer types, and there is urgent need to develop and validate 
personalized therapies also for pancreatic cancer, to improve 
therapeutic outcome. Initial clinical trials of targeted therapy 
have failed to establish a survival benefit in PDAC probably 
due to suboptimal patient selection. Several recent molecular 
profiling studies, however, have indicated that up to 25% of 
PDAC patients harbor actionable tumoral alterations, the 

largest actionable altered gene pathway involving the DNA 
Damage Response Genes (DDR). Other gene targets could 
be the Mismatch repair genes (MMR), targeting tumors that 
carry these mutations by immune checkpoints inhibitors. 
TRK inhibitors could be prescribed to patients that are diag-
nosed with tumors harboring ROS1 or NTRK1-3 mutations 
whereas the new poly(ADP-ribose) polymerase (PARP) 
inhibitors could represent promising therapeutic alternatives 
for tumors carrying BRCA1/2 mutations. Other genetic 
alterations have been linked to prognostic and response to 
current therapies and could be further used to better tailor 
individual treatments: KRAS, NRAS, TP53, DYPD [46].

As surgery is possible at diagnosis only in a minority of 
PDAC patients, EUS-guided tissue acquisition remains the 
main tool that allows molecular profiling of individual cases, 
with liquid biopsy showing promising perspectives. The new 
generation of core-biopsy needles, with the ability to provide 
a histologic sample, are recommended for tissue acquisition 
for molecular profiling, although the latest next generation 
sequencing platforms have been shown to provide robust 
data, also when FNA samples are used.
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Abstract

Enhanced Recovery After Surgery (ERAS) is a global 
surgical quality improvement initiative started by a group 
of European surgeons who challenged the evidence sur-
rounding several historical perioperative practices includ-
ing prolonged fasting (NPO after midnight), and 
mechanical bowel preparation. With the goal to minimize 
the stress response to surgery and bring evidence-based 
practice mainstream, the ERAS® Society was formed, 
and has now published numerous perioperative practice 
guidelines including those for pancreatic and liver sur-
gery. This chapter will provide an overview of (i) the phi-
losophy of ERAS, (ii) the pathophysiology and basis of 
several core ERAS practices, with special attention to 
those relevant to Hepato-Pancreato-Biliary (HPB) dis-
ease, (iii) clinical and financial outcomes associated with 
ERAS, and (iv) important considerations when starting an 
ERAS implementation program.

27.1  Introduction

Enhanced Recovery After Surgery (ERAS) is a global surgi-
cal quality improvement initiative that was started in the early 
2000s by a group of European surgeons [1] who challenged 
the evidence surrounding several historical perioperative 
practices including prolonged fasting (NPO after midnight), 
mechanical bowel preparation, nasogastric drainage and 
delayed postoperative feeding among others. What they 
found, in fact, was very little evidence supporting these prac-
tices and many were associated with considerable morbidity 

including dehydration, hypotension, decreased patient satis-
faction and prolonged hospital stay. With the goal to mini-
mize the stress response to surgery and bring evidence- based 
practice mainstream, the ERAS® Society [2] ultimately was 
formed, and in 2005 the first ERAS consensus guideline was 
published which provided recommendations for patients 
undergoing colonic resection [3]. Over the last several years, 
numerous other ERAS guidelines have been published [4, 5], 
including guidelines for both pancreatic [6] and liver [7] sur-
gery. This chapter will provide an overview of (i) the philoso-
phy of ERAS, (ii) the pathophysiology and basis of several 
core ERAS practices, with special attention to those relevant 
to Hepato-Pancreato-Biliary (HPB) disease (discussed in 
depth elsewhere in this book), (iii) clinical and financial out-
comes associated with ERAS, and (iv) important consider-
ations when starting an ERAS implementation program.

27.2  Philosophy of ERAS

The philosophy of ERAS is based on the idea that care should 
be developed to coincide with the patient’s journey. The sur-
gical care pathway takes the patient through a series of units 
and departments, where historically the healthcare providers 
have worked within their silos, not recognizing that what they 
do may negatively impact the patient further along the con-
tinuum. A classic example is the management of fluids where 
the surgeon orders mechanical bowel preparation which 
dehydrates the patient and the anesthesiologist orders over-
night fasting causing further dehydration. When anesthesia is 
initiated the blood pressure falls and fluids are administered 
often in large amounts to counteract hypotension. Intravenous 
fluid overload leads to several kilograms in weight gain 
caused by salt and water accumulation when the patient even-
tually leaves the OR. This will increase the risk of cardiovas-
cular problems and other complications while also delaying 
return of bowel function. During this scenario, no single per-
son had the complete picture in mind and everyone dealt with 
their “problem” on their own not appreciating the result of 
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their actions. ERAS principles counteract this by having 
everyone involved during the entire patient journey to help 
develop the local ERAS protocol. This work is supported by 
the efforts of international experts in the ERAS® Society and 
others who have developed and update current knowledge in 
the ERAS guidelines (available for free download) [2].

27.3  Pathophysiology and Basis of ERAS 
Practices

Common ERAS practices, as depicted in Table 27.1, extend 
across the surgical care continuum including the preadmis-
sion, preoperative, intraoperative and postoperative periods. 
The fundamental goal underlying these practices is to 
decrease the stress response associated with surgery. Below 
we highlight several of these practices considered to be cen-
tral tenets of the ERAS program and which are particularly 
relevant to patients undergoing HPB surgery.

27.3.1  Pre-Admission Optimization

It is well described that smoking is associated with an 
increased risk of postoperative complications, and the 
impacts on the pulmonary system can be improved within 4 
weeks of cessation [8]. This is of particular relevance in pan-
creatic surgery where studies have shown that smoking is a 
significant predictor of primary delayed gastric emptying 
and grade C pancreatic fistula [9, 10].

Excessive alcohol consumption has been associated with 
increased postoperative complications including cardiovascular/
pulmonary complications, bleeding episodes, and infections. A 
meta-analysis has shown that intensive alcohol cessation inter-
ventions may reduce postoperative complication rates, however 
there is no effect on mortality and length of stay [11].

Patients with pancreatic cancer may have significant 
weight loss and/or cachexia at diagnosis and therefore may 
benefit from a preoperative nutritional intervention (typi-
cally in cases where weight loss is >15% or BMI drop 
<18.5 kg/m2) [12].

27.3.2  Avoidance of Prolonged Fasting

The overnight fasting rule (aka NPO after midnight) is a 
practice that persists to this day despite the fact that it is 
unsupported by evidence or modern recommendations. Not 
only is it associated with decreased patient satisfaction sec-
ondary to prolonged hunger and thirst, it may also lead to 
negative metabolic changes that counteract measures to 
improve recovery. A meta-analysis found no evidence sug-
gesting that a shortened fluid fast resulted in an increased 
risk of aspiration, regurgitation or morbidity compared with 
the standard NPO after midnight policy [13]. Furthermore, 
randomized controlled trials have demonstrated safety with 
the “6 and 2 rule”—that a light meal up to 6 hours, and clear 
fluids up to 2 hours, can be given before elective procedures 
requiring general anesthesia. These recommendations are 
supported by American [14] and European anesthesiology 
societies [15] and are applicable to both pancreatic and liver 
surgery.

27.3.3  Carbohydrate Loading

Administration of oral carbohydrate solutions 2–3 hours 
before surgery not only have been shown to decrease the 
catabolic response induced by overnight fasting and surgery 
[16] but also a Cochrane review reported that preoperative 
carbohydrate loading was associated with reduced post- 
operative insulin resistance, enhanced return of bowel func-
tion, and shorter hospital stay with no effect on post-operative 
complication rates [17]. Carbohydrate loading is recom-
mended for both pancreatic [6] and liver surgery [7].

27.3.4  Avoidance of Mechanical Bowel 
Preparation

Historically, pre-operative mechanical bowel preparation 
was used prior to colonic resection because the assumption 
was that the reduction in stool load decreased post-operative 
infections and anastomotic leak. Level I evidence, however, 

Table 27.1 Common ERAS practices

Preadmission Preoperative Intraoperative Postoperative
Preadmission optimization Carbohydrate loading Short-acting anesthetics No nasogastric tubes
Tobacco/alcohol cessation Avoidance of fasting Epidural anesthesia/analgesia Nausea/vomiting prophylaxis
Nutrition screening/treatment No bowel preparation No drains No salt/water overload
Anemia management Antibiotic prophylaxis No salt/water overload Early removal of urinary catheter
Prehabilitation Nausea/vomiting prophylaxis Maintenance of normothermia Early feeding

Thromboprophylaxis Minimally invasive surgery 
(where appropriate)

Narcotic-sparing multimodal 
analgesia

No long acting premedication Stimulation of gut motility
Early mobilization
Audit of compliance/outcomes

G. Nelson and O. Ljungqvist



227

from the colorectal literature together with the ERAS 
colorectal guidelines have supported the avoidance of 
mechanical bowel preparation, particularly due to negative 
side effects such as hypovolemia and dehydration and the 
fact that it does not decrease post-operative infectious mor-
bidity [4]. Recently there has been some debate about the 
role of oral antibiotic preparation given together with 
mechanical bowel preparation in colorectal surgery [18]. 
Despite this, it is generally well accepted that there is no role 
for mechanical bowel preparation in either pancreatic [6, 19] 
or liver surgery [7].

27.3.5  Avoidance of Nasogastric Drainage

In major abdominal surgery, nasogastric intubation is associ-
ated with an increased risk of postoperative pneumonia, poor 
patient satisfaction, and does not decrease the risk of wound 
dehiscence or anastomotic leak [20]. Nasogastric drainage in 
patients undergoing pancreaticoduodenectomy has been 
shown to be associated with increased length of hospital stay, 
delayed initiation of diet, and delayed gastric emptying [21]. 
Level I evidence similarly confirms that there is no role for 
this practice is liver resection [22]. If a nasogastric tube is 
inserted during surgery, it should be removed before the end 
of the case.

27.3.6  Early Feeding

Early introduction of solid diet, as soon as 4 hours after 
colonic resection, has been shown to be safe and generally 
well tolerated [4]. In a systematic review of five feeding 
routes after pancreaticoduodenectomy, there was no evi-
dence supporting routine enteral or parenteral feeding. An 
oral diet may be safely given in this patient group [23]. This 
core ERAS practice is similarly acceptable in patients under-
going liver surgery [7].

27.4  Clinical and Financial Outcomes 
Associated with ERAS

Much of the research to date on outcomes and ERAS stems 
from the colorectal literature. Implementation of ERAS 
guidelines in colorectal surgery has been shown to be associ-
ated with decreased length of hospital stay and complica-
tions, with no concomitant increase in readmissions [1]. 
There in fact appears to be a dose response relationship 
between improved compliance to ERAS guidelines and 
improved outcomes in colorectal surgery [24]. There is also 
a suggestion of improved survival in patients undergoing 
ERAS surgery, although this finding requires further valida-
tion [25, 26].

ERAS also appears to benefit patients having pancreatic 
and liver surgery. In a recent multicenter international cohort 
study of 404 patients undergoing pancreaticoduodenectomy 
according to an ERAS pathway, protocol compliance ≥70% 
was significantly associated with a reduction in complica-
tions and length of hospital stay [27]. With respect to liver 
surgery, a recent meta-analysis of six randomized controlled 
trials and 21 cohort studies found that length of stay and 
complications were reduced in the ERAS group compared to 
the standard care group [28].

Improvements in clinical outcomes translate to cost sav-
ings for the healthcare system and as such ERAS is consid-
ered to be value-based surgery [29]. Savings per patient varies 
from $1000 USD to $8700 USD depending on the type of 
surgery [29]; return-on-investment ratios (ROI) have been 
reported as high as 7.3 [30]. A recent review of cost impact 
analyses of ERAS programs in colorectal, pancreatic and 
liver surgery found a mean cost reduction overall of $3010 
USD in favor of ERAS, and specific to pancreatic surgery the 
cost reduction was $7020 USD [31]. This is particularly 
important given that it is typically hospital administrators 
who make the decision to invest (or not to invest) in surgical 
quality improvement programs such as ERAS. Given the sub-
stantial cost savings realized, it is no longer acceptable for 
hospitals to state that they can’t afford to implement ERAS.

27.5  ERAS Implementation and Audit

There are several key components that must be considered 
when beginning an ERAS implementation. The first is trans-
lation of the ERAS guideline into a clinical protocol or order 
set. This is a critical step that can require several iterations, 
tailoring to the local institutional format and in some cases 
adjustment for availability of certain medications. Once an 
ERAS protocol is developed and approved, the next step is 
formation of the “ERAS team”—specifically those individu-
als who will be implementing the ERAS protocol. This team 
is typically multidisciplinary and multi-professional in 
nature and includes at minimum a surgeon, anesthesiologist, 
nurse, and other allied health workers where appropriate 
(physiotherapist, pharmacist, dietitian among others). Once 
the team is formed, then the final step is to review and audit 
compliance to the ERAS protocol (know your baseline com-
pliance, i.e. where you are starting from) relative to changes 
in clinical outcomes (length of stay, complications). It is well 
established that as the ERAS team reviews their compliance 
and outcomes regularly (at a frequency of no less than every 
2 weeks), and iterates towards improved compliance (through 
development of plan-do-study-action cycles), they will see 
commensurate improvements in clinical outcomes. This way 
of teams coming together to review their data and obtaining 
complete control over their outcomes is the ERAS® Society 
way of improving perioperative care for patients [2].
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27.6  Conclusion

ERAS is a surgical quality improvement program based on 
guidelines derived from the best available evidence. The 
mechanism through which many ERAS practices effect ben-
efit is through attenuation of the surgical stress response. 
Formal implementation of ERAS guidelines (including audit 
of protocol compliance) by a dedicated multidisciplinary 
ERAS team results in significant clinical improvements 
(decreased length of hospital stay and complications) which 
translate to cost savings for the healthcare system. While 
much of the evidence for ERAS to date stems from colorec-
tal surgery, recent evidence demonstrates benefit for patients 
undergoing pancreatic and liver surgery.
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Abstract

Enhanced Recovery After Surgery (ERAS) is a multi-
modal multidisciplinary bundle aiming to provide the best 
evidence-based care to the patient in order to improve 
recovery by reducing the surgical stress. The principles of 
ERAS have been successfully applied in many surgical 
disciplines, including hepatobiliary and pancreatic sur-
gery. The present chapter will review the current evidence 
in favor of ERAS for liver and pancreas surgery with 
focus on the multidisciplinary interaction between health-
care professionals involved in the patient’s perioperative 
care.

28.1  Introduction

Enhanced Recovery After Surgery (ERAS) is a multimodal 
multidisciplinary pathway aiming to provide the best 
evidence- based care to the patient with the involvement of a 
multidisciplinary team [1]. The aim of enhanced recovery is 
not only to shorten patient’s length of stay, which was ini-
tially named “fast-track”, but mainly to restore patient’s pre-
operative function allowing the patient to get back to his 
baseline condition early [2]. ERAS focuses on “Enhanced” 
not on “fast”, meaning general improvement of patient’s 
condition is the key that may as secondary (positive) effect 
speed up the entire perioperative process. The principles of 
ERAS have been successfully applied in many surgical dis-
ciplines, including hepatobiliary and pancreatic surgery. The 
implementation of ERAS into clinical practice is a new way 
of conceive the perioperative period with new organization. 
To apply successfully an ERAS pathway is demanding and 
requires the full involvement and training of a dedicated 
multidisciplinary team (MDT), as illustrated on Fig. 28.1.

Specific ERAS guidelines were first published in 2016 for 
liver surgery [3] and were updated in 2019 for pancreatoduo-
denectomy [4]. These recommendations were based on a 
systematic review and processed by a modified Delphi pro-
cess and detailed the associated evidence and recommenda-
tion for each ERAS items (23 for liver, 27 for pancreas). The 
present chapter will go through the practical implementation 
of an ERAS program and the current evidence supporting 
ERAS for liver and pancreas surgery, with focus on the mul-
tidisciplinary management of the patient and the active 
involvement of the patient himself.

28.2  ERAS: Moving from Evidence-Based 
into Clinical Practice

The evidence-based items included in ERAS is a continuous 
process covering the entire patient’s journey, starting from 
the pre-admission until home-discharge and follow-up. The 
main areas of focus are preoperative counselling and optimi-
zation, normovolemia, multimodal opioid sparing analgesia, 
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as well as early scheduled nutrition and mobilization. 
According to the latest available guidelines, ERAS items for 
liver and pancreatic surgery are summarized in Table 28.1. 
The translation of evidence-based elements of enhancement 

into clinical practice represent a proper challenge. Simply 
elaborating and establishing a protocol is not enough [5] and 
much more efforts and changes in organization are required 
to improve the perioperative outcome.

Table 28.1 Enhanced Recovery After Surgery (ERAS) items for liver and pancreas surgery

Liver Pancreas
Preoperative 
counselling

Dedicated multimedia preoperative counselling.

Prehabilitation Prehabilitation program three to six weeks before surgery.
Biliary drainage Avoidance of preoperative drainage, only if bilirubin 

>250 μmol/l, cholangitis, or neoadjuvant treatment.
Smoking and alcohol 
cessation

Smoking and high alcohol consumption cessation at least four weeks before surgery.

Preoperative nutrition Patients at risk (weight loss 10–15% within six months, 
Body Mass Index (BMI) < 18.5 kg/m2 and serum 
albumin <30 g/l in the absence of liver or renal 
dysfunction) should receive oral nutritional supplements 
for seven days prior to surgery.

Preoperative nutritional intervention if severe weight loss. 
Nutritional status assessment based on BMI and weight loss.

Immunonutrition Limited evidence for use. Not recommended.
Oral bowel 
preparation

Avoidance of oral bowel preparation.

Fasting and 
carbohydrate drinks

Clear fluids until two hours, solids six hours before surgery. Carbohydrate loading on evening and two hours before 
surgery.

Preanaesthetic 
medication

No long acting sedative premedication. No anxiolytics. Acetaminophen and single dose 
gabapentinoid.

Anti-thrombotic 
prophylaxis

Concomitant chemical and mechanical thromboprophylaxis.

Perioperative steroids Steroids (methylprednisolone) may be used before 
hepatectomy in normal liver parenchyma, since it 
decreases liver injury and intraoperative stress. Steroids 
should not be given in diabetic patients.

Antimicrobial 
prophylaxis and skin 
preparation

Single iv antibiotic 30–60 minutes before incision. Skin 
preparation with a scrub of chlorhexidine-alcohol.

Single dose iv antibiotic less than 60 min before skin 
incision. Intraoperative bile culture if preoperative biliary 
stenting. Therapeutic postoperative antibiotics if positive 
bile culture. Use of alcohol-based preparations and wound 
protectors.

Epidural Not recommended in open liver surgery for ERAS 
patients. Wound infusion catheter or intrathecal opiates 
can be good alternatives combined with multimodal 
analgesia.

Thoracic epidural analgesia (T5–8) for open. If no epidural: 
Intravenous lidocaine or transversus abdominis plane block/
wound infiltration.

Minimally invasive 
surgery

Laparoscopic liver resection can be performed by 
hepato-biliary surgeons experienced in laparoscopic 
surgery, in particular left lateral sectionectomy and 
resections of lesions located in anterior segments.

Laparoscopic pancreatoduodenectomy (PD) only in highly 
experienced high-volume center. No recommendation for 
robotic-assisted PD.

Postoperative 
analgesia

Multimodal opioid sparing analgesia.

Wound catheter Preperitoneal wound catheter as alternative to epidural for 
open PD.

Postoperative Nausea 
and Vomiting (PONV) 
prophylaxis

Multimodal PONV prophylaxis adapted to risk factors.

Hypothermia 
prevention

Active warming (cutaneous and perfusions warming) to maintain body temperature ≥36 °C.

Glycaemic control Glucose levels should be maintained as close to normal as possible without causing hypoglycemia.
Fluid balance The maintenance of low central venous pressure (below 

5 cmH2O) with close monitoring during hepatic surgery 
is advocated. Balanced crystalloid should be preferred.

Avoidance of fluid overload.

Nasogastric 
intubation

No postoperative gastric tube

D. Roulin and N. Demartines
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A MDT must be gathered first under the initiative of a 
project leader or “ERAS champion”. In our experience, the 
surgeons in charge of the respective units were designed as 
leaders of the team and were supported by two to three des-
ignated surgeons. In other hospitals anesthesiologists are the 
champions but the process remain the same: surgeons, anes-
thesiologists, nurses and patients working together. An opti-
mal MDT should include at least a nurse, an anesthesiologists, 
an administrator and a surgeon. Other health care workers 
like physiotherapists or nutritionists as part of the team. A 
dedicated and specifically trained ERAS nurse is of utter-
most importance. The support of the administration is essen-
tial from the beginning, to obtain the required resources and 
monitor the financial benefits. The team should then undergo 
training to implement an enhanced recovery pathway in their 
own unit or hospital. ERAS implementation process is a sys-
tematic training program provided by ERAS academic 
experts and conducted over a 8 to 10  months structured 
period. Following the definition of measurable goals, actions 
and plans are put into practice, then observation and mea-
surement are taken, and finally adequate adjustments are 
made. Regular multidisciplinary audit, also including nutri-
tionists and physiotherapists, are conducted in order to moni-
tor compliance and sustainability of changes achieved 
following the  implementation process. The use of a system-
atic interactive audit  system allows standardization of out-
comes reporting and continuous data analysis [6]. Long term 
follow-up studies acknowledged the sustainability of such 
multidisciplinary implementation and maintenance of ERAS 
program [7]. With the Covid pandemic, the way to imple-
ment ERAS program is about to evolve and e-learning plat-
forms will be used instead of in person meetings.

28.3  ERAS Benefits in Hepato-Biliary 
and Pancreatic Surgery

Following successful ERAS implementation, clinical bene-
fits in liver surgery were consistently reported. At least five 
meta-analysis [8–12], with the latest published in 2020 
reported a significant reduction in length of stay as well as 
30%–50% reduction of postoperative complications, without 
increasing mortality or readmission. When reported, the 
functional recovery as well as the quality of life was also 
improved with ERAS [8]. ERAS compliance was ranging 
from 65% to 74% [10] and the rate of liver specific compli-
cations was not reduced by ERAS implementation [9]. Less 
than 20% of included studies in the latest metanalysis [10], 
reported a systematic audit. Therefore, significant improve-
ment in the reporting of compliance as well as the applica-
tion of systematic audit are awaited in ERAS for 
hepato-biliary surgery.

Regarding pancreatic surgery, the effect of ERAS on clin-
ical outcome was frequently reported from 2007 until now in 
many studies. Their results were gathered in five main meta- 
analysis [13–17], which reported a significant reduction of 
overall morbidity and length of stay without any increase in 
readmission rate when an enhanced recovery protocol was 
applied. Concerning pancreatic surgery specific complica-
tions, such as delayed gastric emptying and pancreatic fis-
tula, three of the five abovementioned meta-analysis [14, 15, 
17] described a reduction of delayed gastric emptying and a 
similar rate of clinically significant pancreatic fistula with 
ERAS compared to historical care. However, the high vari-
ability of the number of ERAS items used in each study leads 
to heterogeneity in the included study.

Table 28.1 (continued)

Liver Pancreas
Abdominal drains No routine abdominal drain Perianastomotic drain removal at 72 hours in low-risk 

patients
Somatostatin 
analogues

– No systematic use of somatostatin

Urinary catheter Removal on POD 3 Early urinary catheter removal
Delayed gastric 
emptying (DGE)

An omentum flap to cover the cut surface of the liver 
reduces the risk of DGE after left-sided hepatectomy

No acknowledged prophylactic strategy. Early diagnosis of 
intraabdominal complications. Artificial nutrition in case of 
prolonged DGE.

Stimulation of bowel 
movement

Stimulation of bowel movement after liver surgery is not 
indicated.

Use of chewing gum, alvimopan or mosapride.

Diet Normal diet after surgery according to tolerance.
Mobilization Early and active mobilization.
Audit Regular and continuous audit.

28 Multidisciplinary Enhanced Recovery After Surgery (ERAS) Pathway for Hepatobiliary and Pancreatic Surgery
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A recent multicenter cohort study including 404 patients 
undergoing pancreateoduodenectomy within ERAS assessed 
the application of the guidelines in daily clinical practice 
[18]. The number of items applied divided the total number, 
also called “compliance”, was 62%, with the postoperative 
period being the most challenging part. Each item of an 
enhanced recovery protocol is of importance, but it is mainly 
their cumulative proportion, expressed as overall compli-
ance, was a major factor for clinical outcome as an overall 
compliance of more than 70% was associated with a signifi-
cant reduction of overall complications and length of stay. 
When looking at the impact of each element, the avoidance 
of postoperative nasogastric tube and early mobilization 
were independent factors associated with improved outcome 
after pancreatoduodenectomy.

The long-term outcome after pancreatic and liver surgery 
is also correlated with the multidisciplinary oncological 
treatment, including adjuvant chemotherapy. As postopera-
tive complications might increase the interval between the 
surgical procedure and the start of chemotherapy, the poten-
tial role of ERAS compliance on this interval was evaluated 
in a retrospective analysis [19]. An overall compliance equal 
or more than 67% was associated with a significant decrease 
of the interval between surgery and chemotherapy for 
patients >65 years old.

As already mentioned, economical resources are a fre-
quently raised issue when considering implementing ERAS, 
as it requires specific resources such as an enhanced recov-
ery dedicated nurse, information’s booklet and database 
[20]. These investments may lead to resistance to enhanced 
recovery implementation [21]. However, these initial costs 
are quickly overwhelmed by the in-hospital cost reduction 
induced not only by the reduction of length of stay, but also 
by the decrease of complications. In hepato-biliary and pan-
creatic surgery, a recent systematic review [22] described 
among the five included studies in pancreas surgery, a mean 
cost reduction in favor of the ERAS of USD 7020. In liver 
surgery, only three studies were found, which precluded a 
systematic cost analysis. However, a cost-minimization anal-
ysis for liver surgery showed a total mean cost reduction of € 
3080 per patient following ERAS implementation [23].

28.4  ERAS as a Multidisciplinary Team 
Approach

A multidisciplinary team (MDT) approach provides compre-
hensive patient-centered care by gathering a range of differ-
ent health care professionals sharing a common objective. As 
ERAS is a multimodal multidisciplinary approach in order to 
improve patient outcome, the multidisciplinary work is 
essential, not only during the implementation period but also 
in the crucial period of sustainability.

Understanding barriers and enablers to ERAS implemen-
tation is a key process to improve collaboration within the 
MDT. An interesting study assessed qualitative barriers and 
enables across nurses, surgeons and anesthesiologists [24]. 
Nurses identified patient’s reluctance to early mobilization 
and feeding, which could be overcome by patient education. 
Lack of manpower and time was also identified. From the 
surgeons’ perspective, nursing culture and lack of nursing 
time, as well as personal preferences and resistance to change 
were potential barriers. Anesthesiologists expressed con-
cerns that changing nursing culture and surgeon’s behavior 
would be difficult, and this could be overwhelmed by 
improved communication and collaboration. A systematic 
review [25] included studies with focus on health profession-
als’ experiences of ERAS implementation and identified five 
main themes: communication and collaboration, resistance 
to change, role and significance of protocol-based care, and 
knowledge and expectation. This review concluded that 
communication among partners and with patients, as well 
provision of comprehensive information to health profes-
sionals and patients, in addition with Identifying a local 
ERAS champions could improve ERAS implementation.

28.5  Conclusion

ERAS is a powerful improvement tool for the patient’s peri-
operative course. But application of ERAS in hepato-biliary 
and pancreatic surgery requires multidisciplinary communi-
cation and collaboration in order to deliver evidence-based 
best practice in a setting of patient-centered care. Under 
these circumstances, ERAS leads to improved patient out-
come, with reduced complications and improved functional 
outcome associated with reduced length of stay for hepato-
biliary and pancreatic surgery. In addition, implementation 
of ERAS pathway is a cost-effective intervention, allowing 
support from healthcare administration. Patient education 
and involvement, as well as multidisciplinary communica-
tion and collaboration are essential to reach high compliance 
to ERAS items, resulting in improved outcome.
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ERAS in Pancreatic Surgery

Julie Perinel and Mustapha Adham

Abstract

Pancreatic surgery is associated with a significant mor-
bidity and prolonged length of hospital stay (LOS). In 
2012, the Enhanced Recovery After Surgery (ERAS) 
study group published the first guidelines to implement 
ERAS program in patients undergoing pancreaticoduode-
nectomy (PD). These guidelines, updated in 2019, 
included 27 evidence-based recommendations but also a 
proper and structured audit system to provide feedback 
and to report the compliance. Systematic review and 
meta-analysis reported improved postoperative outcomes 
in ERAS group, with shorter LOS, lower incidence of 
delayed gastric emptying and overall complications with-
out increasing readmission rates or mortality. ERAS pro-
gram represents also a financial issue and is associated 
with significant cost savings. However, considering the 
majority of non-randomized studies and the substantial 
heterogeneity between the studies, more large-scale ran-
domized studies with standardized ERAS program are 
still needed. Implementation of the ERAS program is a 
challenging process requiring the commitment of a multi-
disciplinary team. Compliance is a key element to assess 
the success of ERAS implementation and also to improve 
postoperative outcomes.

Enhanced recovery after surgery (ERAS) is a multimodal 
and multidisciplinary pathway developed to decrease periop-
erative surgical stress, to reduce postoperative complications 
and to accelerate postoperative recovery [1]. Initially imple-
mented in colorectal surgery [2], ERAS program was associ-
ated with a significant reduction in postoperative morbidity 
and a shorten length of hospital stay (LOS) [3, 4]. Programs 
based on enhanced recovery in pancreatic surgery have been 

developed over a decade [5]. In 2012, the ERAS study group 
published the first guidelines for pancreaticoduodenectomy 
(PD) [6]. An updated version has been published in 2019 and 
included 27 evidence-based recommendations to manage 
perioperative care after PD [7].

Pancreatic surgery, and especially PD, is considered as a 
complex and high-risk surgical procedure. While the mortal-
ity has significantly decreased to less than 5% with the cen-
tralization in high volume centers, the morbidity remains 
high (30–60%) with prolonged LOS [8]. Postoperative com-
plications such as postoperative pancreatic fistula (POPF), 
delayed gastric emptying (DGE) and surgical site infections 
(SSI) contribute to delay the recovery and increase the LOS 
[9, 10]. Besides, pancreatic surgery remains challenging 
because several questions remain unsolved considering pro-
phylactic abdominal drainage, preoperative biliary drainage 
and early feeding in patients at high risk of DGE or ileus. In 
this context, the implementation of ERAS program could 
contribute to reduce postoperative complications, to shorten 
LOS and to standardize the practice in pancreatic surgery.

29.1  ERAS Guidelines in PD

ERAS guidelines for PD included dedicated preoperative 
counseling and initiation of a prehabilitation program, with 
physical exercise and nutritional supplements, 3–6 weeks 
before surgery. Nutritional supports (nasogastric or nasojeju-
nal feeding tube) are recommended in case of malnutrition 
(15% weight loss or BMI < 18.5 kg/m2). Immunonutrition is 
no longer recommended and preoperative fasting is limited 
to 6  h for solids and 2 h for liquids in absence of contra- 
indication. Carbohydrate loads are given the previous day 
and up to 2 h before anesthesia. Preoperative biliary drainage 
should be performed only in the following indications: serum 
bilirubin level > 250 μmol/L, cholangitis, neoadjuvant treat-
ment. Preoperatively, premedication is avoided and anti- 
thrombotic prophylaxis should be started 2–12  h before 
surgery and continued 4 weeks after surgery in case of can-
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cer. Prophylaxis of nausea and vomiting (PONV) is started 
and consisted of at least two different antiemetics. 
Antimicrobial prophylaxis is administrated less than 60 min 
before skin incision and repeated according to the duration 
of procedure. If bile culture is positive, antibiotics should be 
considered for the postoperative course. Postoperative anal-
gesia is ensured using a thoracic epidural for open PD or 
preperitoneal wound catheters in case of contraindication to 
avoid opioid. To prevent hypothermia, a body-bear hugger 
and warming set for intravenous infusions are used to main-
tain temperature above 36 °C. Perioperatively, defined proto-
cols are used to maintain normoglycemia and a goal-directed 
fluid therapy algorithm is used to avoid fluid overload. The 
nasogastric tube is inserted during the surgery and removed 
before the reversal of anesthesia. There are still concerns 
about the safety of minimally invasive PD. Laparoscopic PD 
should be performed only in high volume and expert centers 
with selected patients. Robotic PD is not recommended. 
Management of prophylactic drainage after PD continued to 
be controversial and the level of evidence is too low to con-
clude. Guidelines recommend systematic drainage and early 
removal at 72 h in patients at low risk (i.e., amylase content 
in drain <5000 U/L on POD1). Systematic use of somatosta-
tin analogues to prevent clinically relevant POPF (CR-POPF) 
is not recommended due to the lack of evidence. Urinary 
catheter should be removed on POD1. The patients followed 
an early oral feeding program according to tolerance. 
Chewing gums and pharmacological agents (alvimopan and 
mosapride) may accelerate bowel recovery. Early mobiliza-
tion is started from day 0. The strength of ERAS program, 
when compared to other enhanced recovery programs (ERP), 
is a proper and structured audit system including a prospec-
tive database, regular internal and external audits to provide 

feedback and to report the compliance. Indeed, simply devel-
oping evidence-based protocols is not enough to change 
practice and reporting of adherence to protocol should be a 
standard practice [11].

29.2  Impact of ERAS on Postoperative 
Outcomes

During the last few decades, several studies reported the fea-
sibility and the safety of ERAS program in patients undergo-
ing PD [12–23] (Table  29.1). Systematic review and 
meta-analysis reported improved postoperative outcomes in 
ERAS group, when compared to traditional care, with shorter 
LOS, lower incidence of DGE and overall complications 
without increasing readmission rates or mortality [24, 25]. 
However, evidence was only based on retrospective case- 
control studies with limited sample size. More recently, four 
single-center, prospective randomized controlled trials 
(RCT) confirmed the benefits of ERAS program to enhance 
postoperative recovery [26–29] (Table 29.1). While two RCT 
assessed the effects of ERAS program based on ERAS 
guidelines [26, 27], one American RCT evaluated an ERP 
specific to the center [28] and the Korean RCT was a non- 
inferiority trial on a modified ERAS program [29]. Besides, 
in three studies, patients were selected, excluding patients 
over 80 years, with major comorbidities and advanced malig-
nancy. Only open and curative PD were included, without 
vascular resection or reconstruction [27–29]. Finally, in 
ERAS group, two studies reported earlier recovery of oral 
feeding, transit return and mobilization [26, 27], three stud-
ies reported shorter LOS [26–28] and only one study reported 
lower morbidity [27]. In all the RCT, there were no signifi-

Table 29.1 Characteristics of the studies assessing the implementation of ERAS program in pancreatic surgery

Study Year Country Study design ERAS groupa Control groupa MINORS score
Abu Hilal et al. 2013 Britain Case-control study 20 24 14/24
Kobayashi et al. 2014 Japan Case-control study 100 90 13/24
Braga et al. 2014 Italy Case-control study 115 115 18/24
Coolsen et al. 2014 Netherlands Case-control study 86 97 15/24
Shao et al. 2015 China Case-control study 325 310 14/24
Williamsson et al. 2015 Sweden Case-control study 50 50 16/24
Joliat et al. 2015 Switzerland Case-control study 74 87 15/24
Partelli et al. 2015 Italy Case-control study 22 66 13/24
Bai et al. 2016 China Case-control study 124 63 15/24
Zouros et al. 2016 Greece Case-control study 75 50 16/24
Deng et al. 2017 China RCT 76 83 b

Takagi et al. 2019 Japan RCT 37 37 b

Perinel et al. 2019 France Case-control study 47 30 19/24
Lavu et al. 2019 United States RCT 37 39 b

Hwang et al. 2019 Korea RCT 123 124 b

RCT randomized controlled trial, MINORS methodological index for nonrandomized studies
aSample size
bUnconformity to MINORS score criteria

J. Perinel and M. Adham



237

cant difference in term of POPF, mortality and readmission, 
which confirmed the safety of ERP [26–29]. In 2020, two 
systematic review and meta-analysis were published includ-
ing the four RCT.  Both reported in ERAS group shorter 
LOS, lower rate of overall and minor complications, lower 
incidence of DGE, without increasing POPF rate, 30-day 
readmission and mortality [30, 31]. However, considering 
the heterogeneity between the studies, more large-scale RCT 
are still needed.

ERAS program is also safe for elderly patients. Coolsen 
et  al. reported comparative postoperative outcomes in 55 
patients ≥70  years when compared to other 55 younger 
patients with a good compliance (51–95%) [32]. Partelli 
et al. reported the feasibility of ERAS program in a cohort of 
88 patients ≥75 years [19]. Two RCT evaluated specifically 
the impact of ERAS program in patients undergoing PD for 
cancer [26, 29]. In one study, ERAS program was non- 
inferior to traditional care [29]; in the second one, ERAS 
program was associated with shorten LOS without increas-
ing morbidity and mortality [26]. In the RCT of Lavu et al., 
80% of the patients had cancer and the median time to the 
initiation of adjuvant therapy was shorter in ERP group [28]. 
Achieving complete cycles of adjuvant chemotherapy is one 
of the most important predictor for long-term survival in 
periampullary cancer. Even if the chemotherapy is delayed 
after 12 weeks, there is still a benefit on long-term survival 
[33]. Hence, there is a real benefit to implement ERAS in 
periampullary cancer. If ERAS favored earlier recovery with 
shorten LOS, an increasing proportion of patients will be 
able to achieve chemotherapy. However, further studies are 
needed to confirm this hypothesis.

29.3  Impact of ERAS on Hospital Costs

Implementation of ERAS program represented also a finan-
cial issue. Initially, Kehlet et al. developed ERP to accelerate 
postoperative recovery but also to reduce overall costs [1]. In 
pancreatic surgery, most of the studies reported significant 
cost savings after ERP implementation [16, 17, 22, 34, 35]. 
Two meta-analysis and systematic review reported data on 
cost analysis [24, 36]. Xiong et  al. reported a significant 
reduction in in-hospital costs based on the results of four 
studies [24]. Joliat et  al. found a mean difference of USD 
7020 (95% CI: 11,600–2430, p  =  0.003) in favor of ERP 
including five studies [36]. In the recent American RCT, the 
total cost was reduced from USD 31,845 to USD 26,563 
(p  =  0.011) in ERP group [28]. Cost reduction was inter-
preted as the results of bed day savings due to shorten LOS, 
and also as the consequence of the standardization that 
avoids unnecessary laboratory tests, radiological imaging 
and medication [35, 36]. However, as mentioned by Joliat 
et al., the methodology of cost assessment differed between 

the studies and costs are mostly assessed as a secondary out-
come [36]. Specific studies on the subject are needed such as 
standardization of cost analysis.

29.4  ERAS and Compliance

Measuring the compliance is essential to analyze the suc-
cess of the implementation of ERAS program into daily 
practice. In pancreatic surgery, only few studies reported the 
compliance to ERAS program. While compliance with pre- 
and intraoperative ERAS items was high (70–100%), the 
postoperative ERAS items were more difficult to implement 
with success (30–88%) [14, 20, 21, 27, 37, 38]. In addition, 
the level of compliance was significantly correlated with 
postoperative outcomes [14, 21, 37, 38]. In the study of 
Braga et al., the subgroup analysis showed a higher compli-
ance in uneventful patients, while a lower compliance was 
found in patients with major complications [14]. In two 
single-center studies, patients with high compliance had 
fewer postoperative complications and shorten LOS [21, 
37]. Williamson et al. showed that patients with compliance 
of ≥90% had a median discharge on POD 8 [7–9] and no 
patient with Clavien–Dindo ≥3a [37]. More recently, in a 
multicenter study including 404 patients, a level of compli-
ance >70% was associated with a significant shorter LOS 
and significantly less overall and major complications [38]. 
Roulin et  al. was the first study to assess specifically the 
impact of each individual ERAS items on postoperative out-
comes. Only postoperative items were independent predic-
tors of complications. Avoidance of postoperative 
nasogastric tube, mobilization on POD0 and more than 6H 
on the POD2 were significantly associated with decreased 
overall complications. Early mobilization was the only 
ERAS item associated with reduced major complications 
(Clavien Dindo IIIa to IVb) [38]. These results suggest the 
importance of improving compliance to favor successful 
postoperative outcomes. In colorectal surgery, a multicenter 
study has shown that the strongest predictor of optimal 
recovery was compliance with the postoperative items [39]. 
Nevertheless, reaching a high level of compliance in the 
postoperative period is more complex because it is related to 
the commitment of patients and the occurrence of complica-
tions. It is more difficult to mobilize the patient or to start 
oral feeding in case of surgical complications. Zhang et al. 
identified in a cohort of 176 patients undergoing PD, that 
ASA score and nutritional status were independent predic-
tive factors of ERAS success. Besides, postoperative com-
plications including CR-POPF, DGE and SSI were the main 
reasons for ERAS failure. Among ERAS items, early 
removal of NGT and intake of oral liquids were closely 
related to postoperative outcomes and could be early predic-
tors of postoperative complications [10].
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29.5  Implementation Strategy and Keys 
of Success

Implementation of ERAS program is a gradual process that 
required the commitment of a multidisciplinary team associ-
ated to a structured implementation strategy. Regular audits 
are necessary to identify the facilitators and the barriers to 
the implementation. In a qualitative study, Lyon et  al. 
reported four key points associated with an effective imple-
mentation and a high level of compliance [40]:

• The patient-related factors with patient selection (demo-
graphics, comorbidities) and patient expectation;

• The staff-related factors (staff education, change of atti-
tude, and behaviors);

• The practice-related issues (communication, standardized 
protocol);

• The health system resources (in-hospital and discharge 
resources).

Successful implementation of ERAS program is also corre-
lated to:

• The medical staff education through regular staff meet-
ing [41];

• The patient education, it is easier to reach a high compli-
ance if the patient has realistic expectations of the care 
protocol [40];

• The attendance of a dedicated ERAS coordinator who 
facilitates the communication between the different actors 
and ensures regular follow up of the patients [41, 42].

Finally, the challenge remained to maintain the sustainability 
of the ERAS program over years. Only one study reported 
long-term follow up after ERAS implementation in a cohort 
of 210 patients undergoing PD [37]. Three years after ERAS 
implementation, overall compliance increased over time 
from 65% to 72% without significant change in term of mor-
bidity, LOS, mortality and readmission rate. Continuous 
change in the process and repeated education were key points 
to maintain optimal compliance.

29.6  Conclusion

Implementation of ERAS program in pancreatic surgery is a 
real challenge considering the complexity of the surgical 
procedures and the high morbidity. Nevertheless, according 
to the published data, implementation of ERAS is safe and 
efficient with shorten LOS, lower rate of overall complica-
tions and DGE, without increasing POPF rate, 30-day read-
mission and mortality. It is also feasible with a mean overall 
compliance of 70%. Lastly, ERAS program induced cost 

savings, which is also a crucial factor for health care system 
in the current economic context. However, several potential 
limitations should be mentioned. First, the majority of the 
studies are retrospective case-control studies with small sam-
ple size, which may lead to limited evidence. Secondly, there 
is still a substantial heterogeneity between the studies in the 
number and definition of outcomes and items included in the 
ERP. Therefore, it is difficult to compare the studies in term 
of postoperative outcomes and compliance. Finally, compli-
ance level is the key point to improve postoperative outcomes 
and should be routinely reported in the study. Future RCTs 
are required with standardized ERAS program to assess the 
contributions of each ERAS items and to report patients’ sur-
vival in pancreatic cancer.
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Ultrasound-Guided Anatomic Resection 
of the Liver

Junichi Shindoh, Kiyoshi Hasegawa, 
and Masatoshi Makuuchi

Abstract

Anatomic resection of the liver is an important concept to 
secure the local tumor control for hepatocellular carci-
noma (HCC). For patients with primary, solitary HCC, 
systematic removal of the third-order tumor-bearing por-
tal territories has been shown to be associated with longer 
time-to-recurrence after surgery and potentially longer 
overall survival. Although further clinical studies are 
needed to establish an optimal surgical strategy in man-
agement of patients with HCC, anatomic resection of the 
liver has several clinical advantages, and hepatobiliary 
surgeons should be familiar with this technique. In this 
chapter, technical details and clinical advantages of 
ultrasound- guided anatomic resection of the liver were 
reviewed.

30.1  Introduction

Liver resection is the first-line treatment in selected patients 
with primary or metastatic liver tumors. The safety of liver 
resection has dramatically improved over the decades with 
refinements of perioperative management and surgical tech-
niques. However, the most important factors influencing on 
the surgical outcomes are surgeon’s knowledge on anatomy 
and basic principles pertaining to the surgical procedure.

For patients with hepatocellular carcinoma (HCC), sys-
tematic removal of the tumor-bearing portal territories, so 

called “anatomic resection”, was proposed in 1980s as a 
theoretically optimal surgical procedure to expect eradica-
tion of potential micrometastases surrounding tumors [1]. To 
date, a number of studies have reported that anatomic resec-
tion may prolong the time-to-recurrence after surgery and 
potentially improve the overall survival [2–11], with clear 
evidence of a decrease in the local recurrence rate [6, 8, 10]. 
A latest study using a Markov model has further clarified that 
complete removal of the tumor-bearing portal territory at ini-
tial hepatectomy delays both recurrence and post-operative 
stage progression of HCC, yielding improved survival of 
patients with solitary HCC [11]. Although the optimal choice 
of surgical procedure for patients with HCC remains under 
debate, given these encouraging clinical outcomes, hepatobi-
liary surgeons should be familiar with anatomic resection of 
the liver as a potentially appropriate surgical procedure in 
selected cases. In this chapter, we review the basic principles 
and techniques of ultrasound-guided anatomic resection of 
the liver.

30.2  Anatomical Principles and Definition 
of Anatomic Resection of the Liver

Anatomic resection of the liver usually refers to “systematic 
removal of various combinations of the third-order portal ter-
ritories”. According to the Brisbane 2000 terminology of 
liver anatomy and resections [12], resection of the first-order 
portal territory is called hemihepatectomy and resection of 
the second-order portal area is defined as sectorectomy or 
sectionectomy. Couinaud’s segment is defined as the third- 
order division of the liver and monosegmentectomy is classi-
fied as anatomic resection. However, Couinaud’s segment 
does not always correspond to the third-order portal territory 
because segment 2 is classified as the second-order portal 
territory, segment 5 or 8 usually consists of two or three 
third-order portal territories, and the definition of the caudate 
lobe (i.e., segment 1) is much more complex. The basic prin-
ciples are that complete removal of any combination of third- 
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order portal territories can be classified as anatomic resection 
of the liver. Given that segment 5 and 8 usually have two or 
more third-order branches including ventral and dorsal 
branches [13], ventral/dorsal part of segment 5 or 8, ventral/
dorsal part of the right paramedian sector, or even more com-
plex combination of portal territories [14] can be classified 
as anatomic resection of the liver as long as systematic 
removal of the corresponding portal territories is secured.

30.3  Surgical Indication

For liver resection of HCC, strict assessment of hepatic func-
tional reserve is needed because HCC usually develops in an 
injured liver, and the maximum extent of hepatectomy in 
patients with chronic hepatitis or cirrhosis is limited to avoid 
postoperative hepatic insufficiency, compared to those who 
have healthy livers. Liver resection is indicated only for 
Child-Pugh class A or B patients with controllable ascites 
and serum total bilirubin level of <2.0  mg/dL.  Maximum 
extent of resection can be determined based on the measure-
ment of indocyanine green retention rate at 15  min (ICG- 
R15) as proposed by Makuuchi et al. [4]. In original criteria 
for the maximum extent of resection, up to 2/3 hepatectomy 
(right hepatectomy or trisectionectomy) is accepted for 
patients with ICG-R15 < 10%, up to 1/3 hepatectomy (left 
hepatectomy or sectorectomy) is indicated for those with 
ICG-R15 between 10% and 19%, up to 1/6 hepatectomy 
(monosegmentectomy) is tolerated in those with ICG-R15 

between 20% and 29%, and only limited partial hepatectomy 
or enucleation is indicated for patients with ICG-R15 equal 
to or greater than 30% (Fig.  30.1). Following strictly this 
algorithm, no operative mortality due to liver failure was 
recorded in 1056 consecutive patients at the University of 
Tokyo Hospital [15]. More recently, our group has adopted 
more sophisticated criteria based on the estimated ICG dis-
appearing rate and precise three-dimensional volumetry of 
future liver remnant and it has been reported that the conven-
tional criteria can be expanded safely, avoiding increased 
risk of postoperative hepatic insufficiency [16, 17].

30.4  Surgical Technique

30.4.1  Exposure

Incision and exposure are key components of the quality of the 
exploration of the liver and the safety of hepatectomy. Different 
incisions, including the inverted L incision, the inverted-T inci-
sion, the bilateral subcostal (chevron) incision, or the right/left 
subcostal incisions are used as well as the midline incision to 
achieve these objectives. Thoracotomy is sometimes required 
for safe exposure and manipulation of paracaval part of the 
liver. Meanwhile, recent laparoscopic technique has enabled us 
to minimize total length of incision through completing mobi-
lization of the liver before opening the abdominal cavity, even 
in major hepatectomy which is not suitable for pure laparo-
scopic approach (i.e., laparoscopic- assisted hepatectomy).

Ascites

Total bilirubin

Uncontrollable

None or controllable

Inoperable

1,0 mg/dL<= 1.1-1.5 mg/dL 1.6-1.9 mg/dL >2.0 mg/dL

ICG-R15 Limited resection Enucleation Inoperable

<10% 10-19% 20-29% 30-39% 40%–

Right hepatectomy
Trisectionectomy

(up to approx.
2/3 hepatectomy)

Left hepatectomy
Sectorectomy

(up to approx. 
1/3 hepatectomy)

Segmentectomy

(up to approx. 
1/6 hepatectomy)

Limited resection Enucleation

Fig. 30.1 Surgical indication criteria (Makuuchi Criteria) for patients with injured liver

J. Shindoh et al.



243

30.4.2  Exploration and Intraoperative 
Ultrasound

After sufficient exposure of the liver, size, depth, location of 
tumors, their correlation to the surrounding vascular structures, 
presence/absence of new lesions, and intrahepatic blood flows 
are checked by ultrasound with or without contrast enhance-
ment. Final surgical plans were then determined according to 
the preoperative data and intraoperative findings.

30.4.3  Identification of Segmental Border 
on the Liver Surface

To confirm the segmental border to be transected, positive or 
negative staining is then performed. Positive staining (i.e., 
direct staining of the corresponding portal area) is conven-

tionally performed by injecting a blue dye (indigocarmine, 
Daiichi Sankyo Co., Ltd. Tokyo, Japan) into portal branches 
under ultrasound guidance. Tip of the needle is clearly visu-
alized and injected dye can be confirmed as bubbles on ultra-
sound images. To obtain clear staining, hepatic arteries are 
needed to be clamped at the hepatic hilum while staining 
portal branches to delay washout of injected dye. Also, injec-
tion point and speed should be adjusted not to stain adjacent 
portal territories by regurgitation of the dye (Fig.  30.2a). 
When a tumor is located at the segmental border, corre-
sponding tumor bearing portal branches should be stained 
respectively (Fig.  30.2b). However, when it is difficult to 
stain all the portal branches due to presence of multiple 
branches (e.g., segment 5) or too small size of branches 
which are difficult to be punctured (e.g., segment 1), nega-
tive staining can be used as an alternative method to confirm 
the segmental border by staining adjacent portal territories. 

a

c

b

Fig. 30.2 Technical details of anatomic resection of the liver (adapted 
from Shindoh J, et al. J Hepatol 2016;64(3):594–600 with permission). 
(a) Segmental staining under ultrasound guidance. Tip of the needle and 
injected dye can be confirmed by ultrasound. (b) Staining of contiguous 
tumor-bearing third-order portal branches. When a tumor is located at 
the segmental border, corresponding tumor bearing portal branches 
should be stained respectively. (c) Anatomic resection of tumor-bearing 
segment. Anatomic resection can be achieved by (i) parenchymal tran-

section from the marked segmental border on the liver surface to the 
land mark veins, (ii) full exposure of the veins on the cut surface of the 
liver, and (iii) ligation of portal pedicles near the root of the segment. T 
tumor, P5 segment V portal branch, P8vent ventral branch of segment 
VIII portal branch, P8dor dorsal branch of segment VIII portal branch, 
P4sup superior branch of segment IV portal branch, LHV left hepatic 
vein, MHV middle hepatic vein, UFV umbilical fissure vein, V8i inter-
mediate vein for segment VIII, IVC inferior vena cava
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For sectorectomy/sectionectomy or anatomic resection of 
left side of the liver, however, portal staining is not always 
necessary because direct ligation or transient clamp of the 
corresponding Glissonean pedicle is feasible extrahepati-
cally to visualize demarcation line on the liver surface.

Although these staining methods are relatively easy and 
can be applicable in most of the cases in actual clinical set-
tings, it is sometimes difficult to obtain a clear staining on 
liver surface especially in patients with severe cirrhosis or 
those undergoing repeat hepatectomy requiring extensive 
lysis of adhesions. For such instances, diluted ICG solution 
can be used as an alternative material for injection when 
fluorescent imaging technique can be used [18].

30.4.4  Parenchymal Transection

Parenchymal transection is started along the segmental bor-
der confirmed on the liver surface. To secure complete 
removal of the target part of the liver, the landmark veins are 
exposed on the cut surface of the liver and the corresponding 

portal branches are ligated at the root of the segment 
(Fig.  30.2c). Because the intersegmental planes are not 
always flat [19], it is important to carry out parenchymal 
transection under ultrasound guidance (i) from liver surface 
to the landmark veins and (ii) from the exposed landmark 
veins to the root of the corresponding portal pedicles. 
Figure 30.3 demonstrates a typical preoperative evaluation 
and intraoperative findings of anatomic resection of dorsal 
part of segment 8.

30.4.5  Hemostasis and Check for Bile Leak

Injury of landmark veins during parenchymal transection 
can be secured by suture or application of fibrin glue accord-
ing to the size of injury. Bile leak test [20] should be per-
formed when cholecystectomy is carried out as a part of 
procedure because the shape of cut surface is relatively 
 complex after anatomic resection of the liver and there is an 
increased risk of fluid collection compared to those after 
simple partial hepatectomy.

a b

c d

Fig. 30.3 Example of anatomic resection of dorsal part of segment 8 
(Adopted from Takamoto T et al. Am J Surg 2013;206(4):530–538 with 
permission). Anatomic resection of dorsal part of segment 8 is planned 
(a) and corresponding portal branch was punctured under ultrasound 

guidance (b). Stained area visualized on liver surface (d) is very similar 
to the preoperative simulation (c). Based on the preoperative three- 
dimensional simulation (e), landmark veins (i.e., right hepatic vein and 
its tributary) are exposed on the cut surface of the liver (f)

J. Shindoh et al.
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30.5  Clinical Advantages

30.5.1  Technical Advantages

From the practical standpoint, anatomic resection has several 
technical advantages. First, because the intersegmental plane 
at the watershed of portal territories are usually “avascular” 
excluding landmark veins, the risk of bile leak and amount of 
blood loss per area of the transection plane may be decreased 
[7]. Second, postoperative sustained hepatic dysfunction or 
disturbance of hepatic regeneration [13, 21, 22] could be 
avoided because no ischemic area or congested areas is pres-
ent after complete removal of a portal territory leaving inter-
segmental venous branches at the cut surface of the liver. 
Third, branch-based volumetry or meticulous surgical plan-
ning is feasible and the option of curative surgery can be 
proposed based on the objective volumetric data even for 
patients with a marginal hepatic functional reserve [23–25].

30.5.2  Prognostic Advantages

Potential prognostic advantage of anatomic resection of the 
liver for primary, solitary HCC has been reported in many 
studies [2–10]. The University of Tokyo group previously 
reported that complete removal of tumor-bearing portal ter-
ritories decreases the risk of local recurrence and death from 
HCC based on a database established under strict quality 
control [7] and recent large multi-institutional cohort studies 
have yielded similar outcomes [2, 9]. Another recent study 
conducted at a Japanese high-volume center has further clar-
ified the differences in time-to-interventional failure and 
transition rate from the early recurrence stage to advanced 
stages according to the choice of surgical maneuver at initial 
hepatectomy for solitary HCC [11]. Although these results 
were confirmed only in a specific population with primary, 

solitary HCC and it remains inconclusive whether or not the 
same scenario can be applied for recurrent lesions, multiple 
HCCs, or large HCC occupying two or greater Couinaud’s 
segments, the reported results suggest that initial selection of 
surgical procedure may have significant influence on subse-
quent clinical course and survival outcomes of patients with 
HCC. Therefore, anatomic resection should be considered as 
a choice of surgical maneuver at initial hepatectomy for 
patients with solitary HCC.

30.6  Conclusions

Technical details and clinical advantages of anatomic resec-
tion of the liver for patients with HCC were reviewed in this 
chapter. Although further clinical studies are needed to 
establish an optimal surgical strategy in management of 
patients with HCC, successful anatomic resection of tumor- 
bearing portal territory is reportedly delays long-term stage 
progression of HCC and may prolong survival outcomes. 
Given that ultrasound-guided anatomic resection of the liver 
consists of various basic techniques required for more com-
plex liver surgery, hepatobiliary surgeons need to be familiar 
with this procedure in the era of aggressive surgical manage-
ment of advanced hepatobiliary malignancies.
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Parenchyma-sparing Hepatic Resection 
for Multiple Metastatic Tumors

Bruno Branciforte, Flavio Milana, and Guido Torzilli

Abstract

Liver surgery is actually asked to deal with high tumor 
burden also in case of colorectal metastases. Harming the 
most diseased part to hypertrophy the future liver remnant 
remains the mainstream. However, ultrasound guidance 
has progressively driven to challenge the tumor-vessel 
detachment (R1vasc), which has proven to be oncologi-
cally suitable in term of local control. This finding has 
boosted the suitability of parenchyma sparing surgery 
even when tumor burden is extremely high. A further 
improvement in this sense has been provided in case of 
hepatic vein tumoral stricture or occlusion: indeed, in 
these circumstances natural by-pass develop preserving 
the outflow. Through ultrasound and vessel guidance, 
parenchyma sparing surgery has entered the complexity. 
From there, a different way of large tissue deprivation: the 
meaningful parenchymal sparing major hepatectomies.

31.1  Introduction

Surgical resection is the only potentially curative treatment 
for metastatic tumors in the liver. Patients with colorectal 
liver metastases (CLMs) are often addressed to multiple 
hepatic resections, but initial experiences with major hepatic 
resection were associated with a high peri-operative mortal-
ity. Preservation of an adequate remnant liver volume after 
resection became recognized as one of the most relevant 

issue in the prevention of post-hepatectomy liver failure 
(PHLF), and one of the main cause of post-operative 
mortality.

To maximize the safety of liver surgery, and expand the 
suitability of the surgical treatment, surgeons tended to 
develop operative techniques that limit the extent of paren-
chymal resection, tailoring the resection to the extent of the 
pathology without compromising cancer-specific 
outcomes.

A better understanding of intrahepatic anatomy and tumor 
biology, as well as advances in imaging technologies, 
together with improvement in peri- and intraoperative man-
agement, allowed expanding indications and performing 
more aggressive and complex procedures.

The parenchyma-sparing surgery (PSS) philosophy is a 
part of this perspective and merges the oncologic rules of 
surgery with minimal sacrifice of liver tissue.

31.2  Multiple Bilobar CLM

Liver surgery represents the standard of treatment for CLMs, 
even in patients with multiple and/or bilobar lesions. These 
patients are the most complex to treat because a large paren-
chyma sacrifice is often needed. Moreover, in patients with 
underlying liver disease (or even in those who have received 
multiple cycles of chemotherapy), the risk of developing 
post hepatectomy liver failure (PHLF) is even higher [1].

Reducing the risk of PHLF whenever a major removal of 
functioning liver tissue was performed has been the main tar-
get of many surgeons. In early 2000 Adam et al. proposed a 
staged procedure scheduling as first step a debulking surgery, 
limiting the CLM clearance to one side of the organ, and in a 
second operation the definitive organ clearance: the so-called 
2-stage hepatectomy (TSH) [2]. For improving the efficiency 
of the approach Jaeck et al. introduced, in between the two 
step, a portal vein embolization of the right hemiliver for 
inducing hyperthrophy of the left [3]. The main disadvantage 
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of TSH is the non-negligible risk of drop-out: about one- 
third of patients do not receive the second hepatectomy 
because of disease progression between the 2 stages or inad-
equate hypertrophy of the future liver remnant (FLR) [4]. 
More recently, the associated liver partition and portal vein 
ligation for staged hepatectomy (ALPPS) has been proposed: 
despite, this approach, a sort of fast-track TSH, guarantees a 
significantly lower drop-out rate compared to TSH, surgical 
risk and long-term oncological results remain open issues 
[5–7]. Finally, liver venous deprivation (LVD) followed by 
major hepatectomy is the last release aiming to empower 
liver regeneration. Simultaneous occlusion of portal vein 
inflow and hepatic vein (HV) outflow for harming part of the 
liver seems safe, and efficient in terms of FLR increase and 
consequent drastic limitation of patients’ drop-out [8, 9]. 
Anyhow, all these solutions boosting the FLR by means of 
major vessel amputation reduce the chance of redo surgery in 
case of relapses. Indeed, it seems somehow obvious that less 
remnant vascular structures offer lower freedom degrees for 
finding technical solutions able to clear the organ.

In the last decades, PSS has been increasingly adopted 
[10]. However, several authors have limited the application 
of their parenchyma-sparing policy to a “cherry-picking sur-
gery” (limited peripheral resection) or anatomic segmentec-
tomy [11]. In presence of superficial lesions, single-session 
multiple minor resections are commonly adopted, but in case 
of deep-located CLMs, staged hepatectomy still remains the 

preferred option. The authors have extensively demonstrated 
the feasibility, safety and efficacy of IOUS-guided PSS for 
CLMs [12–17].

In particular, the possibility to resect in a PSS perspective 
also deep lesions with complex intrahepatic relations have 
been explored, namely with the so-called enhanced one- 
stage hepatectomy (E-OSH) [14, 18] (Fig. 31.1). Minimizing 
the parenchyma sacrifice, and preserving the liver scaffold 
were the pillars of an approach devoted to be radical, and 
conservative. Increased safety and salvageability in case of 
relapse have been the merits of this policy. In particular, sal-
vageability means better long-term disease control: recent 
series reported five-year survival rates after surgery of about 
50%, despite up to 70–80% of patients having disease recur-
rence [19, 20].

Intra-operative ultrasound (IOUS) guidance, tumor vessel 
detachment and the presence of communicating veins (CVs) 
preserving liver outflow whenever detachment is unfeasible, 
are the main technical pillars in which advanced PSS relies.

31.2.1  Intraoperative Ultrasound

IOUS, used in hepatic surgery since the early 1980s [21], has 
been repeatedly advocated as a useful tool for resection guid-
ance both in primary and secondary metastatic tumors, and 
represents the cornerstone of PSS policy [12]. Despite several 
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Fig. 31.1 (a) virtual liver cast based on CT images of a patient carrier 
of 19 colorectal liver metastases (dark pink); the glissonean branches in 
light pink; hepatic veins in dark blue; inferior vena cava in light blue. 
(b, c) resection areas (yellow and orange dotted lines) drawn with elec-
trocautery on the liver surface. (d–f) cut surfaces at the end of the tumor 

removals; the cut surfaces surrounded by the yellow and orange dotted 
lines refer to the previously highlighted resection areas. RHV, Right 
Hepatic Vein, MHV Middle Hepatic Vein, LHV Left Hepatic Vein, IVC 
Inferior vena cava, Gp glissonean pedicles (numbers refer to the seg-
ment fed), UP umbilical portion
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reasons may explain decrease in mortality following major 
hepatic resection reached in the last decades [22], a privileged 
role should be surely assigned to improved operative tech-
niques which became feasible thanking to IOUS guidance.

Indeed, IOUS makes possible creating complex multiplanar 
dissection trajectories during liver resection, then really open-
ing to policies alternative to major hepatectomies [23, 24].

The use of IOUS in liver resections could be divided into 
three main phases: (1) liver exploration for disease staging, 
(2) planning of the surgical strategy, and (3) surgical maneu-
vers guidance. Although palpation still plays a fundamental 
phase, for deep located lesions IOUS exploration represents 
a crucial intraoperative tool, refined on the possibility of con-
trast enhancement (CE-IOUS). Despite progress in preoper-
ative imaging, adding CE-IOUS to IOUS exploration showed 
to modify the operative plan in up to 38% of patients with 
CLM, with its ability in recognizing new lesions otherwise 
not visible [25].

Moreover, IOUS allows an accurate estimation of the 
relationship among the tumor and vessels (both glissonian 
pedicles and HVs), which is a fundamental step in defining 
the most appropriate surgical strategy. Indeed, the tumor- 
vessel relationship represents a crucial point in parenchymal- 
sparing policy, being informative in discriminating a vascular 
contact from a vascular infiltration.

31.2.2  Tumor-vessel Detachment

Surgeons have progressively moved from the 1-cm rule to 
the 1-mm rule, but negative surgical margin (R0) has been 
considered as the standard while R1 resection as an unfavor-
able surgical result [26]. Nevertheless, vascular wall may 
represent a boundary to tumor spread, and vascular detach-
ment could be performed safely. Specifically, R1 vascular 
(R1vasc) resection is defined as any tumor detachment from 
first/second-order glissonean pedicles (in contact with up to 
half of the pedicle circumference) or from HVs (in contact 
with up to two-thirds of the vein circumference) within their 
last 4 cm before hepato-caval confluence [23]. R1vasc cor-
responds to tumor exposure (0-mm margin) along the 
“detachment area” and it has been demonstrated offering 
equivalent results to R0 resection in terms of local recurrence 
and 5-year survival [17, 27]. R1vasc suitability is the crucial 
finding which could make reliable not just the PSS strategy 
but the tissue removal preserving the organ scaffold: this 
could mean resecting conservatively complex presentation 
otherwise affordable just with major hepatectomies or staged 
procedure or resulting even unresectable.

To maximize the feasibility of R1vasc resections, IOUS- 
based criteria have been introduced and validated [12, 13]: 

the circumferential extent of the contact represents the main 
driver for deciding to spare or not the vessel.

31.2.3  Communicating Veins

in the event of clear vessel wall infiltration, vascular resec-
tion is mandatory. Liver resection for tumors involving the 
major HVs nearby the hepatocaval junction traditionally 
requires major anatomical resection with or without venous 
reconstruction. HVs, when infiltrated, in the majority of 
situations could be anyhow spared by means of tangential 
resection with direct reconstruction or seldom patching 
[17]. In the event this would not be feasible, then in case of 
more significant infiltration, despite HVs are sacrificed the 
drained area of liver parenchyma could be almost always 
spared. Indeed, in such conditions which mimics a Budd-
Chiari Syndrome, CVs between major HVs, exist and can 
be identified in up to 80% of patients with a tumor at the 
hepatocaval confluence [28]. CVs represent an outflow 
pathway alternative to major HVs, making suitable to pre-
serve liver venous discharge even when a major HV is 
resected. This further possibility increases the suitability of 
conducting PSS.

Preoperative imaging findings can suggest CV patency, 
by direct visualization or just confirming a uniform enhance-
ment of the liver parenchyma at venous phase for CT or 
hepato-specific delayed phase for MRI. Anyhow, CV patency 
is definitively detected by IOUS color-flow analysis. 
Moreover, HV clamping during surgery may offer additional 
data: CV patency can be enhanced, and persistent hepatope-
tal portal inflow, even in the absence of evident CVs, is a 
permissive condition for PSS [13, 28]. Their presence guar-
antees otherwise unfeasible technical solutions, thus leading 
ineligible patients undergoing radical surgery and avoiding 
major hepatectomies.

31.3  New Procedures

The IOUS indicates the door for entering into the liver, and 
the vessel guides the surgeon once inside. Following the 
intrahepatic vessels from the surface to the deep warrantees 
anyhow an anatomical approach, but with infinite trajectories 
according to the selected vessel, then infinite solutions. 
Parenchyma sparing vessel guided hepatectomies (PSVGH) 
for sculpturing the organ, implementing the portfolio of sur-
gical options, and increasing the salvageability in case of 
relapse by keeping the major in and out-flow intrahepatic 
vascular structures [29]. Cornerstone of PSVGH are the fol-
lowing new parenchymal-sparing procedures:
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31.3.1  Systematic Extended Right Posterior 
Sectionectomy (SERPS) [30]

Right posterior sectionectomy (S6-7) extended to part of S5 
and S8 with section of the right HV (RHV). The outflow of 
spared S5 and/or S8 is provided by branches of the middle 
HV (MHV) (Fig. 31.2).

31.3.1.1  Eligibility Criteria
Patients suitable for SERPS are those with tumors showing:

 A. invasion of the RHV close to the hepato-caval confluence 
(within 4  cm), with other lesions involving segment 6 
and eventually segment 7 (Fig. 31.2a).

 B. invasion of the RHV close to the hepato-caval conflu-
ence (within 4 cm), without other lesions involving seg-
ment 6, but without inferior RHV (IRHV), and with 
hepatofugal portal blood flow at color-flow IOUS in por-
tal branch to segment 6 (P6) when RHV is clamped 
(Fig. 31.2b).

 C. contact with the right anterior glissonean sheat, and a 
relation with the right posterior having at least one of the 
following features: contact with dilation of bile ducts of 
right posterior section, vessel wall invasion, or contact 
wider than one-third of pedicle circumference 
(Fig. 31.2c).

31.3.2  Upper Trasversal Hepatectomy (UTH))

Transversal hepatectomies for tumors involving more than 
one and up to all the HVs at hepato-caval confluence. The 
following subtypes can be recognized:

31.3.2.1  Mini-Upper Transversal Hepatectomy
Anatomic or limited resection of S7-8 with section of the 
RHV.  The outflow of S5 and S6 is provided by an IRHV 
[31], by branches of the MHV [20] or by CVs between the 
RHV and/or left HV (LHV) and the MHV [32].

31.3.2.2  Right Upper Transversal Hepatectomy 
[33]

Anatomic or limited resection of S7-8-4s with section of the 
RHV and the MHV. The outflow of S4i-5-6 is provided by the 
IRHV and/or CVs only, among the RHV, the MHV and the 
LHV.

31.3.2.3  Left Upper Transversal Hepatectomy 
[24]

Anatomic or limited resection of S2-4s or of S2-4s-8 with 
section of the LHV or the LHV and the MHV. The outflow of 
segments 3-4i-5 is provided by CVs among the RHV, the 
MHV and the LHV.

31.3.2.4  Total Upper Transversal Hepatectomy 
[24, 34]

Anatomic or limited resection of S2-4s-7-8 with section of 
the RHV, the MHV and the LHV in presence of an IRHV and 
CVs among the liver-side stumps of the HVs, which warran-
tee the outflow of S3-4i-5-6.

Eligibility Criteria
Tumor at caval confluence invading from one to all HVs at 
caval confluence in presence of an IRHV, and CVs or just 
CVs. The tumor could lie over the hilar plate with contact but 
no invasion of the right and left portal branches, and the seg-
mental portal branches to the antero-inferior segments.
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Fig. 31.2 schemas of patterns eligible for Systematic Extended Right 
Posterior Sectionectomy (SERPS); (a) tumor (T) invading the right 
hepatic vein (RHV) with others involving segment 6; (b) T invading the 
RHV with hepatofugal (white arrows) portal vein blood flow in glisso-
nean pedicles for segments 6 (Gp6) and 7 (Gp7); (c) T in contact with 

the 2nd order right Gp, but with dilated bile duct draining segment 6 
(dB6) and 7 (dB7) indicating the invasion of the Gp of the right poste-
rior section. Green arrow  =  dissection plane of the SERPS.  Yellow 
arrow = dissection plane of the right hepatectomy
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31.3.3  Mini-mesohepatectomy (MMH) [35, 36]

This procedure represents an alternative to the conventional 
meso-hepatectomy in case of tumors invading the MHV at 
its caval confluence, and consists in a limited resection 
including the tract of the invaded vein without its reconstruc-
tion sparing part of the segment 4 and/or of the right anterior 
section.

31.3.3.1  Eligibility Criteria
Patients suitable for the MMH are those with tumors having 
macroscopic signs of vascular invasion (preoperative imag-
ing and IOUS) of the MHV close to the hepato-caval conflu-
ence (within 4 cm) in presence of CVs between the MHV 
and the RHV and/or LHV.

31.3.4  Liver Tunnel [37, 38]

This procedure represents an extension of the MMH, includ-
ing the total removal of segment 1. The following subtypes 
can be recognized:

31.3.4.1  Liver Tunnel Without Resection 
of the Middle Hepatic Vein

Limited or anatomic resection of S8 associated with com-
plete removal of S1 (Fig. 31.3).

31.3.4.2  Liver Tunnel with the Resection 
of the Middle Hepatic Vein

Limited or anatomic resection of S4s-8 with section of mid-
dle HV and complete removal of S1. The outflow of S5 and 
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Fig. 31.3 (a) MRI images of a patients carrier of multiple colorectal 
liver metastases (T); (b) a mid-term phase during liver dissection: yel-
low arrows represent the directions of the dissections. (c) cut surfaces at 
the end of the resection representing a liver tunnel without middle 

hepatic vein (MHV) resection. RHV Right Hepatic Vein, LHV Left 
Hepatic Vein, IVC Inferior vena cava, Gp glissonean pedicles (numbers 
refer to the segment fed; “s” means stump), IVC Inferior vena cava
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S4i is provided by CVs between the MHV and the RHV and/
or LHV (Fig. 31.4).

Eligibility Criteria
Patients eligible for this approach are those with tumoral 
involvement of segments 8, 4 superior, and 1, with even-
tual contact with MHV, and the RHV at caval confluence, 
the right, and the left 1st and 2nd order portal branches. 
The MHV could be invaded by the tumor at its caval con-
fluence, in presence of CVs between the MHV, the RHV 
and/or the LHV.

31.4  Discussion

Sculpturing rather than simply dividing the liver has induced 
a revision of the concept of minor and major hepatectomy 
[39], and definitely a new dictionary of liver surgery to be 
written.

Moreover, other than technical insights and new termi-
nologies, overcoming dogmas as tumor exposure mainly 
launches new horizons for liver surgery, and more therapeu-
tic options for the patients. In a comparative analysis between 
E-OSH and TSH, E-OSH shows survivals similar to those of 

T

RHV

MHV

a b

c

IVC

MHVsRHV

IVC

Gp5-8

Gp6-7

LGP

LHV

Fig. 31.4 (a) CT image of a patients carrier of large colorectal liver 
metastases (T) in tight relation with the right hepatic vein (RHV) and 
the middle hepatic vein (MHV); (b) at color flow IOUS communicating 
veins (CV) are evident between the RHV and the MHV; dotted line is 
highlighting the CV path. (c) cut surface at the end of the resection 

representing a liver tunnel MHV resection. RHV Right Hepatic Vein, 
LHV Left Hepatic Vein, LGP left glissonean pedicle, IVC Inferior vena 
cava, Gp glissonean pedicle (numbers refer to the segment/section fed), 
IVC Inferior vena cava
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completed TSH but without the non-negligible 40% rate of 
dropout, which mainly affected cumulative survival in TSH 
group in an intention to treat perspective [40]. On the other 
hand, a more recent multicenter case-match analysis sug-
gests that ALPPS and E-OSH may achieve comparable long- 
term results in patients affected by bilobar CLM, despite a 
higher mortality and morbidity rate after ALPPS [41]. A 
safer clinical outcome after major tissue deprivation in a 
parenchyma sparing vessel guided fashion compared to that 
following major resections through conventional vessels 
amputation should deserve some consideration. On the other 
hand, ALPPS has shown to be associated with an increment 
in liver volume which does not translate one to one with liver 
function [42]. PSVGH keeping the architecture of the organ 
with its major vessels even in presence of high amount of 
liver tissue removed as it happens in case of multiple com-
plex resection for bilobar CLM has shown a low risk and in 
particular a low rate of liver failure: milder regeneration of 
the liver after PSVGH compared to that evident after major 
amputation of the organ should be considered as a possibility 
to be investigated. Through IOUS and vessel guidance, PSS 
has entered the complexity, and entering the complexity has 
arrived to a different way of large tissue deprivation: the 
parenchymal sparing major hepatectomies could be a mean-
ingful and promising paradox.

31.5  Concerns & Future Directions

Despite all these strengths and potentialities, the future of 
PSVGH in the clinical practice worldwide remains somehow 
suspended.

PSS can limit the sacrifice of parenchyma; this policy, 
however, often results in resection margins of 0 mm, which 
could reach up to 30% of patients [43]. However, PSS and 
non-PSS had comparable positive margin rates [44]. 
Furthermore, it has been demonstrated that rather than 
 millimeters, tumor biology is a more important predictor of 
both intrahepatic or any other site recurrence and overall sur-
vival [27]. On the other hand, in patients with CLMs, occult 
microscopic metastases are definitely uncommon [45, 46]. 
All of that, supports the concept of performing limited, 
wedge resections with narrow margins for CLM, rather than 
non-PSS procedures featured by worse postoperative out-
come [47–49].

Technically sophisticated, PSVGH is moreover based on 
the man-power resources rather than on the availability of a 
sophisticated technology and dedicated devices: an ultra-
sound system, a Kelly-clamp, a Metzenbaum scissor, and 
few more are enough. Therefore, in this viewpoint its cost is 
low and its applicability wide, which sounds undoubtedly 
positive on a certain perspective. However, its independence 

from any highly technological equipment, makes the interest 
of the health industry relatively low which for sure does not 
help its diffusion. In this sense, its partial applicability in the 
minimal access liver surgery (MALS), which attracts most of 
the investments of the health industry, does not help in terms 
of visibility within the surgical community. The inability of 
MALS to address complex a multiplanar dissections, but the 
possibility to perform even staged procedures [50] for sure 
does not represent an incentive for the spread of 
PSVGH. Furthermore, as first impression PSVGH seems a 
modality requiring an adequate training and for that it should 
rely on a tutorship which to now is lacking. Inversely, 
although an isolated experience, learning curve for this 
approach resulted as long as that of any conventional 
approach in liver surgery. Indeed, in author’s center a team 
featured by a mean age of 36 years old could cover autono-
mously up to 80% of surgical procedure carried out on a 
yearly basis within 5–6 years from his first exposure [51].

31.6  Conclusions

In the 80s Masatoshi Makuuchi introduced the anatomical 
parenchymal sparing hepatectomy opening to conservative 
surgery those patients normally operated with risky major 
anatomical resections [21]. In the 90s Henri Bismuth pro-
posed to “resect the unresectable” introducing the concept of 
conversion chemotherapy [52]. PSVGH has extended PSS to 
the high complexity, further challenging to “resect the unre-
sectable” just with a new surgical paradigm: the paradox of 
parenchyma sparing major hepatectomy.
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Open and Laparoscopic Liver Hanging 
Maneuver

Jacques Belghiti and Safi Dokmak

Abstract

In this chapter, we describe the liver hanging maneuver 
(LHM) as a promising approach to facilitate and guide 
anatomical liver resection. A blind dissection in the 
avascular space situated in the central area of the vena 
cava between the right hepatic vein (RHV) and the mid-
dle hepatic vein (MHV) allows the passage of a tape 
whose traction suspend the liver. This suspension guides 
the transection plane following anatomical liver resec-
tion; allows a better control of the surgical field which 
become more superficial; decreases blood loss through 
traction/compression on the vessels especially when 
associated with pedicle clamping; and facilitates the 
oncologic “anterior approach”. This maneuver is consid-
ered as one of the main technical innovations in liver 
surgery in the past two decades and is commonly adopted 
as a very useful tool to assist major resection in open 
surgery and, as practiced by some surgeons, in laparo-
scopic approach as well.

32.1  Introduction

In 1953, the French anatomist surgeon Claude Couinaud, 
studying the vascular and bile duct distribution in more than 
hundred liver casts, demonstrated that the liver parenchyma 
can be divided into eight autonomous segments [1]. When 
scrutinizing the position of drainage of hepatic veins, he dis-
covered a “loose cellular space” between the liver and the 

inferior vena cava describing an avascular space in the cen-
tral area of the vena cava (Fig. 32.1). We used this space to 
pass a long dissector along the anterior aspect of the retrohe-
patic IVC toward the space between the right hepatic vein 
(RHV) and the middle hepatic vein (MHV), and described 
this technique as the liver hanging maneuver (LHM) in 2001 
[2]. Before any attempts to mobilize the liver, a clamp or a 
nasogastric tube is introduced in this space permitting the 
introduction of a tape whose traction suspend the liver. This 
maneuver which is considered as one of the main technical 
innovations in liver surgery in the past two decades, facilitate 
liver transection [3]. Nowadays, LHM is commonly utilized 
for major liver resection not only in open surgery but also in 
laparoscopic procedures.
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32.2  Advantages of LHM

Advantages of the LHM which were clearly demonstrated in 
open surgery included (a) better assistance to guide transec-
tion plane following anatomical liver resection; (b) improved 
control of the surgical field which become more superficial; 
(c) decreased blood loss through traction/compression on the 
vessels especially when associated with pedicle clamping 
and (d) facilitation of the oncologic “anterior approach”. The 
oncologic advantage of anterior approach with LHM for 
patients operated for HCC and CRLM was recently con-
firmed [4, 5]. Technical advantages of the LHM could impact 
the surgical procedure allowing smaller incisions (such as 
midline) when there is no need for right sided liver mobiliza-
tion [6]. On the opposite side, in the presence of a right-side 
large liver lesions with adhesions to the diaphragm this 
maneuver simplified an anterior approach [7]. Some specific 
situations such as donor liver harvesting and associating liver 
partition and portal vein ligation for staged hepatectomy 
(ALPPS) procedures which required parenchymal transec-
tion before transection of vascular and biliary structures are 
facilitated by the LHM [8, 9].

32.3  Anatomical Basis of the LHM

The presence of a longitudinal avascular plane between the 
IVC described by C.  Couinaud was confirmed by several 
anatomic studies since the first description of our LHM [10, 
11]. Some general characteristics of the anatomy of the retro 
hepatic IVC remain constant including: (a) a constant large 
caudate vein which is situated in the left of its the middle 
portion; (b) a frequent right inferior hepatic vein (RIHV) in 
the right side of the cranial part of the IVC; (c) caudate short 
hepatic veins are variable in number, position and dimension 
but most of them are sub millimetric (Fig. 32.2).

32.4  Techniques of LHM

In both open and laparoscopic procedures, the blind dissec-
tion can be started either from down to up or from up to 
down. These two approaches required a short length of dis-
section of both supra and infra hepatic parts of the IVC.

In open surgery, the “Down to up” LHM was first 
described (Fig. 32.3). The supra-hepatic IVC is exposed and 
the space between the right hepatic vein (RHV) and the mid-
dle hepatic vein (MHV) is dissected along the IVC axis for 
approximately 2–3 cm length. The dissection of infra-hepatic 
IVC is started after a retraction to the left of the hepatic ped-
icle and the plan between the peritoneal membrane between 
the anterior aspect of the infra-hepatic IVC and the caudate 

capsule is dissected toward the left side of the RIHV. If pres-
ent some small hepatic veins are ligated and divided. The 
blind dissection from down to up require a long, lightly 
curved aortic clamp which is passed cranially along the ante-
rior surface of the IVC between the 10 and 11 o’clock posi-
tions towards the space between the previously dissected 
RHV and MHV. When the dissection is complete, the hepatic 
parenchyma is looped up with a tape.

The “Up to Down “approach gradually replaced the previ-
ous one. The dissection of the space between the right and 
middle hepatic veins is pushed down for 3–4 cm with a right- 
angled vascular clamp. A recent anatomical publication of 
the Glisson capsule emphasized the presence of two capsules 
delimiting an avascular plan between the liver parenchyma 
capsule and the capsule covering the vessels (Fig. 32.4). A 16 
Fr nasogastric tube is gently introduced and pushed caudally 
to complete the dissection of the avascular space (Fig. 32.5). 
The rigidity of the nasogastric tube allows it to be used as a 
dissector through the avascular space allowing an atraumatic 
movement. After a dissection between the peritoneal mem-
brane of the anterior aspect of the infra-hepatic IVC and the 
caudate capsule, the nasogastric tube is collected in front of 
IVC and can be immediately used as a tape. Very often, the 
tube spontaneously emerges behind the inferior RHV.

In laparoscopic approach, the steps are broadly the same 
as in the open approach [12–16]. However, after the creation 
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Fig. 32.2 General anatomic characteristics of the avascular plane of 
retro hepatic IVC. A: constant large caudate vein; B: constant RIHV; C: 
variables caudate short hepatic veins
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of the pneumoperitoneum, a 10 mm trocar is inserted into the 
epigastric area and the falciform ligament is dissected along 
the abdominal wall keeping enough tissue for traction [13]. 
This will enable dissection along the anterior aspect of the 
supra-hepatic IVC and identification of the MHV and 
RHV. The plane between the right and middle hepatic veins 
is blindly dissected with a surgical dissector introduced 
through the epigastric trocar. Dissection should be vertical, 
aiming towards the anterior aspect of the IVC, rather than 
tangentially in order to avoid injury to the right hepatic vein. 
In larger patients with a big liver, we use a long open surgery 
vascular clamp introduced through a 10 mm skin incision. 
The infra-hepatic dissection is similar to that of the open 

approach. The nasogastric tube is introduced between the 
MHV and the RHV to finalize the retro-hepatic blind dissec-
tion and is replaced by a surgical malleable tape allowing 
easy manipulation [15]. The “Up-to-down” LHM seems also 
to be easier and safer for the laparoscopic approach [15]. 
Although laparoscopy allows better direct visualization of 
the area to be dissected, some laparoscopic surgeons are 
reluctant to perform a blind dissection between the anterior 
surface of the IVC and the liver and they stimulated the “lat-
eral LHM variant” [17]. According to this technique, the 
upper end of the hanging tape was placed on the lateral side 
of the right or left hepatic vein and the lower end of the 
 hanging tape between three Glisson’s pedicles. The pathway 

a b

Fig. 32.3 Down to up LHM: (a) the blind dissection on the anterolateral surface of the IVC; (b) the tape allows traction facilitating liver 
resection

Fig. 32.4 Gilson capsula: the 
dissection plane of the LHM 
(arrow) is between the 
vascular and the parenchymal 
capsula
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of the tape was situated along the lateral side of the inferior 
vena cava in right-sided hepatectomy or the ligamentum 
venosum in left-sided hepatectomy [17]. When a vascular or 
biliary reconstruction is required, the use of LHM in laparo-
scopic liver resection appears to be helpful as illustrated by 
living donor procedure. LHM allowing parenchymal tran-
section before transection of both vascular and biliary struc-
tures (Fig. 32.6).

32.5  Variations of LHM

Since the first description of the LHM aiming to facilitate a 
right hepatectomy extended to the right part of segment I 
along the plane of the MHV, this maneuver has been utilized 
in several indications including a living donor liver trans-
plantation harvesting procedure, native liver resection in 
transplantation, and partial resection of polycystic liver dis-
ease [10]. Many authors have applied the principles of this 
maneuver LHM to facilitate various anatomical liver resec-
tions. The concept of anatomical LHM is defined by the pas-
sage of the surgical tape between two hepatic veins with a 
surgical plane along the plane of a hepatic vein [6]. Depending 
upon the type of resection required, the technique involves 
extrahepatic dissection and isolation of the left, right anterior 
or right posterior Glisson’s pedicles. The possibility to use 
two hanging tapes open several possibilities of central hepa-
tectomies [18]. A concise summary of the various types of 
anatomic liver resection are shown in Figs. 32.7, 32.8, 32.9, 
32.10, 32.11, 32.12, 32.13, 32.14, and 32.15.

32.6  Limits and Contraindications

The only definite contraindication of the blind dissection of 
the LHM is tumoral invasion of the anterior face of the IVC 
and particularly the cava-hepatic junction. The presence of 

a b

Fig. 32.5 Up to down LHM. (a) Dissection is initiated on both sides of the liver. (b) A nasogastric tube is introduded in the cranio-caudal 
direction

Fig. 32.6 LHM allowing parenchymal transection before transection 
of both vascular and biliary structures

J. Belghiti and S. Dokmak



261

adhesions between the IVC and liver resulting from redo sur-
gery or severe inflammation induced by chemoembolization 
or portal vein embolization can increase the difficulties [10]. 
Bleeding which may occur during the bind dissection is usu-
ally minimal and related to subcapsular liver dissection. A 
temporal packing of the dissection area represents an effi-

cient treatment [3]. Severe bleeding from major veins inju-
ries is rare and require an interruption of the maneuver 
shifting to a classical approach of liver resection [3]. The 
suppression of the venous outflow induced by the traction on 
the tape can disturb identification of hepatic veins. Therefore, 

Fig. 32.7 Right Hepatectomy or Left Hepatectomy + S I. Upper end of 
the tape: Between RHV & MHV, Lower end of the tape: Between Right 
& Left portal pedicle

Fig. 32.8 Right posterior sectionectomy or Left trisectionectomy+ S 
I. Upper end of the tape: Between RHV & MHV, Lower end of the tape: 
Between Right anterior & Right posterior portal pedicle

Fig. 32.9 Right trisectionectomy. Tape upper end: Between MHV & 
LHV, Tape lower end: Between Right & Left portal pedicle

Fig. 32.10 Right trisectioectomy + SI or Left lateral sectionectomy. 
Tape upper end: Between MHV & LHV, Tape lower end: Between 
Right & Left portal pedicle
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this traction should be released from time to time allowing 
identification of venous tears. In patients with intrahepatic 
venous collateral circulation, bleeding of the transection 
parenchyma is exacerbated when the liver remains in ana-

tomic position and therefore, a vertical mobilization of the 
liver is required in order to reduce the outflow. The presence 
of this venous collateral circulation is clearly a limitation of 
LHM with the anterior approach.

Fig. 32.11 Right hepatectomy + SI or Left hepatectomy. Tape upper 
end: Between MHV & LHV, Tape lower end: Between Right & Left 
portal pedicle

Fig. 32.12 Central bisectionectomy. Tape 1 Upper end: Between RHV 
& MHV—Tape 2upper end: Between MHV & LHV, Tape 1 Lower end 
1: Between Right anterior & Right posterior portal pedicle—Tape 2 
Between Right & Left portal pedicle

Fig. 32.13 Right anterior sectionectomy. Tape 1 Upper end: Between 
RHV & MHV—Tape 2 upper end: Between RHV & MHV, Tape 1 
lower end: Between right anterior & right posterior portal pedicle—
Tape 2 lower end: between Right & Left portal pedicle

Fig. 32.14 Left medial sectionectomy. Tape 1 upper end: Between 
RHV & MHV—Tape 2 upper end: Between MHV & LHV, Tape 1 
lower end: Between Right & Left portal pedicle—tape 2 lowed end 
Between Right & Left portal pedicle
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The Glissonean Pedicle Approach: 
The Takasaki Technique

Shun-ichi Ariizumi and Masakazu Yamamoto

Abstract

Couinaud described three main approaches to control the 
inflow system at the hepatic hilus in liver surgery: the 
intrafascial, the extrafascial, and the transfissural with 
extrafascial approach. The intrafascial approach is the so- 
called control method. The extrafascial approach and the 
transfissural with extrafascial approach are considered to 
be the Glissonean pedicle approach. The Glissonean ped-
icle approach by extrafascial approach is considered to be 
the Takasaki technique. The key steps of the Takasaki 
technique are the following: (1) clamping the Glissonean 
pedicle, (2) confirming the portal territory which includes 
the tumor, (3) dissecting the liver parenchyma. When the 
Glissonean pedicles are ligated at the hepatic hilus prior 
to liver dissection, various types of anatomical hepatec-
tomy, such as right or left hemihepatectomy and various 
types of sectionectomy can be carried out. When the ter-
tiary branches of the Glissonean pedicles are ligated 
extra- or intrahepatically, various types of segmentectomy 
and cone unit resection can be carried out. This procedure 
is suitable for patients with hepatocellular carcinoma 
(HCC), because patients with HCC usually have liver 
dysfunction and HCC often invades the portal vein. The 
procedure is also available in laparoscopic hepatectomy, 
because of its simplicity and safety. The Glissonean pedi-
cle approach is, therefore, considered to be one of the 
most important procedures in liver surgery which can be 
achieved safely and has oncological benefit.

33.1  Introduction

Couinaud described three main approaches to the inflow 
system at the hepatic hilus; the intrafascial, the extrafas-
cial, and the transfissural with extrafascial approach 
(Fig. 33.1) [1]. The extrafascial approach and the transfis-
sural with extrafascial approach are considered to be the 
Glissonean pedicle approach. Takasaki et al. successfully 
performed anatomical anterior sectionectomy with the 
Glissonean pedicle approach at the hepatic hilus in a 
patient with hepatocellular carcinoma (HCC) in 1984 and 
reported the newly developed systematized hepatectomy 
by Glissonean pedicle transection method in 35 patients 
with HCC in 1986 (Japanese article) [2]. Therefore, ana-
tomical hepatectomy at the Glissonean pedicle approach is 
considered to be the Takasaki technique [3–6]. The key 
steps of the Takasaki technique are the following: (1) 
clamping the Glissonean pedicle, (2) confirming the portal 
territory, (3) dissecting the liver parenchyma. Currently, 
the Glissonean pedicle approach is performed worldwide 
and is preferred in laparoscopic hepatectomy because of 
its simplicity and safety.

33.2  Fundamental Concept of Liver 
Segmentation Based 
on the Glissonean Pedicle (Takasaki’s 
Liver Anatomy)

The Glissonean pedicle consisting of the portal vein, hepatic 
artery and bile duct is wrapped in a connective tissue sheath 
known as Glisson’s capsule (Fig. 33.1a). The extrahepatic or 
Glissonean pedicle branches to form right and left primary 
Glissonean pedicles (Fig.  33.1a) [3–6]. The left primary 
Glissonean pedicle continues to form a single secondary 
pedicle, whilst the right primary Glissonean pedicle branches 
into two secondary pedicles, namely the middle (right ante-
rior) and right (right posterior) pedicles (Fig.  33.1a). The 
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three secondary Glissonean pedicles divide the liver into 
three segments (left, middle and right) according to the rami-
fication of the secondary pedicles (Fig. 33.1b) [3–6].

33.3  Glissonean Pedicle Approach at 
the Hepatic Hilus (Extrafascial 
Approach)

The Glissonean pedicles can be detached from the liver 
parenchyma without liver dissection. The extrafascial 
approach is to tape the Glissonean pedicles at the hepatic 
hilus prior to liver dissection. After cholecystectomy, the 
connective tissue behind Calot’s triangle is identified. This 
connective tissue is referred to as the cystic plate. After 
dividing the cystic plate, the middle (right anterior) 
Glissonean pedicle behind the cystic plate can be readily 
identified (Fig.  33.2a). First, this middle (right anterior) 
Glissonean pedicle is detached from the liver parenchyma 
(Fig. 33.2b). The Glissonean pedicle can be detached easily 
from the liver parenchyma by blunt dissection. After clamp-
ing this pedicle, the middle segment (right anterior section) 
can be recognized by its change of color (Fig. 33.2c). After 
confirming the demarcation lines between the middle 
 segment (anterior section) and the other segments (sections), 
the liver parenchyma is dissected along the demarcation 
lines (Fig. 33.2d). This fundamental technique is useful not 
only for middle segmentectomy (anterior sectionectomy) but 

also for right segmentectomy (posterior sectionectomy) or 
right hemihepatectomy.

For right hepatectomy or right segmentectomy (right pos-
terior sectionectomy), the right (right posterior) Glissonean 
pedicle can be detached directly from the liver parenchyma. 
However, the following subtraction method is recommended 
for taping of the right (right posterior) Glissonean pedicle. At 
first, the middle (right anterior) Glissonean pedicle is taped 
(Fig  33.3a). Next, the right primary Glissonean pedicle is 
taped (Fig 33.3b). The right (right posterior) Glissonean ped-
icle can then be taped after securing the middle (right ante-
rior) Glissonean pedicle (Fig 33.3c). This technique is useful 
for right segmentectomy (posterior sectionectomy) and right 
hemihepatectomy. The left Glissonean pedicle (secondary 
Glissonean pedicle) can be accessed at the left side of the 
hilar plate, and the left pedicle can easily be taped prior to 
liver dissection (Fig 33.3d). Therefore, all three secondary 
Glissonean pedicles can be taped at the hepatic hilus 
(Fig 33.3d).

33.4  Ligation of the Glissonean Pedicle

Ligation of the pedicles should be done as close to the liver 
parenchyma as possible to avoid injury to the remaining bile 
duct. The pedicle should be doubly ligated with transfixion 
suture to avoid slipping out (Fig 33.3c). After ligation, the 
pedicle is divided.

a b

Fig. 33.1 Components of the Glissonean pedicle and Takasaki’s liver segmentation. The three secondary Glissonean pedicles divide the liver into 
3 segments
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33.5  Dissection of the Liver Parenchyma

Dissection should be performed on the demarcated margin 
line with the crush-clamp method, ultrasonic dissector 
(CUSA), and energy device. Some branches from the hepatic 
vein are ligated and cut, but the trunk of the hepatic vein 
should be maintained intact on the cut surface of the remain-
ing segments. (Fig. 33.4).

33.6  Segmentectomy, Cone Unit Resection

When the tertiary branches of the Glissonean pedicles are 
ligated extra- or intrahepatically, various types of segmentec-
tomy and cone unit resection can be carried out. A single sec-
ondary Glissonean pedicle has six to eight tertiary branches. 

The territory of a single tertiary branch does not correspond 
to a Couinaud’s segment. We therefore refer to the area fed by 
one tertiary branch as a cone unit of the liver. For cone unit 
resection in the middle segment (S5 section), the middle 
(right anterior) Glissonean pedicle is taped and hepatic dis-
section is performed along the Rex-Cantlie line. Two tertiary 
branches from the middle (right anterior) Glissonean pedicle 
are ligated and divided. For cone unit resection in the middle 
segment (S8 section), the middle (right anterior) Glissonean 
pedicle is taped and a test clamp is performed. After confirm-
ing the Rex-Cantlie line, liver dissection is performed, and 
tertiary branches from the middle (right anterior) Glissonean 
pedicle are taped intrahepatically. The area of S8 can then be 
identified by demarcation. The tertiary branches are ligated 
and divided. The middle hepatic vein is identified in the cut 
surface of the remnant liver.

a b

c d

Fig. 33.2 Middle segmentectomy (right anterior sectionectomy) with the Glissonean pedicle approach at the hepatic hilus
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a b

c d

Fig. 33.3 Basic technique to tape the Glissonean pedicle at the hepatic hilus

a b

Fig. 33.4 Cone unit resection (segmentectomy No 8) with the Glissonean pedicle approach
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33.7  Surgical Outcomes

During a 30-year period, 1953 patients with HCC underwent 
anatomical hepatectomy with the Glissonean pedicle 
approach at our institute [7]. The 30-day and 90-day mortal-
ity rates decreased gradually in the recent eras (between 
2010 and 2014) down to 0.5% and 1.4%, respectively, and 
the 5-year survival rate increased gradually up to 75% in the 
recent eras (between 2010 and 2014) [7]. Reducing blood 
loss and bile leakage are re-recognized as the most important 
factors in anatomical hepatectomy for patients with HCC.

In conclusion, the Glissonean pedicle approach is suit-
able for patients with HCC, because patients with HCC 
usually have liver dysfunction and HCC often invades the 
portal vein. The procedure is also available in laparoscopic 
hepatectomy, because of its simplicity and safety. The 
Glissonean pedicle approach is, therefore, considered to be 
one of the most important procedures in liver surgery 
which can be achieved safely and has oncological benefit.
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Abstract

Although laparoscopic liver resection (LLR) has become 
recognized as the standard treatment worldwide, laparo-
scopic major hepatectomy (LMH) has yet to become 
widespread. LMH was first defined as resection of 3 or 
more segments or the difficult posterosuperior segments 
(4a, 7, 8) in 2008. Although the definition is still under 
debate and is not clearly defined, several studies reported 
that LMH was associated with less blood loss, shorter 
hospital stays and fewer complications compared with 
open surgery. According to a nationwide survey of 
Japanese National Clinical Database, advanced LLR 
increased from 3.3% of all resections in 2011 to 10.8% in 
2017, with its mortality 3.6% in 2011, and 1.0% in 2017. 
The IWATE criteria can be used to predict the difficulty of 
LLR from preoperative variables and to appropriately 
select patients according to the surgeons’ skill level. The 
learning curve for LMH has been discussed, but conclu-
sive number of cases for the mastery of LMH cannot be 
decided with variety of studies. Since laparoscopic 
parenchymal- sparing anatomical liver hepatectomy (Lap- 
PSAH  =  segmentectomies and sub-segmentectomies) 
shares some surgical techniques with LMH, it may help 
shorten the learning curve of LMH. In conclusion, LMH 
still remains technically demanding, but it has been grad-
ually developed with the improvement of surgical tech-
niques and the careful expansion of indications.

34.1  Introduction

Although laparoscopic liver resection (LLR) has become 
recognized as the standard treatment worldwide, laparo-
scopic major hepatectomy (LMH) has yet to become wide-

spread [1]. This can be attributed to the complexity of the 
procedures and fear of uncontrolled hemorrhage, combined 
with high-level technical demands and lack of training 
opportunities for most surgeons [2]. In this chapter, we 
reviewed the current status of LMH, referring to the history 
of LLR and the current surgical techniques that has been 
standardized in high volume centers.

34.2  Developments of LLR

LLR was first reported in 1991 as laparoscopic excision of 
benign liver lesions [3]. Since then, LLR has gradually 
developed with the improvements of surgical techniques 
and equipment. In 2008, the first international consensus 
conferences on LLR (ICCLLR) was held in Louisville, 
USA. Standardized terminologies on LLR were defined and 
variable technical approaches were introduced by 45 experts 
[4]. In 2014, the second ICCLLR was held in Morioka, 
Japan. The summary of expert recommendations covered a 
novel difficulty scoring system [5, 6], techniques for bleed-
ing control and parenchymal transection, and suitability of 
energy devices [7]. The conference concluded that LLR had 
become a standard practice, but LMH was still an innovative 
procedure in its exploratory phase [1]. After these two 
ICCLLRs, LLR spread globally with rapidity and the pro-
portion of major LLRs has gradually increased. According 
to a nationwide survey of the national clinical database of 
Japan [8], the number of LLRs increased from 1868 (9.9% 
of all liver resections) in 2011 to 5648 (24.8%) in 2017. The 
rates of morbidity and 30-day mortality of LLR were 10.8% 
and 0.5%, respectively, which were better than those of 
open liver resection (OLR) (19.9% and 0.9%, respectively) 
in 2017.
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34.3  Definitions of LMH

Liver resection has been categorized according to the 
Brisbane 2000 classification as follows: hemi- 
hepatectomies, sectionectomies, and segmentectomies [9]. 
LMH was first defined as resection of 3 or more segments 
or the difficult posterosuperior segments (4a, 7, 8) in the 
1st ICCLLR [4]. Behind this definition is the fact that 
resections of posterosuperior segments by laparoscopic 
approach shares some technically difficulties with hemi-
hepatectomies [10]. On the other hand, a standard defini-
tion of major hepatectomy is resection of four or more 
segments based on the theory that the extent of resection is 
most involved in postoperative mortality [11]. Di Fabio 
et  al. divided a total of 156 patients who had undergone 
LMH according to the Louisville Statement into two sub-
categories: laparoscopic “traditional” major hepatectomy 
(LTMH), including hemi-hepatectomies and tri-sectionec-
tomies, and laparoscopic “posterosuperior” major hepatec-
tomy (LPMH), including resection of posterosuperior 
segments 4a, 7, and 8 [10]. The creation of two subcatego-
ries of LMH seemed appropriate to reflect differences in 
intraoperative and postoperative outcomes between LTMH 
and LPMH [10]. With improvements in surgical techniques 
and the innovation of laparoscopic devices over the last 
decade, the classification of LMH has reached the time of 
reconsideration based on the technical difficulty and the 
risk of postoperative mortality [12].

34.4  Difficulty Scoring System (IWATE 
Criteria) and Learning Curve of LMH

In an effort to estimate the difficulty of LLR appropriately 
before surgery, a novel difficulty scoring system [5] was cre-
ated for discussion at the 2nd ICCLLR. After the discussion 
at the conference, the scoring system was modified and the 
updated version of the difficulty scoring system (IWATE cri-
teria) has a scale ranging from 0 to 12 [6]. The IWATE crite-
ria can be used to predict the difficulty from preoperative 
variables and to appropriately select patients according to the 
surgeons’ skill level, ranked as low, intermediate, advanced, 
or expert. LMH requires a high level of technical skill and 
has a steep learning curve. A CUSUM analysis of learning 
curve concluded that 45 standard LMHs are required to over-

come the initial learning curve, and expertise in more com-
plex or technically demanding LMHs can be achieved over 
the next 30 cases [13]. LMH remains challenging as the 
effective performance of the procedure requires experience; 
however, it has low mortality rate relative to open major hep-
atectomy (OMH) (Fig. 34.1).

34.5  Feasibility and Safety of LMH

Since the 2nd ICCLLR Morioka 2014 [1], several studies 
have described the feasibility of LMH [14–16]. In 2016, 
Takahara et al. compared LMH and OMH using a propensity 
score analysis with the national clinical database of Japan, 
reporting that LMH was associated with less blood loss, 
shorter hospital stays, and fewer complications [14]. Similar 
results were obtained from meta-analyses of cases where 
major LLR was performed for HCC patients [15, 16]. In 
Japan, the mortality rate of advanced LLRs (tri- 
sectionenctomy, hemi-hepatectomy, and sectionectomy) 
improved from 3.6% in 2011 to 1.0% in 2017 [8]. However, 
it should be noted that these short-term outcomes were from 
some specialized high volume centers in Japan. Although 
gradually increasing, the proportion of advanced LLRs is 
still low (10.8% in 2017) and the dissemination of LMH has 
yet to be achieved.

34.6  Laparoscopic Parenchymal Sparing 
Anatomical Hepatectomy (Lap-PSAH)

Anatomical hepatectomy (AH) involves systemic removal 
of the liver parenchyma confined by tumor-bearing portal 
tributaries [17, 18], and it has been shown to improve the 
oncological outcomes in HCC patients [19, 20]. Recently, 
remnant liver ischemia was noted to be associated with 
early recurrence and poor survival after hepatectomy in 
HCC patients [21]. In 2019, we reported a novel technique 
of laparoscopic parenchymal-sparing AH (Lap-PSAH) 
(sub- segmentectomies and segmentectomies) [22] with 
extrahepatic Glissonian approach. The liver segmentation 
of Lap-PSAH is based on Takasaki’s cone unit concept 
[23]. Our principle of Lap-PSAH is to resect all of the 
malignant tissue (tumor and possible satellite nodules) 
while preserving enough liver parenchyma. The extent of 
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resection is planned prior to surgery by means of CT liver 
volume calculation. Concordance between preoperative 
three-dimensional (3D) simulation and intraoperative 
resection was 98.7% and favorable short-term outcomes 
were achieved [22]. Precise preoperative planning and a 
standardized surgical technique enable performing this pro-
cedure (Fig. 34.2). Since Lap-PSAH shares some surgical 
techniques with LMH, it may help shorten the learning 
curve of LMH. Long-term outcomes should be evaluated in 
the future.

34.7  Surgical Procedures at Ageo Central 
General Hospital (ACGH)

Although the first case series of LMHs were reported in 
1998 [24], the procedure has been very slow to progress 
worldwide [12]. At our hospital, LLR is indicated for all 
liver malignancies except for cases of vascular or biliary 
reconstruction. Our standard procedure for LLR is extrahe-
patic Glisonnian approach [23] with ICG negative staining. 
Glissonian pedicles can be safely isolated based on 
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Laennec’s capsule theory [25]. Clear boundary can be visu-
alized not only liver surface but also in the deep liver paren-
chyma (=intersegmental plane) during parenchymal 
transection.

34.7.1  Laparoscopic Left Hemihepatectomy 
(Fig. 34.3)

 1. Mobilization of the left lobe and encircling left hepatic 
vein (LHV)

 2. Encircling and clamping of the Glissonian pedicle 
(G234)

 3. Parenchymal transection along with intersegmental plane 
after ICG administration

 4. Dissection of the G234 and LHV with linear stapler

34.7.2  Lap-PSAH (Segment 7) (Fig. 34.4)

 1. Mobilization of the right lobe and dissection of short 
hepatic veins

 2. Cholecystectomy and Encircling and clamping of the 
Glissonian pedicle (G7)

 3. Parenchymal transection after ICG administration
 4. Dissection of the G7 and parenchymal transection along 

with RHV or on the intersegmental plane

VOLUME (cc) %LIVER AREA

Total Liver Volume

Right Lobe

S5

S6

S7

18.2%

15.9%

14.8%

2.5%

13%

15.5%

64.4%

84.6%

100%

233 cc

203 cc

189 cc

31 cc

165 cc

196 cc

821 cc

1077 cc

1274 cc

S8 Vental

S8 Dorsal

S8

Remnant Liver Volume

a

d e f

cb

Fig. 34.2 Preoperative planning for Lap-PSAH [22]
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Fig. 34.3 Surgical Procedures of Laparoscopic Left Hemihepatectomy
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34.8  Conclusion

LMH still remains technically demanding, but it has been 
gradually developed with the improvement of surgical tech-
niques and the careful expansion of indications. Lap-PSAH 
shares some surgical techniques with LMH and may help 
shorten the learning curve of LMH.  Long-term outcomes 
should be evaluated in the future.
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Abstract

Laparoscopic liver resection (LLR) is rapidly increasing, 
and certain types of resection are considered standard 
procedures for liver resection. However, laparoscopic 
anatomical resection (AR) is still challenging procedure, 
because it requires precise parenchymal liver resection 
along the anatomic landmark. Operation difficulty varies 
depending on the location of the resection area. The aim 
of in this chapter is to provide important technical fea-
tures of laparoscopic AR for each segment (I-VIII) using 
Glissonean pedicle approach.

Anatomical liver resection (AR) involves resection of the 
tumor and entire hepatic parenchymal tissue corresponding 
to the portal veins draining the tumor [1]. Although the out-
comes of AR are still debated, several reports suggested 
that it is the best way to prevent intrahepatic metastasis 
occurring via portal tributaries [2, 3]. There are two main 
types of AR techniques, the Glissonean pedicle approach 
and transection guided by dye injection into the portal 
venous branches [4]. The Glissonean pedicle approach is 
based on the three ramifications of the Glissonean pedicle, 
namely the left, middle, and right, as initially proposed by 
Takasaki [5]. According to Takasaki’s classification, each 
segment has one secondary branch of the Glissonean pedi-
cle. Therefore, for resection any one of the segments, the 
first step is to cut the corresponding segmental branch of 
the Glissonean pedicle and then dissect the liver paren-
chyma along the intersegmental plane [5, 6]. Makuuchi 
et al. [7] propose the anatomical resection with ultrasound-
guided dye injection. In this method, the tumor-bearing 
portal pedicle is punctured and dye is injected under ultra-

sound guidance [7]. The stained area must be carefully 
marked with eletrocautery, and transection should gradu-
ally proceed from the liver surface towards the portal pedi-
cle stained by dye [1, 7].

Since first report in 1992, laparoscopic liver resection 
(LLR) is rapidly increasing, and certain types of LLR have 
become standard procedures. However, laparoscopic AR is 
still considered challenging procedure, because it usually 
requires precise parenchymal liver resection using Glissonean 
approach [8]. Laparoscopic Glissonean pedicle approach is 
technically difficult because manipulation of laparoscopic 
instruments for isolation of the pedicles is not easy due to 
limitation on degree of freedom. Laparoscopic isolation of 
the Glissonean pedicle before parenchymal liver resection 
was first reported by HS Han et al. in 2006 [9]. In that study, 
the authors acknowledged the importance of the Glissonean 
pedicle approach in laparoscopic AR. Since then, studies of 
various types of laparoscopic AR through the Glissonean 
pedicle approach have been reported (Fig. 35.1) [10].

According to practical guidelines for performing LLR, 
the difficulty is divided by location of the resection area [8]. 
The peripheral portion of the anterolateral segments of the 
liver (Segment 2,3,5,6, and the inferior part of segment 4) is 
considered as safe location for performing LLR [8, 11–13]. 
Whereas, the posterosuperior portion of the liver (Segment 
1, 7, 8, and the superior part of segment 4) is regarded as an 
unfavorable location for performing LLR [14]. Our aim in 
this chapter is to describe the operation techniques of 
Laparoscopic AR for each segment (I-VIII), which is ana-
tomic segementectomy.

35.1  Patient Position and Trocar Placement

The patient’s position and trocar placement can vary depend-
ing on the location of the tumor. The patient is placed in a 
supine position or left semi-decubitus position with the sur-
geon standing on either right or left side, or the patient can be 
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placed in a lithotomy position with the surgeon standing 
between the legs of the patient.

The placement of trocar in LLR is important. Usually, five 
or six trocars are used. Two trocars for operator are placed 
along the right subcostal line, and two other trocars for assis-
tant are placed at the end of xyphoid process and at the left 
upper quadrant of the abdomen. Figure 35.2 shows the illus-
tration of routine trocar placement.

35.2  Laparoscopic Segmentectomy I (S1)

Laparoscopic anatomic caudate lobectomy is considered as 
difficult procedure due to its close proximity to major vessels 
[15]. Caudate lobe is located in the deep dorsal area of the 
liver between the portal triad and the inferior vena cava 
(IVC) [16]. According to Kumon’s nomenclature, the cau-
date lobe consists of three sections; the Spiegel lobe, the 
paracaval portion (Segment IX), and the caudate process 
[17]. Trocar placement is shown in Fig. 35.3.

After mobilization of the liver, the left liver is retracted 
upward and the lesser omentum is opened to expose the S1. 
Counter-demarcation method is used for S1 segmentec-
tomy in our institution. The right posterior Glissonian ped-
icle is isolated and temporarily clamped with a bulldog 
clamp [18]. The counter-demarcated line between caudate 
process and the right posterior section is marked with elec-
trocautery. The posterior surface of the caudate lobe is 
freed from the IVC and the short hepatic veins are clipped 
and cut. During parenchymal dissection, peripheral part of 
the right hepatic vein (RHV) can be identified and is well 
exposed meticulously. Dissection of the paracaval portion 
is continued along the RHV. Resected caudate process and 
the paracaval portion are retracted to the left side, the mid-
dle hepatic vein is identified, and parenchymal transection 
is performed exposing the vein. With further parenchymal 
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dissection and division of the portal branches to the 
Spigelian lobe, the completely caudate lobe is resected.

35.3  Laparoscopic Segmentectomy II (S2) 
and Segmentectomy III (S3)

When the tumor is located in S2 or S3, laparoscopic ana-
tomic S2 or S3 segmentectomy can be performed [19]. 
Segment-oriented hepatic resection on S2 or S3 has the 
advantage of removing the disease-bearing liver segment, 
and at the same time, preserving the vascular supply and bili-
ary drainage of the liver remnant [20]. This concept is impor-
tant in patients with underlying liver disease to prevent 
postoperative liver failure [21]. With use of the Glissonean 
approach to control the pedicle, anatomical resection can be 
achieved.

For laparoscopic S2 segmentectomy, after mobilization of 
left lateral section, the Glissonean pedicle to S2 is isolated 
via meticulous dissection. Then, the Glissonean pedicle to 
S2 is temporarily clamped. The ischemic margin of S2 is 
marked using electrocautery. Transection of the liver paren-
chyma is performed thereafter. The liver parenchyma is dis-
sected along the left hepatic vein with the guide of exposing 
left hepatic vein. The portal pedicle to S2 is divided, and the 
branches of hepatic veins draining S2 are encountered and 
clipped along the left hepatic vein.

In laparoscopic S3 segmentectomy, the Glissonean pedi-
cle to S3 is exposed and divided on the left side of the round 
ligament in the umbilical fossa. Then, the parenchymal dis-
section is begun along the demarcation line, exposing the left 
hepatic vein [22]. Parenchymal dissection is performed 
along the left hepatic vein with the same technique as S2 
segmentectomy.

35.4  Laparoscopic Segmentectomy IV (S4) 
(Subsegmentectomy IVa and IVb)

Left hemihepatectomy is generally performed for tumors 
located in S4. However, the anatomical S4 segmentectomy 
has the advantage that the remaining volume of the liver can 
be preserved as much as possible. This operation is a techni-
cally demanding operative procedure because it has two 
transection planes along two fissures, which are the course of 
the main hepatic veins [23]. Therefore, it is important to 
maintain a proper transection line to preserve the vascular 
structures that supply the remnant liver. S4 can be subdivided 
into the superior S4a and inferior S4b regions. Anatomical 
S4a or S4b resection may also be advantages for a tumor that 
is confined to S4a or S4b [24].

The falciform ligament and coronary ligament are dis-
sected in the cephalic direction until the middle and left 
hepatic veins are visualized. The medial resection margin is 
marked along the right side of the falciform ligament, after 
which transection of the on the medial side is begun. The 
superficial hepatic parenchyma is transected, and the deeper 
portion of the parenchyma is dissected, until the inferior 
vena cava and confluence of left and middle hepatic vein are 
reached. Intrahepatic approach is used to control the 
Glissonean pedicle to S4. When performing the subdivi-
sional Glissonean peidcle to S4a or S4b, we have to dissect 
to more peripherally to enable identification and isolation of 
each S4a and S4b pedicle. To confirm the correct identifica-
tion, we have to check for an ischemic color change in the 
corresponding area after temporarily clamping the S4a or 
S4b pedicle.

For S4a segmentectomy, the S4a Glissonean pedicle is 
isolated and ligated. After division of S4a pedicle, the liver 
parenchyma is dissected along the areas of demarcation on 
the liver surface, exposing the middle hepatic vein (MHV) 
toward its confluence with the inferior vena cava (IVC).

For S4b segmentectomy, the S4b Glissonean pedicle is 
isolated and cut. The liver parenchyma is dissected along the 
boundary of the demarcated region. Segmentetctomy 4 can 
be performed by combing the techniques for S4a and S4b. 
After cutting the S4 Glissonian pedicle, an area of S4 is dis-
colored due to ischemia. For completion of S4 resection, 
parenchymal transection on right side is performed along 
ischemic line along the middle hepatic vein.

Fig. 35.3 Trocar placement for laparoscopic S1 segmentectomy
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35.5  Laparoscopic Segmentectomy V (S5)

When the tumor is located in S5, there are several options. 
One is anatomical major resection such as, right hemihepa-
tectomy, right anterior sectionectomy, and central segmen-
tectomy [25]. Another option is nonanatomical resection 
such as wedge resection and tumorectomy. The remaining 
option is anatomical S5 resection.

After cholecystectomy, the Glissonean pedicle to the right 
anterior section is isolated by meticulous dissection. With a 
temporary clamp of the right anterior Glissonean pedicle, the 
ischemic margin of the right anterior section is marked. 
Transection of the liver parenchyma at the medial margin is 
started. As the right anterior Glissonean pedicle is further 
dissected peripherally, the Glissonean pedicle to S5 can be 
isolated and then, discolored S5 area is marked after tempo-
rary clamping of S5 Glissonean pedicle. Selective isolation 
of the Glissonean pedicle to S5 is crucial in anatomical S5 
segmentectomy, as there are no anatomical landmarks for S5 
segmentectomy. After the S5 Glissonean pedicle is divided, 
parenchymal transection at the lateral and superior side of 
the S5 is performed.

35.6  Laparoscopic Segmentectomy VI (S6)

The small tumor located peripherally in S6 is one of the eas-
ily approachable method for LLR like tumorectomy. 
However, anatomical resection of S6 is complex even in 
open surgery, thus a laparoscopic resection of S6 is also a 
challenging procedure [26].

Before the parenchymal dissection, the right liver is mobi-
lized from the diaphragm and right adrenal gland as in the 
open approach. After cholecystectomy, the Glissonean pedi-
cle to the right posterior section is dissected and isolated. 
Further hepatic parenchymal dissection is performed until 
the branches of the Glissonean pedicles of S6 and segment 7 
(S7) is identified. Temporary clamping of the Glissonean 
pedicle of S6 is performed for confirmation the demarcation 
of S6 based on ischemic line. The S6 Glissonean pedicle is 
then divided with clips or stapler. After marking of ischemic 
line of S6, parenchymal transection is performed.

35.7  Laparoscopic Segmentectomy VII (S7)

Laparoscopic liver resection for tumors located in S7 is a 
challenging procedure [27]. There are several methods for 
anatomoical S7 resection. First, laparoscopic anatomical S7 
segmentectomy via the intrahepatic Gissonean approach 
[28]. After full mobilization of right liver, the major 
Glissonean pedicle of the right posterior section is dissected 
and isolated. Further hepatic parenchymal dissection is per-

formed until the branches of the Glissonean pedicles of S6 
and S7 are reached. The S7 Glissonean pedicle is temporar-
ily clamped to confirm demarcation. Dissection is performed 
until the right hepatic vein (RHV) is exposed. Further dissec-
tion is then continued along the RHV. Second, laparoscopic 
S7 segmentectomy through RHV first approach [29]. After 
fully mobilization of right liver, rotate the whole liver com-
pletely to the left side to approach to the root of RHV. Before 
the parenchymal dissection, the RHV is encircled by vessel 
loop to prepare for massive bleeding. Parenchymal transec-
tion starts from the confluence of hepatic vein and then, fol-
lowed along RHV with ligating small branches 
RHV. Dissection is performed until the Glissonean pedicles 
of S7 is exposed. Then, the S7 Glissonean pedicle is tempo-
rarily clamped to confirm demarcation.

When performing the laparoscopic anatomical S7 seg-
mentectomy, the operative field is difficult to obtain with the 
use of conventional trocar site. And laparoscope and the 
instrument need to be advanced backward and forward over 
a longer distance [30, 31]. Therefore, additional ports 
inserted through the intercostal space (ICS) will be benefi-
cial in overcoming these difficulties [32]. Additional inter-
costal ports are placed at the 7th and 9th ICS (Fig.  35.4). 
When using intercostal trocars, we should be careful to avoid 
intercostal vessel bleeding. Intercostal trocars can be helpful 
to easily access the operative field and manipulate the instru-
ments (Fig. 35.5).

Fig. 35.4 Trocar placement for intercostal space
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35.8  Laparoscopic Segmentectomy 
VIII (S8)

Laparoscopic anatomical S8 resection is still rarely per-
formed due to its unfavorable location for laparoscopic 
approach and technical difficulties [32].

After fully mobilization of right liver, the roots of right 
and middle hepatic vein are identified. After isolation of the 
right main Glissonean pedicle, the pedicle isolation is con-
tinued until the right anterior Glisssonean pedicle is exposed. 
Then, Glissonean pedicle is further dissected to expose the 
Glissonean pedicles of S8, and the pedicle is temporarily 
clamped. After the area of the segment 8 is identified with 
ischemic discoloration, resection of hepatic parenchyma is 
started [33]. Once part of MHV (MHV) is exposed, paren-
chymal resection is proceeded along the plane of the MHV 
until its root is exposed. Posterior side of the S8 is detached 
from the IVC with the retraction of S8 to left side. To save 
the parenchyma as much as possible, the dissection plane is 
performed along the right hepatic vein. Parenchymal tran-
section is performed until confluence of the right hepatic 
vein to IVC is reached.
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Modified ALPPS Procedure

Nobuyuki Takemura, Kyouji Ito, and Norihiro Kokudo

Abstract

In patients with hepatobiliary malignancies located 
around the hepatic hilum or those with multiple meta-
static lesions, a major hepatectomy is the only curative 
treatment. A major hepatectomy functions to remove 
tumor cells concomitant with the hemi-liver or liver 
parenchyma; however, there is a risk of insufficient rem-
nant liver volume, which might cause postoperative mor-
bidity and mortality in these extended hepatectomies. To 
overcome this problem, Makuuchi et al. first introduced 
preoperative portal vein embolization (PVE), which 
increases the volume of the future liver remnant (FLR), 
allowing extended hepatectomy to be performed safely. 
However, there is a maximum volume increase in PVE of 
approximately 40%. The associating liver partition and 
portal vein ligation for the staged hepatectomy (ALPPS) 
procedure was first introduced in 2012, and was shown to 
increase the FLR by up to 80%. Initially, the major prob-
lem of the ALPPS procedure was a high morbidity and 
relatively high mortality compared to these of PVE. To 
overcome this problem, various modifications of the 
ALPPS procedure have been proposed, and satisfactory 
results have been reported. In this section, various modi-
fied ALPPS procedures and their results are presented.

36.1  Introduction

A major hepatectomy is the only curative treatment for 
patients with extensive hepatobiliary malignancies located 
around the hepatic hilum or with multiple bi-lobular meta-
static lesions. A major hepatectomy provides a chance of 
cure by removing tumor cells concomitant with the hemi- 

liver or liver parenchyma. However, there is a risk of insuf-
ficient remnant liver volume, which may lead to postoperative 
live failure in these cases with extended hepatectomy. To 
overcome this problem, Makuuchi et al. first introduced pre-
operative portal vein embolization (PVE), which increases 
the volume of the future liver remnant (FLR), allowing 
extended hepatectomy to be performed safely [1]. However, 
PVE has a maximum volume increase of approximately 
40% [2].

Schnitzbauer et al. introduced combined portal vein liga-
tion and in situ liver partition-induced rapid liver hypertro-
phy of the liver remnant [3], which was later named 
associated liver partition and portal vein ligation for staged 
hepatectomy (ALPPS) [4]. The ALPPS procedure enables a 
rapid FLR increase of up to 80%; despite this improvement, 
initial studies reported very high morbidity and mortality [3, 
5] in compensation for very rapid hepatic hypertrophy. The 
majority of the mortality associated with the ALPPS proce-
dures occurred due to bile leakage and septic complications. 
It is also important to consider the interval to the second 
operation, with early reports suggesting that the second sur-
gery should be performed within 7 to 9 days after the first 
operation [3, 5]. In the ALPPS procedure, even with rapid 
and sufficient liver hypertrophy from the aspect of liver vol-
ume only, the presence of immature hepatocytes in the FLR 
may be one of the reasons for postoperative liver failure after 
the second operation [6]. Furthermore, Olthof et  al. stated 
that the liver volume overestimates liver function measured 
by hepatobiliary scintigraphy [7].

Although there are still some problems that need to be 
overcome, the ALPPS procedure is a novel technique for use 
in patients with extensive, initially unresectable tumors and 
very small FLR volumes, especially as a salvage procedure 
in patients with portal vein embolization/occlusion failure 
[8]. Various modifications have been proposed to overcome 
the problems associated with ALPPS procedures. In this sec-
tion, we introduce the modifications that have led to safer 
ALPPS procedures and discuss their advantages and disad-
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vantages with respect to inducing remnant liver hypertrophy 
in patients with advanced hepatobiliary malignancies with an 
insufficient FLR.

36.2  Discussion

The ALPPS procedure has been introduced as a new treat-
ment strategy for patients with extensive hepatobiliary 
malignancies with a small FLR volume [3, 4]. Originally, the 
ALPPS procedure involved the complete mobilization of the 
right hemi-liver and total parenchymal transection from the 
falciform ligament to the inferior vena cava, in addition to 
the resection of the Glissonian sheath branches of segment 4 
and hepatoduodenal ligament dissection for the ligation of 
the right portal vein (Fig. 36.1). Given the rapid hypertrophy 
of the FLR, the second stage of the hepatectomy was per-
formed 7 or 9 days after the first hepatectomy [3, 5]. Initial 
reports on ALPPS procedures demonstrated high morbidity 
and mortality rates in 12% to 15% of patients, the majority of 
which were due to biliary and infectious complications and 
liver failure [3, 5]. Several modifications have been made to 
reduce these adverse effects, and improved results have been 
reported.

36.2.1  Parenchymal Transection

Total parenchymal transection from the falciform ligament 
to the inferior vena cava was performed in the original 
ALPPS procedure; this had the potential to result in biliary 
complications of the biliary branches of segment 4, as well 
as infectious complications of the ischemic area of segment 

4. More recent experimental and clinical data has shown that 
rapid liver hypertrophy is induced by partial transection of at 
least 50% [9–11]. Furthermore, conducting partial liver tran-
section results in significantly lower morbidity and mortality 
[9, 10].

36.2.2  Hepatoduodenal Ligament Dissection

Cholecystectomy and the dissection of the hepatoduodenal 
ligament are essential to correctly approach the right portal 
vein for ligation; however, this tends to cause dense adhesion 
around the hepatic hilum and increases the difficulty of the 
second stage hepatectomy [10]. Another problem with hepa-
toduodenal ligament dissection is the risk of tumor exposure 
when the tumor is located close to the hepatic hilum. In order 
to avoid the skeltonization of the hepatoduodenal ligament, 
the transhepatic approach or the approach via the mesenteric 
vein have been proposed for intrahepatic portal vein occlu-
sion [12–15]. If it is difficult to puncture the portal vein 
because of the presence of multiple bi-lobular tumors, the 
occlusion approach to the intrahepatic portal vein can be 
shifted from the transhepatic to the inferior mescenteric or 
ileocecal portal vein instead.

36.2.3  Interval Between the First and Second 
Stage Hepatectomy

The main feature of the ALPPS procedure is the rapid hyper-
trophy of the FLR, which makes it possible to perform a sec-
ond hepatectomy, even with a short interval. Initial reports 
advocated that the rapid hypertrophy of the procedure 
enabled a second hepatectomy within an interval of 7 to 
9  days after the first operation [3, 5]. However, there are 
debates on whether liver hypertrophy truly reflects sufficient 
functional recovery of the liver. Indeed, microscopic exami-
nation and hepatobiliary scintigraphy of the FLR after the 
ALPPS procedure have highlighted the risk of hepatocyte 
immaturity and insufficient liver functional recovery [6, 7]; 
thus, delayed second surgery of the ALPPS procedure is cur-
rently recommended [7, 16].

These modifications are shown in Fig. 36.2.

36.2.4  Various Modified Subtypes 
of the ALPPS Procedure

36.2.4.1  Partial ALPPS
Petrowsky et al. first introduced partial transection (50% to 
80% transection of the complete transection plane) in the 
first stage of the operation. This modification was based on 
their experimental models and the hypothesis that partial 

Fig. 36.1 Conventional ALPPS procedure with total parenchymal 
transection to the inferior vena cava, with resection of the Glissonian 
branches of segment 4, full mobilization of the right hemiliver, and 
hepatoduodenal ligament dissection

N. Takemura et al.
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parenchymal transection triggers a comparable degree of the 
regeneration of the FLR to complete transection and reduces 
postoperative complications [9]. This modification, named 
Partial ALPPS, achieved reduced morbidity and mortality 
and is currently the standard modification of the ALPPS 
procedure.

36.2.4.2  Hybrid ALPPS
Li et al. suggested an alternative ALPPS method that con-
sisted of three steps: parenchymal splitting, right PVE, and 
two-stage hepatectomy, named hybrid ALPPS [12]. This 
method can avoid adhesion around the hepatic hilum, and 
can be applied even when the tumor is located close to the 
hepatic hilum. However, this approach is difficult in cases 
with multiple bi-lobular tumors as it is difficult to ensure an 
adequate transhepatic puncture line from the body surface.

36.2.4.3  Mini-ALPPS/ALPTIPS
De Santibanes et al. proposed a modification of the ALPPS 
procedure, known as the “Mini-ALPPS” technique, in which 
partial parenchymal transection combined with intraopera-
tive PVE is performed via the inferior mesenteric vein with 
minimum liver mobilization [13]. A similar modification 
was reported by Sakamoto et al., who used the ileocecal vein 
approach for PVE as an alternative to the inferior mesenteric 
vein [14, 15]. Both modifications can avoid dense adhesion 
around the hepatic hilum during the second stage hepatec-
tomy. Furthermore, these procedures can be performed when 
the tumors are located close to the hepatic hilum without 
tumor exposure and in cases with multiple bi-lobular tumors 
where transhepatic puncture of the portal vein may be 
difficult.

36.2.4.4  Segment 4 Portal Pedicle-spared 
ALPPS

In five patients, Tanaka et al. reported a modification of the 
ALPPS procedure that avoids the division of the portal pedi-
cle and prevents parenchymal necrosis due to ischemia. 
Portal vein ligation was performed using this method; how-
ever, the ligation of the Glissonian sheath branches of the 
additional hepatic area in the future liver removed are pre-
served [17]. Since the term “modified ALPPS” is misleading 
in this chapter, we have changed it to “Segment 4 portal 
pedicle-spared ALPPS,” derived from their procedures. Of 
course their modification of the preserved portal pedicle 
were not only segment 4 branch, however, considering the 
original ALPPS procedure which completely divide portal 
pedicle of segment 4, this nomenclature seems to be a good 
reflection of their modification. This modification achieved 
rapid liver hypertrophies, which were almost identical to 
those of the original ALPPS procedure without the associ-
ated mortality.

36.2.4.5  Tourniquet ALPPS
Robles et al. reported using a tourniquet as an alternative to 
parenchymal splitting [18]. In this procedure, a tourniquet 
was placed around the parenchymal transection line using 
the hanging maneuver, and the right portal vein was ligated 
and cut. Although this modification is easy to perform during 
the first stage of the operation, during the second stage, 
severe adhesion occurs around the hepatic hilum, which 
requires a longer operation time because parenchymal tran-
section was not performed during the first stage. Furthermore, 
two mortalities were reported in their initial report, even with 
the modification.

36.3  Conclusion

The ALPPS procedure provides a potential cure for patients 
with extensive and initially unresectable hepatobiliary malig-
nancies with a small FLR. Various modifications have been 
proposed to overcome the high morbidity and mortality asso-
ciated with the ALPPS procedure; these include reduced 
hepatic parenchymal transection, no bile duct resection, no 
dissection of the hepatoduodenal ligament, laparoscopic 
approach, and avoiding the mobilization of the right hemi- 
liver. However, the safest approach to increase the FLR is 
PVE, and the indication of the ALPPS procedure should be 
limited to patients with a very small FLR or failure of 
PVE.  Even with the rapid hepatic hypertrophy associated 
with the ALPPS procedure, a second hepatectomy should be 
performed following the maturation of the hepatocytes in the 
FLR. The modifications mentioned in this section should be 
selected on a case-by-case basis in order to increase the 
safety of the ALPPS procedure.

Fig. 36.2 Modified ALPPS procedure with half parenchymal transec-
tion without resection of the Glissonian branches of segment 4, without 
mobilization of the right hemiliver, and without hepatoduodenal liga-
ment dissection. Portal vein occlusion is done transhepatic approach or 
trans superior/inferior mesenteric vein approach
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Artery-First Approach 
in Pancreaticoduodenectomy

Daisuke Ban and Minoru Tanabe

Abstract

Due to its anatomical characteristics, cancer of the pan-
creatic head often invades the superior mesenteric vein 
(SMV), the portal vein (PV), and the plexus surrounding 
the superior mesenteric artery (SMA). Several different 
approaches to pancreaticoduodenectomy (PD) have been 
proposed in order to achieve R0 resection.

37.1  Introduction

Due to its anatomical characteristics, cancer of the pancre-
atic head often invades the superior mesenteric vein (SMV), 
the portal vein (PV), and the plexus surrounding the superior 
mesenteric artery (SMA). Several different approaches to 
pancreaticoduodenectomy (PD) have been proposed in order 
to achieve R0 resection.

The mesenteric approach established by Nakao [1] in the 
1990s is based on the concept of isolated pancreatectomy, in 
which the SMA and SMV are first dissected without kocher-
ization. The concept of the artery-first approach to divide 
the SMA from the pancreatic head by approaching the SMA 
at an early stage of the PD procedure seems to have origi-
nated in the mesenteric approach of Nakao et  al. Later, 
Pessaux et  al. reported a comprehensive variety of 
approaches for the treatment of pancreatic head cancer with 
suspected SMA invasion [2]. The term “artery-first 
approach” proposed by Weitz et al. has now become widely 
used internationally [3].

37.2  Artery-First Approaches in PD

Unlike in artery-first PD, the standard PD procedure is to 
dissect the gastroduodenal artery, perform a bile duct dissec-
tion, perform pancreatic dissection, ligate and dissect the 
small vessels flowing from the pancreatic head to the SMV, 
and finally dissect the space between the pancreatic head and 
the SMA. In contrast, artery-first PD is a procedure to sepa-
rate the pancreatic head from the SMA by ligating and dis-
secting the blood vessels feeding the it from the SMA, 
mainly the first jejunal artery (FJA) and inferior pancreato-
duodenal artery (IPDA) at the root, at an early stage of sur-
gery. The advantages of an artery-first approach are that 
resectability can be determined at an early stage of the pro-
cedure and the amount of blood loss during surgery can be 
reduced because the feeding vessels are blocked [4–11]. The 
relative anatomical position of the pancreatic head to unci-
nate is dorsal to the origin of the SMA; bleeding from the 
SMA or SMV can be fatal. The approach is not always easy, 
as it is often accompanied by tumor invasion and inflamma-
tion. In order to ensure the safety and curative potential of 
the procedure, various approaches to the SMA from different 
directions have been proposed, and several names have been 
given to the same approach. We have modified the terminol-
ogy summarized by Sanjay et al. [12] and revised it as shown 
in Fig. 37.1.

37.3  Right-Posterior Approach

For the right-posterior approach, kocherization is performed 
first. (Fig. 37.2) The duodenum and the head of the pancreas 
are sufficiently mobilized to dissect the fusion fascia of 
Treitz, expose the inferior vena cava (IVC) and the origin of 
the left renal vein, and proceed with dissection to the aorta. 
The pancreatic head is lifted and the fibrous tissue around the 
origin of the SMA is dissected to identify and divide the 
IPDA. The SMA is then separated from the uncinate. Further 
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dissection then proceeds in order to expose the PV-SMV. The 
advantage of this approach is that it allows for early assess-
ment of resectability by determining the extent to which the 
tumor has invaded the SMA plexus prior to treatment of the 
intestinal and bile ducts. In addition, appropriate en bloc 
resection of the posterior side of the pancreas can be per-
formed. On the other hand, it is easily affected by adhesions 
and inflammation around the pancreatic head. It is also easily 
influenced by body shape, which may make this procedure 
difficult in obese patients.

Dumitrascu et al. compared artery-first PD with standard 
PD [9]. They reported that artery-first PD can be completed 
faster and with less blood loss, and with no difference in 
postoperative complications. Figueras et al. conducted a sim-
ilar study and also found that artery-first PD required less 
time, resulted in less blood loss, again with no difference in 

postoperative complications [13]. Moreover, the number of 
lymph nodes dissected and the rate of R0 resection were the 
same for both procedures in both reports, and the prognosis 
was not affected.

In laparoscopic PD, some articles described surgical pro-
cedure for approaching from the posterior side of the 
SMA. Wang et al. reported the usefulness of the inferior duo-
denal approach [14]. This method approaches from behind 
the SMA. The PV/SMV was also exposed from the posterior 
side. Honda et al. reported a similar approach that exposed 
the posterior aspect of the SMA from the caudal side [15].

37.4  Right-Uncinate Approach

There are many reports on approaching from between the 
ventral side of the pancreatic uncinate and the SMV. 
(Fig. 37.3) Depending on the structure to be identified first, 
the name of the approach varies. Reports that focus on the 
pancreatic uncinate are called “uncinate-first” and those that 
focus on the first jejunal vein (FJV) that flows into the SMV 
adjacent to the pancreatic uncinate are called “FJV-first”. 
When dissecting between the pancreatic uncinate and the 
SMV, it is necessary to dissect several small veins that flow 
into the FJV [16]. After that vein is divided, the inferior pan-
creatoduodenal artery (IPDA) is dissected to separate the 
pancreatic uncinate from the SMA.

In 2007, Shukla et al. reported a complete approach to the 
SMA/SMV by dissecting the ligament of Treitz and the 

Fig. 37.1 Artery-first approaches for pancreaticoduodenectomy. RP 
right-posterior approach, U right-uncinate approach, M mesenteric 
approach, LP left-posterior approach

Fig. 37.2 Right posterior artery for pancreaticoduodenectomy

Fig. 37.3 Right posterior artery for pancreaticoduodenectomy. SMA 
superior mesenteric artery, SMV superior mesenteric vein
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proximal jejunum and passing them to the right under the 
superior mesenteric vessels [17]. In 2010, Hackert et  al. 
reported an “uncinate-first” approach to first dissect between 
the pancreatic uncinate and SMA [18]. Nakamura et  al. 
reported that the FJV can be identified first, after which the 
SMA can be accessed for a safer approach. Shrikhande et al. 
reported advantages in terms of blood loss, reduced opera-
tive time, postoperative complications, lymph node dissec-
tion, and margin status.

Although not necessarily artery-first, there are also many 
reports on approaching from the pancreatic uncinate when 
performing laparoscopic PD. Zimmitti et al. reported that the 
right-uncinate approach is useful as an artery-first approach 
in laparoscopic PD [19, 20]. However, it is also true that the 
right-uncinate approach often overlaps with the right- 
posterior approach in some procedural elements, and it is dif-
ficult to clearly classify them. The Cattell-Braasch maneuver 
involves dissecting the right-sided white line of Toldt, dissect-
ing the dorsal side of the ascending colon and the mesentery 
of the small intestine, and additionally performing sufficient 
kocherization to elevate it broadly to the left, including the 
pancreatic head of the duodenum. This method ensures that 
the root of the SMA can be approached [21, 22]. There is also 
the derotation technique by Sugiyama et al. to be considered. 
This is a method to expand the mesopancreas to the right side 
by generously dissecting the proximal small intestine from 
the duodenum, releasing the mesenteric rotation, and exten-
sively pulling the mesopancreas to the right side in order to 
reliably approach the root of the artery branching from the 
SMA to the pancreatic head [23, 24]. This approach is gener-
ally easier to understand anatomically because of the traction 
deployment of the pancreatic head, and it is easier to deter-
mine the resectability between the SMA and the tumor on the 
ventral side of the pancreatic head.

37.5  Mesenteric Approach

In 1993, Nakao et al. proposed a mesenteric approach to pan-
creatic head resection using a catheter to bypass SMV blood to 
the intrahepatic portal vein or systemic circulation as an iso-
lated pancreatectomy. They proposed to call this the mesen-
teric approach. This method identifies the SMA and SMV 
through an incision in the fascia over the SMA on the dorsal 
side of the transverse mesentery without kocherization, with 
or without portal vein bypass; the middle colonic artery aris-
ing from the SMA and the middle colonic vein flowing into 
the SMV are dissected, and the SMA and SMV are widely 
separated. (Fig. 37.4) Next, the SMA origin is entered from 
the right side of the pancreatic uncinate and SMA to widen the 
space between the SMA and SMV. This technique is basically 
synonymous with the inferior infracacolic approach proposed 
by Weitz et al. in 2010. This method can be used to evaluate 

resectability by confirming the relationship between the tumor 
and SMA in the head of the pancreas at an early stage of sur-
gery. It is undoubtedly useful for tumors in the pancreatic 
uncinate area. Unfortunately, whether there is any oncological 
benefit has not been established. Currently, a randomized con-
trolled trial of this technique compared with standard PD is 
underway in Japan, and the results are eagerly awaited [25].

37.6  Left-Posterior Approach

Kurosaki et al. reported data on the left-posterior approach 
[26]. After the proximal jejunum and duodenum are dis-
sected and innervated from the left side, the proximal jeju-
num is towed to the left side, exposing the dorsal side of the 
mesentery and the left to dorsal side of the SMA. (Fig. 37.5) 
The first jejunal artery arising from the SMA is then dis-
sected at the root. The root of the first jejunal artery or the 
IPDA branching from the first jejunal artery is also dissected. 
Once it is confirmed that there is no tumor invasion between 
the pancreatic uncinate and the SMA, the jejunum is dis-
sected. The SMV is not visible in this field of view, so we 
approach it again from the right. Kawabata et al. reported the 
oncological benefit of the mesenteric approach as well as 
resection of the mesopancreatoduodenum [27]. This 
approach can be used to reach the SMA without mobilization 
of the duodenum or colon and may be particularly useful for 
tumors in the pancreatic uncinate. However, this approach is 
often difficult by laparoscopy and few cases have been 
reported [28].

Fig. 37.4 Mesenteric approach. SMA superior mesenteric artery, SMV 
superior mesenteric vein, U uncinate, T-colon transverse colon
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37.7  Anterior Approach

The SMA/SMV is approached anteriorly from the inferior 
border of the pancreas, and the SMA secured and pulled to 
the left side. The SMV is then secured and pulled to the 
right side. The method is to dissect the SMA and the pancre-
atic uncinate by extracting the tissue between them. In 2010, 
Hirota et al. designated this procedure an inferior supracolic 
approach, and in the original report, the approach was to 
dissect the stomach at the pylorus and the pancreas at the 
pancreatic neck, exposing a wide PV-SMV and SMA [29]. 
The advantage of this method is that it allows for en bloc 
resection by isolating the blood vessels without touching the 
tumor. However, a disadvantage of the original method as 
reported by Hirota et al. was that gastrectomy and pancre-
atic resection are not always necessary to evaluate resect-
ability. In this sense, it is not clear whether the method of 
Hirota et al. can be called artery-first. In the method reported 
by Inoue et al., SMA/SMV is approached prior to the dis-
section of the digestive tract and pancreatic dissection, 
which is truly an artery-first anterior approach [8]. 
(Fig. 37.6).

37.8  Mesopancreatic Resection

Although various artery-first techniques have been proposed, 
the main objective is to resect the pancreatic head from the 
SMA en bloc leaving no residual tumor. Similarly, the con-
cept of resection of the mesopancreas overlaps with the con-
cept of artery-first. However, the definition of mesopancreas 
is often problematic because it is related to the extent of 
resection. Gockel et al. referred to the chordae, or fiber bun-
dles, between the blood vessels and the pancreas, as the 
mesopancreas [30]. It was described as “a vascular-rich con-
nective tissue extending from the dorsal surface of the pan-
creatic head to the SMV/SMA, histologically containing fat, 
sparse connective tissue, and nerve fibers”. Kawabata et al. 
proposed the concept of mesopancreatoduodenum for the 
region including the mesopancreas and the duodenal mesen-
tery up to the left margin of the SMA. They then reported 
that there was an oncological benefit to be derived from sec-
tioning at the root of the first jejunal artery to resect the 
mesopancreatoduodenum [27]. Wu et al. suggested dividing 
the mesopancreas into an anterior part up to the dorsal portal 
vein and a posterior part between it and the SMA [31]. In 
contrast, Sharma and Isaji pointed out that the term “meso-” 
evokes the mesentery (mesorectum, mesocolon, etc.) but is 
not an appropriate term because it does not meet the defini-
tion of mesentery and is better referred to as pseudomeso-

Fig. 37.5 Left-posterior approach. SMA superior mesenteric artery, 
SMV superior mesenteric vein, U right-uncinate approach, T-colon 
transverse colon

Fig. 37.6 Anterior approach. SMA superior mesenteric artery, SMV 
superior mesenteric vein, U right-uncinate approach, T-colon transverse 
colon
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pancreas [32]. However, it is also convincing that it is hard to 
abandon the idea that this fiber bundle is a membrane- 
enclosed structure. If viewed dorsally, this is because the 
celiac plexus and this fiber bundle are separated by Treitz’s 
posterior pancreatic fascia [33]. Muro et  al. [34], through 
anatomical analysis of the pancreatic plexus region, revealed 
that the fibers are quite intricately intertwined and can be 
divided into ventral and dorsal portions with different runs. 
This led to the proposal to call the layered chord-like struc-
tures, together with small blood vessels and lymphatic ves-
sels, the P-A ligament that connects the aorta and its main 
branches to the pancreas. In the area surrounding the pan-
creas, there are many variations in the trajectories of the 
arteries, and therefore, the paths of the nerves are also very 
complicated.

As mentioned above, the extent of resection of the meso-
pancreas is quite variable among institutions. The artery-first 
approach is a concept for which it is easier to arrive at a com-
mon understanding in respect of the terminology. On the 
other hand, it should be noted that the details of the extent of 
resection are fraught with problems such as the issue of the 
mesopancreas. From this point of view, the Level I, II, and III 
classification proposed by Inoue et al. is a very realistic strat-
ification that is one step ahead of artery-first [35].

37.9  The Outcome of Artery-First 
Approaches

Unfortunately, there still appear to be no high-quality reports 
on the short- and long-term surgical outcomes of artery-first 
approaches relative to standard PD.  Several retrospective 
comparative studies have reported a reduction in operative 
time, intraoperative blood loss, and need for blood transfu-
sion [9, 35]. There are reports of improved R0 resection 
rates, increased number of resected lymph nodes [27], and 
improved prognosis [26]. However, many others have not 
been able to show any oncological benefit. There have been 
several meta-analyses comparing artery-first PD with stan-
dard PD. According to some meta-analyses [36–38], intraop-
erative blood loss and the proportion of patients requiring 
intraoperative transfusions was significantly lower in the 
artery-first group. Clearly increased R0 resection rates and 
overall survival have been reported for artery-first 
PD. However, there were no differences in mortality, and no 
differences in tumor pathological factors.

The artery-first approach is considered to improve R0 
resection with respect to SMA margins by reliably dissecting 
the SMA nerve plexus in close proximity to the pancreatic 
head during dissection from the SMA.  The principle that 
completes margin-negative resection leads to improved sur-

vival has facilitated the artery-first approach. It is also 
hypothesized that the artery-first approach reduces intraop-
erative circulating tumor cells (CTCs), which may contribute 
to improved survival. This is based on the theory that the 
GDA and IPDA are dissected prior to kocherization, and the 
veins are also dissected to prevent the outflow of CTCs. A 
recent report showed that CTCs in the portal vein were sig-
nificantly reduced in 12 patients who underwent artery-first 
PD, and that the MST of standard PD was 13.0  months, 
while that of artery-first PD was improved to 16.7 months 
[39]. Because of the small size of this cohort, we have to be 
careful in the interpretation of these results. In fact, accord-
ing to a report by Yamamoto et  al., among the reports of 
artery-first approaches, kocherization is often preceded by 
arterial dissection, and the order of intestinal dissection and 
pancreatic dissection varies [40].

There are many reports that the surgical advantage of the 
artery-first approach is that early dissection of the IPDA 
prior to dissection of the veins in the outflow tract prevents 
congestion in the pancreatic head and reduces intraoperative 
bleeding. Intraoperative bleeding is a risk factor for postop-
erative complications, which may have led to a reduction in 
postoperative complications in artery-first PD.

Here, it should be mentioned that there are some limita-
tions to the reports so far, all of which are on non- randomized 
and retrospective studies. One of the advantages of the 
artery-first approach is that resectability is determined early 
in the surgery, which may result in a relative increase in sur-
vival due to the exclusion of advanced cases and hence act as 
a selection bias. It is unfortunate that there are few reports on 
negative laparotomy; and there seem to be no reports at all 
describing the rate of failure to undergo PD after an artery- 
first approach. On the other hand, it is also possible that these 
reports show biased results reflecting the enhanced ability of 
the experts in high-volume centers to implement the artery- 
first approach. Even though the artery-first approach is not a 
new technique, it is difficult to collate high-quality evidence. 
This is due to the heterogeneity in patient backgrounds and 
the technical demands made on the surgeons who perform 
the procedures. However, an RCT of the mesenteric versus 
standard approach is currently underway in Japan, and the 
results are eagerly awaited [25].

37.10  Summary

In performing PD for pancreatic head cancer, especially for 
advanced pancreatic head cancer, it is essential to consider 
(1) curative resection, (2) appropriate evaluation of resect-
ability, and (3) safe resection. Therefore, the approach to the 
SMA, which is the most critical stage of the procedure, is the 
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key. How to evaluate the status of SMA and tumor in the 
pancreatic head at the early stage of surgery and how to 
surely and safely proceed are important issues for the perfor-
mance of safe and curative surgery. Various approaches that 
have been proposed have been described in the literature, all 
of which have their strengths and weaknesses depending on 
the individual condition of the tumor in the pancreatic head 
cancer patient. These variables include the size of the tumor, 
whether it is ventral or dorsal to the pancreatic head, and 
whether it is in the pancreatic uncinate. I believe that most 
experts do not stick to a single approach, but rather combine 
and use several approaches depending on the situation with 
the individual patient. I would like to encourage surgeons 
who are learning PD to benefit from the approaches that 
experts have developed so far, and to become familiar with 
multiple approaches to ensure a reliable artery-first approach.
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Organ- and Parenchyma-sparing 
Pancreatic Surgery

Calogero Iacono, Mario De Bellis, Andrea Ruzzenente, 
and Alfredo Guglielmi

Abstract

Conventional pancreatectomies, such as pancreaticoduo-
denectomy and distal and total pancreatectomy, result in 
an important loss of normal pancreatic parenchyma and 
the nearby organs (spleen, upper digestive tract, and 
common bile duct). In addition, these procedures involve 
significant mortality, high morbidity, and long-term dis-
orders, including infections, thromboembolic complica-
tions, digestive disorders, pancreatic exocrine 
insufficiency, and diabetes. Although conventional pan-
createctomies are mandatory for malignant tumor, they 
are an overtreatment for benign tumors as healthy func-
tional pancreatic parenchyma is sacrificed, especially in 
young patients with long life expectancy. Unfortunately, 
enucleation is not always advisable in lesions of uncertain 
histology or those deeply located in the pancreatic gland 
owing to the risk of a positive surgical margin or injury to 
the main pancreatic duct, respectively. Since the 1980s, 
the prospects for pancreatic resection have widened with 
the development of organ- and parenchyma-sparing pan-
creatic surgery (OPSPS) for benign or low-grade malig-
nant tumors involving isolated or multiple segments of 
the pancreas. New operations, such as spleen-preserving 
distal pancreatectomy, duodenum-sparing pancreas head 
resection, dorsal pancreatectomy, resection of the ventral 
or uncinate process of the pancreas, middle-preserving 
pancreatectomy, and central pancreatectomy (the 
Dagradi-Serio-Iacono operation), aim to preserve pancre-
atic exocrine and endocrine function, spare the nearby 
organs, ensure oncological radicality, and achieve better 
quality of life after surgery. In fact, according to vascular 
anatomy and embryological development, the pancreatic 
gland is divided in four segments and each of these can be 
resected independently. In experienced hands, OPSPS is 

technically feasible and can be performed with low mor-
tality. Early morbidity is greater than that achieved using 
standard resection owing to the high rate of postoperative 
pancreatic fistula. However, most of these pancreatic 
leakages are managed conservatively. Furthermore, pos-
sible poor short-term outcomes are counterbalanced by 
the preservation of pancreatic endocrine and exocrine 
function and the low rate of reoperations for tumor recur-
rence. Currently, OPSPS can also be performed by lapa-
roscopic or robotic approach achieving better results in 
term of blood loss, operative time, hospital stay, recovery 
and scarring. Careful case selection, accurate pre- and 
intraoperative evaluation of the lesion, and experience in 
pancreatic surgery are required for optimal results.

38.1  Introduction

Conventional pancreatic resections for malignant and benign 
tumors are pancreaticoduodenectomy (PD), distal pancre-
atectomy (DP), and total pancreatectomy (TP). Severe mor-
bidity remains high despite advances in decreasing 
postoperative mortality below 4%, as reported by high- 
volume centers. In addition, these standard surgical proce-
dures are associated with long-term disorders, including 
infections, thrombotic complications, digestive disorders, 
pancreatic exocrine insufficiency, and diabetes.

Conventional pancreatectomies are mandatory for malig-
nant tumors; however, they are considered an overtreatment 
of benign tumors as the healthy functional pancreatic paren-
chyma is sacrificed, especially in young patients with long 
life expectancy. In fact, standard pancreatic resections are 
burdened by disappointing results in terms of deficit in endo-
crine and exocrine function in the long term. This has a nega-
tive impact on quality of life (QOL) and increases the cost of 
pancreatic enzyme replacement therapy and anti-diabetic 
drugs. Furthermore, because overall survival after pancreatic 
resections continues to improve, postoperative pancreatic 
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insufficiency has become increasingly important to consider 
as may lead eventually to malnutrition, maldigestion, and 
nutritional deficiencies. The frequency, degree, and long- 
term persistence of endocrine and exocrine dysfunction var-
ies depending on pre-existing conditions, benign or malignant 
diseases, the amount of pancreatic parenchyma saved, the 
pancreatic resection type, and follow-up duration. Roughly, 
the incidence of new-onset diabetes mellitus (NODM) and 
exocrine pancreatic insufficiency after PD is 22% and 53%, 
respectively [1]. Likewise, the incidence of NODM in 
patients undergoing DP ranges 14–39% [2]. Many patients 
subsequently develop insulin-dependent diabetes mellitus.

In theory, pancreatic enucleation (EN) is the most optimal 
surgical option used to preserve the maximum amount of 
normal parenchyma and reduce the risk of endocrine and 
exocrine insufficiency. Surgeons also favor this method 
because it does not require digestive tract reconstruction. 
Nevertheless, the benefits of this approach could be jeopar-
dized by an increase in tumor recurrence and postoperative 
morbidity. In fact, EN is contraindicated in malignant cases, 
and it is not advisable in tumors of uncertain histology since 
it does not ensure an adequate surgical margin nor facilitate 
systematic regional lymph node dissection. Moreover, EN 
can only be performed when the lesion fulfills anatomic and 
technical considerations. The relationship between the lesion 
and the main pancreatic duct (MPD) is the most important 
and limiting factor. Indeed, duct injury can lead to high- 
output and prolonged pancreatic fistula (PF), a source of 
severe postoperative complications. Thus, EN can be per-
formed in a minority of patients diagnosed with pancreatic 
lesions; the selection is based on the biological behavior and 
localization of the tumor within the pancreatic parenchyma.

Since the 1980s, the prospects for pancreatic resection have 
widened owing to the development of organ- and parenchyma- 
sparing pancreatic surgery for tumors involving isolated or 
multiple segments of the pancreas. In fact, according to vascu-
lar anatomy and embryological development, the pancreatic 
gland can be divided into four segments (i.e., the anterior head, 
body, and tail [originating from dorsal pancreas] and the pos-
terior head [ventral pancreas]), and each one can be resected 
independently [3]. These new operations, such as spleen-pre-
serving DP (SPDP), duodenum- preserving pancreatic head 
resection (DPPHR), central pancreatectomy (CP), dorsal pan-
createctomy, the resection of the ventral or uncinate process of 
the pancreas, and middle-preserving pancreatectomy (MPP), 
aim to preserve pancreatic exocrine and endocrine function, 
spare the nearby organs, ensure oncological radicality, and 
achieve better QOL after surgery.

The main indications for OPSPS are: (1) benign or low- 
grade malignant tumors (neuroendocrine tumors, serous and 
mucinous cystadenomas, noninvasive branch duct type intra-
ductal papillary mucinous neoplasms (IPMN) [4], and small 
solid pseudopapillary tumors, (2) non-neoplastic cysts (sim-

ple lymphoepithelial or hydatid cysts) not suitable for EN, 
and (3) isolated pancreatic metastases (especially from renal 
cancer).

38.2  Organ-Sparing Techniques

38.2.1  Spleen-Preserving Distal 
Pancreatectomy

SPDP should always be considered when patients have non- 
malignant disease. Several middle- and long-term complica-
tions, such as abdominal abscesses, thrombocytosis, 
pulmonary hypertension, venous and arterial thrombosis, 
and overwhelming infection, have been described after sple-
nectomy. Furthermore, splenectomized patients should be 
vaccinated against pneumococcus, Haemophilus influenzae 
type b, and meningococcus at additional cost to the national 
health system. On the contrary, SPDP is associated with a 
low rate of postoperative complications, especially infec-
tious ones.

SPDP can be carried out in two different ways, either by 
splenic vessels resection, as proposed by Warshaw, or by 
splenic vessels preservation, as proposed by Kimura 
(Fig. 38.1). The resection of splenic vessels reduces blood 
supply to the spleen, along with the risk of splenic infarction, 
which requires a subsequent splenectomy. Moreover, an 
increased blood flow through the short gastric veins may 
cause gastric varices, with a consequent small risk of bleed-
ing. Both procedures can be performed using a minimally 
invasive [5] or open approach; however, splenic vessels pres-
ervation ensures better outcomes. Some surgeons have 
expressed concerns about Warshaw’s procedure and would 
rather perform a splenectomy if splenic vessels preservation 
is unfeasible.

38.2.2  Duodenum-Preserving Pancreatic Head 
Resection

Growing evidence supports the use of DPPHR to remove 
benign lesions located in the pancreatic head. Nonetheless, the 
use of the DPPHR involves two major challenges: oncological 
radicality and having to avoid ischemic duodenal lesions.

Radical extirpation necessitates segmental resection of 
the duodenal wall in the peripapillary region. Although dis-
section of the pancreatic head from the duodenal wall (i.e., 
roughly 3 cm on both sides of the papilla major) is easy to 
perform, total resection of the pancreatic head can result in 
devascularization of the duodenal segment, with the risk of 
ischemic lesions.

Blood supply to the duodenum is provided by the ante-
rior and posterior branches of the gastroduodenal artery 
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a b

Fig. 38.1 Spleen preserving distal pancreatectomy with splenic ves-
sels preservation for a mucinous cystadenoma of the pancreatic body/
tail. Intraoperative image showing a large pancreatic cystic lesion of the 

body/tail (a). Isolation of the pancreatic body/tail from splenic vein (b). 
Preservation of splenic artery and vein (c). Pancreatic specimen (d)

c d

(GDA) and the corresponding branches of the inferior pan-
creaticoduodenal arcades and the supraduodenal artery. 
The papilla of Vater maintains the blood supply derived 
from the posterior GDA and the posterior branches of the 
inferior pancreaticoduodenal artery. Dissection of the pan-
creatic head results in an interruption to the arterial blood 
and nerve supply to the papilla area and surrounding duo-
denal wall.

To avoid ischemic lesions in the duodenal segment, pres-
ervation of the anterior inferior pancreaticoduodenal arcade, 
which runs along the duodenal wall, and the anterior superior 
pancreaticoduodenal arcade from the GDA, is necessary. 
Conversely, the posterior superior and inferior pancreatoduo-
denal arcades may be completely divided without negatively 
impacting regarding duodenal wall perfusion.

DPPHR and conventional PD outcomes compare favor-
ably. Notably, the DPPHR procedure preserves pancreatic 

endocrine and exocrine function and is characterized by low 
rates of surgery-related morbidity, clinically relevant PF, 
reinterventions, and hospital mortality [6].

38.3  Parenchyma-Sparing Techniques

38.3.1  Central Pancreatectomy (The Dagradi- 
Serio- Iacono Operation)

CP is a segmental pancreatic resection that is indicated for 
the removal of benign or low-grade malignant isthmus 
tumors and proximal part of the pancreas body (Fig. 38.2). It 
is also known as middle pancreatectomy, medial pancreatec-
tomy, intermediate pancreatectomy, limited conservative 
pancreatectomy, and the Dagradi-Serio-Iacono operation [7]. 
This technique was first performed for an insulinoma of the 
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a b
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Fig. 38.2 Central pancreatectomy for an insulinoma of the pancreatic 
isthmus. Small hypervascular lesion in the neck of the pancreas (black 
arrow) showed by angiography (a). Intraoperative image of the pan-
creas with no visible lesion (b). Intraoperative ultrasonography shows 
the tumor (*) deeply located in the pancreatic parenchyma, superior 
mesenteric vein (SMV), superior mesenteric artery (SMA), and splenic 
vein (SV) (c). Proximal and distal pancreatic stumps after resection of 

the pancreatic isthmus (d). Pancreatic specimen cut open to show the 
relationship between the insulinoma and the Wirsung’s duct (e). The 
proximal pancreatic stump can be closed with “mattress” stitches after 
selective closure of the main pancreatic duct with a figure-of-eight 
stitch and the distal pancreatic stump can be anastomosed with the jeju-
num by a Roux-en-Y end to end pancreaticojejunostomy (f)
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pancreatic isthmus in 1982. A few years later, it was described 
in the Enciclopedia Medica Italiana by Dagradi and Serio. 
Subsequently, Iacono validated it using functional endocrine 
and exocrine tests, popularizing it worldwide [8].

Incisions are made in the posterior peritoneum along the 
superior and inferior margins of the central segment of the 
pancreas. After passing a vessel loop around the isthmus, 
the spleno-mesenteric axis is dissected free from the poste-
rior surface of the gland dividing some pancreatic veins. 
Another vessel loop is passed around the splenic artery, and 
its collaterals, including the dorsal pancreatic artery, are 
divided.

Surgeons should be aware that a large dorsal pancreatic 
artery raises a high index of suspicion of a pancreatic vas-
cularization of the body/tail maintained exclusively by the 
transverse pancreatic artery (i.e., the left branch of the dor-
sal pancreatic artery). This vascular variant (type III, 
according to Mellière and Moullè) means that CP is contra-
indicated owing to the risk of necrosis in the left pancreas 
(Fig. 38.3).

The transection limit of the gland is the GDA on the 
cephalic side, while on the caudal side the authors suggest 
sparing at least 5 cm of pancreatic tail with no signs of atro-
phy. The specimen should be sent to the pathologist for the 

a

b

c

Fig. 38.3 Anatomical 
vascular contraindication to 
central pancreatectomy. 
Schematic representation of 
the Mellière and Moullè type 
III vascularity of the pancreas 
(a). Angiography shows 
pancreatic vascularization of 
the body/tail maintained 
exclusively by the transverse 
pancreatic artery (white 
arrow), that is the left branch 
of the dorsal pancreatic artery 
(red arrow) (b). Spleen- 
preserving distal 
pancreatectomy with splenic 
vessel preservation can be 
performed instead of central 
pancreatectomy (c)
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frozen section procedure to confirm the diagnosis and deter-
mine if the resection margin is tumor-free. In the case of a 
positive surgical margin, the resection can be extended fur-
ther, but if the pathologist diagnoses malignant disease, the 
operation has to switch to PD or DP with extended lymphad-
enectomy, depending on extension of the lesion toward the 
pancreatic head or body/tail.

If IPMN are identified, pancreatoscopy can be performed, 
just after resection, through MPD in both stumps to rule out 
other ductal lesions. The cephalic stump can be closed with 
“mattress” stitches after separate closure of the MPD with a 
figure-of-eight stitch. The distal pancreatic stump should be 
separated from the splenic vessels by two centimeters to eas-
ily carry out the anastomosis of the digestive tract.

Reconstruction can be performed using either Roux-en-Y 
pancreaticojejunostomy or pancreaticogastrostomy. 
Pancreaticojejunostomy can be conducted in different ways, 
for example, end to end (simple or telescopic invagination), 
end to side, duct to mucosa, and side to side (Puestow proce-
dure or Partington-Rochelle technique if the duct of Wirsung 
is dilated, for example, in the case of chronic pancreatitis). 
Some authors also perform an anastomosis of the cephalic 
stump using the same jejunal loop (double pancreaticojeju-
nostomy). Pancreaticogastrostomy is usually performed by 
the implantation of the open end of the pancreas directly into 
the gastric pouch through a 2–3 cm opening in the posterior 
surface.

The disadvantages of this type of reconstruction primarily 
relate to alterations to the digestive enzymes, particularly 
lipase, caused by gastric acid, which results in exocrine func-
tion impairment. In our opinion, alterations to exocrine pan-
creatic function signify the failure of this conservative 
surgical technique. Closure of the distal pancreatic stump 
can be performed in exceptional cases as atrophy of the rem-
nant pancreas or MPD not evident. Instead, closure of the 
MPD of the distal stump, using injected synthetic glue, 
causes pancreatic atrophy and diabetes; therefore, we do not 
recommend this technique. End-to-end anastomosis of the 
MPD and parenchyma, with or without stent placement for 
internal or external pancreatic juice drainage, is another type 
of reconstruction [9]. The key benefit of this kind of recon-
struction is complete mobilization of the distal pancreatic 
remnant achieved through peripancreatic ligament transec-
tion, which, in turn, pulls the two pancreatic stumps together. 
In the past, this technique was used to repair traumatic pan-
creatic neck transections with minimal loss of parenchyma. 
Notably, the MPD of most patients who undergo CP is too 
thin (not dilatated) to confidently perform duct-to-duct 
anastomosis.

The aim of CP is to preserve the functional tissue of the 
pancreatic body/tail segment where there are numerous islet 
cells; however, compared with DP and PD, this technique is 

associated with higher rates of postoperative PF. In fact, CP 
has two points of “weakness”, the proximal head stump and 
the distal one, which is anastomosed to the digestive tract. 
Furthermore, since CP is indicated for benign or low-grade 
malignant tumors, the anastomosis is usually performed on a 
soft pancreas with a nondilated MPD and this entails a high 
risk of fistula. However, PF following CP is classified as a 
biochemical leak or postoperative PF grade B according to 
the international study group of PF and it usually heals spon-
taneously with drainage management, parenteral nutrition, 
and the administration of somatostatin analog drugs. In fact, 
the leak from the proximal stump or from the pancreaticoje-
junostomy is not subject to the enzymatic activation of bile, 
as is the case of a PF after PD [10].

38.3.2  Dorsal Pancreatectomy

Dorsal pancreatectomy is a conservative surgical technique 
that allows for complete removal of the dorsal portion of the 
pancreatic head, along with the pancreatic neck, body, and tail.

The pancreas comprises two embryological segments, the 
dorsal and ventral primordia. During the sixth week of 
embryonic development, the ventral primordium, along with 
the developing bile duct, rotates clockwise behind the duode-
num and the dorsal primordium. The differences in embryo-
logic origin reflect the histological characteristics. In fact, 
compared with the dorsal pancreas, the ventral pancreas is 
characterized by smaller and densely packed lobuli, irregular 
islets of Langerhans, and rich immunostaining with anti- 
pancreatic polypeptide. The dorsal pancreas comprises the 
pancreatic neck, body, and tail, as well as the anterior seg-
ment of the head. The ventral pancreas makes up the major-
ity of the uncinate process and the posterior segment of the 
head. Autoptic pancreatic anatomical studies have demon-
strated that the pancreas head can be removed while preserv-
ing the vascular arcades and branches to the duodenum, the 
common bile duct (CBD), and the papilla of Vater and that 
there is an anatomical fusion plane between the dorsal and 
ventral pancreas that contains small pancreatic ducts and 
vascular collateral branches. The embryological fusion plane 
contains a few communicating vessels or ducts (except for 
the junction of the dorsal and ventral duct systems, present in 
over 90% of cases). The presence of pancreas divisum, 
namely the lack of fusion between the dorsal and ventral 
pancreas during embryological development, is a favorable 
anatomical condition that promotes easier pancreatic seg-
mental resection. Nevertheless, the procedure is still techni-
cally feasible and safe when the normal pancreatic fusion 
plane is present.

Dorsal pancreatectomy avoids the need to perform biliary 
and digestive tract resection and reconstruction, while pre-
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serving pancreatic endocrine and exocrine function. In 
selected cases, this operation represents the only alternative 
to TP and difficulties managing the ensuing “fragile” diabe-
tes. Although postoperative diabetes is commonly observed 
after dorsal pancreatectomy, it is easier to control than that 
resulting from TP because the glucose-stabilizing effect of 
glucagon can be maintained.

To identify the intrapancreatic tract of the CBD in the 
ventral segment, a catheter can be inserted through the 
cystic duct to the duodenum. Alternatively, preoperative 
endoscopic biliary and/or pancreatic stent placement can 
be performed to facilitate the intraoperative identification 
of CBD and MPD. Pancreatic resection is conducted from 
the left (tail) to the right (head). At the head of the pan-
creas, the dorsal segment is dissected stepwise from the 
duodenal wall toward the CBD plane, while preserving 
the GDA and the anterior superior pancreaticoduodenal 
artery. Sparing the anterior and posterior pancreaticoduo-
denal arcades enables mobilization of the duodenum 
without ischemic risk. Santorini’s duct is identified, dis-
sected, and ligated at its outlet into the duodenum, fol-
lowed by dissection of the pancreatic parenchyma along 
the anterior surface of the CBD. To complete the dorsal 
pancreatectomy, the fusion plane between the dorsal and 
ventral segments is identified and carefully dissected. The 
MPD in the ventral segment of the dissected parenchymal 
surface is identified and ligated using an unabsorbable 
monofilament suture. Frozen sections of the pancreatic 
parenchymal margin should be collected and analyzed in 
all cases. Branch ducts identified on the surface of the 
ventral segment can be sutured in an interrupted pattern. 
A methylene blue injection or intraoperative cholangiog-
raphy through the trans-cystic catheter can be performed 
to exclude damage to the CBD. If necessary, a T-tube can 
be placed [11].

Head dorsal pancreatectomy, a segmental pancreatic 
resection, performed to spare the pancreatic neck, body, and 
tail, is a conservative form of total dorsal pancreatectomy. 
Unlike total dorsal pancreatectomy, head dorsal pancreatec-
tomy includes a reconstructive phase. The authors usually 
perform an end-to-side, duct-to-mucosa pancreatojejunos-
tomy with a Roux-en-Y method with transmesocolic trans-
position. The pancreatic duct is sutured to the jejunal mucosa 
with interrupted stitches using 5-0 absorbable monofilament 
sutures and a plastic stent in the MPD. The pancreatojeju-
nostomy is completed with interrupted stitches placed 
between the seromuscular layer of the jejunum and the cap-
sule of the pancreas using 4-0 absorbable monofilament 
sutures in both the posterior and anterior layers. End-to-side, 
two-layer jejunum–jejunum anastomosis, approximately 
50 cm from the pancreatico-jejunum anastomosis, completes 
the reconstruction [12].

38.3.3  Resection of the Ventral or Uncinate 
Process of the Pancreas

Isolated resection of the ventral pancreas is reserved for 
benign or low-grade malignant tumors exclusively impacting 
the uncinate process. The preservation of maximal pancre-
atic parenchyma and the flow of normal pancreatic juice 
through the duct of Wirsung are the main benefits. In addi-
tion, the duodenum and the CBD are preserved, thereby 
avoiding digestive anastomoses and reducing the morbidity 
typically associated with extensive pancreatic resection.

Despite the clear advantages of this procedure, compared 
to PD, isolated resection of the uncinate process of the pan-
creatic is rarely reported in the literature as it is a complex 
operation that requires accurate knowledge of pancreatic 
anatomy [13]. The uncinate process of the pancreas is merged 
to the head, and its limits are not easy to identify, especially 
its upper margin, which maintains a close relationship with 
MPD which must be preserved. Usually, when using an open 
or laparoscopic approach, the use of intraoperative ultra-
sound can assist with the identification of the MPD. However, 
the MPD is frequently small and difficult to visualize. 
Therefore, intraoperative cholangiography is recommended 
in these situations.

In the absence of a gallbladder, the preoperative endo-
scopic placement of biliary and pancreatic plastic stents 
should be considered to facilitate the intraoperative identifi-
cation of the CBD and MPD. The uncinate process is dis-
sected away from the superior mesenteric vein on its left 
border; attention should be paid to the venous branches as 
they can cause massive bleeding if the dissection plain is 
inaccurate. In addition, in the lower and right limits of the 
uncinate process an arterial arcade, formed by the inferior 
pancreatic artery, is responsible for duodenal perfusion and 
must be preserved. The dissection plane should preserve the 
inferior pancreatic artery, while controlling its arterial 
branches attached to the uncinate process. While performing 
parenchymal transection, steps are taken to preserve the 
MPD.

38.3.4  Middle-Preserving Pancreatectomy

Many diseases manifest as multiple lesions in the pancreas, 
including IPMN, multiple endocrine neoplasia type I, von 
Hippel-Lindau syndrome, and metastatic pancreatic cancer. 
TP is currently regarded as the standard surgical treatment 
for multiple lesions involving the entire pancreas. However, 
pancreatic insufficiency after TP leads to complex glucose 
metabolism disorders and altered nutritional balance, signifi-
cantly compromising postoperative QOL. The postoperative 
incidence of diabetes directly relates to the extent of pancre-
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atic resection. Clinically, significant malabsorption does not 
occur until 85–90% of pancreatic enzyme output is lost. In 
terms of endocrine function, there is usually little change to 
glycemic control unless more than 80% of the pancreas is 
resected in patients with a previously normal pancreas. The 
pancreatic middle segment volume corresponds to approxi-
mately 25% of the entire gland, measured using computed 
tomography (CT)-based pancreatic volumetry. Theoretically, 
this implies that the use of MPP could preserve enough 
parenchyma to reduce the risk of the patient developing 
endocrine and exocrine insufficiency [14]. MPP also pre-
serves the glucagon-secreting alpha cells in the pancreatic 
body, the loss of which is responsible for postoperative 
hypoglycemic episodes, a major challenge after TP.

The objective of performing MPP is to combine right 
resection of the head lesions with left resection of the body/
tail lesions, while preserving the pancreatic body segment 
and its blood supply from the pancreatic dorsal artery. MPP 
can be performed either by simultaneous PD and SPLP or as 
a two-stage approach. First, the distal pancreatic paren-
chyma must be resected; if this margin is negative at the 
frozen section, selective suture ligation of the MPD must be 
performed on the transection plane on the raw surface of the 
distal remnant. Thereafter, a PD is performed, and the proxi-
mal margin of the body is checked by a second frozen sec-
tion. MPP results in a pancreatojejunostomy and a blunt 
transection margin, which, has the potential to double the 
risk of PF developing. A high PF incidence may also be 
caused by ischemia of the pancreatic remnant. However, the 
limited use of MPP does not permit definitive conclusions to 
be drawn.

Other types of multiple pancreatic resections in the field 
of parenchyma-sparing surgery have been reported anecdot-
ally (e.g., resection of the uncinate process combined with 
CP as well as head dorsal pancreatectomy combined with 
DP).

38.4  Conclusion

Recent advances in high-resolution multi-slice CT and mag-
netic resonance imaging for diagnosis and screening have 
resulted in the incidental discovery of many benign, low- 
grade, small-sized tumors of the pancreas in young and 
middle- aged patients with long life expectancy. In these 
patients, OPSPS could ensure a better QOL compared to 
conventional pancreatectomies. In experienced hands, both 
surgical strategies have a similar rate of low mortality. 
Instead, early morbidity is higher with OPSPS due to the 
high rate of PF. Nonetheless, most of these pancreatic leak-
age can be managed conservatively, and possible poor short- 

term outcomes are counterbalanced by the preservation of 
pancreatic endocrine and exocrine function.

Presently, OPSPS can be performed either by traditional 
open resection or using a minimally invasive approach [15]. 
Laparoscopic and robotic surgery achieves similar outcomes 
yielding lower blood loss, reduced operative time, shorter 
hospital stay, faster recovery, and reduced scarring. Although 
minimally invasive OPSPS requires a long learning curve, 
we believe its implementation will enables to perform 
increasingly complex resections, thereby ensuring enhanced 
outcomes.

OPSPS is technically demanding and requires specific 
surgical experience, so it is performed less frequently com-
pared with conventional pancreatectomies, and it is mainly 
conducted mainly in specialized centers. Hopefully, 
increased confidence in the treatment of PF and improve-
ments in pancreatic neoplasm natural history knowledge will 
encourage surgeons to preserve as much pancreatic paren-
chyma as possible. Careful case selection, accurate pre- and 
intraoperative evaluations of the lesions, and thorough 
knowledge of pancreas anatomy are recommended to obtain 
optimal results.
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Isolated Pancreatoduodenectomy 
with Portal Vein Resection Using 
the Nakao Mesenteric Approach

Akimasa Nakao

Abstract

The ideal surgical approach for pancreatic head cancer is 
isolated pancreatoduodenectomy (PD); that is, en bloc 
resection using non-touch isolation technique. However, 
this approach is difficult because of the complex peripan-
creatic vascular anatomy. In 1981, we developed an anti-
thrombogenic bypass catheter for the portal vein (PV) to 
prevent portal congestion or hepatic ischemia during PV 
resection and facilitate simultaneous resection of the 
hepatic artery. In 1992, we developed a mesenteric 
approach for PD. The mesenteric approach allows dissec-
tion from the non-cancer infiltrating side and determina-
tion of cancer-free surgical margins and resectability, 
followed by systematic lymphadenectomy around the 
superior mesenteric artery. This approach enables early 
ligation of the inferior pancreatoduodenal artery and exci-
sion of the second portion of pancreatic head nerve plexus. 
Through this development of the mesenteric approach 
and antithrombogenic catheter-bypass procedure of the 
PV, establishment of isolated PD was completed in 1992. 
This is the ideal surgery for pancreatic head cancer from 
both surgical and oncological viewpoints. The precise 
surgical techniques of isolated PD, using the Nakao mes-
enteric approach are herein introduced.

39.1  Introduction

The ideal surgical approach for cancer in the head of the pan-
creas is isolated pancreatoduodenectomy (PD); that is, en- 
bloc resecstion using a non-touch isolation technique. 
However, this approach is difficult because of the complex 

peripancreatic vascular anatomy. PD combined with portal 
vein (PV) resection is sometimes necessary to complete 
curative surgery for cancer in the head of the pancreas.

In 1981, we developed an antithrombogenic bypass cath-
eter for the PV to prevent portal congestion during resection 
and reconstruction [1–5]. This was accomplished by bypass-
ing portal blood through a branch of the superior mesenteric 
vein (SMV), either to the femoral vein or the intrahepatic PV 
through the umbilical vein in the hepatic round ligament, 
preventing both portal congestion and hepatic ischemia dur-
ing simultaneous resection and reconstruction of the PV and 
hepatic artery. This method circumvented the time con-
straints on portal occlusion during surgery. We have since 
successfully resected pancreatic cancer with portal invasion 
using PV catheter bypass [6–9].

Typically, the first step in PD is Kocher’s maneuver [10]. 
When we first performed PD combined with PV resection in 
the 1980s, Kocher’s maneuver was routinely used as the first 
step in PD. However, pancreatic cancer with PV obstruction 
and well-developed collateral veins is sometimes observed 
when resecting such cancer using Kocher’s maneuver, and 
massive bleeding was observed, even when PV catheter 
bypass was applied. We noticed that the first step in PD is 
clearance of the mesenteric root instead of Kocher’s maneu-
ver. Thus, we named this procedure the “mesenteric 
approach” and non-touch isolation PD isolated PD [11–20].

In cancer surgery, the term “isolated” refers to en-bloc 
resection using a non-touch isolation technique. In PD, all 
arteries that supply the pancreatic head and all drainage veins 
in this region are ligated and divided before manipulation of 
cancer in the pancreatic head.

The first step we take when performing PD is the mesen-
teric approach; we do not perform Kocher’s maneuver. The 
mesenteric approach involves clearing the connective tissues 
around the SMV and superior mesenteric artery (SMA) in 
the mesenteric root, which includes systematic lymphade-
nectomy around the SMA [21]. Resection starts from the 
non-cancerous side and cancer-free surgical margin, and 

39

A. Nakao (*) 
Professor Emeritus, Nagoya University, Nagoya, Japan 

Nagoya Central Hospital, Nagoya, Japan 

Department of surgery, Nagoya Central Hospital, Nagoya, Japan
e-mail: akimasa.nakao@jr-central.co.jp

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-0063-1_39&domain=pdf
https://doi.org/10.1007/978-981-19-0063-1_39#DOI
mailto:akimasa.nakao@jr-central.co.jp


308

resectability can be diagnosed at the beginning of surgery. 
The inferior pancreatoduodenal artery (IPDA), which arises 
from the SMA, is first ligated and divided; thus, it is an 
artery-first operation. This approach makes it possible to per-
form total excision of the mesopancreas [22]; in other words, 
the second portion of the pancreatic head nerve plexus (PLph 
II) is completely excised, which is the so-called SMA margin 
[23]. This is the most important technique with which to 
obtain a cancer-free surgical margin in PD for cancer in the 
pancreatic head. The mesenteric approach also makes it easy 
to reconstruct the PV using an end-to-end anastomosis after 
PV resection.

The development of PV catheter bypass and the mesen-
teric approach have made it possible to easily and safely per-
form isolated PD with PV resection.

39.2  Surgical Techniques Used 
in the Nakao Mesenteric Approach

39.2.1  Laparotomy

Laparotomy is performed with an upper midline skin inci-
sion. The abdominal cavity is examined by washing cytology 
and ultrasound.

39.2.2  Supramesocolic Approach

The supramesocolic approach is usually indicated for cancer 
of the distal bile duct or the duodenal papilla of Vater. After 
laparotomy via an upper midline skin incision, the gastro-
colic ligament is divided and the lesser peritoneal cavity is 
opened. The middle colic artery (MCA) and middle colic 
vein (MCV) are visible on the anterior surface of the meso-
colon. The SMV and SMA are exposed along the roots of the 
MCV and MCA. The SMV and SMA are then taped. The 
connective tissues, including the lymph nodes along the 
SMA, are dissected. The first jejunal artery (JA1) and the 
IPDA are exposed in this procedure. Preoperative multide-
tector computed tomography is very important to detect the 
location of the IPDA. Total mesopancreas excision is usually 
unnecessary for cancer of the distal bile duct or papilla of 
Vater. The supramesocolic mesenteric approach makes it 
easy to perform systematic lymph node dissection around 
the SMA and to achieve early ligation of the IPDA.

39.2.3  Inframesocolic Approach

The inframesocolic approach is usually indicated for ductal 
adenocarcinoma of the pancreatic head. This is the typical 
Nakao mesenteric approach.

39.3  Mesenteric Incision

The first step in isolated PD is the mesenteric approach, and 
the first step of the mesenteric approach is incision of the 
mesentery from the ligament of Treitz to the lower border of 
the second portion of the duodenum using electrocautery 
(Fig. 39.1). The surface of the mesentery is incised until the 
anterior walls of the SMV and SMA are exposed. With this 
approach, Kocher’s maneuver is not performed.

39.4  Connective Tissue Clearance around 
the SMV and SMA

All of the connective tissues, including the lymph nodes 
around the SMV and SMA (No. 14d lymph nodes) [23], are 
dissected to the lower border of the pancreatic head (Fig. 39.2). 
If no cancer invasion of the PLph II is observed, the nerve 
plexus around the SMA (PLsma) is completely preserved to 
avoid severe postoperative diarrhea (Fig.  39.2). If cancer 
invasion into the PLph II or the PLsma is detected, the PLsma 
is resected together with the PLph II to obtain a cancer-free 
surgical margin. If it is difficult or impossible to obtain can-
cer-free surgical margins, radical resection is terminated. 
Radical resection is also terminated when reconstruction of 
the SMV is determined impossible because of severe cancer 
invasion into the peripheral branches of the SMV.

39.5  Division of the MCA and MCV

The MCA and MCV are exposed on the anterior side of the 
SMA and SMV. They are generally ligated and divided at the 
root. This makes it easier to perform connective tissue clear-

Fig. 39.1 Mesenteric incision from the Treitz ligament to the lower 
border of the second portion of the duodenum
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ance around the root of the SMA (No. 14 lymph nodes) com-
pared with preservation of the MCA and MCV.

39.6  Division of the Gastrocolic Ligament 
and Incision of the Mesocolon

The gastrocolic ligament is incised near the transverse colon 
and the lesser abdominal cavity is opened. The mesocolon 
can therefore be examined from both the anterior and poste-
rior sides, and the anterior surface of the pancreas can be 
visualized.

The root of the mesocolon is horizontally incised and 
resected, preserving the arcade of the MCA. Generally, no 
ischemic changes occur in the transverse colon when the 
arcade of the MCA is preserved. This makes it easier and 
safer to perform connective tissue clearance around the root 
of the SMA through the large opening in the mesocolon.

39.7  Connective Tissue Clearance Around 
the Root of the SMA and Exposure 
of the Mesopancreas (PLph II)

Connective tissue clearance around the SMV and SMA pro-
ceeds to the roots of the SMV and SMA. All connective tis-
sues of the mesenteric root are dissected, including the 
lymph nodes (No. 14d, p lymph nodes). The PLsma is pre-
served if cancer invasion to the PLph II or PLsma is not 
observed. The mesopancreas is exposed between the unci-
nate process of the pancreatic head and the SMA (Fig. 39.2).

The term “mesopancreas” was first used in 2007 by 
Gockel et al. [22] However, there is no precise anatomical 
definition for the mesopancreas. In the Japanese classifica-
tion of pancreatic cancer [23, 24], extrapancreatic nerve 
plexus anatomy is precisely described. I propose that “meso-
pancreas” refers to the PLph II. During radical PD for cancer 
of the pancreatic head, the first portion of the pancreatic head 
nerve plexus (PLph I) and the PLph II are completely excised 
using the mesenteric approach.

39.8  Exposure of the Jejunal Arteries 
and the IPDA and Total Mesopancreas 
Excision

The first and second branches of the jejunal artery generally 
reside behind the SMA. The IPDA is usually a branch of the 
JA1 and lies within the region of the PLph II. There are many 
anatomical variations of the IPDA. Ligation and division of 
the IPDA (Fig.  39.3) and total excision of the PLph II 
(Fig.  39.4) from the attachment of the SMA complete the 
mesenteric approach; in other words, total excision of the 
mesopancreas is accomplished. Early ligation of the dorsal 
pancreatic artery from the SMA also reduces intraoperative 
bleeding [25]. In patients with locally advanced cancer, exci-
sion of the JA1, the second branches of the jejunal artery, and 
total excision of PLsma may be necessary. If it is difficult to 
expose the IPDA or JA1 using the mesenteric approach, 
these vessels can be exposed by dividing the pancreas along 

Fig. 39.2 Connective tissue clearance around the SMV and SMA. The 
PLph II between the uncinate process and the SMA is exposed. SMA 
superior mesenteric artery, SMV superior mesenteric vein, PLph II sec-
ond portion of the pancreatic head nerve plexus

Fig. 39.3 Exposure of the IPDA in the PLph II. SMA superior mesen-
teric artery, SMV superior mesenteric vein, PLph II second portion of 
the pancreatic head nerve plexus, JA1 first jejunal artery, IPDA inferior 
pancreatoduodenal artery
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the line of the SMA because the root of the SMA can be 
visualized easily. The mesenteric approach is completed 
using these procedures (Fig. 39.4).

39.9  Antithrombogenic PV Catheter 
Bypass

When resection and reconstruction of the PV and SMV are 
possible even if the PV and SMV are severely stenosed or 
obstructed due to cancer invasion, the antithrombogenic PV 
catheter bypass procedure can be applied to reduce PV con-
gestion and operative bleeding (Fig. 39.5). When it will be 
time-consuming to resect and reconstruct the PV and the 
SMV during surgery. The catheter bypass procedure is a 
good indication.

39.10  Typical Procedures After 
the Mesenteric Approach to Perform 
Isolated PD

After completion of the mesenteric approach, the operative 
field moves to the hepatic hilum. The gallbladder is resected 
along with the common hepatic duct. Clearance of the hepa-
toduodenal ligament and lymph nodes (No. 12a, b, p) is per-
formed, and the gastroduodenal artery is ligated and divided. 
The stomach is divided at the pre-pylorus, and lymph node 
dissection around the common hepatic artery (CHA; No. 8a, 
p) and celiac artery (No. 9) is performed. The dorsal pancre-
atic artery from the CHA, celiac artery, or splenic artery is 
ligated and divided by these lymph node dissection proce-
dures [24]. The PLph I is also dissected.

39.11  Portal Vein Resection 
and Reconstruction

If cancer invasion into the PV or SMV is observed, the PV or 
SMV can be resected and reconstructed. End-to-end anasto-
mosis in portal reconstruction is easily performed by the 
mesenteric approach without tension. During resection of the 
SMV–PV confluence, splenic vein reconstruction is gener-
ally unnecessary and left gastric vein preservation is very 
important to reduce left-sided portal hypertension [26, 27] 
(Fig. 39.6). Simultaneous resection of the PV and CHA can 
be performed safely using PV catheter bypass. When we use 
antithrombogenic PV catheter bypass, the catheter is 

Fig. 39.4 Excision of the PLph II and completion of the mesenteric 
approach. PLph II second portion of the pancreatic head nerve plexus, 
SMA superior mesenteric artery, SMV superior mesenteric vein

Fig. 39.5 Portal vein catheter bypass between a branch of the superior 
mesenteric vein and the femoral vein

Fig. 39.6 Resection of the SMV–PV confluence and end-to-end anas-
tomosis between the PV and SMV. The SV was not reconstructed. The 
LGV was preserved in this case to reduce left-sided portal hyperten-
sion. LGV left gastric vein, PV portal vein, SMV superior mesenteric 
vein, SV splenic vein, CHA common hepatic artery, SA splenic artery, 
Panc pancreas
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extracted after vascular reconstruction. These procedures 
conclude isolated PD with the mesenteric approach.

39.12  Reconstruction of the Alimentary 
Canal

After completion of isolated PD, alimentary tract reconstruc-
tion is performed.

39.13  Discussion

Previously, Kocher’s maneuver was the first step in PD. Based 
on our extensive experience with vascular resection using 
antithrombogenic PV catheter bypass in PD [1–5], we devel-
oped a mesenteric approach [11, 12]. In our opinion, isolated 
PD using this mesenteric approach and antithrombogenic PV 
catheter bypass is the ideal surgery to treat cancer of the pan-
creatic head from both surgical and oncological viewpoints.

No randomized controlled trials have compared the surgi-
cal and oncological merits of the Nakao mesenteric approach 
with Kocher’s conventional approach to PD.  However, in 
patients with resectable cancer of the pancreatic head, iso-
lated PD using the Nakao mesenteric approach is suspected to 
result in higher survival compared with conventional PD 
using Kocher’s maneuver [28]. Therefore, a randomized con-
trolled trial is being undertaken in Japan to compare the surgi-
cal and oncological benefits of these two procedures [29].

The mesenteric approach allows dissection from the non- 
cancer- infiltrated side and initial determination of cancer- 
free margins and resectability, followed by systematic 
lymphadenectomy around the SMA [21]. This approach also 
enables early ligation of the IPDA, which reduces venous 
congestion in the pancreatic head along with ligation of the 
gastroduodenal artery and total mesopancreas excision, 
which makes it an artery-first operation.

The term “mesopancreas” has no precise anatomical defi-
nition [22]. We propose that the mesopancreas can be defined 
as the PLph II according to the classification of pancreatic 
carcinoma described by the Japan Pancreas Society [23, 24]. 
Additionally, it is better to use the PLph I or PLph II instead 
of the mesopancreas.

Compared with the recent developments in chemotherapy 
and chemoradiotherapy for pancreatic cancer, conversion 
surgery for unresectable locally advanced pancreatic cancer 
has been indicated for some time. The mesenteric approach 
and PV catheter bypass are essential techniques in conver-
sion surgery. The Nakao mesenteric approach has been grad-
ually adapted throughout Japan. By mastering this mesenteric 
approach and PV catheter bypass, surgeons can successfully 
perform isolated PD.
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Abstract

With the development of novel and effective multidrug 
chemotherapy, several pancreatic centers have reported 
that the combination of preoperative chemotherapy and 
arterial resection can provide a favorable long-term 
prognosis for T4-stage (i.e., major artery infiltration) 
pancreatic cancer (PC) patients. A recent nomogram 
formulated to predict the post-resection prognosis of 
PC found that neoadjuvant treatment was an indepen-
dent prognostic factor, whereas T4 stage was not a fac-
tor of poor prognosis. This implies that systemic 
control is the most important factor for improving the 
prognosis of PC and local progression has less impact 
on the prognosis in the era of useful multidrug regi-
mens. However, even if favorable control of PC is 
achieved with neoadjuvant chemotherapy, pancreatec-
tomy with hepatic artery (HA) resection is technically 
challenging. This approach requires a high expertise 
that is characterized with detailed preoperative image 
preparation, planning several options of HA recon-
struction, meticulous intraoperative resection, and 
appropriate postoperative management. This chapter 

examines the innovative surgical approach and man-
agement in the pancreaticoduodenectomy with HA 
resection and reconstruction.

40.1  Introduction

T4-stage pancreatic cancer (PC) implies a tumor that involves 
the hepatic artery (HA), superior mesenteric artery (SMA), 
or the celiac axis and is classified as “unresectable” or 
“locally advanced” PC (LAPC) according to the National 
Comprehensive Cancer Network guidelines [1, 2]. Despite 
the challenges of some excellent surgeons including Dr. 
Fortner, the outcomes after resection were poor when sur-
gery was initially performed on these tumors [3, 4]. However, 
in recent years, with the advent of novel and effective multi-
drug chemotherapy, several high-volume centers have 
reported that the combination of preoperative chemotherapy 
and arterial resection can provide a favorable long-term 
prognosis for the T4-stage PC patients [5–9]. In addition, a 
recently reported National-Cancer-Database-based study 
that predict the post-resection prognosis of PC found that 
neoadjuvant treatment was an independent prognostic factor, 
whereas T4 stage was not a factor of poor prognosis [10]. 
The results of this study, which was limited by a relatively 
new cohort starting in 2010, suggest that in the era of useful 
multidrug regimens, systemic control is of paramount impor-
tance for improving the prognosis of PC after resection and 
that local progression has less impact on prognosis [10].

Even if favorable control of PC is achieved with preopera-
tive chemotherapy, pancreatectomy with arterial resection is 
technically challenging [11]. In particular, HA and SMA 
reconstructions are critical and can be life-threatening. These 
procedures require careful perioperative management and 
needs to be performed at an institution with adequate experi-
ence. In this chapter, we will introduce our innovative surgi-
cal approach and management in the pancreaticoduodenectomy 
(PD) with HA resection and reconstruction.
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40.2  Indication and Preparation

Tumors located at the head or neck of the pancreas that con-
tact or invade the HA at 180 degrees or more are eligible for 
the preparation for PD with HA resection. After giving 
enough neoadjuvant treatment for a borderline resectable PC 
or LAPC based on the institutional strategy [12, 13], multi-
detector Computed Tomography (MDCT), magnetic reso-
nance imaging, positron emission tomography-CT, 
preoperative blood testing, including tumor markers, (and, if 
necessary for high-risk PC, staging laparoscopy) need to be 
performed to evaluate the current status and biology of the 
tumor [14, 15]. Due to invasive surgery, conditional factors 
including neutrophil-to-lymphocyte ratio, modified Glasgow 
prognostic score (a combination of C-reactive protein and 
albumin levels), or Charlson-Dayo-Comorbidity-index could 
also be utilized to evaluate the indication of resection [10, 
16]. A detailed understanding of the anatomy of abdomen on 
MDCT is of utmost importance. Preoperative sketching of 
the anatomy is highly recommended to check arterial and 
venous branching anatomy and vascular anomalies. If trans-
position of artery (i.e., middle colic artery [MCA], gastro-
duodenal artery [GDA], splenic artery [SpA], or left gastric 
artery, etc.) or autologous vein graft (i.e., internal jugular 
vein, saphenous vein, left renal vein or external iliac vein, 
etc.) is considered as an option for HA reconstruction, the 
anatomy and vessel diameters of these vessels must be rec-
ognized preoperatively [17–19].

40.3  The Dissection or Resection of HA

Resection for PC that involves major vessels is challenging. 
The procedure is often complicated with increased intraop-
erative blood loss and longer operative time due to the tumor 
invasion of organs such as the mesentery, colon, vena cava, 
the development of cavernous transformation or left-side 
collaterals [20, 21]. Minimal blood loss can be achieved with 
precise dissection. Several high-volume centers have recently 
reported good short-term results with the artery first approach 
[22–24]. The HA and super mesenteric vein (SMV)/portal 
vein (PV) are vital for the liver’s blood supply and are only 
cut and reconstructed at the end of the resection. The key to 
safely complete PD with arterial reconstruction is dissecting 
out the tissue around the SMA or pancreas and completing 
the resection promptly with minimal blood loss.

Inoue et al. recently classified the extent of HA dissection 
during PD into three levels: Level 1 (lymph node and plexus 
dissection is not required for the case such as benign disease 
or low-grade malignancy); Level 2 (en bloc lymph nodes dis-
section preserving the nerve plexus around HA for the malig-
nancy case without the involvement around HA); and Level 

3 (en bloc dissection of lymph nodes and the nerve plexus 
close to tumor invasion). Level 3 dissection is planned for 
PCs that contact or invade HA [25]. The adventitia of the 
common HA root and that of the peripheral branches (the 
right or left HA, or proper HA) needs to be exposed and 
taped. The nerve plexus is peeled off circumferentially from 
both proximal and peripheral sides toward the common HA 
close to the tumor. When a solid invasion of the artery is 
encountered, dissection needs to be terminated immediately, 
and the dissected nerve plexus closest to the tumor needs to 
be taken for intraoperative frozen section to confirm negative 
for cancer. After completing other PD procedures, HA resec-
tion and reconstruction can be performed where it is con-
firmed to be negative for cancer.

Many experienced institutions that actively perform arte-
rial reconstruction often question whether periadventitial 
dissection (PAD) or pancreatectomy with arterial resection 
(PAR) is a better procedure for approaching the border 
between the tumor infiltration and the adventitia of the artery 
[5, 26]. Loos et  al. from Heidelberg group evaluated 190 
patients with PAD and 195 patients with PAR (including 102 
patients with HA resection; 52.3%) for LAPC. Although the 
patients with PAR had more advanced PC that is character-
ized with higher rate of lymph node positivity and lower rate 
of neoadjuvant chemotherapy induction, PAD was associ-
ated with lower morbidity and mortality after resection and 
more favorable long-term prognosis [5]. Based on these 
results, they concluded PAD may be the first choice for 
LAPC patients with arterial involvement after neoadjuvant 
chemotherapy and if PAD was not technically feasible, PAR 
can be performed in experienced centers. Although it is dif-
ficult to conclude whether PAD or PAR is better due to the 
possible selection bias in this retrospective study in which 
PAD was performed whenever possible, it must be recog-
nized that arterial reconstruction is a hurdle in surgery.

40.4  HA Reconstruction

40.4.1  Simple Reconstruction Case

If a curative resection cannot be performed by sharp dissec-
tion along HA’s periadventitial layer, HA reconstruction can 
be performed. In most cases, the tumor may infiltrate the root 
of the GDA. The most optimal approach in these situations is 
to resect a short segment of HA around the root of the GDA 
and perform a direct end-to-end anastomosis of the common 
HA with the proper HA (Fig. 40.1). With the dissection of 
PD and that of HA, the central and peripheral sides of HA is 
clamped by the small vascular clip, respectively, and cut with 
sharp scissors, and the specimen is extracted. End-to-end 
microvascular anastomosis of the common HA and the 
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proper HA is performed with interrupted 9-0 (or 8-0) 
Polypropylene sutures. After reconstruction, HA blood flow 
is checked with Doppler ultrasonography and palpation.

40.4.2  Complicated Reconstruction Case

Although the above method to perform direct end-to-end 
anastomosis for HA could achieve unanimous agreement 
according to current literature [5, 9, 18], in a case wherein it 
is not feasible due to longer defect or resected root of HA, we 
have to consider other ways to reconstruct the 
HA. Transposition of artery (MCA, GDA, SpA, etc), autolo-
gous artery/vein graft, artificial graft (polytetrafluoroethyl-
ene or polyethylene terephthalate), or cryopreserved 
homologous vessels are considered as an option for HA 

reconstruction, but the risk of anastomotic bleeding, infec-
tion, and obstruction due to exposure to postoperative pan-
creatic fistula (POPF) should be well recognized [7, 17–19]. 
Del Chiaro et al. actively adopt total pancreatectomy in such 
cases to avoid the risk of POPF and arterial anastomotic 
problems after resection. In this sense, the use of SpA for HA 
reconstruction and total pancreatectomy is highly applicable 
[19, 27, 28]. However, for the institutions where total pancre-
atectomy is avoided whenever possible in consideration of 
the risk of decreased quality of life and postoperative insulin 
dependence, the usage of SpA is not a priority due to preser-
vation of the distal pancreas and the spleen [28].

In contrast, transposition of other arteries is highly pro-
moted due to its high patency rate and simplicity of proce-
dure [18]. As we have introduced the new procedure of distal 
pancreatectomy with celiac axis resection and left gastric 

a b

c d

Fig. 40.1 Simple reconstruction case. (a and b) A tumor infiltrating 
the common hepatic artery (CHA) and the proper hepatic artery (PHA) 
around the root of the gastric duodenal artery (GDA). The adventitia of 
the CHA and the PHA were exposed and taped. The nerve plexus was 
peeled off circumferentially toward the HA close to the tumor. When a 
solid invasion of the artery was encountered, dissection was terminated. 
The dissected nerve plexus closest to the tumor was taken for intraop-

erative frozen section to confirm negative for cancer. (c and d) The 
CHA and the PHA were clamped by the small vascular clip, respec-
tively, and cut with sharp scissors, and the specimen was extracted. 
End-to-end microvascular anastomosis of the CHA and the PHA was 
performed with interrupted sutures. CA celiac axis, SpA splenic artery, 
PV portal vein, SMV superior mesenteric vein
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artery reconstruction, we are also actively using MCA for 
HA reconstruction [8, 29]. Figure 40.2 shows the representa-
tive case of HA and MCA reconstruction. Exposure of the 
proper HA was not feasible as the tumor has extended to the 
right HA and left HA.  In response, right HA-MCA recon-
struction was planned, and the MCA was exposed before HA 
resection. The root of the MCA and the bifurcation of the 
right and left branches within the transverse mesocolon 
should be thoroughly identified. The MCA needed to be dis-
sected carefully to avoid injury to the marginal arterial arcade 
of transvers colon. In most of the time, the right branch of 
MCA is suitable for reconstruction for its vessel diameter 
and ability to achieve tension-free anastomosis. The right 
branch of MCA was clamped temporarily, and the arterial 
blood flow of the arcade was checked by palpation (indocya-
nine green-fluorescence imaging can be done in unsure situ-
ations) [29]. After prompt extraction of the specimen and the 
direct end-to-end anastomosis of PV and SMV, the MCA 
was cut and reconstructed to the right HA by end-to-end 

microvascular anastomosis with interrupted 9-0 
Polypropylene sutures. Although some surgeons demon-
strated that the left HA can be sacrificed if the right HA 
blood flow and intrahepatic blood flow between both right 
and left lobes were sufficient [18], we prefer reconstructing 
the left HA whenever possible to avoid postoperative liver 
abscess complications. In this case, the right inferior phrenic 
artery was exposed and reconstructed to the left HA (seg-
ment 2 and 3 artery). Doppler ultrasonography showed a bet-
ter arterial pulse on the left-side intrahepatic artery after the 
reconstruction of the left HA. Concomitant left lateral sectio-
nectomy can also be performed as an alternative option.

40.4.3  Concomitant Vein Resection

Since PC is more likely to invade the PV/SMV, many cases 
of HA reconstruction require concomitant vein resection and 
reconstruction. To minimize the total liver ischemic period, 
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Fig. 40.2 Complicated reconstruction case. (a and b) Exposure of the 
PHA was not feasible as a tumor infiltrating the right HA (RHA) and 
the left HA (LHA). (c and d) The right branch of the middle colic artery 
(rMCA) was dissected and RHA—rMCA reconstruction was per-
formed. We prefer reconstructing the LHA whenever possible to avoid 

postoperative liver abscess complications. In this case, the right inferior 
phrenic artery (rIPA) was exposed and reconstructed to the LHA (seg-
ment 2 and 3 artery [A2+3]). Doppler ultrasonography showed a better 
arterial pulse on the left-side intrahepatic artery after the LHA recon-
struction. A4 segment 4 artery, SMA superior mesenteric artery
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either HA reconstruction or PV reconstruction could be per-
formed prior to the extraction of the specimen whenever pos-
sible. At this time point, it is important to complete the 
dissection of the pancreas, relevant organs, lymph nodes, and 
peripancreatic nerve plexus, except for the HAs and PV/
SMV. Cattell-Braasch Maneuver and the resection of porto- 
mesenterico- splenic confluence could also be used to achieve 
tension-free anastomosis [30, 31].

40.4.4  Management after HA Reconstruction

Doppler ultrasonography and blood tests need to be routinely 
performed within the first 3 postoperative days to detect pos-
sible thrombotic complications promptly. If there are any 
signs or concerns of liver problem, MDCT is immediately 
performed. Antiplatelet or anticoagulation therapy has rarely 
been used.

40.5  Conclusions

The recommendations for HA reconstruction were pre-
sented. Detailed preoperative image preparation, planning of 
several options of HA reconstruction, precise intraoperative 
resection, and postoperative Doppler ultrasonography are 
necessary. Although there are promising reports from limited 
centers, the technique of PD with HA resection and recon-
struction requires higher expertise [5, 7, 9, 18]. With the 
advancement of chemotherapy and the increase in the num-
ber of PC patients, HA reconstruction will be required in 
many cases in the near future. It is important to accumulate 
experience, share observations, and improve the techniques 
through international and multicenter collaborations.
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Pancreaticoduodenectomy with Splenic 
Artery Resection for Tumors 
of the Pancreatic Head and/or Body 
Invading the Splenic Artery

Shugo Mizuno, Kazuyuki Gyoten, and Motonori Nagata

Abstract

Background: We have developed a new surgical tech-
nique, pancreaticoduodenectomy (PD) with splenic artery 
(SA) resection (PD-SAR), for tumors of the pancreatic 
head and/or body with SA invasion. In PD with portal 
vein (PV)/superior mesenteric vein (SMV) confluence 
resection, splenic vein (SV) division may cause left-sided 
portal hypertension (LPH).

Methods: Ninety-five patients with pancreatic ductal 
adenocarcinoma who underwent PD with PV/SMV resec-
tion after chemoradiotherapy were classified into three 
groups: PD-SVP (SV and SA were preserved, n  =  23), 
PD-SVR (SV was divided and SA was preserved, n = 55), 
and PD-SAR (SV and SA were divided, n = 17). We eval-
uated the influence of SV and/or SA resection on LPH 
after PD with PV/SMV resection.

Results: Postoperative computed tomography demon-
strated remnant pancreas enhancement in all patients in 
PD-SAR. The incidence of postoperative variceal forma-
tion in PD-SVP, PD-SVR, and PD-SAR was 4.3%, 60.9%, 
and 41.2%, respectively (p < 0.001), and variceal bleed-
ing occurred only in PD-SVR (n = 4, 7.3%). The platelet 
counts (×103/μL) at postoperative 6  months were 185, 
138, and 154 in PD-SVP, PD-SVR, and PD-SAR, respec-
tively (PD-SVP vs. PD-SVR, p < 0.001), and spleen vol-
ume (mL) at 6 months was 91.8, 160, and 115 in PD-SVP, 
PD-SVR, and PD-SAR, respectively (PD-SVP vs. 
PD-SVR, p < 0.001). No significant differences in overall 
survival were observed among all groups.

Conclusion: In PD with PV-SMV confluence resec-
tion, SV division causes LPH; however, concomitant divi-
sion of the SV and SA may attenuate this risk.

41.1  Introduction

In 2014, we developed and reported a new surgical technique 
for proximal subtotal pancreatectomy with splenic artery 
(SA) and splenic vein (SV) resection, so-called pancreatico-
duodenectomy (PD) with SA resection (PD-SAR), for 
tumors of the pancreatic head and/or body invading the SA 
[1]. Although insufficient blood flow to the remnant pancreas 
was a concern, we have not experienced any postoperative 
complications related to lack of blood supply to the pancre-
atic parenchyma in patients who underwent PD-SAR.  In 
addition, we have revealed that PD-SAR could achieve cura-
tive resection of tumors and prevent total pancreatectomy, 
which inevitably leads to diabetes mellitus and poor quality 
of life.

In cases of PD with combined resection of the portal vein 
(PV)/superior mesenteric vein (SMV) confluence, left-sided 
portal hypertension (LPH) resulting in variceal bleeding and 
thrombocytopenia due to hypersplenism has been a focus of 
recent studies [2–4]. In patients undergoing PD-SAR, the 
tumors frequently involve the PV and/or SMV or the 
PV-SMV confluence, and patients need to undergo combined 
resection of the PV/SMV and/or SV, with a risk of LPH 
development.

With respect to the splenic circulation, it has been consid-
ered that PD with SA resection could reduce the portal 
venous pressure because SA embolization/ligation or sple-
nectomy is proven to reduce portal hyperperfusion, resulting 
in improvement of small-for-size syndrome in living-donor 
liver transplant patients [5]. PD-SAR is expected to reduce 
the portal venous pressure, resulting in improvement of LPH 
after PD.
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The aim of the present study was to introduce the surgical 
technique of PD-SAR and to evaluate its efficacy by examin-
ing the surgical outcomes, prognosis, and incidence of LPH 
after PD-SAR in comparison with conventional PD, with 
attention to the development of variceal formation and bleed-
ing, as well as postoperative changes in platelet count and 
spleen volume.

41.2  Surgical Procedures of PD-SAR

The conventional PD for pancreatic ductal adenocarcinoma 
(PDAC) has been standardized as an anterior approach to the 
superior mesenteric artery at our institution [6, 7]. When the 
tumor is invading the PV/SMV, we perform resection and 
reconstruction of the PV and SMV using 6-0 nonabsorbable 
running sutures. In cases of tumors involving the SV or infe-
rior mesenteric vein (IMV), these veins are divided and not 
reconstructed. When tumor involvement of the SA is identi-
fied, PD-SAR is employed [1]. Pancreaticojejunostomy is 
performed using the pair-watch suturing technique, as 
described in our previous report [8].

The surgical procedures of PD-SAR are similar to those 
of PD, except for combined resection of the SA and SV 
(Fig. 41.1a, b). Focusing on the arterial anatomy around the 
pancreas and the cutting sites of the artery, the blood supply 
of the remnant pancreas is provided by the short gastric arter-
ies, left gastroepiploic artery, and posterior epiploic artery 
[9]. During surgery, sufficient blood supply of the remnant 
pancreas and spleen is confirmed with Doppler ultrasonogra-
phy and/or by the color of the remnant pancreas and the 

spleen. When the tumor is invading both the left gastric 
artery (LGA) and the SA, we perform combined resection of 
the LGA followed by total gastrectomy and splenectomy if 
curative-intent resection is possible. In such cases, the blood 
supply of the remnant pancreas is provided by posterior epi-
ploic artery alone [1].

41.3  Patients and Methods

41.3.1  Patients

Between April 2005 and July 2017, a total of 361 patients 
who had a cytological or histological diagnosis of localized 
PDAC, determined using 64-slice multidetector computed 
tomography (MDCT), underwent our chemoradiotherapy 
(CRT) protocol, as previously reported [10–12] (Fig. 41.2). 
We retrospectively reviewed the electronic medical records 
of 172 patients who underwent PD after CRT. Among them, 
158 (91.8%) patients underwent combined resection of the 
PV and SMV. The present study finally included 95 patients 
after excluding 63 patients for the following reasons: con-
comitant splenectomy (n = 4), postoperative PV/SMV anas-
tomotic stricture (n  =  8), preoperative portal hypertension 
(n = 7), PV-SV anastomosis (n = 1), insufficient follow-up 
(n = 6), death within 30 days after the surgery (n = 1), con-
comitant colectomy (n = 7), and SA ligation (n = 29). These 
95 patients were classified into three groups: PD-SVP (both 
SV and SA were preserved, n  =  23), PD-SVR (SV was 
divided and SA was preserved, n = 55), and PD-SAR (both 
SV and SA were divided, n = 17).

SMV
SMA

the cut end of the SA

CHAGDA

Rem P

PV

SV

PV 

SMA

GDA

SA
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Rem P
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a b

Fig. 41.1 (a) Intraoperative findings after pancreaticoduodenectomy 
with SA resection (PD-SAR). (b) Schema of reconstruction after 
PD-SAR. PV portal vein, SMA superior mesenteric artery, SA splenic 

artery, CHA common hepatic artery, GDA gastroduodenal artery, SV 
splenic vein, Rem P remnant pancreatic parenchyma, SP spleen
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41.3.2  Preoperative Treatments

Our treatment protocols for gemcitabine-based chemother-
apy (G-CRT) and gemcitabine plus gemcitabine-based CRT 
(GS-CRT) have been reported previously [11, 13]. Between 
February 2005 and October 2011, patients were adminis-
tered an infusion of gemcitabine at a dose of 800 mg/m2 on 
days 1, 8, 22, and 29 for one cycle (G-CRT). From November 
2011, patients were administered S1 orally twice daily at a 
dose of 60  mg/m2 per day on days 1 through 21 of a 
28-day  cycle, and an infusion of gemcitabine at a dose of 
600  mg/m2 on days 8 and 22 for one cycle (GS-CRT). 
Patients were treated with three-dimensional conformal 
radiotherapy using the four-field box technique from direc-
tions that avoided exposure of the kidney, which is an organ 
at risk. The total radiation dose delivered was 45–50.4 Gy in 
25–28 fractions (5 fractions/week). The patients underwent 
reassessment at 4–6 weeks after CRT. When we determined 
that curative-intent resection was possible, the patients were 
scheduled to undergo pancreatectomy.

41.3.3  Preoperative Characteristics 
and Surgical Outcomes

We compared various variables among the three groups, 
including preoperative characteristics such as age, sex, 
body mass index, maximum tumor size on computed 
tomography (CT), performance status, tumor marker (car-
cinoembryonic antigen and carbohydrate antigen 19-9) lev-
els, presence of preoperative CRT including regimens, T 
and N factors according to the Union for International 
Cancer Control eighth classification, and tumor resectabil-
ity (classified as resectable, borderline resectable, and 
unresectable according to the National Comprehensive 
Cancer Network guideline) [14] based on the findings of 
MDCT, as previously reported. We also collected data on 
surgical outcomes, including intraoperative blood loss, 
operative duration, degree of postoperative complications 
according to the Clavien-Dindo classification [15], and 
pancreatic fistula according to the International Study 
Group on Pancreatic Fistula [16].

PDAC (n=361)
(CRT: 2005.3-2017.7)

Exclusion n=21

• Rejection of CRT n=14

• Op at other hospital n=3

• Moved to other hospital n=4

PDAC (n=340)

Pancreatectomy  (n=212)

No pancreatectomy  (n=128)

PD (n=172) DP (n=39) TP (n=1)

PD with PV/SMV resection  (n=158)

PD without PV/SMV resection  (n=14)

PD -SVP (n= 23) PD -SVR (n= 55) PD -SAR (n= 17)

Exclusion n = 63

• Splenectomy 4

• Postoperative PV/SMV anastomotic stricture 8

• Preoperative portal hypertension 7

• PV-SV anastomosis 1

• Insufficient follow-up 6

• Death within 30 days after operation 1

• Concomitant colectomy 7

• Splenic artery ligation 29

SV

SA SASA

SV SV

Fig. 41.2 Flow diagram of the enrollment of 361 patients who under-
went PD with combined PV/SMV resection for PDAC after 
CRT.  Between March 2005 and December 2018, 158 patients with 
PDAC underwent PD with PV resection after CRT. After excluding 63 
patients, the present study enrolled 95 patients: PD-SVP (n  =  23), 

PD-SVR (n = 55), and PD-SAR (n = 17). PDAC pancreatic ductal ade-
nocarcinoma, CRT chemoradiotherapy, PD pancreaticoduodenectomy, 
DP distal pancreatectomy, TP total pancreatectomy, PV portal vein, 
SMV superior mesenteric vein, SV splenic vein, SVP splenic vein pres-
ervation, SAR splenic artery resection, SVR splenic vein resection
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41.3.4  Assessment of LPH: Incidence 
of Variceal Formation, Serial Changes 
of Platelet Count, Spleen Volume, 
and Hemodynamics 
in the Left-Side Area

To assess the development of LPH, a radiologist (N.M.) who 
was blinded to the patients’ characteristics and outcomes 
evaluated enhanced MDCT images for any newly developed 
varices and collateral pathways at 6  months after 
PD.  Esophageal, gastric, pancreatic, and colonic varices 
were diagnosed when dilated and beaded veins were detected 
within the submucosal layer of each organ compared with 
before the surgery. Collateral pathways from the divided SV 
were diagnosed when the diameter of the splenosystemic or 
splenoportal routes was 1.5 times larger than that before sur-
gery. The splenosystemic route was defined as a splenorenal 
shunt, a gastrorenal shunt, and others. Splenoportal routes 
were classified as superior and inferior routes according to 
the definition of Strasberg et al. [17]. The superior route was 
defined as a pathway starting in the divided SV; following a 
superior and rightward direction through gastric, coronary, 
and/or perigastric veins; and finally ending in the PV. The 
inferior route was defined as a pathway starting in the divided 
SV, joining the venous routes in the mesocolon through the 
gastrocolic ligament and/or the IMV, and proceeding in an 
inferior and rightward direction to end in the SMV. Blood 
supply to the spleen after PD-SAR was evaluated using 
enhanced MDCT within 10  days postoperatively. Platelet 
count data were collected before and 6 months after PD. The 
total spleen volume was estimated by tracing the spleen on 
each transverse CT image obtained at 2.0-mm intervals. 
Spleen volume was measured before and 6  months after 
PD.  We withdrew the evaluation of LPH when PV/SMV 
occlusion or patient mortality occurred. The study protocol 
was approved by the Medical Ethics Committee of Mie 
University Hospital (no. H2019–070), and the study was 
 performed in accordance with the ethical standards estab-
lished in the 1964 Declaration of Helsinki.

41.3.5  Statistical Analyses

Continuous variables are expressed as medians and ranges. 
Statistical significance was determined using the Mann- 
Whitney U test for comparison between two groups and the 
Kruskal–Wallis test for comparison among multiple groups. 
Categorical variables were compared using Pearson’s chi- 
square test. Overall survival (OS) was calculated using the 
Kaplan-Meier method and tested using the log-rank test. 
Statistical analysis was performed using SPSS version 24.0 
(SPSS, Chicago, IL, USA). A p value of <0.05 was consid-
ered statistically significant.

41.4  Results

41.4.1  Patients’ Background and Surgical 
Outcomes

Table 41.1 shows a comparison of background characteris-
tics and surgical outcomes between PD-SVP, PD-SVR, and 
PD-SAR.  The intraoperative blood loss was significantly 
higher in PD-SVR than in PD-SVP and PD-SAR (464 vs. 
1160 vs. 578 mL, p = 0.004). The incidence rates of coronary 
vein division and IMV division were as follows (PD-SVP vs. 
PD-SVR vs. PD-SAR): 60.9% vs. 89.1% vs. 82.4% 
(p  =  0.015) and 13.0% vs. 60.0% vs. 94.1% (p  <  0.001), 
respectively. No significant differences were observed in 
postoperative complications of Clavien-Dindo grade IIIa or 
higher and in pancreatic fistula of grade B or C between the 
two groups. The incidence rates of pathological PV invasion 
were 8.7% in PD-SVP, 25.5% in PD-SVR, and 47.1% in 
PD-SAR (p = 0.022). The incidence rates of postoperative 
variceal formation and splenosystemic shunt development 
were as follows (PD-SVP vs. PD-SVR vs. PD-SAR): 4.3% 
vs. 70.9% vs. 41.2% (p  <  0.001) and 4.3% vs. 45.5% vs. 
5.9% (p < 0.001), respectively. Variceal bleeding was identi-
fied in four patients (7.3%), all in PD-SVR (p = 0.212).

41.4.2  Arterial Blood Supply to the Left-Sided 
Area after PD-SAR

Blood supply to the spleen after PD-SAR (n  =  17) was 
secured from the LGA and subphrenic artery (SubPA), which 
passed through the stomach and joined to the distal SA and 
spleen. On dynamic CT imaging performed within 10 days 
after PD-SAR, blood supply from the LGA and SubPA was 
identified in 100% (17/17) and 94.1% (16/17), respectively. 
PD-SAR did not cause any severe complications, such as 
spleen necrosis and abscess. Partial splenic infarction was 
identified in 11.8% (2/17) of the patients, although all of 
them improved within 1 month.

41.4.3  Serial Changes of Platelet Count 
and Spleen Volume

Figure 41.3a shows the change in platelet counts. At postop-
erative 6 months, the median platelet count (×103/μL) in the 
PD-SVR group was significantly lower than that in the 
PD-SVP group (138 vs. 185, p < 0.001). The postoperative 
platelet counts (×103/μL) significantly decreased compared 
with the preoperative counts only in PD-SVR (138 vs. 205, 
p < 0.001). Figure 41.3b shows the change in spleen volume. 
At 6 months postoperatively, the median spleen volume in 
PD-SVR was significantly larger than that in PD-SVP (160 
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vs. 91.8 mL, p < 0.001). In PD-SVR, spleen volume signifi-
cantly increased compared with that before the surgery (160 
vs. 118 mL, p < 0.001).

41.4.4  OS Rates After the Initial Treatment

A significant difference in median survival time and OS rates 
was observed among the three groups (PD-SVP vs. PD-SVR 
vs. PD-SAR): median survival time, 36 vs. 26 vs. 26 months; 
3-year OS, 46.5% vs. 32.7% vs. 34.0% (p = 0.272).

41.5  Discussion

In this paper, we described the surgical techniques of 
PD-SAR and revealed the following insights: (1) PD-SAR 
can be safely performed without any major complications 

related to this procedure. (2) PD-SAR decreases variceal for-
mations due to LPH after SV division compared with 
PD-SVR. (3) We have never experienced cases of variceal 
bleeding caused by LPH in patients who underwent PD-SAR.

To justify the PD-SAR procedure, sustained blood supply 
to the spleen and remnant pancreas is mandatory. The arterial 
blood supply to the spleen after PD-SAR was secured from 
the LGA (100%) and the left SubPA (94.1%) through and 
around the stomach without causing any major complica-
tions. In addition to the arterial blood flow on dynamic CT 
images within 10  days, MDCT clearly demonstrated 
enhancement of the remnant pancreas at 1 and 6  months 
postoperatively in all the examined patients (data not shown). 
The secondary point is the oncological validity of 
PD-SAR. With respect to the R0 resection rates, no signifi-
cant differences were observed among the three groups 
(PD-SVP, PD-SVR, and PD-SAR) regardless of tumor 
extension. Additionally, surgical outcomes such as degree of 

Table 41.1 Background and surgical outcomes

Perioperative variables PD-SVP n = 23 PD-SVR n = 55 PD-SAR n = 17 p
Age 68 (52~84) 66 (48~84) 69 (53~82) 0.344
Man/female 10/13 39/16 8/9 0.038
BMI, kg/m2 20.6 (15.2~27.1) 20.6 (15.2~28.3) 21.5 (17.3~25.6) 0.848
Maximum tumor size on CT (mm) 25.3 (13.1~38.7) 25.7 (11.2~45.9) 25.4 (12.3~72.6) 0.894
Performance status 0/1/2 15/6/2 31/23/1 13/4/0 0.208
CEA, ng/mL 3.4 (1.0~8.4) 4.2 (1.0~13.2) 2.8 (1.4~369) 0.166
CA19-9, U/mL 28.9 (0.1~497) 34.2 (0.1–1690) 43.1 (0.1–1475) 0.981
TNM classification (UICC 8th) T factor (T1/T2/T3/T4) 4/8/0/11 10/19/3/23 1/3/0/13 0.244
TNM classification (UICC 8th) N factor (N0/N1/N2) 17/6/0 41/13/1 14/3/0 0.885
Resectability, R: BR: UR 10/7/6 20/20/15 1/9/7 0.128
Preoperative chemotherapy regimen
   G: GS

7/16 26/29 6 / 11 0.532

Platelet counts, ×1000/uL 214 (150~447) 205 (87.0~423) 190 (83.0~298) 0.088
Spleen volume, mL 121 (43.2~416) 118 (28.8~277) 104 (57.9~223) 0.850
Operative procedures (PD/SSPPD) 0/23 6/51 3/42 0.246
Operative duration (min) 533 (345~818) 552 (351~780) 604 (384–804) 0.680
Blood loss (mL) 464 (103~2500) 1160 (110~5089) 578 (80~4000) 0.004
CV division, yes/no (%) 14/9 (60.9%) 49/6 (89.1%) 14/3 (82.4%) 0.015
IMV division, yes/no (%) 3/20 (13.0%) 33/22 (60.0%) 16/1 (94.1%) <0.001
C-D >/= IIIa, yes/no (yes %) 2/21 (8.7%) 15/40 (27.3%) 2/15 (11.8%) 0.112
Pancreatic fistula (Grade B or C), yes/no (yes %) 0/23 3/52 (5.5%) 0/17 0.324
pPV positive, yes/no (yes%) 2/21 (8.7%) 14/41 (25.5%) 8/9 (47.1%) 0.022
R0 resection, yes/no (yes %) 21/2 (91.3%) 50/5 (90.9%) 12/5 (70.6%) 0.071
Postoperative chemotherapy, yes/no (yes %) 23/0 (100%) 45/10 (81.8%) 13/4 (76.5%) 0.056
Postoperative variceal formation, yes/no (%) 1/22 (4.3%) 39/16 (70.9%) 7/10 (41.2%) <0.001
   Esophageal varices 0/23 (0.0%) 18/37 (32.7%) 3/14 (17.6%) 0.006
   Gastric varices 0/23 (0.0%) 19/36 (34.5%) 5/12 (29.4%) 0.005
   Pancreatic varices 0/23 (0.0%) 15/40 (27.3%) 2/15 (11.8%) 0.013
   Colonic varices 1/22 (4.3%) 25/30 (45.5%) 1/16 (5.9%) <0.001
The development of spleno-systemic shunt, yes/no (yes %) 0/23 11/44 (20.0%) 1/16 (5.9%) 0.035
   Spleno-renal shunt 0/23 3/52 (5.5%) 0/17 (0.0%) 0.324
   Gastro-renal shunt 0/23 7/48 (12.7%) 1 /16 (5.9%) 0.167
   Others 0/23 2/53 (3.6%) 0/17 (0.0%) 0.476
The development of superior collateral route, yes/no (yes %) 0/23 (0.0%) 0/57 (0.0%) 0/45 (0.0%) –
The development of inferior collateral route, yes/no (yes %) 3/20 (13.0%) 15/40 (27.3%) 3/14 (17.6%) 0.342
Variceal bleeding, yes/no (%) 0/23 4/51 (7.3%) 0/17 (0.0%) 0.219
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postoperative complications and pancreatic fistula did not 
differ among the three groups. The OS of the PD-SAR group 
was very similar to that of the PD-SVP and PD-SVR groups.

As previously reported [18], LPH is a clinical syndrome 
due to outflow obstruction of the SV when the SV is ligated 
and not reimplanted, leading to the development of varices 
with hemorrhage and splenomegaly with thrombocytopenia. 
Although rare, LPH-related gastrointestinal bleeding is a 
life-threatening complication, and it can be managed depend-
ing on the situation with endoscopic procedures, radiologic 
procedures, or surgical intervention, with a low mortality. 
We experienced four patients who developed variceal bleed-
ing and required treatments at 6, 6, 18, and 96 months after 
PD, respectively [19]. All four patients underwent PD-SVR, 
and LPH did not occur in patients who underwent PD-SAR.

In summary, we have developed a PD-SAR procedure for 
pancreatic head and body tumors invading the SA without 
attempting to prevent LPH after PV/SMV confluence resec-
tion; however, unexpectedly, this procedure was observed to 
attenuate the development of LPH. Consequently, SA liga-
tion or division may be a useful and simple procedure to pre-
vent LPH when PV/SMV confluence resection is performed. 
Nevertheless, further studies with a large number of cases 
are required to clarify its efficacy.
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Pancreaticoduodenectomy 
with Superior Mesenteric Resection 
and Reconstruction for Locally 
Advanced Tumors

Philippe Bachellier and Pietro Addeo

Abstract

Pancreatectomies with arterial resections were initially 
characterized by high postoperative mortality and poor 
long-term survival as reported by Fortner et al. and then 
abandoned. The introduction of new efficacious chemo-
therapy regimens (FOLFIRINOX) along with the exten-
sive experience in venous resection for borderline 
pancreatic tumors has brought renewed interest in 
extended pancreatic resection for locally advanced malig-
nancy. The experience needed for performing such com-
plex resections goes beyond pancreatic surgery alone and 
entails skills in vascular surgery. Reconstructing arterial 
vessels might need autologous and/or heterologous vas-
cular substitutes which should be available immediately 
and accurate preoperative planning and simulation on the 
basis of cross-sectional imaging should be the rule. 
Resection of the superior mesenteric artery could be seen 
as one of the most challenging arterial resection at the 
time of pancreatectomy because of: (1) the frequent pres-
ence of an associated venous invasion; (2) the variable 
degree of tumoral infiltration downward through the mes-
entery; (3) the necessity of a mesenteric approach and 
complete mesenteric dissection; (4) the need for recon-
structing several jejunal and ileal branches; (5) the high 
mortality rates (20%) reported so far. In this chapter we 
will describe step-by-step the surgical technique of our 
standardized approach for superior mesenteric artery 
resection during pancreaticoduodenectomy.

42.1  Introduction

The introduction of new efficacious chemotherapy regimens 
(FOLFIRINOX) along with the extensive experience in 
venous resection for borderline pancreatic tumors has led to 
the development of extended pancreatic resection for locally 
advanced malignancy [1–4]. In these procedures the arterial 
vessels of the coeliac and superior mesenteric axes are 
resected and reconstructed simultaneously with pancreatec-
tomy in order to achieve local control for locally advanced 
pancreatic malignancy. Pancreatectomies with arterial resec-
tions were initially characterized by high postoperative mor-
tality and poor long-term survival as reported by Fortner 
et al. and then abandoned [5, 6]. The establishment of high 
volume center for pancreatic resection along with experience 
in vascular resection during HPB surgery and liver and pan-
creas transplant let some centers to revisit these procedures 
for patients with locally advanced disease [7–10]. The expe-
rience needed for performing such complex resections goes 
beyond pancreatic surgery alone and entails skills in vascular 
surgery which can need a multidisciplinary approach includ-
ing eventually vascular surgeons. Reconstructing arterial 
vessels might need autologous and/or heterologous vascular 
substitutes which should be available immediately. For these 
reasons accurate preoperative planning and simulation on the 
basis of cross-sectional imaging should be the rule when 
planning these procedures. The occurrence of pancreatic 
leak into the postoperative period could be very often a lethal 
event by causing erosion and thrombosis of reconstructed 
vessels and consequent death. These highlights such as arte-
rial resections should be reserved to very high volume cen-
ters to surgeons well beyond their learning curve with 
standard pancreatic resections [8]. Arterial resections are 
now gradually centralized in very high volume centers and as 
a matter of fact the largest series of arterial resection are now 
reported by few European, American and Asian centers [4, 
11–14]. Such as every surgical procedure some type of 
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arterial resection with simultaneous pancreatectomy are 
more challenging than other. Resection of the superior mes-
enteric artery could be seen as one of the most challenging 
arterial resection at the time of pancreatectomy because of: 
(1) the frequent presence of an associated venous invasion; 
(2) the variable degree of tumoral infiltration downward 
through the mesentery; (3) the necessity of a mesenteric 
approach and complete mesenteric dissection; (4) the need 
for reconstructing more jejunal and ileal branches; (5) the 
high mortality rates (20%) reported so far [15]. In this chap-
ter we will present the surgical technique of our standardized 
approach for SMA resection during pancreaticoduodenec-
tomy (PD).

42.1.1  Preoperative Planning

Our standardized protocol for managing patients with locally 
advanced pancreatic cancers has been previously described 

in detail [9–11, 16–21]. Briefly every patients presenting 
with a superior mesenteric artery involvement is considered 
as a locally advanced tumor independently from the presence 
of venous invasion and candidate for induction chemother-
apy [11]. More often SMA involvement is seen (1) in patients 
having tumors located at the uncinated process along with a 
variable degree of venous invasion; (2) in tumors located at 
the proximal part of the pancreatic body invading the SMA, 
the splenoportal venous confluence and the coeliac trunk; (3) 
in bulky tumors of the pancreatic head associated with 
venous invasion and invasion of both the coeliac trunk and 
the SMA. When considering the presence of SMA involve-
ment for surgery three factors should be considered. First the 
longitudinal extent of SMA invasion with three types easily 
recognized: (1) Type 1 invasion limited to the retro pancre-
atic tract of the SMA trunk: (2) type 2 invasion extended to 
the origin of the first jejunal branches; (3) type 3 invasion 
reaching the origin of the ileocolic branches and of the sec-
ondary or third jejunal branches (Fig.  42.1). Secondly it 

a b

Fig. 42.1 Strasbourg’s classification of Superior mesenteric artery 
invasion pattern: (a) Type 1 invasion limited to the retropancreatic tract 
of the SMA trunk: (b) type 2 invasion extended to the origin of the first 

jejunal branches and type 3 invasions reaching the origin of the ileoco-
lic branches and/or of the secondary or third jejunal branches
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should be remarked: (1) the presence and the extent of an 
associated venous invasion (superior mesenteric vein versus 
splenomesentericoportal confluence) as well the presence of 
thrombosis (superior mesenteric vein, portal vein, splenic 
vein) and venous cavernoma transformation. Thirdly, the 
coexistence of coeliac trunk invasion should be remarked. 
Intuitively, the presence of CT invasion, a longitudinal inva-
sion beyond the SMA trunk and the presence of venous infil-
tration increases the technical difficulties of SMA resection 
and indicate more aggressive disease. As a general sugges-
tion preoperative planning is of paramount importance and 
all these three factors have been extensively planned before 
scheduling surgery. The need for autologous and /or heter-
ologous graft should be planned. Usually we schedule sur-
gery 4  weeks after the last chemotherapy cycle and 
preoperative nutrition is also encouraged to prepare patients 
for surgery. Rehabilitation should be the rule and regular 
daily physical activity is also strongly encouraged.

42.2  Surgical Technique

42.2.1  Basic Preliminary Maneuvers

A bilateral subcostal incision with midline extension up to 
the xiphoidal process is usually performed. The groins are 
also systematically included in the operative field in case of 
need for saphenous grafts. Preliminary exploration included 
systematic search for liver metastases and peritoneal carci-
nomatosis. The right colon and the mesenteric root are sec-
tioned during a Cattel–Braasch maneuver. A large Kocher 
maneuver is then performed up to the left border of the aorta. 
The interaorticocaval area is cleared from lymphatic tissues 
which are sent for pathological examination. The origin of 
the SMA is cleared at the superior border of the left renal 
vein and isolated. Infiltration of the origin of the SMA on the 
aorta indicates not resectable disease. The dissection is 
moved toward the mesentery in order to delineate the longi-
tudinal extent of SMA infiltration. The insertion of the 
 transverse mesocolon is sectioned right-to-left by ligating 
the superior right colonic and the middle colonic pedicles. 
These sections are performed far from the colonic wall in 
order to preserve the communicating arterial and venous 
arcades. Now the mesentery is sectioned right-to-the-left 
perpendicularly to the axis of the SMA and the SMV. This 
dissection goes downward 1–2 cm beyond the macroscopic 
venous/ arterial tumoral infiltration. The SMV and/or its 
branches and the SMA and/or its branches are isolated and 
looped into the mesentery (Mikado’s technique). Infiltration 
of the SMA trunk needing more than two branches distal 
reconstruction can be particularly challenging especially in 
older and obese patients and could eventually discouraged.

42.2.2  Management of the Mesenteric Venous 
System

In our experience management of the superior mesenteric 
venous system is of a paramount importance when perform-
ing SMA resection for several reasons. First, frequently there 
is a variable degree of venous obstruction related to the 
tumoral infiltration which goes from right to the left in can-
cers of the uncinated process. Dissection of the mesentery 
and of the hepatic pedicle progressively interrupts all the col-
lateral circulations which drains the bowel and supplies the 
liver in patients with venous obstruction. The section of these 
venous collaterals increases difficulties in dissection and 
might cause profuse bleeding and liver hypoperfusion. We 
therefore systematically advocate early section of the SMV 
or its branches and derivation into the portal system at the 
beginning of the dissection. This is achieved by a transitory 
mesenterico-portal shunt using Gore-Tex ringed prosthesis 
interposed between the SMV and the right lateral side of the 
portal vein (Fig. 42.2). Indeed, the SMV previously isolated 
is directly sectioned over a clamp and anastomosed on one 
end to a 20-cm long Gore-Tex ringed prosthesis which is 
then anastomosed to the lateral wall of the PV just below its 
bifurcation. The use of this shunt achieves immediate decom-
pression of the bowel venous flow into the portal system 
which is of great importance in patients with cavernoma. 
Furthermore it provides superior dexterity for the dissection 
of the mesentery and provides continuous venous drainage 
into the portal vein though the entire operation [11, 20]. The 
advantages of this transitory shunt include (1) greater mobil-
ity of the mesenteric root because of the extra-length pro-
vided by the prosthesis which avoids completely the risk of 
venous disruption (2) the need for combined arterial and 
venous clamping; (3) provides superior exposure for the 
arterial resection and reconstruction (4) maintains portal 
venous inflow to the liver which is very often damaged by 
the preoperative chemotherapy.

42.2.3  Dissection of the Superior Mesenteric 
Artery and of the Hepatic Pedicle

Once the transitory mesentericoportal shunt has been 
unclamped, attention is directed toward the different branches 
of the SMA which are isolated and looped. In presence of 
SMA infiltration the section of the inferior pancreaticoduo-
denal artery and the first jejunal artery is not possible. The 
SMA trunk is currently only isolated on the future transec-
tion point. Dissection proceeds on the hepatic pedicle which 
is completely dissected. The pyloric and the gastroduodenal 
artery are sectioned; the portal vein trunk is looped such as 
the common bile duct. The dissection is pursued downward 
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on the coeliac trifurcation. The common hepatic artery, the 
splenic artery and the left gastric artery are looped. The coe-
liac trunk is dissected circumferentially, and the diaphrag-
matic arteries are sectioned.

42.2.4  Section of the Pancreas and Vascular 
Resection

A tunnel is created beyond the pancreatic body at the level of 
entry of the splenic artery or at the confluence of the inferior 
mesenteric vein into the splenic vein depending on the degree 
of tumoral spreading toward the left pancreas. The pancre-
atic body is progressively dissected from the splenic vein and 
sectioned. The pancreas is then dissected over 6-cm from the 
splenic artery and vein. The splenic vein is then sectioned 
and this will provide superior view on the superior mesen-

teric artery trunk on its origin. With this exposure a clamp is 
positioned on the origin of the SMA and another on the trunk 
or the branches of the SMA. After systemic heparin admin-
istration, the proximal and the distal SMA trunk and the dis-
tal branches are sectioned. Arterial replacement is performed 
either end-to-end (resection up to 3-cm length) (Fig. 42.3) or 
using a saphenous graft which is anatomized between the 
two ends using running 8/0 sutures (Figs. 42.4 and 42.5). The 
attention is now directed toward the venous system with 
sequential removal of the shunt and direct anastomoses 
between the SMV and the Portal Vein. The management of 
the splenic vein includes either a distal splenorenal shunt on 
the left renal vein or preservation of the natural confluence 
between the inferior mesenteric vein and the splenic vein 
[16] (Fig. 42.6). Digestive reconstruction is performed with 
a telescoped pancreaticogastrosotmy [22], hepaticojejunos-
tomy and gastroenterostomy.

Fig. 42.2 The management of the venous system is achieved by a transitory mesentericoportal shunt interposed between the right side of the 
portal vein and the SMV as showed
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Fig. 42.3 Intraoperative view of a PD with SMA resection. A direct 
end-to-end without graft interposition is generally possible in case of 
short (<3 cm) SMA resection

Fig. 42.4 Intraoperative view of a PD with SMA resection. A saphe-
nous graft is interposed between the origin of the SMA on the aorta and 
the stump of SMA into the mesentery

Fig. 42.5 Intraoperative view of a PD with SMA resection using the Mikado’s technique. In this case four different branches are sequentially 
reconstructed by using several saphenous grafts. While feasible this type of resection remains very challenging
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42.3  Postoperative Management

Intravenous heparin is administered during the first 7 days. A 
computed tomography scan is performed at postoperative days 
one and tenth to control vascular permeability. Long- term anti-
aggregant therapy by aspirin is maintained in all patients 
(3 months). An oral feeding is restarted beginning from postop-
erative day 7. Postoperative diarrhea is frequent after such 
extended dissection of the SMA and is managed with codeine. 
Adjuvant chemotherapy administration is indicated according 
to the presence of prognostic factors given by pathology.

42.4  Conclusions

Herein we have described a standardized technique for 
resecting locally advanced pancreatic cancers invading the 
SMA.  The technique presented entails extensive bowel 
mobilization, management of the venous system by tempo-
rary shunting, resection of the artery and reconstruction by 
direct anastomosis or by interposing autologous saphenous 
graft according to segment resected.

The performance of PD with SMA requires extensive 
experience in vascular and pancreatic resection and should 
be reserved to high volume center.
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Robotic Pancreaticoduodenectomy

Thilo Hackert

Abstract

Robotic or robotic assisted surgery can be regarded as an 
advancement of minimally invasive surgery and has been 
implemented in various field of surgery including pancre-
atic surgery in recent years. Acceptance worldwide is 
increasing—also for complex surgical procedures—and 
nearly all types of pancreatic resections have been per-
formed robotically in the meantime. Although robotic 
pancreas surgery is potentially burdened by a long learn-
ing curve and increased procedure costs, standardized 
resections such as distal pancreatectomy and partial 
pancreatico- duodenectomy (PD) are well established in 
specialized centers today. The first robotic PD has been 
reported by Giulianotti in 2001, yet, due to the complex 
reconstruction technique required, this has not been 
adopted in the following years before larger case series 
were published. The robotic technology advancements 
offer a three-dimensional movement of minimally- 
invasive instruments as well as a high-definition view, 
however, tissue handling and manipulation during resec-
tion and especially reconstruction require a high level of 
training and expertise to achieve good results. During the 
learning curve, increased morbidity has to be accepted, 
including high conversion rates. Based on experiences of 
the pioneers of this technique, approximately 80 proce-
dures are required to achieve a sufficient level of expertise 
and consequently surpass the learning curve. Yet, no ran-
domized controlled trials (RCTs) on the perioperative and 
long-term outcomes of robotic PD compared to open or 
laparoscopic PD have been published, leaving a low level 
of evidence to support this technique today. Despite this 
situation, which is commonly observed when new tech-
niques are introduced, a number of observational studies 
with promising results in terms of morbidity, mortality 

and oncological outcomes have been published. 
Practically, no absolute contraindications to choose a 
robotic approach for standard PD exist. In addition, the 
robotic technique may also be suitable for challenging 
pancreatic anastomoses with a high risk of postoperative 
pancreatic fistula (POPF) without the need to convert to 
an open procedure in such situations. Presumed advan-
tages of robotic PD include faster postoperative mobiliza-
tion and return to activity of the patients as well as shorter 
hospital stay without an increased need for readmission 
when compared to open PD. Considering the low method-
ological quality of the currently available studies, these 
results have to be considered with caution due to the 
observational character of the published series and a 
potential bias of underreporting morbidity which may 
especially be a risk of bias during the learning curve of 
this procedure.

43.1  Background

Since the mid-1980s minimally-invasive surgery (MIS) has 
been established in various surgical fields, starting with 
gynecological operations and extending to other disciplines 
including visceral surgery in the 1990s [1]. After initial skep-
ticism, “small” procedures like appendectomy or cholecys-
tectomy were accepted and finally regarded as the standard 
of care, yet, it took several years to establish more complex 
procedures adopting this technique. The first MIS-PD was 
performed in 1994 [2] demonstrating that this was generally 
feasible in highly specialized centers, however, no wide- 
spread acceptance occurred. Regarding MIS for PD, the 
debate is still ongoing today which is based on the data from 
non-observational studies, but RCTs that have reported con-
flicting results. Today, there are three RCTs available, two of 
them reporting favorable outcomes, one showing that MIS 
for PD may be potentially dangerous when brought into 
wide-spread practice [3–5]. Systematically analyzing these 
results, a potential thread for the patient is not reproducible 
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[6], however, a high level of specialization as well as case 
load seems to be required when offering MIS for PD and the 
potential problem is the generalizability of results which 
may limit the acceptance of MIS for PD in daily practice as 
only few centers will be able to overcome the learning curve 
and offer a MIS-PD program on a high level of expertise [5]. 
Considering this, MIS-PD does not seem to be a promising 
alternative approach to open PD today. In this situation, the 
application of the robotic technology may be the key to facil-
itate minimally-invasive procedures and help to spread this 
approach in PD as especially the phase of reconstruction can 
be performed much more easily than in conventional MIS.

Regarding the development of robotic surgery, after its 
establishment as a small start-up joint-venture between aca-
demic institutions and industry as well as the US army, in 
1995 the company Intuitive Surgical© was founded and 
introduced the DaVinci® system as a robotic platform in 
1999, receiving FDA approval for MIS procedures in 2000. 
Today, the company has achieved a nearly exclusive world-
wide monopolistic market position and the DaVinci® system 
is by far the most commonly used device. In pancreatic sur-
gery, robotic distal pancreatectomies and enucleations were 
performed as early as 2001 [7]. Giulianotti pioneered the 
first robotic PD in the same year [8] but mainly due to the 
complex reconstruction, it took several before larger patient 
series were published, mainly from the Pittsburgh center 
[9]. With this increase of utilization, other centers intro-
duced robotic PD increasing the number of procedures 
worldwide and establishing or adopting the standards pub-
lished before. For any type of robotic surgery, there are 
mainly observational studies to date, yet, a large number of 
RCTs are planned or already recruiting with the aim to com-
pare either robotic vs. conventional MIS or open procedures 
[10]. Consequently, more data on the safety and oncological 
feasibility are awaited within the next 3–5 years. The pres-
ent review summarizes the currently available data on 
robotic PD.

43.2  Robotic PD

Robotic PD is the most complex procedure among all types 
of robotic pancreas resections. Despite the advantages of the 
robotic platform compared to conventional MIS—especially 
the possibilities of three-dimensional instrument movement 
and high-definition view—tissue handling and manipulation 
during resection as well as reconstruction requires a high 
level of expertise as the tactile feedback is still lacking which 
limits the surgeon’s ability to adjust his technique to certain 
challenging situations including vascular involvement dur-
ing resection or very soft tissue conditions during recon-
struction. This implies that a very accurate diagnostic workup 
is mandatory to recognize potential venous or arterial 

involvement by pancreatic tumors preoperatively and esti-
mate the suitability of a patient for a robotic procedure. 
Vascular resection and reconstruction is well possible during 
robotic PD, however, it has to be planned and requires an 
adequate level of experience and technical kills when 
attempted. Otherwise, conversion to an open procedure—
also in an emergency setting—is inevitable. This also implies 
that every surgeon doing robotic PD has to be trained not 
only in this procedure but also in open PD to be able to con-
vert and fix any occurring problem by an open approach if 
required—a merely robotic training seems to be inadequate 
in such a setting, especially as during the learning curve of 
robotic PD, an increased morbidity caused by intraoperative 
challenges may occur and high conversion rates are possible. 
Regarding the implementation of robotic PD, some precon-
ditions have to be respected. Firstly, a center needs to have a 
level of experience in open pancreatic surgery and handling 
the potential complications; secondly, a certain case load has 
to be guaranteed—although there is no clear consensus on 
the minimal number of annal procedures, it seems to be rea-
sonable to have a volume of at least 50 PDs per year to select 
proper patients for robotic PD and to surpass the learning 
curve for this procedure in a reasonable time frame. Thirdly, 
an environment of experienced open—an ideally—laparo-
scopic surgeons has to be present, who are able and willing 
to go through training (including simulator skills, tissue 
training, visiting experienced centers), on-site proctoring 
and teaching of robotic PD.  Presumed these preconditions 
are fulfilled, a patient selection is absolutely mandatory to 
start a robotic PD program. This implies to select clearly 
resectable cases of any type of pancreatic tumors to start and 
assure quality monitoring, which can be realized within a 
prospective database or a clinical study setting. Especially 
with regard to resectability of any pancreatic pathology, a 
certain selection bias is inherent during the learning curve of 
robotic PD. As it is common knowledge that during PD easy 
resection (small—potentially benign or borderline lesions, 
no duct dilation) is usually associated with rather difficult 
reconstruction (small pancreatic/bile duct, soft pancreatic 
remnant tissue), this may initially lead to an increase of post-
operative morbidity, underlining the importance of compli-
cation management to avoid any failure to rescue and 
endanger patients undergoing robotic PD. Furthermore, the 
standardization of all operative steps of PD is not only pos-
sible but also helpful to achieve good outcomes. Giulianotti 
et  al. published a 17-step procedure line for robotic PD 
including all key points of resection and reconstruction [11]. 
Although this is only a guide to perform the procedure and 
every patient may require individual adoption, a certain stan-
dardization is certainly helpful and defined steps of the oper-
ation can be standardized very well, i.e. positioning of the 
patient, trocar placement and positioning of the instruments 
on the respective arms of the robot [12]. A basic consideration 
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is the decision to perform robotic PD as a “one- surgeon” pro-
cedure in which the console surgeon basically does all steps 
of the procedure himself and the table-site assistant is only 
helping with exposition, suction and instrument changes. 
Alternatively, robotic PD may be performed in a “two-sur-
geon” approach if the table-site surgeon also actively partici-
pated in the operative steps, i.e. by using a sealing/cutting 
device, dividing structures by scissor or applying clips. Both 
approaches have advantages, the first guarantees a high grade 
of independence for the console surgeon and allows to per-
form the procedure also with less qualified or changing 
table-site personnel. The disadvantage is a potentially high 
frequency of instrument changes that are required. The sec-
ond approach may allow a faster procedure with less instru-
ment changes if the team is well-practiced. This approach 
however, requires a steady team composed of two experi-
enced surgeons and may be therefore difficult to realize in 
some centers.

Regarding technical aspects of robotic PD, the common 
principles of radical resection should be respected. This 
implies the common standard of required lymphadenectomy 
during PD including the lymph nodes on the right side of the 
superior mesenteric artery, celiac axis and the hepatoduode-
nal ligament [13]. Furthermore, soft tissue in the “triangle” 
between superior mesenteric artery, celiac axis and portal 
vein should be cleared [14]. As resection is technically easier 
if all preparation can be done from the right side of the mes-
enteric root without changing perspective and the field of 
preparation to the left side of the Treitz ligament, the first 
jejunal loop needs to pulled through after dividing Treitz 
ligament and after skeletonizing the loop, an “uncinate-first 

approach” is a very convenient procedure for resection 
 during robotic PD [15]. Division of the pancreatic neck can 
be done by stapler or by monopolar cautery as well as by 
sealing/cutting devices.

After completion of the resection, pancreatic anastomosis 
reconstruction can be done by pancreatico-jejunostomy (PJ) 
or pancreatico-gastrostomy, however, most surgeons prefer 
PJ in a modified Blumgart fashion using an internal pancre-
atic stent as this is technically the easiest way of reconstruc-
tion (Fig. 43.1) [16]. Hepatico-jejunostomy can be done by 
one-layer running sutures for dilated bile ducts (Fig. 43.2) or 
by monofilament single stitches in case of small bile ducts, 
comparably to hepato-jejunostomy in open PD. For gastro- 
jejunostomy, side-to side stapling with suture closure of the 
stapler introducing incision is the quickest possibility of 
reconstruction, but all other types of sutured anastomoses are 
possible, depending on the surgeon’s preference.

With regard to outcomes of robotic PD, these have to be 
weighed against open PD as the gold standard as well as con-
ventional MIS-PD. No RCTs have yet compared these pro-
cedures and data are mainly retrieved from a number of case 
series as well as mono-and multicenter comparative observa-
tional studies [17–21]. Overall, these studies confirm techni-
cal feasibility and promising results regarding morbidity, 
mortality and oncological outcomes.

The largest observational study includes 500 robotic PD 
performed over a 10-year period and reports an improve-
ment of operative performance with a reduction of operating 
room time during the first 240 procedures with a plateau 
phase afterwards [22]. This impressively underlines the 
duration of the learning curve, furthermore the study shows 

Fig. 43.1 Pancreatico-jejunostomy, modified Blumgart technique. Left side: preparation of the transparenchymal stitches (white arrows), pancre-
atic duct (black circle). Right side: duct-to-mucosa stitches (white arrow), inserted pancreatic duct stent (black asterisk)
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that during the last 100 cases in this series operation time 
remained stable although an increasing proportion of vascu-
lar resections were performed and more patients undergoing 
neoadjuvant therapy—with presumably more difficult con-
ditions during resection—were selected. A comparative 
series from the US includes eight centers and 211 post 
learning-curve robotic PD vs. 817 open PD [17]. This study 
shows that a high BMI or a history of previous abdominal 
surgery are no basic contraindications to choose a robotic 
approach, overall conversion rate was 4.7%. For malignant 
indications, surgeons tended to prefer an open approach as 
55% of open vs. 33% of robotic PDs were performed for 
cancerous lesions. This may well be explained by basic con-
cerns regarding radicality of the robotic procedures, results 
remain unclear in this respect. The proportion of R1 resec-
tions was higher for the robotic group (50% vs. 33%) 
whereas the number of retrieved lymph nodes favored the 
robotic resection (n  =  27.5 vs. n  =  19 harvested lymph 
nodes) without results on long-term outcomes. Perioperative 
outcomes were comparable, especially clinically relevant 
POPF (robotic 13.8% vs. open 9.0%). With a similar length 
of hospital stay, robotic patients were readmitted more fre-
quently (31% robotic PD vs. 24% open PD).

A definitive evaluation especially regarding long-term 
oncological outcomes is not possible from these data. A 
recent systematic review [19] includes 11 non-randomized 
studies comparing robotic and open PD.  The number of 
robotic procedures in the underlying studies accounts to 
overall n = 514 robotic PD vs. n = 1263 open PD. The results 
show significant differences in operation time (robotically 
+1.5 h) and blood loss (robotically −200 mL) with similar 
transfusion rate. In the subgroup of oncological patients, 
robotic PD showed a lower rate of R1 resections with a simi-
lar number of retrieved lymph nodes. The data favor robotic 

PD in terms of lower overall morbidity (especially surgical 
site infections) and faster postoperative mobilization of the 
patients, although this does not turn into shorter length of 
hospital stay.

Long-term oncological outcome as the potentially most 
important variable for pancreatic cancer surgery has recently 
been investigated in an analysis of the US National Cancer 
Database [23]. Stage I–III pancreatic cancer patients who 
underwent either robotic PD (n  =  626) or open PD 
(n = 17.205) showed no relevant differences in baseline data 
regarding tumor characteristics. In the short-term outcomes, 
robotic PD was superior with regard to lymph node yield 
whereas R0 resection status was similar in both groups. 
Robotic PD resulted in a shorter hospital stay (−1 day) at 
similar readmission and 90-day mortality rates (9% vs. 8% 
readmission and 4% vs. 6% mortality, respectively. Median 
overall survival was 22.0 months (robotic PD) vs. 21.8 months 
(open PD) with 1-, 3- and 5-year survival rates of 74% vs. 
73%, 33% vs. 31% and 19% vs. 19%, respectively. Based on 
such data, there should not be a general restrictive attitude 
towards robotic PD in malignant indications, even if results 
have to be considered with caution to the retrospective nature 
of this registry study.

Beyond standard PD, extended procedures, namely vas-
cular resections have been performed in a few centers world-
wide [24–26]. Principally, such operations are possible using 
the robotic system for venous as well as arterial reconstruc-
tions. Due to the very limited reported number of patients 
undergoing extended robotic PD it is not possible to give a 
valid estimation about potential advantages. In addition, con-
siderable morbidity (up to 80%) and mortality rates (up to 
14%) may burden these approaches which certainly require 
an even longer learning curve than that for standard robotic 
PD [27, 28].

Fig. 43.2 Hepatic-jejunostomy, running sutures. Left side: single-layer backwall suture. Right side: single-layer frontwall suture
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43.3  Conclusion

Robotic procedures have changed all fields of surgery includ-
ing visceral and pancreatic surgery in the last two decades. 
Today, robotic PD has gained acceptance in many centers, 
mainly for standard PD, although also extended PD resections 
are possible after passing a considerable learning curve. Due 
to the currently available mostly observational studies, the 
level of evidence regarding short- and long-term results of 
robotic PD compared to open PD is still low. The present stud-
ies confirm the feasibility of robotic PD and postulate poten-
tial advantages associated with the minimally-invasive nature 
of the operation. These include less blood loss, earlier mobili-
zation and shorter hospital stay. To confirm such conclusions, 
RCTs are warranted and currently being planned or already 
recruiting to create more high-level evidence in the near future.
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Duodenum-Preserving Pancreatic Head 
Resection

Elena Usova

Abstract

Duodenum-preserving pancreatic head resection (DPPHR) 
remains a rare procedure even for high volume centers 
since its clinical implementation in 1979. Reports on this 
surgery are scattered and present mostly as sporadic sys-
tematic reviews and case reports/case series. Terminology 
for those procedures varies among authors. Present chap-
ter aims to pool current knowledge and give an idea of 
anatomical and surgical fundamentals of DPPHR. Latter 
one needs meticulous knowledge of vascular anatomy of 
pancreatic head and adjacent organs and might become 
technically more challenging when compared to pancre-
aticoduodenectomy. Postoperative complication rate and 
location of the lesion are other contributing factors to lim-
ited use of DPPHR. Limited pancreatic resection is useful 
mostly for benign focal pancreatic lesions and chronic 
pancreatitis. Exposure of main pancreatic duct and/or 
common bile duct and their subsequent management 
require large experience in hepatopancreatobiliary surgery 
that feels to be never enough. Author is hoping to expand 
the knowledge of the reader on DPPHR and promote 
organ-sparing technique for benign lesions just like it has 
become in regard to liver surgery of last decade. Any fur-
ther comments and suggestions will be appreciated.

Duodenum-preserving pancreatic head resection (DPPRH) 
has not been precisely defined or classified in the literature or 
existing guidelines. Roughly, it can be defined as the proce-
dure with either total or partial resection of the pancreatic 
head parenchyma and with preservation of the duodenum or 
its segmental resection. According to the pioneer of DPPHR, 
Hans Beger, a total DPPHR involves resection of the pancre-

atic head conserving the pancreatic neck. Peripapillary seg-
ment of the duodenum and the intrapancreatic common bile 
duct segment might be either resected or preserved [1]. In 
case of the former, three anastomoses are required; i.e., end- 
to- end duodenum to duodenum, end-to-side common bile 
duct (CBD) to postpyloric duodenum and end-to-side pan-
creaticointestinal anastomoses, in addition to Roux-en-Y 
jejuno-jejunostomy.

Unlike the total one, a partial DPPHR includes limited 
resection of the pancreatic head parenchyma with preserva-
tion of the duodenum and common bile duct and parts of the 
ventral or dorsal pancreatic head tissue or resection only of 
the tumour bearing tissue of the uncinate process [2]. An 
anastomosis between the pancreatic head and an excluded 
jejunal loop is necessary in either case.

44.1  History of DPPHR

Role of the pioneer of DPPHR may belong to Beger. In 1972 
he started his dog experiments on subtotal pancreatic head 
resection. First report on in-human use of this procedure has 
been done in 1980 by the same author [1]. Surgery was per-
formed in 12 patients: nine of them experienced chronic pan-
creatitis (CP) and three underwent DPPHR for suspected 
malignancy and pathology showed benign lesions. Author 
reported no clinical lethality with 75% rate of complete 
recovery 3 years after surgery. A total DPPHR removing pan-
creatic head parenchyma completely was suggested by 
Imaizumi in 1990 [3]. Later on, Nakao argued that blood sup-
ply to the duodenum and common bile duct is compromised 
significantly during a total DPPHR to cause ischemic necro-
sis of them and that a segmental duodenectomy is required to 
avoid this complication [4]. He proposed this procedure as a 
pancreatic head resection with segmental duodenectomy 
(PHRSD) and distinguished PHRSD from DPPHR.

DPPHR for CP became a standard of care soon after its 
implementation into clinical practice [5]. The most likely 
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reason is that surgery has been done to patients with fibrotic 
changes of pancreatic tissue thus mostly giving the sense of 
safety to the surgeon in light of postoperative pancreatic fis-
tula. Recent systematic review and meta-analysis includes 
797 patients with DPPHR for CP in 15 studies [6].

However, DPPHR for focal lesions of pancreatic head 
remains of limited use even in high volume centers partly 
because it demands meticulous technique to dissect along 
the mostly intact pancreatic parenchyma. Thus, further in 
this chapter author wants to focus specifically on DPPHR for 
focal lesions. To date, as of last review by Beger et al., totally 
523 cases of DPPHR for benign and low-grade malignant 
pancreatic neoplasms within 26 cohort studies have been 
identified [7]. Minimally invasive or robotic-assisted 
approach has been used in 37 of 523 (7.1%) patients.

Progress in technologies for minimally invasive surgery 
and advanced techniques made it possible to perform a lapa-
roscopic DPPHR as performed in 2004 and published in 
2007 by Takaori [8]. In his first laparoscopic DPPHR, how-
ever, the case was converted into open for reconstruction, 
specifically for pancreaticojejunostomy, using a small lapa-
rotomy incision. As of nowadays, a totally laparoscopic 
DPPHR including laparoscopic reconstruction has been per-
formed sporadically by several surgeons including the pres-
ent author and this minimally invasive procedure has been 
indicated for IPMN, neuroendocrine tumors and other non- 
invasive neoplasms of the pancreatic head.

Robotic pancreatic surgery became notable for DPPHR in 
2012 [9]. Peng et al. presented four cases of DPPHR: one for 
CP and three for benign pancreatic neoplasms. As of 2018, 
he reported 34 patients to undergo this procedure while cur-
rently it remains the largest single center experience [10].

44.2  Classification

As for now, DPPHR can be classified as total, subtotal, and 
partial ones. In the first scenario, the duodenum can be either 
totally preserved or resected segmentally. Subtotal DPPHR 
presumes to spare duodenum and to either spare common 
bile duct (CBD) or perform its resection along with resection 
of the pancreatic head leaving only the thin layer of pancre-
atic tissue along the duodenum. Partial DPPHR usually 
spares all the above structures.

44.3  Blood Supply to Pancreatic Head 
and Pertinent Adjacent Organs

It is well known that pancreatic head blood supply goes from 
celiac axis (CA) and superior mesenteric artery (SMA). 
Likewise, there is no need for expert pancreatic surgeons to 

recall where all the pancreaticoduodenal arteries (PDAs) 
arise from. Nonetheless, some aspects of blood supply to 
pertinent segments of the pancreas, CBD and duodenum, 
especially those vulnerable for ischemia, need to be 
mentioned.

Description of vascular anatomy of the pancreas goes 
back to 1748 when Haller described anterior and posterior 
arches (arcades between CA and SMA) [11]. Since then, not 
many studies have been done on this specific issue using 
post-mortem specimens. Falconer and Griffiths investigated 
50 specimens (27 dissections and 23 injection-corrosion 
preparations) [12]. In all the cases, gastroduodenal artery 
(GDA) gave rise to the anterior vessel, the anterior superior 
pancreaticoduodenal artery (ASPDA), which went over the 
head of the pancreas inferiorly toward duodenopancreatic 
sulcus and then medially in the groove, and posteriorly along 
the gland. Anastomosis was present behind the uncinate pro-
cess with an anterior inferior pancrearticoduodenal artery 
(AIPDA). Posterior superior pancreaticoduodenal artery 
(PSPDA) was present in 25 dissections. In all but two cases 
(when it was arising from hepatic branch of SMA) PSPDA 
originated 1.5 cm distally to the origin of GDA. Then PSPDA 
went backwards over the upper border of the pancreas in 
front of the CBD along the posterior pancreaticoduodenal 
sulcus followed by leaving the latter shortly and going medi-
ally across the posterior surface of the pancreatic head and 
creating an anastomosis with the posterior inferior pancreati-
coduodenal artery (PIPDA).

Bertelli et al. did summarize anatomy and nomenclature 
of pancreas blood supply over past two centuries based on 
over 1000 angiographic studies [13–16]. This is the classic 
anatomy we use nowadays. Typically, blood supply to the 
head of the pancreas goes from CA (via ASPDA and PSPDA 
as its terminal branches) and SMA (via AIPDA and PIPDA 
as its terminal branches) with arcade formation anteriorly 
and posteriorly. Authors also emphasize on the dorsal pan-
creatic artery (known also as Haller’s artery) as a source of 
blood supply to pancreatic head originating from either 
splenic artery (most commonly), or CHA, or CA, or SMA, or 
other smaller visceral artery [17]. Its right terminal branch 
goes behind the superior mesenteric vein and then passes 
along anterior surface of pancreatic head. Before supplying 
pancreatic head, it forms prepancreatic arch, anastomosing 
with branch of the GDA, AS PDA or right gastroepiploic 
artery.

Furukawa et al. highlighted in their study blood supply to 
the pancreatic head taking into consideration its embryogen-
esis by computed tomography during arteriography, specifi-
cally its derivation from the ventral (smaller) and dorsal 
(larger) buds [18]. The former one corresponds to caudal part 
of pancreatic head and equals to uncinate process and gets 
blood supply from SMA (inferior PDAs, respectively) while 
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the latter one is supplied by CA (superior PDAs, respec-
tively) and equals to cephalic part of the head of the pan-
creas. Blood supply to CBD and ampulla of Vater is provided 
by CA, specifically by PSPDA, which is located along the 
intrapancreatic bile duct. Proximal part of the duodenum 
gets supply from CA, while distal part gets the one from 
SMA. According to the study, the boundary between those 
two areas was in the second part of the duodenum in 56%, in 
the third in 40%, and in fourth part in 4% of cases, respec-
tively. Duodenum, mainly its first portion and proximal part 
of the second portion, also gets blood supply from the supra-
duodenal artery arising from GDA, and from retroduodenal 
artery arising from the PSPDA [19]. Those two are espe-
cially important to be preserved during DPPHR.  Another 
study from Japan showed the presence of arcade formation 
between the ASPDA and the AIPDA in 100% of cases as 
well as between PSPDA and PIPDA in 88%, consequently. 
There was also found the membrane on the posterior aspect 
of the pancreas head where all of the PDAs were situated. 
One of the important details depicted in the study was that 
ASPDA eventually turns to the posterior aspect of the pan-
creas and joins there AIPDA [20]. Authors emphasize on the 
crucial role of the above membrane preservation to spare the 
blood supply to duodenum as well as PDAs themselves.

44.4  Technical Aspects of Total DPPHR

A total DPPHR is a procedure which requires removing all 
the pancreatic head tissue. In order to approach head of the 
pancreas, transection of gastrocolic ligament should be done 
along with access to lesser sac regardless of type of DPPHR.

Major pitfall of this procedure is how to preserve duode-
nal blood supply to avoid its ischemia. Given the descrip-
tion by Imaizumi, Kocher’s maneuver should not be done 
[3, 21]. Nonetheless, author recommends ligation of GDA 
and right gastroepiploic artery along with sparing mesodu-
odenal vessels, especially when resecting uncinate process. 
Main pancreatic duct (MPD) and CBD are ligated extramu-
rally followed by end-to-side pancreaticoduodenostomy 
and cholodochoduodenostomy, both with second part of 
duodenum. For the above procedure duodenum is totally 
preserved.

Nakao suggested 3–4 cm segmental duodenectomy along 
with both papilla resection for PHRSD to avoid duodenal 
ischemia [4]. Conservation of right gastric artery and AIPDA 
is required. Surgery is completed with pancreaticogastros-
tomy, end-to-end duodenoduodenostomy and end-to-side 
choledochoduodenostomy.

Takaori emphasized on preservation of PSPDA and PIPDA 
while ASPDA was divided at the origin of GDA.  Hence, 
blood supply to the duodenum was preserved [8].

Hirata et al. when describing their technique of pylorus- 
preserving pancreaticoduodenectomy emphasize that preser-
vation of retroduodenal artery arising from PSPDA and 
supplying first and proximal portion of second part of duode-
num is critical, and ligation site should be after its root [18]. 
Likewise, Takada et al. claimed that PSPDA to be preserved 
while they avoided Kocher’s maneuver [22].

Kim et al. demonstrated feasibility of total DPPHR with 
CBD preservation, however long-term outcomes as inci-
dence of bile duct stenosis have not been reported but one 
during early postoperative course [23]. Authors advocate on 
sparing of all but ASPDA.

In general, type of anastomosis for pancreas remnant with 
gut as well as bile duct anastomosis is not a matter of discus-
sion. None of the technique has been demonstrated as being 
safer [24]. The techniques highlighted above are preferences 
of each author. Aspects that matter are extent of parenchyma 
resection and preservation of blood supply to adjacent 
organs.

44.5  Technical Aspects of Subtotal DPPHR

A subtotal DPPHR, described as a typical Beger procedure, 
presumes preservation of thin layer of the pancreatic tissue 
of about 5–8 mm adjacent to the duodenum along with com-
plete parenchyma transection followed by Roux-en-Y pan-
creaticojejunostomy [25]. The authors advocated that there 
is no need to preserve GDA. In turn, blood supply through 
supraduodenal vessels and dorsal duodenopancreatic arcade 
along with mesoduodenal vessels blood flow should be 
spared.

Unlike Beger procedure, its Bern modification leaves 
bridge of pancreatic tissue in front of superior mesenteric 
vein as well as opened both MPD and CBD followed by end- 
to- side anastomosis of pancreatic head with the jejunum 
including both ducts [26]. Kocher’s maneuver and preserva-
tion of the entire duodenum is performed in both cases. Both 
procedures have become useful for CP with occasional use 
for benign or low-grade focal pancreatic lesions.

44.6  Technical Aspects of Partial DPPHR

A partial DPPHR is a procedure designed for benign and 
low-grade focal pancreatic lesions [27]. However, due to 
numerous technical aspects and sometimes being unsure 
about malignant potential of the lesion, surgeons tend to pre-
fer Whipple procedure over DPPHR. In young patients with 
benign/low-grade pancreatic head lesions Whipple proce-
dure seems to be excessive while removing organs not perti-
nent to the disease itself.
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Extent of pancreatic head parenchyma resection can be 
defined as partial by extrapolating extent of pancreatic 
parenchyma resection for other types of surgery when com-
paring pancreatic function during long-term follow-up 
[28]. In order to get satisfactory endocrine and exocrine 
function in most cases resection of no more than 50% of 
pancreatic head parenchyma is recommended. Enucleation 
cannot be included into partial DPPHR as it doesn’t pre-
sume resection of pancreatic tissue. In contrast, uncinatec-
tomy represents a typical partial DPPHR. We recommend 
to avoid MPD exposure when possible during partial 
DPPHR.  This is usually feasible with tumor distance to 
MPD of more than 2 mm.

Here is an example of partial DPPHR. Approach to pan-
creatic head was the same as described above. Surgery 
became a challenge due to intraparenchymal location of the 
tumor and its close proximity to MPD (Fig.  44.1a, b). 
Pancreatic lesion had been additionally visualized using 
intraoperative US (Fig.  44.2). Kocherization of duodenum 
has been done given that PDA arcades (between both ante-
rior and both posterior PDAs) were preserved. Patient under-
went partial DPPHR with preservation of MPD integrity. 
Lesion was excised with small portion of pancreatic paren-
chyma followed by Roux-en-Y pancreaticojejunostomy 
using simple interrupted suture (Fig.  44.3a, b). Pathology 
revealed proinsulin-only secreting tumor.

44.7  Outcomes of DPPHR

For CP there is a sufficient number of studies highlighting 
short- and long-term outcomes. First randomized trial has 
been published by authors from Ulm and Bern [29]. The 
authors compared patients randomly assigned to either 
pylorus- preserving Whipple group or DPPHR group. 

a b

Fig. 44.1 (a) Abdominal 3D CT measured a 3 mm distance of pancre-
atic head mass (red) to MPD (purple) as well as demonstrated aberrant 
vascular anatomy of CA (yellow) giving rise to right hepatic artery, left 

hepatic artery, splenic artery, left gastric artery, and transverse pancre-
atic artery. (b) Abdominal MRI. Hyperintense pancreatic head mass in 
close proximity to MPD on its posterior surface

Fig. 44.2 Intraoperative US revealed hypovascular pancreatic head 
lesion close to MPD
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There was no postoperative mortality in both groups. 
Postoperative complication rate was 20% and 15%, 
respectively. However, patients who underwent DPPHR 
showed favourable long- term outcomes as less pain, 
greater weight gain, a better glucose tolerance, and a 
higher insulin secretion capacity. Authors also emphasize 
on preservation of duodenum as crucial factor for further 
intact glucose metabolism.

About two decades later, the same authors published mul-
ticentre, randomised, controlled, double-blind trial focusing 
mostly on long-term outcomes of surgery for CP comparing 
DPPHR vs partial pancreatectomy [30]. There was no differ-
ence in morbidity, mortality, and quality of life 24 months 
after surgery in DPPHR vs partial pancreaticoduodenectomy 
group. However, being a more definitive treatment, a partial 
pancreaticoduodenectomy was associated with fewer read-
missions due to ongoing or recurrent pancreatitis.

Another meta-analysis on CP demonstrated that DPPHR 
has been shown to have more benefits over conventional pan-
creaticoduodenectomy/pylorus-preserving pancreaticoduo-
denectomy in reducing prevalence of endocrine insufficiency, 
delayed gastric emptying, and duration of postoperative stay, 
as well as increasing quality of life for patients, consequently. 
However, there was no significant differences between two 
groups in prevalence of pain relief, development of pancre-
atic fistula, wound infection, or exocrine insufficiency, as 
well as mortality rate [6].

As for DPPHR for focal premalignant and low-grade 
malignant neoplasms with IPMN as being the most frequent, 
according to meta-analysis, severe complication rate has 
been reported as 8.9% for total DPPHR and 13.9% for sub-

total DPPHR.  Overall in-hospital and late mortality with 
mean follow-up over 47  months were 0.6% and 1.5%, 
respectively [7].

As for long-term outcomes, single center study on 
functional results after various types of pancreas resection 
for neuroendocrine neoplasms found body mass index 
(BMI) to be the strongest predictor of postoperative dia-
betes mellitus (DM) with greater BMI being the greater 
risk for development of DM [28]. In addition, patients 
with advanced age, male gender, and non-functioning 
tumor were more prone to develop postoperative 
DM.  Multivariate logistic regression analysis of predic-
tors of postoperative pancreatic exocrine insufficiency 
showed that the extent of pancreatic parenchyma resec-
tion was the only independent predictor of postoperative 
pancreatic exocrine insufficiency.

Sporadic single center studies done before ChroPac pre-
sumed that quality of life and some other long-term variables 
after DPPHR for CP are above those after pancreaticoduode-
nectomy [30, 31]. However, non-randomized nature and 
other disadvantages like possible experimenter expectancy 
bias do not allow to support this hypothesis.

ChroPac study showing the outcomes of DPPHR for CP 
made it clear that most of those patients present with latent or 
prominent impairment of pancreatic function before surgery. 
In contrast, there are no similar studies yet for focal pancre-
atic lesions with intact parenchyma surrounding the tumors. 
This might cause a major argument over the organ- preserving 
surgery, especially in young patients. Our experience of 
DPPHR favors this procedure for specific patients as men-
tioned above.

a b

Fig. 44.3 (a) Pancreatic head bed after resection. (b) Macroscopic specimen of pancreatic head lesion
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Artery-First Approaches to Distal 
Pancreatectomy

Kyoichi Takaori, Yosuke Kasai, and Kenji Yoshino

Abstract

Artery-first approaches to pancreatic resections have been 
widely practiced in the setting of a pancrearticoduodenectomy 
or Whipple procedure for pancreatic cancer. The purposes of 
artery-first approaches are to determine the resectability in the 
early phase of operation, to perform more oncologic resection 
by isolation of the tumor from the blood flow and to reduce the 
intraoperative blood loss. Until recently, however, artery 
approaches to a distal pancreatectomy (DP) have been scarcely 
performed due to the difficulty in approaching the origin of the 
splenic artery before the transection of the pancreas especially in 
open surgery. In contrast, by laparoscopic approaches, a surgeon 
can enter the retroperitoneal space behind the pancreatic body 
taking advantage of the caudo-cranial angle view through a 
laparoscope and explore the origin of the celiac artery from the 
aorta and the origin of the splenic artery without dividing the 
pancreas. The same approaches can be carried out in open sur-
gery also with techniques, so-called “Tiger Den” approach, as 
follows. First, we divide the ligament of Treitz and mobilize the 
fourth portion of the duodenum and proximal jejunum. The adi-
pose tissue in the retroperitoneal space is dissected and the infe-
rior vena cava (IVC) is exposed. The mesentery of the transverse 
colon is also divided along the posterior border of the pancreatic 
body, the dissection over the IVC is extended to the left and the 
left renal vein is exposed. By careful dissections over the aorta, 
a surgeon can identify the origin of superior mesenteric artery 
(SMA) and that of the celiac artery. Large Kelly forceps can be 
passed through the retroperitoneal space behind the pancreatic 
body toward the left side of the left gastric artery. A Penrose 
drain is passed thorough the retroperitoneal space and the pan-
creatic body is lifted upward by the Penrose drain as this proce-

dure is called a hanging maneuver of the pancreas. By the 
hanging maneuver, the origin of the celiac artery is well visual-
ized. The splenic artery is temporally occluded to isolate the 
specimen from blood inflow. In cases that en bloc resection of 
the celiac artery is required due to the extension of the tumor, the 
celiac artery occluded with bulldog clamps, the blood flow of 
intrahepatic arteries evaluated with Doppler ultrasonography, 
the celiac artery is to be ligated or clipped after the confirmation 
of sufficient arterial blood flow to the liver. After the occlusion 
of the splenic artery or celiac artery for a conventional DP or 
distal pancreactectomy with celiac artery resection (DP-CAR), 
respectively, the pancreas is divided at the designated part, typi-
cally in front of the superior mesenteric vein (SMV). The splenic 
vein is divided and the pancreatic body is flapped to the left side. 
The pancreatic body is dissected together with posterior tissue. 
The splenic artery, which had been already occluded, is now 
divided for DP, while the celiac artery and common hepatic 
artery are divided for DP-CAR. During DP-CAR, the left gas-
tric artery is also divided if the origin of the left gastric artery is 
involved by the tumor. When needed, the left adrenal gland is 
resected en bloc and the tail of the pancreas and the spleen are 
dissected to complete DP or DP-CAR. In conclusion, the Tiger 
Den approach and the hanging maneuver of the pancreas are 
useful for artery-first approaches to DP and DP-CAR.

45.1  Introduction

Prognosis of pancreatic cancer remains bleak even after 
curative-intent resections [1]. As a multi-disciplinary 
approach to the treatment of pancreatic cancer, there is a 
trend toward neoadjuvant therapy for patient with resectable 
and borderline resectable pancreatic cancer worldwide. Even 
for locally advanced pancreatic cancer, enthusiasms for con-
version surgery after chemotherapy or chemoradiation ther-
apy exist. This means that surgeons have to encounter more 
and more advanced disease at the operation room and there 
are technical challenges for surgeons, in particular due to 
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fibrosis after chemoradiation therapy. Under such circum-
stances, artery-first approaches to pancreatic resections have 
become widely practiced in the setting of a pancrearticoduo-
denectomy (PD) or Whipple procedure in specialized cen-
ters. According to the literature, the advantages of artery-first 
approaches include; (1) determination of the resectability in 
the early phase of operation, (2) higher ratio of negative sur-
gical margins, (3) oncological rationale by isolation of the 
tumor from the blood flow before extensive mobilization of 
the tumor, and (4) less amount of intraoperative blood loss 
[2]. However, until the report by Takaori, artery approaches 
to a distal pancreatectomy (DP) have been scarcely per-
formed [3]. In open surgery, it had been considered very dif-
ficult to approach the origin of the splenic artery before the 
transection of the pancreas. On the other hand, in the setting 
of laparoscopic surgery, a surgeon can enter the retroperito-
neal space behind the pancreatic body taking advantage of 
the caudo-cranial angle view through a laparoscope and 
explore the origin of the celiac artery from the aorta and the 
origin of the splenic artery without dividing the pancreas [4]. 
The same approaches can be carried out in open surgery as 
well by using specific techniques [5]. The two technical ele-
ments of importance are dissection behind the pancreatic 
body after the wide division of the ligament of Treitz and the 
hanging maneuver of the pancreas. In this chapter, these 
technical aspects of artery-first approaches to DP and a distal 
pancreatectomy with celiac artery resection (DP-CAR) are 
described.

45.2  Surgical Technique

45.2.1  Dissection Behind the Pancreatic Body

The surgeons stand around the operation table as shown in 
the Fig.  45.1. The third assistant lift the transvers colon 
upward (or you may use a retractor if the third assistant is not 
available) and the operator divide the ligament of Treitz 
along the lateral margin of the upper jejunum (the arrow in 
Fig. 45.2a). The retroperitoneal space behind the fourth por-
tion of the duodenum and proximal jejunum is entered and 
the adipose tissue behind the pancreatic head is dissected 
until the inferior vena cava (IVC) is exposed (Fig. 45.2b). Do 
not try to dissect over the hilum of the left kidney at this 
point or you may end up with unexpected injury of the left 
renal artery. The mesentery of the transverse colon is divided 
widely along the posterior inferior border of the pancreatic 
body (the full-line arrow in Fig. 45.3a) and the retroperito-
neal tissues including the hilum of the left kidney are well 
visualized (Fig. 45.3b). The inferior mesenteric vein (IMV) 
is also divided during the division of the mesentery. The dis-
section over the IVC is extended to the left side and the left 
renal vein is exposed.

Thus, the retroperitoneal space behind the pancreatic 
body can be well developed though the gaping hole created 
by the techniques described above. We call the gaping hole 
“Tiger Den”, or “Tora-no-Ana” in Japanese, which derives 
from a Chinese proverb; “one may not catch a tiger cub with-
out entering tiger den”.

45.2.2  Partial Resection of the Mesentery 
of Transverse Colon

The gastrocolic ligament is divided and the lesser sac is 
entered. The left gastro-epiploic artery and short gastric 
arteries are divided with a vessel sealer and the stomach is 
mobilized upward. The transvers colon is also lifted upward 
and the mesentery of the transverse colon is divided along 
the anterior inferior margin of the pancreas (the full-line 
arrow in Fig.  45.4), while the middle colic artery is pre-
served. In this way, a part of the mesentery of transverse 
colon covering the pancreatic body and tail can be resected 
en bloc. This part of the mesentery in patients with invasive 
cancer of the pancreatic body and tail is often involved by the 
tumor and we routinely resect this portion regardless of the 
presence or absence of macroscopic involvement. Although 
one may concern about ischemia of the colon after this pro-
cedure, we have never experienced any problem as far as we 
can preserve the arcade of vessels along the transverse colon. 
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Fig. 45.1 Positions of surgeons for artery first approaches to a distal 
pancreatectomy
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However, when the tumor involves the vessels along the 
transverse colon, a resection of the affected part of the colon 
may be required.

45.2.3  Dissection on the Left Side of the Left 
Gastric Artery

The stomach body is retracted upward and the left gastric 

a b

IVC

Transverse colon

Jejunum

IMV

Fig. 45.2 Tiger Den approach. The ligament of Treitz is divided along 
the lateral margin of the upper jejunum (the full line arrow in a). The 
jejunum is retracted to the left side and the inferior vena cava (IVC) is 

well exposed (b). The inferior mesenteric vein (IMV) is taped and to be 
transected later on

a b

Fig. 45.3 Division of the mesentery of the transverse colon along the 
posterior inferior border of the pancreas. The mesentery of the transvers 
colon is divided along the posterior inferior border of the pancreatic 

body (the full line arrow in a). The division of the mesentery is widely 
extended while the arcade vessels along the transvers colon is preserved 
(b)
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artery is extended straight. The adipose tissue in the avascu-
lar area on the left side of the left gastric artery is dissected 
until a part of the left crus ligament is exposed.

45.2.4  Hanging Maneuver of the Pancreas

The dissection behind the pancreatic body through the Tigen 
Den is further developed to the cranial direction until the left 
crus is encountered. In case that the tumor invades the poste-
rior tissue, a deep dissection plane, which represents the pos-
terior RAMPS [6, 7], is developed so that the Gerota’s fascia 
and left adrenal gland should be resected en bloc. Large 
Kelly forceps can be passed from the retroperitoneal space 
behind the pancreatic body to the left side of the left gastric 
artery (the area marked with #1 in Fig. 45.5a). Utilizing the 
Kelly forceps, a Penrose drain is passed thorough the retro-
peritoneal space. The pancreatic body including the splenic 
artery and vein is lifted upward by the Penrose drain 
(Fig. 45.5b). After the hanging maneuver of the liver as pro-
posed by Belghiti [8], we call this procedure a hanging 
maneuver of the pancreas. By the hanging maneuver, the ret-
roperitoneal space is widely opened and the surgeon can 
visualize the anatomical structures in this area through the 
Tiger Den.

MCA

Fig. 45.4 Division of the mesentery of the transverse colon along the 
anterior inferior border of the pancreas. The mesentery of the transvers 
colon is divided along the anterior inferior border of the pancreatic 
body (the full line arrow). Thus, a part of the mesentery covering the 
inferior side of the pancreatic body is resected en bloc. The middle colic 
artery (MCA) is preserved unless it is involved by the tumor

#1

a b

Fig. 45.5 Hanging maneuver. The avascular area on the left side of the 
left gastric artery is first dissected. Large Kelly forceps is passed from 
the retroperitoneal space behind the pancreatic body to this area 

(marked with #1 in a). A Penrose drain is passed with the large Kelly’s 
forceps and hanged upward (b)
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45.2.5  Dissection Around the Superior 
Mesenteric Artery (SMA) and Celiac 
Artery

Taking advantage of the good exposure of the retroperitoneal 
space by the hanging maneuver, the surgeon can dissect over 
the aorta safely and identify the origin of superior mesenteric 
artery (SMA) and that of the celiac artery. Be aware that the 
left renal artery may be located more anteriorly than antici-
pated in some patients. Once the celiac artery is identified, 
we usually remove the left celiac ganglion in order to expose 
the left-side wall of the celiac artery for patient with pancre-
atic cancer. The surrounding tissue around the celiac artery is 
dissected from the proximal origin toward distal direction 
until the takeoff of the splenic artery is exposed (Fig. 45.6). 
For DP, the origin of the splenic artery is occluded with bull-
dog clumps if the surgeon is not 100% sure that it is the 
splenic artery. For DP-CAR, the celiac artery is occluded 
provisionally with bulldog clumps or with an atraumatic 
tourniquet. Then the surgeon can measure arterial blood flow 
in the liver with intraoperative Doppler ultrasonography in 
order to determine the feasibility of DP-CAR.

45.2.6  Division of the Pancreas and Splenic 
Vein

The neck of the pancreas is divided, most commonly with a 
linear stapler. However, if the pancreatic parenchyma is 
thicker than 12 mm or of very hard texture, we prefer divi-
sion of the pancreatic parenchyma with a cautery and manual 
ligation of the main pancreatic duct. The splenic vein is also 
divided by a vascular stapler. For DP-CAR, once sufficient 
arterial blood flow is confirmed with Doppler sonography 
after occlusion of the celiac artery, the common hepatic 
artery is divided.

45.2.7  Division of the Splenic Artery 
and Completion of Resection

The splenic artery is divided close to its origin after positive 
identification of the common hepatic artery (Fig. 45.7). We 
prefer Hem-o-lok clips to suture ligations so that we might 
be able to avoid collapsing the intima completely. Especially, 
after chemoradiation therapy for the tumor involving the 
splenic artery, the wall of splenic artery is often fragile. In 
such a case, we do not use ligations or clips but treat the 
stump of the splenic artery with a running suture of 6-0 

SA

CA

SMA

Fig. 45.6 Dissection around the proximal origin of the splenic artery. 
The celiac artery (CA) and superior mesenteric artery (SMA) are well 
visualized after the hanging maneuver. By dissecting around CA start-
ing at its origin from the aorta toward distal direction, the takeoff of the 
splenic artery (SA) can be identified. SA is taped near the origin from 
CA

SA

CHA

Fig. 45.7 Division of the splenic artery. While the splenic artery (SA) 
is temporally occluded with bulldog clumps after the hanging maneuver 
of the pancreas, division of SA may be carried out at a later stage of the 
operation usually after the transection of the pancreas. We recommend 
to divide SA after positive identification of the common hepatic artery 
(CHA) in order to prevent misidentification of these vessels
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Prolene in order to prevent pseudo-aneurysm and to maxi-
mize the surgical margin. The pancreatic body and spleen are 
dissected free from the posterior tissue and radical resection 
is completed. For DP-CAR, the celiac artery is divided in the 
same fashion as that for the splenic artery during DP. The site 
of division of the celiac artery depends on the extent of the 
tumor involvement. If the tumor extends close to the aorta, 
the celiac artery should be divided at the takeoff and the sur-
geon may have to stitch the aortic wall around the takeoff of 
the celiac artery. On the contrary, when the tumor extension 
is confined to the distal part of the celiac artery, one may be 
able to preserve the left gastric artery and the proximal part 
of the celiac artery. For the details of preservation of the left 
gastric artery, please refer to the “Modified DP-CAR” by 
Okada and Yamaue in this IASGO Textbook.

45.3  Discussion

We have used the technique of artery-first approaches to DP 
routinely in patients with pancreatic cancer since 2010 and 
Takaori published the details of the technique in Japanese 
language in 2014 [5] and for the first time in the English lit-
erature to our knowledge in 2016 [3]. Although this tech-
nique is useful especially in the setting of laparoscopic 
surgery, it is practiced only in a limited number of special-
ized centers of excellence to date. In contrast, artery-first 
approaches to PD has become popular among expert 
 pancreatic surgeons partly because the surgeons are impelled 
to practice artery-first approaches or similar approaches 
when they have to resect portal vein and/or SMV. One of the 
reasons why some surgeons, even those who practice artery-
first approaches to PD, are reluctant to perform artery-first 
approaches to DP is that they are not familiar with surgical 
anatomy behind the pancreas especially when they see it 
from the caudal side. It is true that unfamiliar view of surgi-
cal anatomy may potentially lead to misidentification of the 
splenic artery, accidental injury of the left renal artery and 
other adverse events. However, by utilizing the techniques 
including knack and pitfalls described in the present chapter, 

one can avoid such adverse events and carry out artery-first 
approaches to DP safely and securely.

DP-CAR is another challenging operation for locally 
advanced pancreatic cancer which involves the celiac artery. 
It is imperative to determine the resectability before the 
“point of no return” in such cases. By applying the artery 
first approaches to DP-CAR, one can evaluate the extent of 
the tumor along the celiac artery before the transection of the 
pancreas.

In conclusion, by paying attention to knack and pitfalls 
including the Tiger Den approach and hanging maneuver of 
the pancreas described herein, artery-first approaches to DP 
and DP-CAR are feasible and safe in all settings of open, 
laparoscopic and robotic surgery.
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Spleen-Preserving Distal 
Pancreatectomy

Kohei Nakata and Masafumi Nakamura

Abstract

Concomitant splenectomy has traditionally been per-
formed during conventional distal pancreatectomy 
because of the anatomic proximity of the pancreas and 
splenic vessels. Spleen-preserving distal pancreatectomy 
has been proposed however, subsequent to a more detailed 
understanding of the function of the spleen and various 
complications after splenectomy, including severe post- 
splenectomy infections, thrombocytosis, and increased 
cancer risk (Di Sabatino et  al., The Lancet 378:86–97, 
2011; Mellemkjoer et  al., Cancer 75:577–583, 1995). 
Splenic preservation can be performed with splenic vessel 
preservation (Kimura et al., Surgery 120:885–890, 1996) 
or Warshaw’s technique (Warshaw, Arch Surg 123:550–
553, 1988). Indications, technical methods, and potential 
pitfalls of spleen-preserving distal pancreatectomy are 
introduced in this chapter.

46.1  Introduction

Traditionally, concomitant splenectomy has been performed 
during conventional distal pancreatectomy because of the 
anatomic proximity of the pancreas and splenic vessels. 
Spleen-preserving distal pancreatectomy (SPDP) has been 
proposed however, following a more detailed understanding 
of the function of the spleen and various complications after 
splenectomy, including overwhelming post-splenectomy 
infections (OPSI), thrombocytosis, and increased risk of 
cancer [1, 2]. Splenic preservation can be performed with 
splenic vessel preservation [3] or Warshaw’s technique [4]. 
Laparoscopic distal pancreatectomy has become increas-

ingly popular since it was first reported in 1996 [5–7], and it 
is currently used to treat lesions in the distal pancreas. We 
have previously reported that laparoscopic SPDP yields sig-
nificantly better outcomes than DPS for laparoscopic 
 procedures [8]. Notably however, spleen preservation in lap-
aroscopic procedures is technically difficult. In this chapter, 
indications, technical methods, and potential pitfalls of lapa-
roscopic SPDP are introduced.

46.2  Indications

Laparoscopic SPDP is indicated for benign tumors located in 
the body or the tail of the pancreas. We perform a splenic 
vessel preservation procedure and if the tumor is substan-
tially adhered to the splenic vein or artery, and Warshaw’s 
technique may be considered before the operation.

46.3  Patient Positioning and Setup

The positions of the equipment and surgical team for laparo-
scopic SPDP are shown in Fig. 46.1a. The patient is placed 
in a supine position with their legs apart and both arms 
spread. The surgeon stands to the right of the patient, the 
camera operator stands between the legs, and the assistant 
stands to the left of the patient. Two visual display units are 
used, one placed near each of the patient’s shoulders. We 
usually use the “open Hasson” technique to safely insert the 
first cannula through the umbilicus. If the width between the 
xiphoid process and the umbilicus is short, the camera port is 
placed under the umbilicus. Ports are then placed in the fol-
lowing order: right lower abdominal region (12 mm), right 
abdominal region (5  mm), left lower abdominal region 
(12 mm), left abdominal region (5 mm). If the patient is large 
and instruments inserted from the right side would not reach 
the splenic hilum, the ports placed on the right side are 
inserted toward the left side (Fig. 46.1a).
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46.4  Technique

The procedure is divided into three parts; (1) dissecting the 
omentum and exposing the entire pancreas; (2) isolating the 
common hepatic artery (CHA) and splenic artery (SPA); and 
(3) mobilizing the pancreas and isolating the splenic vein 
(SPV). We prefer to dissect the pancreas after the completion 
of mobilization, because if there is too much mobility of the 
pancreas it makes it difficult to handle during operation, and 
we prefer to dissect it from the medial side to the lateral side 
(Fig. 46.1b).

On the surface of the pancreas the gastrocolic ligament is 
divided using an ultrasonic coagulating system or a vessel- 

sealing device. Although the arcade of gastroepiploic vessels 
should be preserved, the omentum is divided near the arcade 
along the greater curvature to prevent the omentum from 
hanging down from the stomach side during the procedure 
(Fig. 46.2a). The lesser sac is accessed via the outside of the 
gastroepiploic arcade. The omentum is first dissected toward 
to the left side of the patient, the dissection is stopped before 
the left gastroepiploic vessels, and the vessels should be pre-
served to the greatest extent possible. The omentum is then 
dissected toward the right side and the dissection should 
reach the duodenum to facilitate a wide clear view of the 
entire surface of the pancreas. Usually the posterior wall of 
the stomach is adhered to the surface of the pancreas due to 

position of the equipment and surgical 
team for laparoscopic spleen preserving 
distal pancreatectomy.
(filled circle; for obesity patients) 
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Fig. 46.1 (a) Positions of the equipment and surgical team for laparoscopic spleen-preserving distal pancreatectomy (filled circle; for obese 
patients). (b) Operation procedure. Transection of the pancreas is performed after the completion of mobilization
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concomitant pancreatitis, and the stomach is separated from 
the pancreas via sharp and blunt dissection to move the pos-
terior gastric wall away from the pancreas. The region of the 
antrum is also adhered to the head of the pancreas, and it is 

dissected to enable identification of the gastroduodenal 
artery (Fig. 46.2b). After exposure of the entire surface of the 
pancreas the tumor location is confirmed via intraoperative 
ultrasonography.

GDA

LGA

a b

c d

e f

CHA

CHA

LGA

SPA

SPA
SPA

CHA

CHA

Fig. 46.2 (a) The omentum is divided near the arcade along the greater 
curvature. (b) The posterior wall of the antrum is adhered to the head of 
the pancreas and dissected to identify the gastroduodenal artery. (c) A 
liver retractor is used to push up the stomach, and the pancreas is pulled 
down with gauze by the assistant to facilitate a clear view of the supra- 
pancreatic region (arrow). (d) The root of the splenic artery is covered 

by the pancreas and difficult to isolate. The common hepatic artery 
(white circle) is retracted after a wide space is created around it, then it 
is retracted and the root of splenic artery is bluntly dissected (arrow) to 
expose it clearly. (e, f) The root of the SPA is adequately dissected for 
isolation. CHA common hepatic artery, SPA splenic artery, SPV splenic 
vein
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A liver retractor is used to push up the stomach, and the 
pancreas is pulled down with gauze by an assistant to facili-
tate a clear view of the supra-pancreatic region (Fig. 46.2c). 
We usually isolate the common hepatic artery (CHA). 
Identifying the CHA can be easy, but it is sometimes difficult 
if it is covered by the pancreas or lymph nodes, especially in 
obese patients. Therefore, we routinely identify the gastro-
duodenal artery and dissect the surface of that artery toward 
its root, then identify the CHA (Fig. 46.2b, c). To isolate the 
CHA the tissues between it and the cranial edge of the pan-
creas should be widely dissected to prevent injury during 
isolation. After isolating the CHA with tape, it is retracted 
with tape and dissection is continued toward the root of the 
SPA (Fig. 46.2d).

Isolating the root of the SPA is an important step during 
laparoscopic distal pancreatectomy, and the root of the SPA 
is sometimes buried behind the pancreas. We classify the 
root of the SPA as either “buried” or “non-buried” based on 
its relationship with the pancreas. If the root of the SPA is 
buried and covered by the pancreas it can be difficult to iden-
tify, therefore a wide space between the CHA and pancreas 
should be created (Fig. 46.2d). The root of the SPA and the 
pancreas are then dissected bluntly and the root of the SPA is 
exposed. After the creation of a wide space, the root of the 
SPA can be identified and dissected from the pancreas to 
ensure sufficient space to isolate the root of the SPA 
(Fig. 46.2e, f).

The next step is preservation of the SPA. The SPA runs 
along the cranial side of the pancreas and is usually covered 
by the pancreas, but it is also usually free from the pancreas 
on the distal side. Therefore, we prefer to isolate it with tape 
and retract tape on both the proximal and distal sides to 
straighten the SPA, which makes it easier to dissect the SPA 
from the pancreas (Fig. 46.3a). There are several branches to 
the pancreas, including the dorsal pancreatic artery, and the 
SPA should be dissected in the center of the artery to prevent 
injury to these branches (Fig.  46.3b). We dissect the SPA 
from surrounding tissues with forceps, and create space and 
dissect tissues with an ultrasonic coagulation system or ves-
sel sealing system to prevent injury to the adventitia by these 
devices. After exposure of the SPA, several branches to the 
pancreas are detected, tied, and cut (Fig. 46.3c, d). The SPA 
has branches to the pancreatic tail, and these branches should 
be carefully dissected and ligated. The SPA is then  completely 
freed from the pancreas (Fig. 46.3e). Although the SPV runs 
to the center of the pancreas, at the pancreatic tail it runs 

around the cranial side of it, therefore we usually isolate and 
tape it from the cranial side (Fig. 46.3f).

The transverse mesocolon is appropriately retracted 
toward the inferior side by the assistant to make the meso-
colon form a plane, and the inferior border of the pancreas 
is clearly identified (Fig. 46.4a). The anterior surface of the 
mesocolon is then cut and moved behind the retropancre-
atic fascia (the anterior side of Toldt’s fusion fascia). This 
layer is easily divided via blunt dissection, and the pancre-
atic body and tail are smoothly mobilized (Fig.  46.4b). 
Although only a few blood vessels are encountered in this 
procedure, the inferior mesenteric vein and duodenum 
should be identified. After complete mobilization of the 
body to tail of the pancreas, the body to tail is flipped to the 
ventral side and the SPV covered by the retropancreatic 
fascia is visualized (Fig.  46.4b). The retroperitoneum is 
dissected at the center of the SPV to avoid injury to the 
branches from the pancreas (Fig.  46.4c). The SPV is 
exposed and the small branches are tied and cut (Fig. 46.4d). 
Retracting the tape isolating the SPV at the tail of the pan-
creas is useful for isolating the SPV. After sufficient surgi-
cal margins are attained the pancreas is transected with a 
60-mm stapler via the prolonged peri-firing compression 
method [9] (Fig. 46.4e). If bleeding occurs after stapling at 
the stump, hemostasis is achieved via clipping, not by 
coagulation. Lastly, a pancreatic specimen is recovered in 
the bag and pulled out through an extended umbilical port 
site incision (Fig. 46.4f).

46.4.1  Warshaw’s Technique

When using Warshaw’s technique most of the procedure is 
the same as that for SPDP. The root of the SPA is triply tran-
sected with transfixing suturing. Before ligating the SPA, the 
clump test should be performed to confirm blood flow of the 
CHA after ligation of the SPA. At the tail of the pancreas the 
SPA and SPV are branched, therefore the distal sides of the 
SPA and SPV are double-ligated. The left gastroepiploic ves-
sels should definitely be preserved.

46.5  Postoperative Follow-Up

Postoperative computed tomography is performed 7  days 
after the operation to confirm blood flow to the spleen.
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(distal side)
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e f

SPA
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(cut)

Fig. 46.3 (a) The splenic artery (SPA) runs along the cranial side of 
the pancreas and is covered by the pancreas (dotted line). The proximal 
and distal sides of the SPA that are free of the pancreas are taped. (b) 
The SPA is dissected at its center to prevent injury to the branches. (c) 
The SPA is completely exposed and several branches to the pancreas 

are detected (*). (d) Branches to the pancreas are tied (white arrow). (e) 
The SPA is completely freed from the pancreas. (f) The splenic vein 
runs around the cranial side of the pancreas at its tail side. SPA splenic 
artery, SPV splenic vein
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Duodenum
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c d

e f

SPV

Duodenum

SPV

Fig. 46.4 (a) The mesocolon is appropriately retracted by the surgeon 
(yellow arrow) and the assistant (white arrow). The inferior border of 
the pancreas is clearly identified (dotted line). (b) The anterior side of 
Toldt’s fusion fascia is dissected (yellow), and the splenic vein (SPV) 
covered by the retropancreatic fascia (blue) is identified. Retraction is 
appropriately performed by the surgeon (yellow arrow) and the assis-

tant (white arrow). (c) The retroperitoneum is dissected at the center of 
the SPV to avoid injury to the branches from the pancreas (dotted line). 
(d) The SPV is exposed and the small branches are identified. (e) After 
complete mobilization of the pancreas with sufficient surgical margins, 
it is transected with a 60-mm stapler. (f) Surgical view after resection. 
SPV splenic vein

K. Nakata and M. Nakamura



359

References

 1. Di Sabatino A, Carsetti R, Corazza GR.  Post-splenectomy and 
hyposplenic states. Lancet. 2011;378(9785):86–97.

 2. Mellemkjoer L, Olsen JH, Linet MS, Gridley G, McLaughlin 
JK. Cancer risk after splenectomy. Cancer. 1995;75(2):577–83.

 3. Kimura W, Inoue T, Futakawa N, Shinkai H, Han I, Muto T. Spleen- 
preserving distal pancreatectomy with conservation of the splenic 
artery and vein. Surgery. 1996;120(5):885–90.

 4. Warshaw AL.  Conservation of the spleen with distal pancreatec-
tomy. Arch Surg. 1988;123(5):550–3.

 5. Cuschieri A, Jakimowicz JJ, van Spreeuwel J. Laparoscopic distal 
70% pancreatectomy and splenectomy for chronic pancreatitis. Ann 
Surg. 1996;223(3):280–5.

 6. Gagner M, Pomp A, Herrera MF.  Early experience with laparo-
scopic resections of islet cell tumors. Surgery. 1996;120(6):1051–4.

 7. Shiroshita H, Inomata M, Bandoh T, Uchida H, Akira S, Hashizume 
M, et  al. Endoscopic surgery in Japan: the 13th national survey 
(2014-2015) by the Japan Society for Endoscopic Surgery. Asian J 
Endosc Surg. 2019;12(1):7–18.

 8. Nakata K, Shikata S, Ohtsuka T, Ukai T, Miyasaka Y, Mori Y, 
et  al. Minimally invasive preservation versus splenectomy during 
distal pancreatectomy: a systematic review and meta-analysis. J 
Hepatobiliary Pancreat Sci. 2018;25(11):476–88.

 9. Nakamura M, Ueda J, Kohno H, Aly MY, Takahata S, Shimizu S, 
et  al. Prolonged peri-firing compression with a linear stapler pre-
vents pancreatic fistula in laparoscopic distal pancreatectomy. Surg 
Endosc. 2011;25(3):867–71.

46 Spleen-Preserving Distal Pancreatectomy



361© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
M. Makuuchi et al. (eds.), The IASGO Textbook of Multi-Disciplinary Management of Hepato-Pancreato-Biliary Diseases, 
https://doi.org/10.1007/978-981-19-0063-1_47

Distal Pancreatectomy with En Bloc 
Celiac Axis Resection

Satoshi Hirano, Toru Nakamura, and Toshimichi Asano

Abstract

Distal pancreatectomy with en bloc celiac axis resection 
(DP-CAR), which is an extended surgical procedure for 
locally advanced cancer of the pancreatic body, is per-
formed for complete resection of tumors with invasion to 
the celiac, and/or the common hepatic artery, and/or their 
plexuses. Although the procedure of DP-CAR is techni-
cally demanding, a high rate of negative surgical margin 
resection can be achieved with cautious selection of can-
didates and with appropriate systematic techniques. A 
relatively high morbidity rate due to postoperative pan-
creatic fistula and ischemic gastropathy has been reported. 
A recent report on the long-term outcomes following 
DP-CAR in 80 patients has described a 5-year overall sur-
vival (OS) rate of 32.7% and median survival time of 
30.9 months. It was revealed that OS for the patients who 
underwent preoperative therapy were significantly better 
than for those who underwent upfront surgery.

47.1  Concepts of Distal Pancreatectomy 
with Celiac Axis Resection (DP-CAR)

Locally advanced cancer of the body of the pancreas often 
involves the common hepatic artery (CHA) and/or the celiac 
axis (CA), with perineural invasion of the nerve plexuses 
surrounding these arteries. Although these tumors are 
regarded as borderline resectable or locally advanced dis-
eases according to the NCCN guidelines® Version 1.2021 
[1], distal pancreatectomy with celiac axis resection 
(DP-CAR) may be the only surgical option for treatment of 
such advanced diseases [2]. An advantage of DP-CAR is 
reduction in the likelihood of a positive retroperitoneal mar-

gin by complete en bloc resection of the distal pancreas, 
together with the entire surrounding structures, especially 
the CHA, CA, and the circumferential nerve plexus along 
with the superior mesenteric artery (SMA), without the need 
for either arterial, pancreatobiliary or gastrointestinal recon-
struction (Fig. 47.1).

This procedure was originally designed as en bloc lymph-
adenectomy combined with total gastrectomy and resection 
of the celiac axis for advanced gastric cancer by Appleby in 
1953 [3]. It was first adopted by Nimura in 1976 [4] for 
patients with advanced pancreatic body cancer with invasion 
of the celiac axis. A modification to the procedure with pres-
ervation of the entire stomach was made by Ogata and his 
colleagues [5] in 1991 (in Japanese with English abstract) 
and Kondo [6] in 2001, which resulted in better postopera-
tive nutritional status. The first report regarding the long- term 
outcome of DP-CAR was published by Kondo and Hirano in 
2007 [7], which included the results of 24 consecutive 
patients with favorable postoperative survival. Since then, 
the procedure and the term “DP-CAR” have been widely 
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acknowledged. Nowadays, several pancreatic surgeons have 
performed this procedure for carcinoma of the body and tail 
of the pancreas.

47.2  Resected and Preserved Organs 
in DP-CAR

Perineural invasion in patients with pancreatic body cancer 
can spread towards the celiac plexus and ganglions directly 
or via the nerve plexuses surrounding the splenic and the 
common hepatic arteries. Although DP-CAR includes en 
bloc resection of these arteries and plexuses, reconstruction 
of the arterial system is not required because of early devel-
opment of a collateral arterial circulation via the pancreato-
duodenal arcades from the superior mesenteric artery. The 
entire alimentary tract, including the stomach and bile duct, 
which are not invaded by the cancer, is preserved. 
Cholecystectomy is, however, performed for preventing 
postoperative ischemic rupture of the gallbladder. If the 
tumor of the pancreatic body invades other organs directly, 
concomitant resection of the organs, including the alimen-
tary tract, could be performed. In case that a tumor has 
invaded the stomach to a depth that necessitates full- thickness 
resection, total gastrectomy should be considered because 
healing of the anastomosis might be disturbed by an insuffi-
cient collateral arterial flow. As far as possible, the entire 
stomach should be preserved in cases without cancer inva-
sion of the stomach, to maintain the patient’s nutritional sta-
tus and tolerance of oral anticancer agents. SMA preservation, 
even with complete eradication of the surrounding plexus, is 
the key feature of this procedure, which maintains arterial 
supply to the hepatobiliary system and the stomach. 
Resection of the portal vein is an optional procedure.

47.3  Arterial Supply to the Liver 
and the Stomach After DP-CAR

After division of the CA with the CHA and splenic artery 
(SA), the hepatic and the gastric arterial flow depend on the 
flow from the gastroduodenal artery (GDA), which should, 
therefore, definitely be preserved with the pancreatic head 
during DP-CAR. The collateral pathways via the SMA, pan-
creatoduodenal arcades, and GDA maintain the arterial blood 
supply to the hepatobiliary system. Since the collateral path-
ways also ensure arterial flow to the right gastroepiploic 
artery, the entire stomach can be preserved (Fig. 47.2).

In the past, preoperative coil embolization of the CHA 
had routinely performed to enlarge the collateral arterial 
pathway, so as to reduce ischemia-related complications 
such as ischemic gastropathy, liver abscess, and perforation 
of the biliary system. However, the usefulness of the CHA 

embolization has been reported to be negative [8]. The pro-
cedure has been no longer essential.

47.4  Selection of Candidates for DP-CAR

Tumor progression is cautiously evaluated mainly with pre-
operative multi-detector row computed tomography (MD- 
CT), with supplemental use of magnetic resonance imaging 
(MRI) and endoscopic ultrasonography (EUS). The indica-
tion for DP-CAR is locally advanced ductal adenocarcinoma 
of the body of the pancreas, such as that involving or abutting 
the CHA, the root of the SA, and/or the CA, without involve-
ment of the GDA, SMA, and inferior pancreatoduodenal 
artery (IPDA). Patients with involvement of less than approx-
imately half the circumference of the SMA plexus should be 
considered candidates for DP-CAR because complete dis-
section of the SMA plexus without exposing the cancer can 
be achieved by dividing the plexus on the opposite side of the 
tumor. For oncologically safe ligation and division of the 
root of the CA in front of the aorta, a 5–7 mm non-cancerous 
length of the CA from the adventitia of the aorta is required.

47.5  Surgical Procedure of DP-CAR

DP-CAR usually includes resection of the distal pancreas 
and the spleen, together with en bloc resection of the celiac, 
common hepatic and left gastric arteries, the celiac plexus 

PPD
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GDA
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LGACA

SAPHA
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Fig. 47.2 Schematic drawing of collateral arterial pathways via the 
pancreatoduodenal arcades from the superior mesenteric artery follow-
ing DP-CAR. The arrows show the direction of arterial flow from the 
superior mesenteric artery to the liver and stomach via the pancreato-
duodenal arcades. APD anterior pancreatoduodenal arcade, CA celiac 
axis, CHA common hepatic artery, GDA gastroduodenal artery, GEA 
right gastroepiploic artery, LGA left gastric artery, PHA proper hepatic 
artery, PPD posterior pancreatoduodenal arcade, SA splenic artery, 
SMA superior mesenteric artery
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and bilateral ganglions, and the circumferential nerve plexus 
around the SMA.  Left perirenal fat tissue, the left adrenal 
gland, the entire retroperitoneal fat tissue containing lymph 
nodes cranial to the left renal vein, the transverse mesocolon 
covering the body of the pancreas, and the inferior mesen-
teric vein are also resected (Fig. 47.3).

To achieve R0 resection, a systematic procedure of 
DP-CAR, which consisted of right and left dorsal (first step), 
ventral (second step), and medial (third step) approaches, is 
recommended (Fig. 47.4). In the first step (dorsal approach), 
the lower parts of the SMA are exposed following Kocher’s 
maneuver, with complete eradication of the right celiac gan-
glion by exposing the right crus of the diaphragm. The plexus 
of the SMA is first divided at the dorsal end (opposite side of 
the tumor), and the excision is extended by 4–5 cm in the 
longitudinal direction. The median arcuate ligament has to 
be divided to expose just the root of the CA where it should 
be divided. Then, after moving to the left side, en bloc resec-
tion of the retroperitoneal fat, together with the upper part of 
the perirenal fat, including the left adrenal gland cranial to 
the left renal vessels are performed in exposing the left crus. 
In this approach, bilateral para-aortic nodes and ganglions 
are completely dissected. In the second step (ventral 
approach), transection of the pancreas is performed after 
dividing the common hepatic artery. When a tumor is located 
near the GDA, it should be mobilized laterally in order to 
obtain a cancer-free margin at the site of division of the pan-
creatic parenchyma. Reconstruction of the portal and/or 
superior mesenteric vein should be performed in this step, if 
necessary. In the third step (medial approach), division of the 
SMA plexus that was performed in the first step is extended 
longitudinally to just proximal to the IPDA to achieve com-
plete resection of the plexus. The procedure is completed 

after dissecting between the SMA plexus and the uncinate 
process of the pancreas.

Accidental injury to the IPDA or GDA compromises col-
lateral blood flow and leads to fatal complications, such as 
gastric necrosis and/or liver infarction. If this occurs, micro-
scopic anastomosis between the proper hepatic artery and 
middle colic artery (MCA) [9], or the right gastroepiploic 
artery and MCA [10] could be a possible option for main-
taining arterial flow to both the stomach and the liver.

47.6  Postoperative Course Following 
DP-CAR

The most frequent morbidity after DP-CAR is pancreatic fis-
tula, which occurs relatively easily because the pancreatic 
parenchyma needs to be divided at the pancreatic head in 
patients with a tumor extending to the proximal end of the 
pancreas, beyond the portal vein. In such cases, the cut sur-
face of the pancreas becomes wider than that after usual dis-
tal pancreatectomy, in which the pancreatic parenchyma is 
divided at the neck of the pancreas. It is rather important to 
insert an indwelling drain at an appropriate position beside 
the pancreatic stump during surgery, so as to avoid postop-
erative hemorrhage from a pseudoaneurysm in the stump of 
the CHA. The second most common morbidity is ischemic 
gastropathy due to decreased gastric blood flow [11]. 
According to data from 80 consecutive patients who under-
went DP-CAR [12], the major complications defined as 
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Fig. 47.3 Post-resection view during distal pancreatectomy with en 
bloc celiac axis resection (DP-CAR). Ao aorta, CA celiac axis, CHA 
common hepatic artery, crus crus of the diaphragm, GDA gastroduode-
nal artery, graft interposed iliac vein graft, IVC inferior vena cava, RV 
renal vein, SMA superior mesenteric artery, SMV superior mesenteric 
vein
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Fig. 47.4 A systematic procedure for achieving negative surgical mar-
gin in DP-CAR. The procedure is composed with 3 steps; the first step 
(①) is Rt. and Lt. dorsal approach, the second (②) is ventral approach, 
and final step (③) is medial approach
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grade 3 or higher in the Clavien-Dindo classification occurred 
in 33 (41.3%) patients; pancreatic fistula and ischemic gas-
tropathy occurred in 47 (57.5%) and 23 (28.8%) patients, 
respectively. Four patients out of 80 (5%) died in the hospi-
tal. Postoperative hospital stays ranged from 12 to 208 days, 
with a median of 38 days [12].

One of the other postoperative complications is stubborn 
diarrhea due to complete dissection of the nerve system 
around the SMA, CA, and bilateral ganglions. From a pub-
lished data, approximately half of the patients regularly 
required anti-diarrheal agents, and the remaining half only 
occasionally required or never used the agents over a median 
follow-up period of 39 months [13].

Contrary to the adverse effects of resection of nerve tis-
sues, patients enjoy the complete disappearance of pain, even 
if it has been controlled by opioids just before surgery [6].

Since both the incidence of morbidity and poor quality of 
life postoperatively are major factors influencing the toler-
ance of adjuvant treatment, surgeons should make greater 
efforts to improve these factors following DP-CAR.

47.7  Long-Term Outcomes Following 
DP-CAR

In 2007, the long-term outcomes of DP-CAR were first 
reported in a series of 23 patients with locally advanced 
pancreatic body cancer who underwent DP-CAR under a 
policy of “surgery first” [7]. With R0 resectability in 91% 
of the cases and a median follow-up time of 27.4 months, 
the estimated 5-year survival rate was 42% and the median 
survival was 21 months. Nine years after the first report, a 
recent report that included 80 patients was published from 
the same institute, which indicated estimated disease-spe-
cific 1-, 3-, and 5-year overall survival rates of 81.1%, 
56.9%, and 32.7%, respectively, and a median survival time 
of 30.9  months after a median follow-up period of 
63.5 months [12].

Despite the excellent local control with an R0 resection 
rate of 92.5% in the report, early recurrence (predominantly 
in the liver) occurred after surgery, which resulted in poor 
survival time. It was also revealed that the survival time of 
the patients who underwent preoperative therapy were sig-
nificantly better than for those who underwent upfront sur-
gery [12]. The findings show DP-CAR should be performed 
as part of multidisciplinary treatment.

Although DP-CAR could be used to treat locally advanced 
pancreatic body cancer, future prospective studies with a 
large patient cohort for ensuring adequate patient selection, 

and perioperative treatments are necessary to demonstrate 
the effectiveness of this innovative surgery.
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Modified Distal Pancreatectomy 
with Celiac Axis En-bloc Resection

Ken-ichi Okada and Hiroki Yamaue

Abstract

Since most pancreatic adenocarcinomas recur systemi-
cally, and tumor involving arterial structures recur rapidly 
even after the radical resection. In the era of neoadjuvant 
therapy, surgeon should re-consider whether the presence 
of just an R0 resection should be the primary issue of cure 
in borderline resectable and locally advanced pancreatic 
adenocarcinoma. By safer modification of the Appleby 
operation, this procedure attract the attention of pancre-
atic surgeon again as a radical pancreatectomy for border-
line resectable or locally advanced pancreatic body/tail 
carcinoma. The roles of the Appleby operation and arte-
rial resection are the ability to take a wide surgical margin 
in pancreatic body/tail carcinoma, and to relieve the can-
cer pain by celiac axis en-bloc resection combined with 
removal of the tumor infiltrating nerve plexuses. The 
modified Appleby operation, a synonym for “distal pan-
createctomy with celiac axis en-bloc resection”; DP-CAR 
was feasible and safe compared with standard distal pan-
createctomy when it was performed at high-volume cen-
ter. In the era of stronger regimen of chemotherapy for 
pancreatic carcinoma, there will be increased frequency 
of the chance to consider the indication of this procedure. 
The procedure may be justified in highly selected patients 
owing to the potential survival benefit in sophisticated 
institutions. In this chapter, we particularly describe about 
the technique and impact of preservation of the left gastric 
artery in DP-CAR.

48.1  Introduction

The application of distal pancreatectomy with celiac axis en- 
bloc resection; DP-CAR [1], so-called the modified Appleby 
operation, for pancreatic carcinoma still remains controver-
sial because of the lack of large number of study. One of the 
advantages of this procedure is the surgical radicality of deep 
dissection behind of tumor by the division of the root of the 
celiac axis, and another is the impact to resolve the preopera-
tive cancer pain according to the tumor invasion into nerve 
plexus. There are surely several prior reports suggesting that 
an R0 resection is an essential requirement for long survival. 
In contrast, an R0 resection is not the only consideration for 
the impact of survival in advanced pancreatic carcinoma. 
Recently, in an international multicenter analysis for 174 
patients with pancreatic ductal adenocarcinoma who under-
went DP-CAR, the R0 resection rate was 60%, neoadjuvant 
and adjuvant therapies were applied for respectively 69% 
and 67% of the patients, and the median overall survival 
period was 19 months [2]. Despite these reports, the indica-
tions for DP-CAR remain controversial with regard to the 
curability and survival benefit. This procedure can provide a 
clinical benefit for the patients with borderline resectable or 
locally advanced pancreatic body/tail carcinoma after the 
strategy of neoadjuvant therapy. Furthermore stronger and 
adequate preoperative therapy prior to surgery is required to 
improve their survival.

48.2  History, Background, 
and Modification of Appleby 
Operation for Pancreatic Cancer

In 1973, Fortner introduced the regional resection of pancre-
atic cancer with major vascular en-bloc resection as a new 
approach [3]. In this literature, actual survival by Kaplan- 
Meier estimate was 62% at one year, compared with a 36% 
one year survival rate for 17 patients undergoing pancreati-
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coduodenectomy for less advanced cancer at same institution 
from 1959–1969 [4]. This approach was described that the 
greatest potential benefit of regional pancreatectomy would 
appear to be in patients with a small pancreatic cancer where 
regional resection would give a wide margin. Appleby opera-
tion was firstly reported as resection of celiac axis for com-
plete lymphadenectomy in radical resection of gastric 
carcinoma in 1953 [5, 6]. Nimura et al. reported the adapta-
tion the Appleby operation for resection of pancreatic body/
tail carcinoma involving celiac axis and/or common hepatic 
artery in 1976 [7]. In 1991, Hishinuma et al. modified this 
procedure with preservation of the entire stomach, which 
improved postoperative nutritional status and quality of life 
[8]. Konishi et  al. reported reconstruction of the hepatic 
artery when pulsation in the proper hepatic artery was weak 
after test occlusion of the celiac axis in 2000 [9]. Since then, 
several institutions have reported their experienced with the 
modified Appleby operation for advanced pancreatic body/
tail carcinoma, i.e., distal pancreatectomy combined with 
celiac axis en-bloc resection, which was named DP-CAR by 
Kondo et al. [10]. Despite reports of a few long-term survi-
vors, the overall survival benefit and the risks of this chal-
lenging operation are unknown because previous reports 

have included only a small number of patients. In the era of 
safer modification and innovation of the Appleby operation 
and the transition of the concept of borderline resectable 
pancreatic carcinoma, this procedure attract pancreatic sur-
geon’s attention again as a radical pancreatectomy for bor-
derline resectable or locally advanced pancreatic body/tail 
carcinoma. In 2014, we have firstly introduced the preserva-
tion of the left gastric artery (LGA) on the basis of anatomi-
cal features in DP-CAR (modified DP-CAR) [11].

48.3  The Anatomical Features About Celiac 
Trunk and Its Branches

Although there are many reports on the classification of 
celiac artery anatomy, the classification that can be applied to 
variations of past papers is relatively simple and easy to 
understand is the classification described by Marco-Clement 
et al. in 2016 (Fig. 48.1) [12]. In this paper, almost 90% are 
Type I called complete celiac trunk, Type Ia: complete bifur-
cated celiac trunk (LGA arises first) is 57.6%, Type Ib: com-
plete trifurcated celiac trunk is 32.1%, and incomplete celiac 
trunk is the Type IIa called hepatosplenic trunk is Type IIa 
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Fig. 48.1 Classification of celiac branches by Marco-Clement et al. [12]
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4.5%, and the gastrosplenic trunk Type IIb is 5%. From the 
viewpoint of anatomical factors, LGA cannot preserved in 
Type Ib cannot preserve in pancreatic body cancer with posi-
tive invasion of the roots of the celiac artery, common hepatic 
artery, and splenic artery. For other are examined for each 
individual case, and the LGA can be preserved without 
microscopic cancer residual (R0). The planned surgical 
method and planned dissection layer should be planned in 
consideration of the distance from the tumor to the LGA and 
the site of the LGA root [11].

48.4  The Organs and Tissues Resected by 
the Modified Appleby Operation 
(DP-CAR)

Hirano and Kondo et al. described [1] the resected organ and 
tissues by this procedure were as follows, the procedures 
routinely included en bloc resection of the celiac, common 
hepatic, and LGA, the celiac plexus and ganglions, the nerve 
plexus around the superior mesenteric artery, a part of the 
crus of the diaphragm and the Gerota’s fascia, the left adre-
nal gland, the retroperitoneal fat tissues bearing lymph nodes 
above the left renal vein, the transverse mesocolon covering 
the body of the pancreas, and the inferior mesenteric vein. 
Resection of the portal vein and the middle colic vessels was 
optional. In general, no reconstruction of the arterial system 
was required because of early development of the collateral 
arterial pathways via the pancreatoduodenal arcades from 
the superior mesenteric artery. In addition, with preservation 
of the stomach, no reconstruction of the alimentary tract was 
required. Sato et al. reported about the feasibility of middle 
colic artery—LGA bypass in patients who undergo LGA 
resecting DP-CAR [13]. Based on the anatomical features 
and the relationship between the tumor and artery, the LGA 
and inferior phrenic arteries can be preserved. Table  48.1 
shows the list of organs, vessels, and other tissues which is 
resected and preserved in this procedure.

48.5  The Indication of Modified Appleby 
Operation (DP-CAR) in Patient 
with Pancreatic Body/Tail Carcinoma

First, this procedure should be performed in the selected 
institutions where well-trained and skillful staffs [2]. 
Regarding the tumor status, in the early period of the adap-
tation of the modified Appleby operation (DP-CAR), this 
procedure was indicated for patients with pancreatic body/
tail carcinoma involving celiac axis and/or common hepatic 
artery. Recent literature reported this procedure is indicated 
for the patients whose pancreatic body/tail tumors involved 
or touched at least one of the common hepatic artery, the 
root of the splenic artery, or the celiac axis [1], which means 

a parts of resectable pancreatic body/tail carcinomas situ-
ated near the root of the splenic artery also indicated for this 
procedure as well. Our investigation regarding the relation-
ship between curability and the distance between the edge 
of the tumor and the splenic artery root in patients who 
underwent standard DP revealed that the microscopically 
positive margins were detected more frequently in the 
patients with tumors situated ≤10  mm from the splenic 
artery than those with a distance of >10 mm from the splenic 
artery [14]. Therefore, we suggest that DP-CAR should be 
performed to obtain an R0 resection in those patients with 
potentially resectable pancreatic body/tail carcinoma who 
would otherwise receive a standard DP. In addition to that, 
our study demonstrated the overall survival rate in patients 
with pathologically negative invasion for portal venous sys-
tem and artery (double negative invasion) was greater than 
that of the other patients. Moreover, extended pancreatec-
tomy with major arterial resection did not result in any long-
term survivors in many previous reports. Therefore, we 
evaluate carefully the patients with double negative invasion 
into portal venous system and artery on preoperative imag-
ing study for indication of DP-CAR.

Table 48.1 The organs, vessels, and other tissues that are resected or 
preserved in the modified Appleby operation

Resection Preservation
Optional 
resection

Organ Pncreas (body/tail), 
left adrenal gland, 
gallbladdera, spleen

Stomach, duodenum

Vessels Celiac artery, 
common hepatic 
artery, splenic 
artery, dorsal 
pancreatic artery, 
short gastric 
vessels, posterior 
gastric artery, 
inferior mesenteric 
vein.

inferior 
pancreaticoduodenal 
artery, gastroduodenal 
artery 
(pancreatoduodenal 
arcades), proper 
hepatic artery, the right 
gastric and right 
gastroepiploic vessels, 
gastrocolic trunk.

Portal vein, 
middle colic 
vessels. Left 
gastric 
arterya and 
inferior 
phrenic 
arteries can 
be preserved 
based on the 
anatomical 
features.

Other 
tissues

Part of the crus of 
the diaphragm, the 
Gerota’s fascia, the 
celiac plexus and 
ganglions, the 
nerve plexus 
around the superior 
mesenteric artery, 
the retroperitoneal 
fat tissues bearing 
lymph nodes above 
the left renal vein, 
the transverse 
mesocolon 
covering the body 
of the pancreas.

Right adrenal gland, 
bilateral kidneys.

aSeveral institutions resect gallbladder, left gastric artery routinely, and 
others preserve under definite condition or reconstruct it
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48.6  Risk Score for the Modified Appleby 
Operation (DP-CAR)

From an international multicenter analysis for 191 DP-CAR 
patients, the 90-day mortality rate was 5.5% at 5 high- volume 
(≥1 DP-CAR/year) and 18% at 18 low-volume DP-CAR 
centers (P = 0.015). A risk score with age, sex, body mass 
index, American Society of Anesthesiologists score, multiv-
isceral resection, open versus minimally invasive surgery, 
and low- versus high-volume center performed well in both 
the design and validation cohorts (P = 0.642). The main find-
ing is that annual DP-CAR case volume is the most impor-
tant predictor for 90-day mortality. The investigators of this 
study concluded that future studies should aim at (prospec-
tively) validating the clinical risk score, which was made 
available online at www.pancreascalculator.com [2].

48.7  Preoperative Preparation 
for the Modified Appleby Operation 
(DP-CAR)

The necessity of the preoperative coil embolization still 
remains controversial. Several investigators have performed 
the modified Appleby operation without preoperative coil 
embolization of the common hepatic artery (CHA). The 
safety and efficacy is still needed to be evaluated in the clini-
cal trials. Although, there is no evidence of decreased risk of 
these ischemia related complication by preoperative emboli-
zation of the CHA, preoperative angiography should be car-
ried out and variations of the inferior pancreaticoduodenal 
artery (IPDA) were examined to safely perform this 
 procedure. The preoperative coil embolization of the CHA 
should be performed as collaborative work between the sur-
geons and the interventional radiologist. The surgeons should 
request the planned ligation/division site precisely to them, 
and the radiologist was requested to place the coil in hopeful 
position without coil migration into the preserving planned 
arteries in a safe manner. The diameter of the IPDA usually 
increase about 1.5–2 times by the procedure.

48.8  The Procedure and Pitfalls 
of Modified Appleby Operation 
(DP-CAR)

The specific procedure for DP-CAR was as follows: firstly, 
right gastroepiploic artery/vein, right gastric artery/vein are 
encircled by vessel tape and preserved. Before the transec-
tion of the neck of the pancreas, firstly the bifurcation of the 
gastroduodenal artery (GDA) and the common hepatic artery 
(CHA) was exposed, followed by exposure of the origin of 

the proper hepatic artery (PHA). Confirming the negative for 
cancer cell infiltration of frozen section by harvesting the 
periarterial nerve plexus around the bifurcation should be 
performed to evaluate the resectability in patients whose 
tumor is adjacent this region. Kocher’s maneuver should be 
performed in case of accidental bleeding from portal venous 
system. The gastrocolic trunk was preserved for venous 
return from the stomach. Transection of the pancreas was 
performed with enough margin from the tumor to confirm 
the negative for cancer cell infiltration. In patient whose 
tumor involves the portal vein, the resection and reconstruc-
tion of the portal vein was performed antecedently. After 
pancreatic transaction, the dissection of the retroperitoneum 
must be performed from the right side to the left side in the 
manner of radical antegrade modular pancreatosplenectomy 
procedure, because the surgical field of this procedure is bet-
ter and safer for surgeon and assistant in case of accidental 
bleeding. By en-bloc dissecting the lymph nodes around the 
CHA, the right celiac ganglion and celiac nerve plexus, the 
origin of the celiac axis was exposed. Then, blood flow 
through the PHA, the right gastric artery, and the right gas-
troepiploic artery was confirmed by palpation, and intrahe-
patic arterial flow was also checked by intraoperative Doppler 
ultrasonography after clamping the end of the CHA in the 
patients who had undergone preoperative embolization of 
the CHA. The CHA was divided just proximal to the origin 
of the GDA. In the cases with dog-leg branching of PHA and 
GDA, great care was taken to preserve both arteries by avoid-
ing the ligation of bifurcation site. Lifting up the cut end of 
the distal pancreas and the CHA into the left caudal side, the 
superior mesenteric artery (SMA) was dissected from the 
surrounding lymph node and nerve plexus toward its origin. 
Great care was taken to preserve the inferior pancreaticoduo-
denal artery (IPDA) arising from the SMA or the first jejunal 
artery. The dissecting layer around the SMA is connected to 
that of the celiac axis (CA) from the caudal side to dorsal 
side. The origin of the celiac axis was identified circumferen-
tially just above the aorta and as divided. The origin and the 
direction of inferior phrenic arteries should be taken care in 
dissecting around the CA in front of the aorta.

48.9  Preservation of the Left Gastric Artery 
on the Basis of Anatomical Features

Despite the recent favorable surgical outcomes, delayed gas-
tric emptying (DGE) or ischemic gastropathy after the modi-
fied Appleby operation (DP-CAR) is a continuous and 
frustrating complication. DGE induced by ischemic gastrop-
athy, with had an incidence varying from 13.0% to 30.8% in 
previous series [1, 14], is not a life-threatening complication, 
but results in a prolonged hospital stay and leads to a 
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decreased quality of life (QOL), poorer nutritional status and 
delayed administration of postoperative adjuvant chemother-
apy. In the past studies, several patients underwent combined 
total gastrectomy to prevent gastric ischemic complications 
during the modified Appleby operation (DP-CAR) [1, 14]. 
The left gastric artery (LGA) develops as the first branch of 
the celiac trunk embryologically, and it was reported to 
branch antecedently in 68% to 72% of cases as a first branch 
of trifurcation described as above [12]. However, the proce-
dures used for the modified Appleby operation (DP-CAR) 
routinely included en-bloc resection of the LGA [1], although 
pancreas body cancer requiring DP-CAR does not always 
involve the LGA or the nerve plexus surrounding the 
LGA.  We prospectively tried to preserve the LGA with 
enough margins in patients whose LGA branched anteced-
ently and in whom the distance between the LGA and carci-
noma was more than 10  mm to clarify whether LGA 
preservation in DP-CAR (modified DP-CAR) could reduce 
the incidence of DGE and other postoperative complications 
[11] (Fig.  48.2). The medical records of 37 consecutive 
patients who underwent DP-CAR were evaluated for the 
incidence of DGE in 23 patients (62%) with LGA-resecting 
DP-CAR (conventional DP-CAR) and compared it with 14 
patients (38%) who underwent distal pancreatectomy with 
resection of the common hepatic artery and splenic artery, 
with preservation of the LGA (modified DP-CAR) for pan-

creatic carcinoma. The patients with tumors situated more 
than 10  mm away from the antecedent branching LGA 
underwent modified DP-CAR. The antecedent branching of 
the LGA was found in 19 patients (51%) in this study. In the 
conventional DP-CAR group, the LGA were involved in 20 
patients (87.0%). Clinically relevant DGE according to the 
ISGPS grades were: 30% in the conventional DP-CAR 
group, and 0% in the modified DP-CAR group (P = 0.035). 
The R0 rate was higher in the modified DP-CAR group 
(79%) compared to the conventional DP-CAR group (43%) 
(P = 0.048). Multivariate analysis demonstrated that resec-
tion of the LGA was an independent risk factor for increased 
incidence of DGE.  Therefore, modified DP-CAR signifi-
cantly reduced the incidence of DGE in comparison to con-
ventional DP-CAR.  In this series, distal stomach blood/
nerve supply including right gastric, right gastroepiploic 
arteries and antral nerve branch were preserved, but proxi-
mal stomach blood supply including, left gastroepiploic 
and short gastric arteries were resected in all cases. The 
LGA preservation can reduced the ischemic gastropathy 
after DP-CAR, and this approach (preservation of the LGA 
when feasible) provides another option for surgeons per-
forming DP-CAR. Furthermore, in patients whose collat-
eral flow had injured or proved to be insufficient during the 
surgery, arterial reconstruction would compromise collat-
eral flow [13].

T

T

a b

Fig. 48.2 The patients with tumors situated more than 10 mm away 
from the antecedent branching left gastric artery (LGA) underwent 
modified DP-CAR.  A schematic drawing showing the relationship 
between the division site and the branching site of the LGA (a) in con-
ventional DP-CAR and (b) in distal pancreatectomy with resection of 

the common hepatic and splenic artery, with preservation of the LGA 
(modified DP-CAR). Double-headed arrows indicating the site of the 
division. CA celiac axis, SA splenic artery, CHA common hepatic artery, 
LGA left gastric artery, T tumor
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48.10  Surgical Technique Preserving Left 
Gastric Artery

Even when we intent to preserve left gastric artery (LGA) pre-
operatively, right gastroepiploic artery/vein, right gastric 
artery/vein are also firstly encircled by vessel tape and pre-
served, and we rule out the cancer cell infiltration into the peri-
arterial nerve plexuses around GDA or CHA as soon as 
possible to evaluate resectability. We check the pulsation of 
GDA and PHA before clamping. After clamping the CHA, we 
confirmed the pulsation again, and the CHA was ligated and 
divided at the distal part described as above. We encircled the 
LGA by vessel tape to preserve in the early phase of surgery as 
a destination of dissection. Lifting up the CHA by en-bloc dis-
secting of lymph nodes around the CHA from the pancreas, 
the celiac axis was exposed. After confirming that the patients 
were negative for cancer cell infiltration into the nerve plexus 
surrounding the LGA by an intraoperative histopathological 
diagnosis of several frozen sections, the celiac artery was 
divided just after the branching of the LGA. The resection and 
reconstruction of the portal vein is performed antecedently 
before radical antegrade modular pancreatosplenectomy pro-
cedure. The depth of dissecting layer of retroperitoneum was 
controlled with wide margin according to the tumor position. 
Figure 48.3 shows the surgical field after modified DP-CAR.

48.11  Postoperative Complications After 
Modified Appleby Operation 
(DP-CAR)

The rates of morbidity after this procedure is not low [2]. The 
presence of postoperative hemorrhage from the resected stump 
of the common hepatic artery due to a pancreatic fistula after 

DP-CAR is difficult to rescue by interventional radiology 
(IVR) techniques because of the resection of the common 
hepatic artery. In addition, DP-CAR is associated with signifi-
cant morbidities such as ischemic gastropathy or hepatic isch-
emia [15]. Total gastrectomy was added if severe ischemia of 
the stomach was observed during operation and if surgeon 
could not exclude the possibility of future necrosis of the rem-
nant stomach in several institutions. Unplanned arterial recon-
struction was required in patients with accidental injury [1]. 
The possible ischemic gastropathy includes irregular, shallow, 
and wide ulcerations usually in cardia of the stomach thought 
to be ischemic in origin and delayed gastric emptying after 
surgery. The issue would directly affect the postoperative 
recovery and the schedule of adjuvant chemotherapy. As 
regarding the hepatic ischemia, the recent studies reported the 
low incidence of clinically relevant hepatic infarction as a case 
requiring drainage of abscess, and usually abnormal liver 
function recovered after several days. Necrotic cholecystitis is 
also reported which could occur postoperatively probably due 
to the spasm of the gastroduodenal artery and/or proper hepatic 
artery reported in several studies. The most concern is diarrhea 
after the removal of the plexus around the celiac axis and the 
superior mesenteric artery, because the diarrhea would influ-
ence the nutritional status and quality of life after surgery. In 
many studies, diarrhea after this procedure is reported as con-
trollable degree to maintain quality of life and nutritional sta-
tus by medication, usually with loperamide hydrochloride, 
and rarely with tincture of opium [1].

48.12  Conclusions

The modified Appleby operation (DP-CAR) may be justified 
in highly selected patients owing to the potential survival 
benefit compared with patients without resection, and these 
patients should be treated in multimodal therapy. Recent 
additional modification by preservation of LGA, i.e. “modi-
fied DP-CAR” can lead the procedure to be a safer option.
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Robotic Distal Pancreatectomy

Marco Vito Marino, Marco Ramera, 
and Alessandro Esposito

Abstract

Since its first description in 1994 by Cuschieri (J R Coll 
Surg Edinb 39:178–84, 1994), laparoscopic left pancre-
atectomy has been increasingly performed by hepato- 
pancreato- biliary surgeons worldwide. Despite reported 
benefits of less blood loss, faster recovery and shorter 
hospital stay over the classic open procedure (de Rooij 
et al. Ann Surg 269(1):2–9, 2019; Bjornsson et al. Br J 
Surg 2020), the first International Survey on Minimally 
Invasive Pancreatic Resection reported the minimally 
invasive distal pancreatectomy median lifetime case vol-
ume was quite low even for expert pancreatic surgeons 
(van Hilst et al. HPB (Oxford) 19:190–204, 2017). The 
technical expertise required for tissue manipulation, vas-
cular dissection and control of bleeding while ensuring 
adequate oncological outcome remains a significant hin-
drance to widespread adoption. The lack of specific train-
ing program, the poor ergonomics definitively limited the 
widespread of the laparoscopic distal pancreatectomy. 
The da Vinci robotic system (Intuitive Surgical, 
Sunnyvale, CA, USA) with its microsuturing and micro-
dissection capabilities associated to an enhanced visual-
ization may potentially provide several advantages over 
the laparoscopic approach. Early reports show encourag-
ing results over the laparoscopic distal pancreatectomy in 
terms of reduced blood loss (Chen et  al. Surg Endosc 

29:3507–18, 2015), increased splenic preservation rate 
(Hong et al. Surg Endosc 34:2465–2473, 2020), reduced 
conversion to open with comparable short term oncologi-
cal efficacy (Marino et al. Dig Surg 37:229–239, 2020). 
There is a lack to technical standardization of approach 
and patient selection via novel difficulty scoring needs to 
be validated in larger cohorts. The prevention of clini-
cally significant pancreatic fistula continues to be a chal-
lenge and long term oncological outcomes for malignancy 
remains unclear. Limitations of cost and learning curve 
especially with the adoption of more complex procedures 
will need to be overcome for wider application of the 
robotic approach.

49.1  Surgical Technique

49.1.1  Instruments and Tools

For robotic-assisted distal pancreatectomy we personally use 
the following instrumentations which should be available in 
the operating room before starting the operation. Four robotic 
ports and one 12  mm laparoscopic ports are employed, 
sometimes a 5 mm laparoscopic port is used when the expo-
sure of the operative field is challenging.

A 30° robotic camera is preferred instead of the 0° scope 
for the opportunity to switch from up to down during the dis-
section around the pancreas, a Tip-Up Fenestrated Grasper is 
preferred as retractor instrument for the longer length of the 
tips, a Monopolar Curved Scissors and a Fenestrated Bipolar 
Forceps as energy device, finally the Harmonic ACE®Curved 
Shears (Ethicon Endo-Surgery, Inc., Cincinnati, OH, USA) 
as advanced energy device. In case of obese patients, we 
employ the Vessel Sealer Extend that has a higher hemostatic 
effect than Harmonic ACE®, conversely the latter has in our 
opinion a better dissecting capability which are crucial in 
case of smooth and meticulous dissection.
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Medium-large and large robotic Hem-o-lok® clips and 
Horizon™ small-wide titanium clips (Teleflex Medical Ltd., 
RTP Durham, NC, USA) should be available as well as a 
45 mm Laparoscopic stapler (Purple or Black load) for the 
pancreatic transection. We do not recommend the utilization 
of a robotic stapler for the pancreatic transection due to the 
lack of tactile feedback and the difficulties in modulating the 
closure of the jaws. Monofilament sutures of 3–0 Prolene® 
and a 25 cm cotton tape complete the armamentarium. Two 
atraumatic laparoscopic instruments are available.

49.1.2  Operating Room Configuration

The patient under general anesthesia is located in supine 
position, with legs apart and arms tucked to the body. The 
robotic cart is docked over the right flank of the patient, 
while the surgeon console is located at the inferior left corner 
of the operating theater. The bed assistant is located between 
the patient’s legs, while the scrub nurse stands at the lower 
left side of the patient.

The pneumoperitoneum is established by using a Veress 
needle. The bed is tilted in reverse-Trendelenburg position 
(15–20°) and right lateral decubitus (10°). A total of five tro-
cars are inserted. The four 8 mm robotic ports are placed in a 
straight line at the umbilical line as following:

 – in the right flank for arm number 1 (R1),
 – in the right pararectal area for arm number 2 (R2),
 – in the periumbilical area for arm number 3 (R3),
 – in the left flank for arm number 4 (R4) (Fig. 49.1).

A 12 mm laparoscopic port connected to the AirSeal® sys-
tem is placed between R3 and R4 in the left pararectal area. 

A Tip-Up Fenestrated Grasper, a Monopolar Curved Scissors 
and a Fenestrated Bipolar Forceps are used as initial instru-
ments for arm number 1, 2 and 4 respectively.

49.1.3  Distal Splenopancreatectomy

The operation starts by inspecting the abdominal cavity, an 
intraoperative ultrasound is performed with the aims to 
exclude liver metastasis and to assess the tumor location. The 
gastrocolic ligament is then opened preserving the gastroepi-
ploic arcade by the Monopolar Scissors while the stomach is 
retracted cephalad by the arm number 1. The posterior wall 
of the stomach is fixed to the anterior abdominal wall by a 
running suture of 3–0 V-loc™ thus freeing the arm number 1 
which is used for the tissue retraction. The spleno-gastric 
ligament is transected, and the short gastric vessels are com-
pletely cut by the Harmonic ACE®.

The splenic flexure is routinely taken down through a 
supramesocolic approach or by mobilizing the left colon 
from its lateral attachments. The pancreatic gland is entirely 
exposed, and its inferior margin is progressively dissected 
free from the transverse mesocolon.

The splenic vein is visualized and dissected towards the 
confluence with the superior mesenteric vein, finally it is 
encircled by a vessel-loop. Similarly, the superior margin of 
the pancreas is incised and the splenic artery is dissected at 
its origin and encircled by a vessel-loop. A retropancreatic 
tunnel is started and the pancreas is suspended by a cotton- 
tape which is handled by the arm number 1. The splenic 
artery and next the splenic vein are clipped by the Hem-o- 
lok® and divided (Fig. 49.2).

The distal pancreas is transected at the level of the neck 
with a laparoscopic stapler (Endo GIA™ Medtronic, 
Minneapolis, MN, USA) purple (3–4 mm) or black (4–5 mm) 
load or alternatively with the Harmonic ACE® depending on 
the thickness of pancreatic gland (Fig. 49.3). Prior to divi-
sion, 2 stay sutures of 3–0 Prolene® are placed, one proxi-
mally and one distally the transection point, at the inferior 

Fig. 49.1 Trocart layout Fig. 49.2 Splenic artery control
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border of the pancreas for retraction. The distal pancreas is 
dissected from the retroperitoneum.

The phrenocolienal ligament is cut and the spleen is freed 
from its lateral attachments.

49.1.4  Spleen-Preserving Distal 
Pancreatectomy

Once the gastrocolic ligament is opened the left gastroepi-
ploic and the short gastric vessels are preserved. The inferior 
and the superior margins of the pancreas are dissected and 
The splenic artery and veins are both isolated and encircled 
by two vessel-loops. The level of pancreatic transection is 
assessed by an IOUS and tunnelized by a cotton tape.

If a Kimura technique was attempted, the distal pancreas 
is dissected and mobilized in a medial to lateral fashion the 
splenic vessels are skeletonized from the isthmus toward 
the hilum of the spleen, ligating and dividing all pancreatic 
branches trough Harmonic ACE® scalpel or small titanium 
clips.

If a Warshaw technique was performed the splenic vessels 
(artery first) are controlled and divided between Hem-o- 
lok® clips or sectioned through a white stapler load applica-
tion. In particular the artery is isolated clipped proximally at 
its origin and distally at the level of splenic hilum preserving 
the origin of the left gastroepiploic artery. The splenic vein 
was controlled at the splenic hilum preserving the left gastro-
epiploic vein.

No fibrin glue was placed on the pancreatic stump. An 
intraoperative frozen section of the pancreatic remnant was 
sent for pathological examination to confirm negative mar-
gins when appropriate. A single suction drain is placed 
close to the pancreatic remnant. The specimen, inserted in 
endoscopic bag, is retrieved through a Pfannenstiel incision 
or through the incision of the 12-mm trocar in case of 
spleen preservation and for non-bulky lesions.

49.2  Results

A total of 45 patients (25 males, 20 females) underwent 
robotic distal pancreatectomy since October 2016 up to now. 
In Thirty-five cases a distal pancreatectomy with splenec-
tomy was carried out, while in ten cases a spleen-preserving 
approach was pursued.

The mean age was 58.5 years. The BMI was 27.4. Ten out 
of 45 (22.2%) had a previous abdominal surgery and the major-
ity (30 out of 45) suffered by a malignant pancreatic pathology. 
The leading indication for surgery was pancreatic ductal ade-
nocarcinoma (22) followed by chronic pancreatitis [1] and neu-
roendocrine tumors [2]. The mean operative time was 225 min 
(range 150–655 min), the spleen preserving procedures were 
associated to a longer operative time (255 vs 190 min). The 
overall estimated blood loss was 115 ml (5–300 ml). In case of 
benign conditions, a spleen preserving procedures was com-
pleted in 100% of cases. Only 2 patients were converted to 
open due to the difficulties in bleeding control and concerns 
regarding the oncologic adequacy. Eleven patients experi-
mented post-operative complications, seven were classified as 
minor, while four were major (8.9%). Only three patients 
developed a postoperative pancreatic fistula (2 grade B and 1 
grade C according ISGPS classification [3]). Two patients were 
reoperated the first for a peripancreatic fluid collection associ-
ated to a grade C pancreatic fistula, the second for a colon per-
foration. The mean length of hospital stay was 9 days (range 
6–21 days). The 90-day mortality rate was one due to post-
operative pulmonary embolism. An R0 resection rate was 
achieved in 100% of cases. The mean nodal harvested was 19.5 
nodes (range 7–25 nodes). The recurrence rate at a mean fol-
low-up of 16  months was 15%. The disease-free survival at 
3-year was 57.8% while the overall-free survival was 70.2%.

49.3  Discussion

The robotic pancreatic surgery is progressively gaining 
momentum as it is applied both for pancreatoduodenectomy 
or enucleation [4, 5].

Spleen preserving distal pancreatectomy (SPDP) is an 
important organ preservation technique for pancreatic body/
tail non-malignant tumors that offers several hematological 
and immunological benefits, as proven in several studies [6, 
7]. Two techniques are commonly applied for this purpose 
and differ in the preservation or not of the splenic vessels [8]. 
With the advent of the minimally invasive approach and in 
particular of the robotic platform, there was great interest in 
evaluating the contribution that this technology could bring 
in the preservation of the spleen.

Fig. 49.3 Pancreatic transection
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Three recent meta-analyses [9, 10] have evaluated the 
spleen preservation rate between RDP and LDP with con-
troversial results. All of these studies actually report that 
spleen preservation rates were less than 50%. In almost all 
of the series included in these meta-analyses, the parameter 
“spleen preservation rate” actually refers to the ratio 
between the number of operations in which the spleen has 
been preserved and the total number of minimally invasive 
procedures performed for any pathology. Other retrospec-
tive studies have carefully evaluated this issue. A Korean 
single-center and single-surgeon analysis conducted on 
more than 200 patients undergoing MIDP has the laparo-
scopic and robotic approach (about one fifth of cases) [11]. 
Although the nature of the study is retrospective, the 
authors report the number of cases where there was an 
intent to preserve the spleen. RDP was associated with a 
higher preservation success rate (96.8% vs 82.5%; 
P = 0.02). another study carefully considered this question. 
From the retrospective analysis of all patients undergoing 
SPDP for low-grade benign or malignant tumors at the 
Shanghai hospital, a propensity score matching was 
obtained compared RDP and ODP [12]. The RDP cohort 
showed a significantly higher spleen preservation rate 
(63.5% vs 26.5%, P < 0.001), less estimated blood loss and, 
interestingly, shorter operative time. In logistic regression 
analysis, the open approach, together with increasing age, 
tumor size, and blood loss, such as the pathological type of 
inflammatory neoplasm, were independent predictors of 
spleen preservation failure.

It is possible that the surgeon’s and/or patient’s preference 
for a particular approach has still limited the design of ran-
domized prospective trails.

Another widely debated point is the adequacy of the 
robotic approach for malignant tumors, especially 
PDAC.  Three systematic reviews and meta-analyses sug-
gested comparable oncological outcomes in terms of resec-
tion margin, 30-day mortality, disease-free survival, and 
overall survival between MIDP and ODP [13–15]. Once 
again, the currently available data could suffer from retro-
spective selection bias. Results from 2 ongoing randomized 
controlled trials, the European multicenter DIPLOMA trial 
(ISRCTN44897265), and the Chinese multicenter “Study 
of Laparoscopic Versus Open Distal Pancreatectomy in 
Patients with Pancreatic Cancer at the Body and Tail” 
(NCT03792932), should increase the level of evidence 
available on this topic.
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Total Pancreatectomy

Aleksandar Karamarkovic, Jovan Juloski, and Vladica Cuk

Abstract

Total pancreatectomy (TP) plays an important role in the 
treatment of some pancreatic disorders for several rea-
sons: (I) TP is the only surgery for a radical resection of 
pancreatic cancer with extensive tumors for which com-
plete removals cannot be achieved by means of pancreato-
duodenectomy (PD) or distal pancreatectomy (DP). (II) 
TP is helpful to the dissection of surrounding lymph 
nodes and nerves, and may improve the long-term prog-
nosis of pancreatic cancer. (III) Pancreatic cancer involv-
ing multi segments extensively, as well as main-duct 
IPMN and multifocal branch-duct IPMN involving the 
entire pancreas, require TP. (IV) Anastomotic leak, post-
operative pancreatic fistula (POPF), and postoperative 
pancreatic hemorrhage (PPH) as the consequence of 
POPF can be prevented by performing TP.

In order to achieve better local control for borderline 
resectable pancreatic cancer (BRPC) and locally advanced 
pancreatic cancer (LAPC), especially after neoadjuvant 
treatment, we recommend adding TRIANGLE operation 
to TP as a key procedure.

50.1  Introduction

The first successful TP for pancreatic adenocarcinoma was 
performed by Rockey [1] in 1943. After advances made in 
the surgical techniques and glycemic monitoring as well as 
the development of synthetic insulin and pancreatic enzymes, 
the medical management after TP has improved. Some stud-
ies have demonstrated acceptable QOLs after TP for neo-

plastic disease [2–4]. With growing experience, technical 
improvement and perioperative care advancement, we now 
have mortality less than 3% and morbidity rates around 40% 
in high-volume centers [5, 6].

50.2  Indications

Indications for TP can be classified into four “T” groups [7, 8]:

 1. Tumors of advanced stage or specific localization
 2. Technical problems due to soft pancreatic tissue or small 

pancreatic duct
 3. Troubles due to perioperative surgical complications
 4. Therapy refractory pain due to chronic pancreatitis

The most frequent indication for TP is advanced or multifo-
cal pancreatic tumors [8]. Recurrent pancreatic carcinoma, 
IPMN and extensive neuroendocrine tumors are also tumor 
related indications for total pancreatectomy [9–11]. TP for 
cases of main-duct IPMN and mixed-type IPMN is con-
ducted either as a primary en block resection, when IPMN 
extends throughout the entire pancreas, or as a sequential 
operation, when frozen section analysis reveals IPMN on the 
resection margin after partial resection [12]. Management of 
multifocal branch-duct IPMN is a bit more challenging, and 
still a matter of controversies, regarding indication, correct 
timing, and extent of surgical interventions [12]. Based on 
the “Fukuoka” criteria, the risk of malignancy in these 
lesions have been described [13]. According to these guide-
lines, resection of lesion greater than 3 cm in diameter should 
be resected. Smaller ones should be resected, but only if 
“high risk” stigmata are present (mural nodules, positive 
cytology, symptoms, or a synchronously dilated main duct). 
Still remaining concerns are, among all IPMN smaller than 
3 cm, that are resected, about 25% were shown to be malig-
nant [13]. Standard approach for all suspected malignant 
branch-duct IPMN is adequate resection with lymphadenec-
tomy, similar to the approach in main-duct IPMN [12].
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In the case of chronic pancreatitis without dilation of pan-
creatic duct in patients resistant to medical treatment, TP has 
been proposed [14]. The procedure is also proposed for 
patients with hereditary pancreatitis who are at elevated risk 
for pancreatic cancer development [15].

Technical problems due to soft pancreatic tissue represent 
not so uncommon indication for TP.  In cases when recon-
structions of the common hepatic (CHA) and superior mes-
enteric arteries (SMA) are undertaken, TP is generally 
performed and recommended [16, 17]. The complete resec-
tion of pancreas reduces the rate of morbidity and mortality 
by eliminating completely the incidence of POPF and its 
potentially fatal effect on the arterial anastomosis [15].

Following “partial” pancreatic resection, complications 
such as POPF complicated by acute bleeding, sepsis, can 
occur. In these cases, TP is indicated as a salvage proce-
dure [7].

In patients undergoing pancreatectomy for PDAC, TP 
provides chances of R0 resection in isolated neck margin- 
positive patients and was associated with a survival benefit. 
TP is recommended for patients having cancer spread from 
the head to the left part of the pancreas [15, 18].

The definition of BRPC and LAPC is based on the rela-
tionship of tumor and its nearby main blood vessels [19]. 
Previous classification made by AHPBA/SSO/SSAT was 
further clarified by the National Comprehensive Cancer 
Network (NCCN), and International Study Group of 
Pancreatic Surgery (ISGPS) also [20, 21].

While neoadjuvant therapy is necessary in LAPC to 
achieve a chance of conversion surgery afterwards, its use 
in BRPC and especially resectable pancreatic cancer is cur-
rently still under debate. Surgical resection of BRPC is still 
controversial; i.e., Whether or not to resect the tumor 
largely depends on preoperative imaging diagnosis, which 
unfortunately cannot always provide real resectability [22] 
or distinguish tumor invasion from fibrosis caused by 
inflammation [23].

Despite the wide application of MDT in the treatment of 
pancreatic cancer [24], there is still a dilemma where the 
patient may lose the opportunity of surgery for a resectable 
tumor or the surgeon may end up by excising an unresectable 
tumor for which R0 resection cannot be achieved. For exam-
ple, especially those patients who are considered unresectable 
because of CA, CHA or SMA encasement (no more than half 
in circumference) can get R0 resection with surgeon’s effort. 
For the treatment of BRPC, neoadjuvant therapy is highly 
recommended in guidelines especially in Europe and US 
[25]. Some treatment reported has greatly improved the resec-
tion rate and prognosis of BRPC and LAPC [26, 27].

The TRIANGLE operation (Fig. 50.1) was proposed by 
Heidelberg group in 2017 [28] as novel approach for the 
patients with LAPC after the neoadjuvant therapy. The ratio-
nale of this procedure is the observation that after neoadju-

vant therapy conventional imaging fails to differentiate 
between actual tumor encasement or abutment and only 
fibrotic residual tissue mainly to the arterial structures [28].

However, some patients, whose tumor fails to down-stage 
but develops after neoadjuvant therapy, lose the opportunity 
to undergo radical resection of the tumor. For those patients 
with artery encasement, upfront surgery with extensive dis-
section of the TRIANGLE region including celiac axis (CA), 
CHA, SMA portal vein (PV) and superior mesenteric vein 
(SMV), as well as complete skeletonization of these vessels, 
may allow R0 resection and decrease the local recurrence. In 
fact, those patients in the study of Zhai et al., do not appear 
local recurrence after surgery [29]. Some studies described 
that the TRIANGLE operation for BRPC was safe and effi-
cient [29, 30]. TRIANGLE operation should be added to TP 
as a key procedure, which will help to increase the number of 
lymph nodes examined, reduce complications rate and have 
better radical treatment efficacy for BRPC [29].

Fig. 50.1 TRIANGLE total pancreatectomy with en block porto- 
mesenteric vein resection. Intraoperative view after complete dissection 
of the TRIANGLE region including circumferential skeletonization of 
the CA/CHA, SMA (red tape) and PV/SMV (blue tape) resection and 
reconstruction with ringed PTFE allograft interposition
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50.3  Surgical Procedure

TP can be performed in two different situations, namely:

 1. TP as a second step after PD.

This is the situation, which takes place after PD due to 
technical reasons, early septic and bleeding complications or 
neoplastic infiltration of the pancreatic resectional margin 
found at frozen section. In such cases, left pancreatectomy is 
performed after PD.

 2. TP as an “at once” procedure.

In this case, an en-bloc resection is performed of the 
entire pancreas, part of the stomach, duodenum, jejunum, 
common bile duct, gallbladder, and spleen.

Resectability was evaluated according to NCCN guide-
lines (version 3. 2017.) [31].

 1. Kocher’s Maneuver to Lift the Head of the Pancreas and 
the Duodenum.

After the exposure of left renal vein and the abdominal 
aorta leftwards, expose the root of SMA (Artery First 
approach). The origin of SMA isolated from a right posterior 
approach [32] just above the aorta and left renal vein; after 
that, infrapancreatic portion of SMA taped using Mesenteric 
approach, proposed by Nakao [33] (Fig. 50.2). The concept 

of this Artery First strategy, is to evaluate any potential tumor 
adherence to the SMA or replacing RHA origin at the begin-
ning of the operation and either stop resection or plan an 
arterial resection if required and indicated.

 2. Skeletonizing the Hepatoduodenal Ligament.

The elements of the hepatic pedicle are skeletonized, 
according to technique for PD.

 3. Mobilization of the Spleen and the Body and Tail Portion 
of Pancreas.

The body and tail of the pancreas are mobilized from left 
to right, in order to dissect and isolate the spleno-pancreatic 
complex from distal to proximal till meet the pancreatic isth-
mus and head.

 4. Clearance of TRIANGLE.

Technique comprises dissection of all soft tissue along the 
CA, SMA, SMV, and PV in association with a radical tumor 
removal. During the resection process, if must be proven that 
the specific periarterial tissue does not include viable tumor by 
frozen section; afterwards a radical artery-sparing approach 
can be conducted [34]. Complete skeletonization of the 
regional vasculature is required. Arterial circumferential skel-
etonization is obligatory, which include complete clearance of 
the sheath of the proper vasculature, on the adventitial level.

This results in an anatomic TRIANGLE bordered by the 
CA/CHA, SMA and PV/SMV revealed by the dissection and 
finally resection indicating the comprehensive removal of all 
soft tissue contained within these borders - usually fibrotic, 
neural, and lymphatic tissue (Fig. 50.3).

The resection and reconstruction of SMV or PV could be 
done when either of them was invaded by tumor, vein recon-
struction including direct anastomosis or artificial vascular 
graft (Fig. 50.3). TRIANGLE TP exerts great impact on the 
radical resection the negative rate of surgical margin and 
long-time survival of patients of pancreatic cancer [28, 29].

The coronary vein is usually divided during the procedure 
when TP is performed and a re-insertion is not possible in 
most patients due to the extent of resection. Therefore, stom-
ach perfusion has to be critically evaluated at the end of the 
operation and a distal or even subtotal stomach resection 
may be required to avoid congestion-related ischemia [35].

 5. Detachment of the Cephalic duodenopancreatic complex, 
Dividing the Gastric Antrum, Transecting Jejunum.

Once the left splenopancreatic complex has been entirely 
mobilized and the retropancreatic vessels have been freed, 

Fig. 50.2 Pancreatectomy with complete circumferential vascular 
clearance and total mesopancreas excision (mesenteric approach)

50 Total Pancreatectomy



380

the procedure completed with detachment of the cephalic 
duodenopancreatic complex, as in extended PD.

 6. Bilio-digestive Reconstruction.

Include jejunal loop to perform transmesocolic biliodi-
gestive anastomosis and, subsequently, transmesocolic gas-
trojejunal anastomosis.

50.4  Vascular Resection

TRIANGLE TP can be combined with arterial resection 
and reconstruction, while venous resection is frequently 
required in this situation. The most recent meta-analysis 
described that patients with pancreatectomy plus venous 
resection seemed to attain a larger tumor size, positive 
lymph nodes and R1 resection rates and higher 30-day mor-
tality [36]. Controversially to the reported impaired sur-
vival after venous resection, a recent propensity 
score-matched analysis showed similar survival among the 
patients with venous resection and pancreatectomy alone 
groups [37].

In contrast to vein resection, artery resection is more 
debatable for its increased morbidity and mortality and 
mostly considered as an individual decision in selected 
patients [34, 38]. Furthermore, during recent years, the tech-
niques of replacement applied for the hepatic artery or the 
superior mesenteric artery have been improved and proce-
dures such as SA use (Fig.  50.4) have been described for 
restoration of hepatic or small-intestine perfusion [16].

According to our policy, we have performed arterial 
resection, only if replacing right hepatic artery (RRHA) ori-
gin from the SMA, was infiltrated by the tumor (Fig. 50.5).

Regarding specific complications and outcomes, the post-
operative complications and the length of hospital stay and 
non-R0 rate were not significantly different compared to 
those without artery resection. Another recent study, cover-
ing nearly 40 years of experience confirmed the safety and 
efficacy of arterial resection for patients with LAPC, addi-
tionally suggesting preoperative neoadjuvant therapy with 
artery resection as a useful concept for LAPC [39].

A single-center cohort study reported that pancreatec-
tomy with artery resection can obtain better one-, three-, and 
five-year survival rates compared to palliation for patients 
with LAPC [40].

a b

Fig. 50.3 Radical total pancreatectomy with vascular resection: 
Clearance of TRIANGLE with en block porto-mesenteric venous trunk 
resection (proximal and distal stumps of PV/SMV are clamped with 
vascular clamps—marked with blue arrowhead, while SMA is clamped 

with vascular bulldog in order to reduce intestinal congestion) (a); dis-
section of all soft tissue (TRIANGLE) between CA/CHA and SMA 
(red tapes) as well as the reconstructed PV/SMV with PTFE ringed 
allograft interposition (blue tape) (b)
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50.5  Comment

Use of TP is supported for the treatment of PDAC in 
appropriately selected patients because the long-term sur-
vival rates of patients who underwent TP for pancreatic 
cancer were comparable to those for patients who under-
went PD [41]. The similar 3- and 5-year survival rates in 
patients who underwent TP vs. those who underwent PD 
suggested that the glycemic issues were not major deter-
minants of death in the long term [42]. TRIANGLE oper-
ation is a possible method to achieve the radical resection 
of BRPC in patients who have not received neoadjuvant 
therapy or in LAPC patients after neoadjuvant treatment. 
With TRIANGLE TP, artery sparing resection can be 
achieved and the postoperative risk of POPF and PPH can 
be reduced. However, more studies are needed to further 
assess the reliability, feasibility and long-term effect of 
this operation [29].
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a b

Fig. 50.4 TRIANGLE total pancreatectomy with combined vascular 
resections (PTFE graft interposition with SA transposition in recon-
struction): Venous resection of PV/SMV trunk and arterial RRHA from 
SMA resection (SA prepared for transposition and RRHA reconstruc-

tion) (a); PTFE ringed allograft interposition used for PV/SMV recon-
struction while SA transpositioned and anastomosed for the RRHA 
reconstruction (SA-RRHA end to end anastomosis marked with blue 
arrowhead) (b)

Fig. 50.5 TRIANGLE total pancreatectomy with arterial resection: 
Clearance of TRIANGLE space with concomitant resection of RRHA 
arising from SMA: direct “side to end” SMA-RRHA arterial recon-
struction (anastomotic line marked with blue arrowheads). PV portal 
vein, SMV superior mesenteric vein, IVC inferior vena cava, LRL left 
renal vein, AO aorta, SMA superior mesenteric artery, CA celiac axis, 
CHA common hepatic artery, SA splenic artery, LGA left gastric artery, 
GDA gastroduodenal artery, RRHA replacing right hepatic artery from 
SMA; CBD common bile duct
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Pancreatic Resection for Solid 
Pseudopapillary Neoplasms
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Abstract

Pancreatic solid pseudopapillary neoplasms (SPNs) are 
rare and relatively benign tumors, with a malignancy ratio 
of 10–15%. The utility of multiple imaging modalities, 
combining with age and gender profile, is crucial for the 
diagnosis of SPNs. At present, surgery remains the only 
curative method for SPNs. While opinions towards surgi-
cal procedures are highly divided due to its rarity, mini-
mally invasive procedures for SPNs are gradually 
recommended, whether extent of resection or surgical 
path. Although patients with SPNs always have a favor-
able prognosis, postoperative follow-ups remain essen-
tial. In general, we mainly discussed the diagnosis, 
treatment, and follow-up for patients with SPNs.

Pancreatic solid-pseudopapillary neoplasms (SPNs) are rare, 
accounting for 1–2% and 5% of pancreatic exocrine neo-
plasms and pancreatic cystic neoplasms, respectively [1]. 
SPNs are relatively benign neoplasms with a malignancy 
rate of 10–15% [2]. The mutation of CTNNB1, present in 
over 90% of cases, is a molecular hallmark of the disease, 
leading to the activation of Wnt/β-catenin signaling pathway 
[3, 4]. SPNs are mostly found in younger women [5], with a 
female to male ratio of 10:1 [6]. The symptoms are not well- 
defined, but the most common symptom is abdominal dis-
comfort, which is present in over half of patients [7]. In 
addition, about a third of patients are asymptomatic. There is 
no significant difference in presentation between men and 
women [8], nor in symptom and tumor characteristics 
between children and adults [9, 10].

Radiological examinations are important for SPNs diag-
nosis. Computed tomography (CT) is the most commonly 
used imaging modality, followed by ultrasound (US) and 
magnetic resonance imaging (MRI) [7]. The combination of 
imaging manifestations of US, CT, and MRI is crucial for the 
diagnosis of SPNs [11]. However, the CT imaging features 
of SPNs are different between males and females, such as 
tumor shape and tumor composition. Tumor imaging in male 
patients always features a solid mass with lobulated margin 
and progressive enhancement [12]. Compared to symptom-
atic SPNs, asymptomatic ones have significantly smaller 
tumor size and may lack the typical features [13, 14]. The 
characteristic imaging manifestation combined with age and 
gender profile may be sufficient for most SPNs diagnosis 
[15]. EUS-guided fine-needle aspiration (FNA) is a accurate 
diagnosis method with sensitivity and specificity as high as 
91% and 94%, respectively. However, the procedure of FNA 
may entail certain risks, such as hemorrhage, pancreatitis, 
pancreatic fistula, gastrointestinal perforation, and even 
tumor cells dissemination [15]. Previous studies recom-
mended that laparoscopic biopsy should be avoided due to 
the risk of tumor recurrence and peritoneal dissemination 
[16–18]. In addition to diagnosis, the preoperative imaging 
workups are helpful for discriminating between potentially 
malignant and benign tumors to guide clinical treatment 
options. Previous studies have indicated that preoperative 
CT imaging may be helpful to discriminate aggressive SPNs 
from non-aggressive tumors [12]. Incomplete capsule, ill- 
defined margin, and absence of bleeding feature in CT imag-
ing are risk factors for aggressive SPNs, which could be used 
to guide the preoperative selection of surgical procedure. In 
addition to radiographic results, researchers have also found 
that preoperative neutrophil-to-lymphocyte ratio (NLR) is 
predictive of malignant SPNs [19].

At present, surgical resection remains the mainstay of 
treatment for SPNs, which is recommended by the 2017 
International Association of Pancreatology (IAP) and the 
2018 European Pancreatic Club guidelines [20–22]. The 
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common surgical procedures for SPNs generally include 
enucleation, segmental pancreatectomy, and pancreaticodu-
odenectomy, which depend on the location of the tumor [23]. 
Tumors located in the head or uncinate of the pancreas 
require enucleation, or pancreaticoduodenectomy with or 
without pylorus-preserving. For tumors located in the neck 
or body of the pancreas, surgeons could resect the midpor-
tion of the pancreas or perform enucleation. Distal pancre-
atectomy (DP) with or without splenectomy is often 
performed for SPNs located in the body or tail of the pan-
creas [2, 15, 24]. However, there is currently no uniform 
standard on the selection of surgical procedures. The proce-
dure may be performed either laparoscopically or by open 
surgery and could be aggressive or function-preserving. The 
lack of a golden standard is partially due to the rarity of 
SPNs, and that the current experience is mostly based on the 
small-scale studies or case reports.

Due to the favorable prognosis and low-grade malignancy 
of SPNs, pancreatic function and adjacent organ preserving 
surgery has been proposed by multiple studies [25]. Deficient 
residual volume of the pancreas is correlated with pancreatic 
functional deficiency [26]. Previous studies have shown that 
enucleation could be performed for SPNs located within the 
head, neck, or body of the pancreas, especially with no indi-
cations of dilated pancreatic duct and/or common bile duct 
[23]. However, opinions regarding such a surgical procedure 
are highly divided. Some studies maintained that enucleation 
is indicated for smaller tumors [24], while others considered 
that it should not be performed because of the increased risk 
of dissemination, recurrence, and pancreatic fistula [2, 27]. 
For SPNs in children, enucleation may be a safe and effec-
tive surgical procedure if taking tumor size and location into 
consideration, but it correlates with increased risk of pro-
longed fasting times and development of pancreatic fistula 
[28]. Enucleation may be more beneficial for children than 
adults with SPNs, because it could preserve the exocrine and 
endocrine functions of the pancreas to the greatest extent. 
However, because age < 13.5 is associated with a higher risk 
of recurrence [29], surgeons should balance the benefits and 
risks of enucleation. Whether enucleation should be per-
formed on patients with SPNs and the selection of patients 
for enucleation require future researches.

Patients undergoing Whipple’s procedure experience sig-
nificantly longer postoperative hospitalization and increased 
unadjusted mortality than segmental pancreatectomy, while 
with no significant difference in postoperative complication 
rates [30]. Compared to conventional DP, spleen-preserving 
distal pancreatectomy (SPDP) may reduce the risk of over-
whelming post-splenectomy infection, without increasing 
the complication rate and prolonging postoperative hospital-
ization [31, 32]. It appears that function or organs preserving 
surgery is superior to invasive surgery. The function or organ 
preserving surgery could preserve the function of digestive 

system, pancreas, or spleen to a large extent, which is crucial 
for the life quality of patients, especially for younger ones. 
However, some studies have indicated that parenchyma- 
preserving surgical procedure is associated with an increased 
risk for postoperative recurrence due to the incomplete resec-
tion [33].

When it comes to the surgical path, laparoscopic surgery 
is recently becoming more prevalent with the improvement 
of surgical techniques. Shorter time to diet and postoperative 
hospitalization, lower intraoperative blood loss and transfu-
sion requirement, and lower complication rates have been 
previously observed in minimally invasive pancreatectomy 
(MIP) for SPNs than open groups [34, 35]. However, laparo-
scopic management may be correlated with a higher risk of 
local or disseminated recurrence than open laparotomy [36].

There is a growing body of literature that recommends 
function-preserving and laparoscopic surgery for SPNs due 
to low-grade malignancy, but routine lymphadenectomy is 
not indicated because of the rarity of metastasis [15]. 
However, patients with preoperative imaging workups or 
histopathological examination showing high-grade malig-
nancy, such as locally advanced tumors or distant metastasis, 
require more aggressive surgical procedures [37, 38]. For 
instance, patients with portal-superior mesenteric vein (PV/
SMV) and/or adjacent organ involvement, who underwent 
en bloc primary tumor excision with synchronous PV/SMV 
and/or adjacent organ resection could obtain a good progno-
sis [39]. The principle of surgical management for patients 
with distant metastasis is to resect both the primary and met-
astatic tumors as completely as possible [40]. But for patients 
with unresectable tumors of SPNs, adjuvant radiation, che-
motherapy, vascular resection and reconstruction, and liver 
transplantation may be acceptable options, but the evidence 
level is relatively low [41–44].

Although patients with SPNs always have a favorable 
prognosis, with the 5-year survival rate of more than 95% 
[15, 45], postoperative follow-ups remain essential. The 
majority of recurrences or metastases occur within 5 years 
after surgery. However, in a small but significant number of 
patients, recurrence or metastasis has been seen between 5 
and 10 years. Long-term follow-ups are needed to examine 
the outcome of surgery for patients with SPNs. About 2% of 
patients who underwent surgical resection experience recur-
rence after surgery [46]. Over the last decades, the factors 
suggesting malignant potential of SPNs have been broadly 
explored, which could predict surgical outcome and guide 
postoperative follow-ups. Extensive researches have shown 
that tumor size and microscopic malignant features are sig-
nificant prognostic factors for postoperative recurrence [47–
49]. Besides, multiple large-scale studies have demonstrated 
that blood vessel invasion and larger tumor size may be asso-
ciated with high-grade malignancy [48, 50, 51]. However, 
previous studies have shown differences in predictive ability 
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and cut-off value of tumor size to predict recurrence [52, 53]. 
Recently, Yang et  al. have shown that the combination of 
Ki-67 and tumor size is helpful to predict postoperative 
recurrence, superior to the current American Joint Committee 
on Cancer (AJCC) and European Neuroendocrine Tumor 
Society (ENETS) staging systems [54]. Negative surgical 
margins are essential to avoid recurrence, and the intraopera-
tive frozen section could be used for validation [55, 56]. On 
the other hand, a meta-analysis study that summarized the 
studies analyzing the relationships between clinicopatholog-
ical factors and SPNs malignancy has found no reliable fac-
tor [57]. In addition to the clinicopathological characteristics, 
Cohen et  al. analyzed the miRNA patterns among normal 
pancreas, primary tumors, and metastatic tumors through 
miRNA array. They found that lower expression of miR-375, 
miR- 217, and miR-200c and higher expression of miR-184, 
miR- 10a, and miR-887 are associated with metastasis [58]. 
However, even if patients relapsed at follow-up, reoperation 
could still result in long-term survival [24].

We herein summarize the diagnosis, treatment, and post-
operative follow-up for patients with SPNs. Yet, the current 
literature regarding SPNs mostly come from case reports and 
studies by an isolated center with low levels of evidence. 
Regardless, minimally invasive procedures are increasingly 
being recommended for the treatment of SPNs, not only for 
the extent of resection but also as surgical path. Meanwhile, 
future studies should establish methods for more accurate 
preoperative diagnosis and malignant markers. Large-scale 
multicenter studies are urgently needed to verify and update 
the current understanding of SPNs.
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Abstract

Pancreatic resection is the mainstay treatment of pancreatic 
neuroendocrine neoplasm (PNEN) for curative intent or 
symptom control. In this chapter, we describe the indication 
of pancreatic resection for PNENs and procedures based on 
the need for systematic lymph node dissection (LND). 
Recent guidelines accept initial observation for incidentally 
discovered small non-functional PNEN (NF-PNEN) without 
malignant signs. Otherwise, formal pancreatic resection with 
systematic LND is recommended (pancreatoduodenectomy 
for head/uncinate tumor and distal pancreatectomy for body/
tail tumor). For hormone-secreting functional PNENs, pan-
creatic resection is generally recommended because hor-
monal symptoms severely impair the patients’ quality of life. 

Tumor enucleation without systematic LND can be indicated 
for insulinoma, whereas formal pancreatectomy with sys-
tematic LND is recommended for gastrinoma. When sys-
tematic LND is omitted, sampling peritumoral lymph nodes 
should be performed for accurate staging. In the setting of 
unresectable distant metastasis, the significance of resection 
of the primary tumor has been controversial. For patients 
with resectable pancreatic head tumor and liver metastasis, 
staged operation of liver metastasectomy followed by pan-
creatoduodenectomy is recommended to avoid biliary infec-
tion after bilioenteric anastomosis. Survival benefit of 
resection of poorly-differentiated pancreatic neuroendocrine 
carcinoma has not been demonstrated due to the extremely 
poor prognosis.

Abbreviations

CP central pancreatectomy
DP distal pancreatectomy
ENETS European Neuroendocrine Tumor Society
EUS-FNA endoscopic ultrasound-guided fine needle 

aspiration
LND lymph node dissection
LNM lymph node metastasis
MEN1 multiple endocrine neoplasia type 1
MPD main pancreatic duct
NANETS North American Neuroendocrine Tumor 

Society
NCCN National Comprehensive Cancer Network
NF-PNEN non-functional pancreatic neuroendocrine 

neoplasm
PD pancreatoduodenectomy
PNEC pancreatic neuroendocrine carcinoma
PNEN pancreatic neuroendocrine neoplasm
PNET pancreatic neuroendocrine tumor
SASI selective arterial secretagogue injection
SPDP spleen-preserving distal pancreatectomy
WHO World Health Organization

52

Y. Kasai (*) 
Department of Surgery, Nagahama City Hospital,  
Nagahama, Shiga, Japan 

Department of Surgery, Graduate School of Medicine,  
Kyoto University, Kyoto, Japan 

Department of Surgery, University of California,  
San Francisco, CA, USA
e-mail: yokasai@kuhp.kyoto-u.ac.jp 

T. Masui 
Department of Surgery, Graduate School of Medicine,  
Kyoto University, Kyoto, Japan 

K. Takaori 
Department of Surgery, Nagahama City Hospital,  
Nagahama, Shiga, Japan

Department of Surgery, Graduate School of Medicine,  
Kyoto University, Kyoto, Japan 

K. Yoshino 
Department of Surgery, Nagahama City Hospital,  
Nagahama, Shiga, Japan 

Department of Surgery, Graduate School of Medicine,  
Kyoto University, Kyoto, Japan 

E. K. Nakakura 
Department of Surgery, University of California,  
San Francisco, CA, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-0063-1_52&domain=pdf
https://doi.org/10.1007/978-981-19-0063-1_52#DOI
mailto:yokasai@kuhp.kyoto-u.ac.jp


390

52.1  Introduction

Pancreatic neuroendocrine neoplasm (PNEN) accounts for 
3% of malignancies arising in the pancreas [1]. The inci-
dence has increased four folds over the past two decades, 
with an age-adjusted annual incidence of 0.8 per 100,000 
population in the United States [2]. Although most PNENs 
behave benignly compared to pancreatic ductal adenocarci-
noma, the prognosis of patients with metastatic or high-grade 
PNEN is poor [2]. Pancreatic resection is the mainstay treat-
ment of PNENs for curative intent or symptom control. The 
operative indication and procedure depend on various fac-
tors, including the tumor size, World Health Organization 
(WHO) grade [3], tumor location, functionality, inherited 
syndrome, and the presence or absence of metastasis.

In this chapter, we describe the indication of pancreatic 
resection for PNENs and procedures based on the need for 
systematic lymph node dissection (LND).

52.2  Indication of Pancreatic Resection 
for PNENs

52.2.1  Non-Functional PNEN (NF-PNEN)

For patients with NF-PNEN, the tumor is not accompanied 
by hormonal symptoms, accounting for 60–90% of all 
PNENs [4, 5]. The incidental discovery of small NF-PNENs 
is increasing due to improvements in diagnostic modalities. 
Because such NF-PNENs usually exhibit indolent pheno-
types [6], guidelines of the National Comprehensive Cancer 
Network (NCCN), the European Neuroendocrine Tumor 
Society (ENETS), and the North American Neuroendocrine 
Tumor Society (NANETS) accept initial observation for 
patients with small NF-PNEN (≤2  cm for NCCN and 
ENETS, and <1 cm for NANETS guidelines) under certain 
conditions [7–9]. Although endoscopic ultrasound-guided 
fine needle aspiration (EUS-FNA) is a useful tool for the 
diagnosis of PNEN, grading by EUS-FNA is underestimated 
in 20–30% of cases due to intratumor heterogeneity [10, 11]. 
Therefore, radiological signs of malignancy, as shown in 
Table 52.1, should be carefully evaluated to determine resec-
tion versus observation. Any finding suggesting malignancy 
should direct patients toward pancreatic resection. 
Figure 52.1 summarizes the indication of pancreatic resec-
tion for NF-PNEN.

52.2.2  Functional PNEN

Functional PNENs are hormone-secreting tumors, including 
insulinoma, gastrinoma, glucagonoma, and VIPoma. 

Because hormonal symptoms severely impair the patients’ 
quality of life, resection of functional PNENs is generally 
recommended [7–9]. Some functional PNENs are too small 
to be detected on conventional imaging modalities. The 
selective arterial secretagogue injection (SASI) test has been 
used to identify the feeding artery and localize functional 
tumors [26]. Somatostatin receptor imaging (68Ga DOTA 
TATE or DOTA TOC positron emission tomography/com-
puted tomography) is highly sensitive for detecting PNENs, 
including insulinoma [27, 28]. Although most PNENs are 
sporadic and solitary, nearly 10% of insulinomas and 20% of 
gastrinomas are associated with inherited syndrome, includ-

Table 52.1 Reported radiological signs of malignancy

Radiological factors
Tumor size >4 cm [12]
Tumor size >2 cm [13, 14]
Tumor size >1.5 cm [15–17]
Tumor size (continuous) [18, 19]
Absence of early enhancement [20]
Calcification [18]
MPD involvement/dilatation [21, 22]
Lymphadenopathy [12]
aCystic component [23–25]

aCystic component has been reported as a benign sign

Fig. 52.1 Indication of pancreatic resection for NF-PNEN based on 
the recommendations of NCCN, ENETS, and NANETS guidelines 
[7–9]. *Patients should be followed up every 6–12 months. If the tumor 
progresses over time, patients should proceed to operation
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ing multiple endocrine neoplasia type 1 (MEN1), and most 
of them are multiple [29]. In such cases, all lesions do not 
need to be resected, but excising only the dominant lesions 
>2 cm and those responsible for the hormone secretion based 
on SASI test is enough [8, 9].

52.2.3  PNEN with Distant Metastasis

Curative or even debulking resection of neuroendocrine 
liver metastasis provides favorable long-term outcomes in 
select cases, with a 5-year survival rate of 70–80% [30–33]. 
Therefore, candidates for metastasectomy should benefit 
from resection of the primary tumor. For patients with 
resectable pancreatic head tumor and liver metastasis, 
staged operation of liver metastasectomy followed by pan-
creatoduodenectomy (PD) is recommended to reduce the 
risk of biliary infection and liver abscess after bilioenteric 
anastomosis [7, 34]. In the setting of unresectable distant 
metastasis, several registry-based studies showed that resec-
tion of the primary tumor was associated with prolonged 
survival compared to non-surgical management [35, 36]. 
However, these studies had potential selection biases, 
including metastatic tumor burden and patients’ comorbidi-
ties of which the registry does not cover the data [9]. 
Therefore, it is inconclusive whether resection of the pri-
mary tumor is truly beneficial in the setting of unresectable 
distant metastasis. For functional PNEN with distant metas-
tasis, resection of the primary tumor with or without debulk-
ing metastasectomy may be beneficial for symptom control, 
if evidence suggests that the primary tumor is responsible 
for hormone secretion.

52.2.4  High-grade PNEN

In the WHO Classification 2017, high-grade PNENs (G3: 
Ki-67 index >20% and/or >20 mitoses/10 high-power fields) 
were reclassified to well-differentiated pancreatic neuroen-
docrine tumor (PNET) and poorly-differentiated pancreatic 
neuroendocrine carcinoma (PNEC) based on the histological 
morphology [3]. PNET-G3 is completely different from 
PNEC in the genetic backgrounds (MEN1, ATRX, and DAXX 
mutations versus TP53, RB, and KRAS mutations) [37], 
response to platinum-based regimens (low versus high) [38], 
and the prognosis (years versus months) [39]. Based on these 
points, locoregional PNET-G3 is indicated for pancreatic 
resection as well as PNET-G1/2, whereas survival benefit of 
resection for PNEC is yet to be determined due to the 
extremely poor prognosis [9].

52.3  Procedures Based on the Need 
for Systematic LND

Lymph node metastasis (LNM) is present in 18–39% of 
patients with PNENs without distant metastasis [40–42]. 
Prognostic significance of LNM and regional LND is contro-
versial for PNEN [15, 40–43], possibly because the indica-
tion and extent of LND have not been unified. The site and 
frequency of LNM by the location of the primary tumor, 
reported by Izumo, et al. [44], are described in Fig.  52.2, 
which guides the regions of lymph nodes to be dissected sys-
tematically for accurate staging and R0 resection. Based on 
this finding, the standard procedure for PNEN should be PD 

Fig. 52.2 Site and frequency of lymph node metastasis by the location 
of the primary tumor. The proportion of patients with metastasis in each 
lymph node to those who had the lymph node dissected was classified 
to ≥20% (thick grey circle), 10–20% (thin grey circle), and 0%<, <10% 

(white circle): data referenced from the report by Izumo, et  al. [44] 
Nodes with dotted line represent those located on the posterior surface 
of the pancreas. The lymph node numbers are in accordance with the 
Classification of Pancreatic Carcinoma by Japan Pancreas Society [45]
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for head/uncinate tumors and distal pancreatectomy (DP) 
with splenectomy for body/tail tumors.

The risk of LNM varies depending on tumor size [16, 
40], functionality (non-functional vs gastrinoma vs insuli-
noma) [46, 47], and WHO grade [12, 48]. Patients at low 
risk of LNM can be offered a limited resection [enucle-
ation, partial pancreatectomy, or central pancreatectomy 
(CP)] without systematic LND to preserve pancreatic endo-
crine and exocrine function [9, 49]. In NF-PNEN, the can-
didates for observation (≤2  cm, G1, and no radiological 
signs of malignancy) are at low risk of LNM, and limited 
resection without systematic LND may be considered, 
especially for head/uncinate tumors [7]. Most insulinomas 
are benign, so enucleation without LND is sufficient, unless 

the tumor is proximal to the main pancreatic duct (MPD) or 
there is a sign of local invasion [7, 8]. A spleen-preserving 
distal pancreatectomy (SPDP) should be considered for 
patients with body/tail insulinoma in whom enucleation is 
not feasible due to involvement of the MPD.  In contrast, 
gastrinoma is generally malignant with an LNM rate of 
>40%, and systematic LND should be performed [7–9, 47, 
50]. Nevertheless, enucleation remains optional for head/
uncinate gastrinoma away from the MPD as an alternative 
to PD. [7] Even if systematic LND can be omitted, sam-
pling peritumoral lymph nodes is required for staging. 
Procedures of pancreatic resection for sporadic PNENs are 
summarized in Fig. 52.3. For experienced surgeons at high-
volume centers, a laparoscopic approach may be consid-

Fig. 52.3 Procedures of pancreatic resection for sporadic PNENs based on the recommendations of NCCN, ENETS, and NANETS guidelines 
[7–9]
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ered for resection of insulinoma and DP for PNENs without 
signs of local invasion [7, 9].

52.4  Conclusions

Indication and procedures of pancreatic resection for PNENs 
are determined by tumor size, tumor location, functionality, 
inherited syndrome, malignant potential, and the presence or 
absence of metastasis. Systematic LND or sampling peritu-
moral lymph nodes according to the risk of LNM is required 
for accurate staging and R0 resection.

Conflict of interest None.
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Abstract

The management algorithm for pancreatic cystic neo-
plasms (PCN) has evolved with rapid advancements in the 
knowledge of the diagnostic features, natural history and 
biology of these neoplasms together with the introduction 
of new and improvement in diagnostic modalities and 
tests. Over time, the management of PCNs has gradually 
trended from an aggressive resection approach in the past 
towards a more conservative approach with surveillance 
at present. Due to controversy in the management of intra-
ductal papillary mucinous neoplasms (IPMN) especially 
with regards to branch duct (BD)-IPMN over the past 2 
decades, several international consensus guidelines have 
been formulated to guide clinicians on the management of 
these neoplasms. These guidelines in general serve 2 
main objectives: (1) diagnostic workup and clinical deci-
sion making and (2) surveillance protocol including 
methods, interval and duration. The present consensus 
guidelines’ are useful in in guiding clinicians in decision 
making for the management of IPMNs by utilizing widely 
and easily available clinical parameters and morphologi-
cal features from conventional cross-sectional imaging. 
Nevertheless, present guidelines remain far from ideal 
and are still associated with various limitations.

53.1  Introduction

Over the past three decades, the management algorithm for 
pancreatic cystic neoplasms (PCN) has evolved with rapid 
advancements in the knowledge of the diagnostic features, 
natural history and biology of these neoplasms together with 

the introduction of new and improvement in diagnostic 
modalities and tests [1–3]. In general, management of PCNs 
has gradually trended from an aggressive resection approach 
in the past towards a more conservative approach with sur-
veillance at present [3–5]. Today, with the widespread use of 
cross-sectional imaging; there is an exponential increase in 
the number of incidental asymptomatic PCNs detected 
worldwide [3, 4, 6]. However, numerous investigators have 
demonstrated that the vast majority of these lesions have an 
indolent nature and a benign natural history [3–6].

The main pathological types of PCNs are intraductal pap-
illary mucinous neoplasms (IPMN), serous cystic neoplasms 
(SCN), mucinous cystic neoplasms (MCN) and solid pseu-
dopapillary neoplasms (SPPN) [7, 8]. At present, it is widely 
accepted that SCNs are almost universally benign and can be 
managed conservatively unless they grow to a large size 
resulting in  local compressive symptoms [1, 8]. SPPNs on 
the other hand are potentially malignant neoplasms which 
occur in children and young adults especially females and 
hence, aggressive surgery when technically feasible is almost 
always warranted [1, 8, 9]. Similarly, surgical resection is 
usually indicated for MCNs as these premalignant neoplasms 
usually occur in middle-aged females [10]. Nonetheless, 
selected cases of small (<4 cm) MCN [8] may be observed 
especially in older patients with a shorter life-expectancy.

However, unlike the management of SCN, SPPN and 
MCN; the management approach towards IPMN remains 
controversial and debatable [1, 5]. Depending on the site of 
involvement of the pancreatic duct, IPMNs are classified into 
main-duct (MD), branch-duct (BD) and mixed-duct IPMNs 
(MT-IPMNs) [11, 12]. At present, there is uniform consensus 
among experts that most MD-IPMN and MT-IMPNs should 
be surgically removed due to the high-risk (>50%) of harbor-
ing malignancy or progressing to malignancy. On the other 
hand, most BD-IPMNs can be treated conservatively due to 
their indolent biology and only selected cases require surgical 
resection [8, 11, 12]. At present, several clinical and radio-
logical criteria are now widely-accepted and have been well-
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validated to be associated with malignancy in IPMN. These 
include parameters such as main pancreatic duct dilatation, 
larger cyst size, enhancing mural nodule/solid component, 
positive cytology, pancreatitis, jaundice and elevated serum 
carbohydrate antigen (CA) 19-9 which are utilized in most 
management guidelines for IPMN [8, 11–14].

Due to controversy in the management of IPMNs espe-
cially with regards to BD-IPMN over the past 2 decades, sev-
eral international consensus guidelines have been formulated 
to guide clinicians on the management of these neoplasms. 
These guidelines in general serve 2 main objectives: (1) 
diagnostic workup and clinical decision making and (2) sur-
veillance protocol including methods, interval and duration 
[1, 15]. In 2006, international experts convened in Sendai 
and formulated the first widely-accepted expert guidelines 
for IPMN and MCN which came to be widely known as the 
Sendai Guidelines (SG06) [11]. SG06 (Table  53.1) was a 

Table 53.1 Summary of international consensus guidelines criteria for 
the management pancreatic cystic neoplasms

Guideline Criteria Management
Sendai 2006
MCN NA Surgery
IPMN Symptoms

MPD >6 mm
Size >3 cm
Mural nodule
Positive cytology

Surgery

Fukuoka Guidelines 
2012, revised 
2017—IPMN onlya

IPMN High risk
–  Proximal lesion with 

obstructive jaundice
–  Enhancing mural 

nodules ≥ 5 mma 
(enhancing solid 
component)

–  Dilated main duct 
≥10 mm

Surgery

Worrisome risk
–  Size ≥3 cm
–  Pancreatitis
–  Enhancing mural 

nodule < 5 mma 
(non-enhanced mural 
nodule)

–  Thickened, enhancing 
cyst walls

–  Dilated main duct 5 to 
9 mm

–  Abrupt change in duct 
caliber with distal 
atrophy

–  Lymphadenopathy
–  Elevated Ca 

19-9 > 37 U/mla

–  Rapid growth 
rate > 5 mm/2 yearsa

EUS: mural 
nodule, main duct 
involvement, 
positive or 
suspicious 
cytology – 
surgery
Size >3 cm—
strongly consider 
surgery in young 
fit patients

Table 53.1 (continued)

Guideline Criteria Management
Low risk Surveillance

Size 2–3 cm: 
consider surgery 
in young fit 
patients

MCN NA Surgery
European Guidelines 
2018
IPMN Absolute indication

–  Jaundice
–  Enhancing mural 

nodule ≥5 mm
–  Solid component
–  Dilated main duct 
≥10 mm

–  Positive cytology for 
HGD or carcinoma

Surgery

Relative indication
–  Size ≥4 cm
–  Pancreatitis
–  New onset diabetes
–  Dilated main duct 5 to 

9.9 mm
–  Growth rate ≥ 5 mm/

year
–  Enhancing mural 

nodule <5 mm
–  Elevated Ca 

19-9 ≥ 37 U/ml

Surgery: no 
significant 
comorbidities: 
significant 
comorbidities/≥2 
RI
Intensive 
surveillance: 
significant 
comorbidities/1 
RI

No indication Surveillance
MCN –  Symptomatic

–  Size ≥4 cm
–  Mural nodule
–  Growth rate

Surgery

SCN –  Compressive 
symptoms

Surgery

SPPN NA Surgery
PNEN – >20 mm, symptoms Surgery
American 
Gastroenterological 
Association 2015
Asymptomatic 
IPMN/MCN

–  Dilated main duct 
≥5 mm and solid 
component/positive 
cytology for 
malignancy

–  At last 2 high-risk 
features: Size ≥3 cm, 
Dilated pancreatic 
duct, solid component

–  < 3 cm, no solid 
component, no dilated 
duct

Surgery
EUS-FNA
Surveillance

American College of 
Gastroenterologists 
2018

(continued)
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risk lesions (HRFG12) were to be managed via surgical resec-
tion whereas those which were low-risk could be conserva-
tively managed via close surveillance [12]. The revised 
guidelines also recognized the role of endoscopic ultrasound 
(EUS) which had been increasingly utilized in the diagnostic 
evaluation of PCNs. In general, the use of EUS was recom-
mended for IPMNs with WRFG12 although upfront surgical 
resection could be considered for selected WRFG12 such as 
young healthy patients with cysts ≥3 cm [12]. Notably, some 
of the major revisions in the FG12 to highlight was that cyst 
size ≥3 cm and pancreatic duct dilatation between 5-9 mm 
were no longer regarded as high risk indications for immedi-
ate surgical intervention but were only considered as worri-
some risks. Furthermore, the need for enhancement on 
imaging was included to confirm that a mural nodule/solid 
component was suspicious as it was recognized that mucin 
within the cyst could mimic a non-enhancing nodule on 
cross-sectional imaging [1]. Systematic reviews [17–19] 
summarizing the literature have been performed to evaluate 
the utility of both the SG06 and FG12 and both guidelines 
have been shown to be associated with a low PPV but high 
NPV.  Nonetheless, the FCG seemed to have a better PPV 
than the SCG (47% vs 33%) albeit at the expense of a slightly 
lower NPV [18].

In 2017, further refinements were made to the FG12 with 
regards to the management of IPMN (Table 53.1) [16, 20]. 
This included demoting enhancing mural nodules <5 mm to 
the WRFG12 and adding features such as elevated Ca 19-9 and 
cyst growth rate to WRFG12. To date, these revisions remain 
the most recent updates to the guidelines (FG17) [20].

53.1.2  European Guidelines 2018 (EG18)

The EG18 [8] represents an update to the previous European 
guidelines published in 2013 [21]. It was formulated by a 
multidisciplinary expert panel from several European asso-
ciations and unlike the FG12/17 which focused on IPMN, 
treatment recommendations for different pathological types 
of PCNs were included. Of note, whereas the FG12 recom-
mended resection for all MCNs, the EG18 was more conser-
vative than its predecessors and proposed surgical resection 
only for MCNs with worrying features such as presence of 
mural nodules or a cyst size >4 cm [8].

Similar to the FG12/17, the EG18 was a 3-tier system 
(Table  53.1) which classified IPMN into three categories 
according to the indication for surgery: absolute indication 
(AIEG18), relative indication (RIEG18) and no indication for 
surgery (Table 53.1). These were in general very similar to 
the FG17 with a few notable differences [1]. Upfront resec-
tion was recommended for patients in the absolute AIEG18 
group like the HRFG17 group. Similarly, patients were conser-
vatively managed in the no indication group like the FG17 

Guideline Criteria Management
IPMN/MCN –  Jaundice

–  Acute pancreatitis
–  Elevated Ca 19-9
–  Mural nodule/solid 

component
–  Dilated main duct 

>5 mm
–  Concerning focal 

dilatation of main duct
–  Change in main duct 

caliber with upstream 
atrophy

–  Size ≥3 cm
– Cytology showing 
HGD or carcinoma

EUS and/or 
referral to MDT 
for consideration 
of resection

–  New onset or 
worsening diabetes

–  Increase in cyst size 
≥3 mm/year

Short interval 
MRI/EUS-FNA

a2017 revisions

Table 53.1 (continued)

2-tier system which proposed that in addition to MCNs; all 
MD-IPMNs and BD-IPMNs with features such as size 
>3 cm, symptoms or main pancreatic duct diameter > 6 mm 
be considered for surgical resection. These guidelines were 
adopted in clinical practice world-wide for over 5 years but 
numerous studies subsequently performed to validate the 
utility of these guidelines [12, 13] demonstrated several 
major limitations. The main criticism of the guideline was its 
“over-aggressive” recommendation for surgical resection of 
BD-IPMN. The SG06 was demonstrated to have a low posi-
tive predictive value (PPV) of only about 33% for predicting 
malignant IPMN and adherence to the guideline resulted in 
overtreatment of patients whereby many benign BD-IPMNs 
were resected [16, 17]. The risks associated with the over-
treatment of patients with IPMN should not be underesti-
mated as despite advances in pancreatic surgery today, it 
remains a major operation associated with a significant mor-
bidity and mortality even in high volume centers [16]. Hence, 
bearing the limitations of SG06 in mind, international experts 
convened in Fukuoka and proposed a new revised guideline 
termed the Fukuoka Consensus Guidelines in 2012 (FG12) 
[12]. Similar to SG06 the FG12 recommended resection for 
all MCN but revisions were made to the management 
 guidelines for IPMN. The main objective was of the FG12 
was to reduce the number of “unnecessary” surgical inter-
ventions and overtreatment of BD-IPMN [12].

53.1.1  Fukuoka Guidelines 2012 (Revised 2017)

Unlike the original SG06 guideline, the FG12 was a 3-tier 
system which categorized IPMNs into high risk, worrisome 
risk (WRFG12) and low risk groups (Table 53.1) [12]. High 
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low risk group. Notably, for the RIEG18 group, EG18 was 
more aggressive in proposing upfront surgery. Surgery was 
recommended for patients without significant comorbidity 
and 1 RIEG18 and for patients with significant comorbidity 
and 2/more RIEG18. This differed from the WRFG17 which rec-
ommended further investigation via EUS-FNA and to only 
consider surgery in young healthy patients with cyst ≥3 cm. 
Unlike FG17, the EG18 also took into account the number of 
worrisome features and patients’ comorbidities in their rec-
ommendations [1].

Several other minor differences between the EG18 and 
FG17 worth highlighting include the inclusion of new onset 
diabetes, using a cyst growth rate of ≥5 mm/year rather than 
2 years and notably the change in cyst size cut-off from 3 to 
4 cm in the RIEG18 [1]. The obvious impact of the change in 
the size cut-off is that this would result in a larger group of 
patients which can be managed conservatively via surveil-
lance. However, more studies are needed to confirm if 
patients with BD-IPMN within the 3 to 4 cm size range can 
be observe safely. Due to its recency, not surprisingly, there 
are remain relatively few studies to date [22, 23] validating 
the EG18. The PPV for HGD/IC of AIEG18 and RIEG1 has been 
reported to range from 48.3% to 72.7% and 40.5% to 47.4% 
within the limitations of surgical series’. Of note, the false 
negative rate for malignancy of the EG18 was reported to be 
1.9% [22].

Thus far the 3 guidelines discussed (SG06, FG12/17 and 
EG18) are the most common guidelines used to date 
(Table 53.1). In addition to these 3 guidelines, other guide-
lines less commonly used outside the United States include 
the American Gastroenterological Association (AGA) 2015 
guidelines [13] and the American College of Gastroenterology 
(ACG) 2018 guidelines [14] which will not be discussed 
here. It is interesting to note that the EG18, AGA, ACG were 
formulated based on the evidence-based GRADE framework 
[16] whereas the SG06 and FG12 was developed based on 
expert opinion.

53.1.3  Surgery for IPMN

The objective of surgical resection in IPMN is complete 
removal of the tumor with negative margins (FG17) [20]. 
Depending on the tumor location, this may require a proxi-
mal or distal pancreatectomy. However, it is important to add 
that the exact type of resection may not always be easy to 
determine such as for diffuse type MD-IPMN without a defi-
nite focal lesion. This may also be difficult to distinguish 
from chronic pancreatitis. In such cases, ERCP or EUS may 
be useful to identify features of IPMN such as visualization 
of a mural nodule or mucin extrusion from a dilated papilla. 
A formal pancreatectomy with lymphadenectomy such as a 
pancreatoduodenectomy, left-sided pancreatectomy or total 

pancreatectomy should be the standard treatment when sur-
gery is performed for suspected malignancy. However, more 
limited resections [20, 24] such as enucleation, middle pan-
createctomy or spleen-saving pancreatectomy may be con-
sidered in selected cases of BD-IPMN when preoperative 
suspicion of malignancy is low. Frozen section should be 
routinely performed on parenchyma transection margins 
[20]. In the event of the presence of invasive cancer or high 
grade dysplasia at the transection margin, further resection 
should be performed and all patients should be counselled on 
the possibility of a total pancreatectomy. The presence of 
IPMN with low grade dysplasia does not warrant further 
resection of the margins.

53.1.4  Surveillance for IPMN

Based on present knowledge, all patients with IPMN man-
aged conservatively should continue life-long surveillance 
(until deemed unfit for surgery) as the risk of progression 
does not diminish over time. It is also important to be cogni-
zant of the development of concomitant pancreatic ductal 
adenocarcinoma especially in patients with a significant 
family history of pancreatic cancer and these patients would 
require more intensive surveillance. Similarly, patients who 
had undergone complete resection of non-invasive IPMN 
should undergo life-long surveillance for similar reasons due 
to the field-change effect associated with IPMN [25].

53.2  Discussion

The ideal guideline for the management IPMN should not 
only identify current risk of harboring HGD or invasive can-
cer but also future risk of developing malignancy. This would 
enable early intervention and avoid prolong surveillance. It 
must be emphasized that patients with IPMN on surveillance 
should undergo resection before the development of invasive 
carcinoma due to the poor prognosis of invasive IPMN which 
is similar to pancreatic ductal adenocarcinoma [26]. It is also 
imperative to add that an ideal guideline should also avoid 
surgical overtreatment resulting in unnecessary operations in 
patients who have little or no risk of developing malignancy 
during their lifetime [1, 2]. At present, it may be assumed 
that the optimal timing for surgery in IPMN in most patients 
would be when lesions harbor HGD as surgical resection 
will result in cure.

Management of patients with IPMN should be individual-
ized and tailored according to a patient’s risk-benefit profile 
for surveillance versus resection [1, 27]. In addition to the 
malignancy risk of the IPMN, other important factors to con-
sider in the clinical decision-making process include the 
patient’s projected life expectancy which would be deter-
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mined by his/her age and presence of comorbidities, opera-
tive risk which is determined by the type of resection and 
patient’s overall fitness; and even cost-effectiveness. 
Unfortunately, most guidelines today do not take into con-
sideration these other important factors other than the recent 
EG18 which has included presence of comorbidities into the 
guidelines [1].

The present consensus guidelines’ are useful in in guiding 
clinicians in decision making for the management of IPMNs. 
These guidelines utilize widely and easily available clinical 
parameters and morphological features from conventional 
cross-sectional imaging [1, 8, 12, 20], However present 
guidelines remain far from ideal and are still associated with 
various limitations. More robust scientific evidence is needed 
to support many of their recommendations [4]. Moreover, 
the added difficulty in accurately distinguishing IPMN from 
other PCNs preoperatively, frequently further diminishes the 
accuracy and hence, utility of these guidelines [1]. Several 
promising parameters which have been shown to be associ-
ated with malignancy in IPMN include inflammatory indices 
such as neutrophil lymphocyte ratio or platelet lymphocyte 
ratio [28] and the additive effect of increasing number of 
worrisome or high risk features on the malignancy risk. 
These should be considered in future updates of the guide-
lines [29]. Pathological subtypes of IPMN such as gastric, 
intestinal and pancreatobiliary subtypes have also been 
shown to be associated with the malignancy risk of IPMN 
and may have a major role in future guidelines [30].

Development of novel prognostic nomograms [31, 32] 
may also enable better prediction of the risk of malignancy 
of IPMN. The use of these nomograms when coupled with 
mathematical tools predicting an individual patient’s surgi-
cal risk and estimated life expectancy would enable clini-
cians to determine the most appropriate management option 
for an individual patient with greater precision.

Moreover, recent advancements in imaging and diagnos-
tic modalities such as confocal laser endomicroscopy [16], 
micro-forceps biopsy and identification of novel cyst fluid 
DNA-based, micro-RNA-based or protein-based biomarkers 
are showing great promise in the future management of 
IPMN and PCNs in general [4, 16]. Together these develop-
ments may potentially be used to improve future IPMN 
guidelines.
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Remnant Pancreatic Cancer After 
Surgical Resection for Pancreatic Cancer

Yoshihiro Miyasaka and Masafumi Nakamura

Abstract

Improvements in multidisciplinary treatment and diag-
nostic modalities for pancreatic cancer have increased the 
number of long-term survivors after surgical resection for 
pancreatic cancer. Consequently, reports of patients who 
developed cancer in the remnant pancreas have also 
increased. Two possible mechanisms underlie the devel-
opment of cancer in the remnant pancreas after resection 
for pancreatic cancer: local recurrence of the initial pan-
creatic cancer and the metachronous development of a 
new primary lesion. Genetic analyses may help distin-
guish between local recurrence and new primary cancer. 
The identification of predictive factors may facilitate the 
early detection of remnant pancreatic cancer. The pres-
ence of concomitant intraductal papillary mucinous neo-
plasms may predict the development of remnant pancreatic 
cancer. Surgical resection for remnant pancreatic cancer 
may provide favorable short- and long-term outcomes. 
Life-long surveillance focusing on remnant pancreatic 
cancer is recommended after surgical resection for pan-
creatic cancer.

54.1  Introduction

Pancreatic cancer (PC) is the most lethal digestive malig-
nancy, with a 5-year overall survival rate of 9% [1]. In addi-
tion, it is expected to become the second leading cause of 

cancer-related death by 2030 [2]. The only curative treat-
ment is surgical resection. Owing to advances in multidisci-
plinary approaches, including neoadjuvant and adjuvant 
therapy, the outcomes of surgical resection for PC have 
improved. Although the median overall survival after surgi-
cal resection alone for resectable PC is approximately 
20 months, that after resection followed by the administra-
tion of recently reported adjuvant chemotherapy regimens 
(S-1 or FOLFIRINOX) exceeds 45 months [3–5]. In addi-
tion, progress in the development of diagnostic modalities 
has facilitated the detection of early-stage PC, which carries 
better prognostic outcomes after surgery than advanced- 
stage PC [6]. The improved outcomes of surgical resection 
have increased the number of long-term PC survivors. 
However, the prolonged survival of patients may also 
increase the risk of PC in the remnant pancreas (Fig. 54.1).

Since the beginning of this century, several case reports of 
remnant pancreatic cancer (RPC) after surgical resection for 
PC have been published [7–20]. In the last decade, several 
investigators reported cohort studies regarding RPC after 
surgical resection for PC [21–34]. Some of the studies 
focused on the treatment of RPC, and others focused on the 
developmental mechanisms of RPC. Furthermore, Japanese 
Clinical Practice Guidelines for Pancreatic Cancer 2019 rec-
ommend long-term regular surveillance after surgical resec-
tion for PC to detect RPC [35]. These factors imply that the 
incidence of RPC has increased and that considerable atten-
tion should be paid to this pathology. To improve our under-
standing of RPC after surgical resection for PC, current 
information regarding the developmental mechanism, desig-
nations, incidence, predictive factors, and treatment of RPC 
is summarized in this chapter.

54.1.1  Developmental Mechanism

There are two possible mechanisms of the development of 
RPC after pancreatic resection for PC: local recurrence of 
the initial lesion within the remnant pancreas and the meta-
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chronous development of a new primary lesion in the rem-
nant pancreas [21, 22, 26].

Recurrence after surgical resection occurs in approxi-
mately 80% of patients of PC [36–38]. Along with liver 
metastasis, local recurrence is a common recurrence pattern 
of PC [36–38]. Although local PC recurrence usually occurs 
in the pancreas bed, regional lymph nodes, or adjacent struc-
tures (e.g., SMA or SMV), it can occur within the remnant 
pancreas. In previous cohort studies, several investigators 
considered cancer lesions that arose in the remnant pancreas 
after PC resection to represent recurrence [29, 30, 33]. There 
are several possible pathways through which cancer cells 
move from the initial lesion to the remnant pancreas. First, a 
positive pancreatic cut margin can lead to recurrence. In this 
situation, the secondary tumor arises near the pancreatic 
stump. Second, intraparenchymal metastasis may occur via 
blood or lymphatic vessels. Another possible pathway is 
intraductal dissemination. Genetic analyses of multiple 
lesions of intraductal papillary mucinous neoplasm (IPMN) 
revealed that genetic mutation patterns were similar among 
different lesions in some cases and suggested that neoplastic 
cells might metastasize through the pancreatic duct [39–41]. 
In addition, Makohon-Moore et al. [42] proposed that even 
precancerous neoplastic cells of the pancreas could be dis-
seminated through the pancreatic ductal system. In the sec-
ond and third situations, the secondary tumor can arise 
distantly from the pancreatic stump.

Synchronous multifocal lesions are occasionally observed 
in patients with PC.  Histopathological examination of the 
pancreas of patients who underwent total pancreatectomy for 
PC revealed multifocal cancer lesions in 20–32% of patients 
[43, 44]. Therefore, it is logical that multifocal PC lesions 
appear after the surgical resection of initial PC as new pri-
mary lesions.

Several researchers have attempted to classify RPC as 
recurrent lesions and new primary lesions. Hashimoto 
et al. [22] compared the KRAS mutation status and immu-
nohistochemical MUC1 and MUC2 staining between the 
initial lesion and remnant pancreatic lesion. Gotoh et al. 
[21] divided RPC into local recurrence and metachronous 
multifocal lesions (new primary lesions) using KRAS 
mutational analyses and immunohistochemical analyses 
of TP53, CDKN2A, and SMAD4. Luchini et  al. [26] 
employed histopathological analysis and mutation analy-
sis using next- generation sequencing to differentiate 
“true” recurrence and independent lesions (new primary 
lesions).

It is expected that prognosis of recurrence is generally 
worse than that of a new primary lesion. Gotoh et al. [21] 
reported that local recurrence was associated with a shorter 
interval between the initial and secondary cancer, a greater 
cumulative recurrence rate, and shorter disease-specific sur-
vival than metachronous multifocal lesions. They also 
reported that the disease-specific survival of patients with 

a b

Fig. 54.1 A case of remnant pancreatic cancer after resection for pan-
creatic cancer. (a) Enhanced CT at initial presentation revealed a low- 
density mass in the pancreatic body (arrow). Distal pancreatectomy 
with splenectomy was performed. The postoperative course was 
uneventful. The pathological examination revealed ductal adenocarci-

noma (pT1, pN0, R0). (b) Thirty months after initial pancreatic resec-
tion, routine follow-up CT revealed a low-density mass in the pancreatic 
head (arrowhead). Total remnant pancreatectomy was performed. The 
postoperative course was uneventful. The pathological examination 
revealed ductal adenocarcinoma (pT3, pN0, R0)
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local recurrence after second resection was comparable to 
that of patients with unresectable RPC or patients with extra-
pancreatic recurrence.

54.1.2  Designations

In previous reports, various designations were used to 
describe RPC, including ‘remnant pancreatic cancer’ [10, 
28, 32], ‘pancreatic cancer (ductal adenocarcinoma) in the 
remnant pancreas’ [22, 27], ‘pancreatic cancer arising in the 
remnant pancreas’ [26], ‘carcinoma developing in the rem-
nant pancreas’ [7, 11, 18], ‘metachronous pancreatic cancer’ 
[12], ‘second primary pancreatic ductal carcinoma’ [24], 
‘recurrent peancreatic cancer’ [31, 34], ‘(isolated) local 
recurrence in the remnant pancreas’ [29, 30, 33], and ‘high- 
risk lesions in the remnant pancreas’ [21]. The use of differ-
ent designations for RPC may be attributable to the fact that 
this malignancy was recently recognized and it includes 
lesions with different developmental mechanisms. For fur-
ther research on this pathology, unification of the designation 
is desirable.

54.1.3  Incidence

According to previous cohort studies, the proportions of 
patient who developed RPC among those who underwent 
pancreatic resection for PC ranged 0.7–26.7% (Table 54.1). 
Ishida et al. [24] calculated the cumulative incidence rates of 
RPC using the Kaplan–Meier method and reported a 5-year 
cumulative incidence rate of 17.7%. Although the propor-
tions of patients with RPC were less than 6% in most studies, 

two studies of early-stage PC reported much higher propor-
tions (26.7% and 15.5%) [23, 25]. Our recent study found 
that the cumulative incidence of RPC after pancreatic 
 resection was comparable between patients with early- and 
advanced-stage PC, whereas proportion of patients who 
developed RPC were significantly higher in early-stage PC 
than advanced-stage PC [28]. It is suggested that the higher 
proportion of patients who developed RPC after early-stage 
PC was attributable to the higher number of long-term survi-
vors in this cohort. Therefore, it is expected that the number 
of patients who develop RPC after surgical resection for PC 
will further increase if further improvements in the prognosis 
of PC are achieved.

The interval between the initial resection of PC and devel-
opment of RPC ranged from 6 to 240 months (Table 54.1). It 
is suggested that RPC can develop more than 5 years after 
the initial resection of PC.

54.1.4  Predictive Factors

Identification of the predictive factors of RPC may facilitate 
the early detection of RPC and assist in the creation of post-
operative surveillance schedules. Matsuda et al. analyzed the 
long-term outcomes of 379 patients who underwent partial 
pancreatectomy for pancreatic ductal adenocarcinoma 
(PDAC) and identified 14 patients (3.96%) who developed 
RPC [27]. According to multivariate analysis, concomitant 
IPMN was an independent predictive factor for RPC after 
partial pancreatic resection for PDAC.  In addition, they 
microscopically compared background pancreatic paren-
chyma between patients with PDAC concomitant with IPMN 
and those with PDAC without IPMN, observing that the den-

Table 54.1 Cohort studies of the development of remnant pancreatic cancer after resection for pancreatic cancer

Author Year

Number of cases of 
initial pancreatic 
resection for 
pancreatic cancer

Number of 
cases of 
remnant 
pancreatic 
cancer

Proportion of 
cases with 
remnant 
pancreatic 
cancer (%)

Margin status 
of the initial 
resection (R0/
R1)

Median interval (range) 
between the initial 
resection and appearance 
of remnant pancreatic 
lesions (months)

Number of cases 
of resection for 
remnant 
pancreatic 
cancer

Thomas et al. [33] 2012 700 5 0.7 NA 68 (7–81) 5
Miyazaki et al. [29] 2014 284 11 3.9 9/2 32 (7–89) 11
Hashimoto et al. 
[22]

2014 227 8 3.5 7/1 23.5 (17–39) 6

Shima et al. [31] 2015 185 6 3.2 6/0 25 (12–60) 6
Ishida et al. [24] 2016 130 6 4.6 6/0 43.5 (14–60) 4
Suzuki et al. [32] 2016 826 23 2.8 23/0 53.6 (15–240) 12
Nakayama et al. 
[30]

2018 194 11 5.7 11/0 24 (6–41) 11

Ikemoto et al. [23] 2018 30 8 26.7 NA 56.5 (16–85) 5
Kanno et al. [25] 2018 200 31 15.5 NA NA NA
Gotoh et al. [21] 2019 411 22 5.4 NA NA 12
Matsuda et al. [27] 2020 379 14 3.7 12/2 42.5 (20–160) 10
Miyasaka et al. 
[28]

2020 321 19 5.9 17/2 51 (20–160) 13
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sity of pancreatic intraepithelial neoplasia was significantly 
higher in patients with PDAC and concomitant IPMN. Careful 
postoperative surveillance focusing on the development of 
RPC is recommended for patients who undergo partial pan-
createctomy for PDAC concomitant with IPMN.

54.1.5  Treatment

Similar to initial PC, surgery, chemotherapy, and radiother-
apy are used to treat RPC. For lesions restricted to the rem-
nant pancreas, surgical resection is often performed. 
Although surgery for RPC may be difficult because of adhe-
sion and anatomical changes and RPC possibility of recur-
rence of the initial cancer, it has been reported that the 
short- and long-term outcomes of surgical resection for RPC 
after initial resection for PC were relatively favorable. 
Yamada et al. [34] conducted a multicenter study of patients 
who developed RPC after pancreatic resection for PC. Among 
the 90 patients who underwent surgical resection for RPC, 
postoperative complications (Clavien–Dindo classification 
III or greater) were observed in eight patients (9%), and the 
30- and 90-day mortality rates were 0 and 1%, respectively. 
Zhou et al. [45] performed a pooled analysis of 19 studies of 
second pancreatectomy for RPC and found no perioperative 
mortality. Several authors compared the prognosis of patients 
who underwent resection for RPC with that of patients who 
underwent nonsurgical treatment and observed significantly 
better prognosis among patients who underwent resection 
[27, 29, 30, 32, 34]. Suzuki et al. [32] reviewed publications 
on RPC and collected data for 49 patients who underwent 
completion pancreatectomy for RPC after resection for ini-
tial PC. According to their analysis, the median survival time 
after resection for RPC was 32 months. A pooled analysis by 
Zhou et  al. [45] reported a 5-year overall survival rate of 
40.6% for patients after second pancreatectomy. Although 
surgery for RPC was performed in selected patients, their 
outcomes appeared to be more favorable than those of 
patients who underwent initial pancreatic resection for 
PC. The most common surgical procedure for RPC is total 
remnant pancreatectomy (completion pancreatectomy). The 
long-term outcomes of total pancreatectomy including total 
remnant pancreatectomy have been improved by progress in 
the management of endocrine and exocrine insufficiency 
[46–48]. Hashimoto et al. reported that total remnant pancre-
atectomy after distal pancreatectomy was linked to a longer 
operative time and greater blood loss than total remnant pan-
createctomy after pancreaticoduodenectomy [49]. In addi-
tion, several reports described laparoscopic and robotic total 
remnant pancreatectomy [50–52].

Adjuvant chemotherapy after resection for PC became 
a standard treatment after several studies highlighted its 

efficacy [3–5]. However, the efficacy of adjuvant chemo-
therapy after surgery for RPC is not certain. Nakayama 
et  al. [30] analyzed 11 patients with resected RPC and 
found that patients who underwent adjuvant chemother-
apy exhibited significantly longer survival than their 
counterparts. Conversely, a pooled analysis by Zhou 
et  al. [45] reported that adjuvant chemotherapy did not 
have a significant effect on overall survival. Although 
neoadjuvant therapy was also performed for RPC in some 
cases, detailed analysis of its efficacy was not performed. 
Similar to primary PC, chemotherapy or chemoradiother-
apy is indicated for locally advanced or metastatic RPC 
[22, 24, 32, 53].

54.2  Conclusion

To date, attention has been paid to the development of local 
recurrence or metastasis during postoperative surveillance 
after surgery for PC. Although most cases of recurrence or 
metastasis occur within 5  years after the resection of PC, 
RPC can develop a long time after surgery. Surgeons should 
pay attention to this condition and provide life-long surveil-
lance for patients who undergo partial pancreatic resection 
for PC.
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Abstract

Most of the benign biliary diseases are consequences of 
cholelithiasis and its treatment. Weight reduction inter-
ventions have increased the incidence and added a new 
category of patients. Biliary injuries and strictures remain 
a big challenge and become more challenging because of 
liver transplant biliary complications. Different diagnos-
tic modalities are used including intraoperative color 
Doppler ultrasound, intraoperative contrast studies, and 
fluorescence using indocyanine green to delineate the 
biliary and vascular anatomy. Liver transplant is increas-
ingly used to treat primary sclerosing cholangitis.  
One-stage laparoscopic management of cholelithiasis 
and  choledocholithiasis decreased the likelihood of 
 complications resulting from interventions on sphincter 
of Oddi. Total excision of choledochal cysts with 
 hepaticojejunostomy presenting in adults withstood the 
proof of time.

Multidisciplinary team approach including surgeon, 
radiologist, and endoscopist with properly timed usage of 
different diagnostic and therapeutic modalities in a spe-
cialized centers is the key for successful management.

55.1  Introduction

Most of benign biliary diseases are consequences of chole-
lithiasis and its treatment. Weight reduction interventions 
have increased the incidence and added a new category of 

patients. Biliary injuries and strictures remain a big chal-
lenge and become more challenging because of liver trans-
plant biliary complications. Different diagnostic modalities 
are used including intraoperative color Doppler ultrasound, 
intraoperative contrast studies, and fluorescence using 
indocyanine green to delineate the biliary and vascular 
anatomy. Liver transplant is increasingly used to treat pri-
mary sclerosing cholangitis. One-stage laparoscopic man-
agement of cholecystolithiasis and choledocholithiasis 
decreased the likelihood of complications resulting from 
interventions on sphincter of Oddi. Total excision of chole-
dochal cysts with hepaticojejunostomy presenting in adults 
withstood the proof of time. Multidisciplinary team 
approach including surgeon, radiologist, and endoscopist 
with properly timed usage of different diagnostic and thera-
peutic modalities in a specialized center is the key for suc-
cessful management.

55.2  Congenital Anomalies

55.2.1  Biliary Atresia

Biliary atresia (BA) is a neonatal disease with progressive 
obstructive cholangiopathy of the extrahepatic biliary tree 
as well as fibrosis of the liver parenchyma that occurs in 1 
per 10,000 live births. Although the etiology and pathogen-
esis remain unknown, there is experimental evidence for a 
primary perinatal infection as well as cellular and humoral 
autoimmunity. Presentation is usually in the early neonatal 
period with prolongation of neonatal jaundice. Kasai hepa-
toportoenterostomy (HPE) achieves restoration of bile flow 
in about 50%–70% of infants depending on the age at time 
of surgery. Successful HPE is not curative but it is neces-
sary for transplant free survival [1]. BA remains the leading 
indication for liver transplant in pediatric recipients 
accounting for 32.3% of pediatric liver transplants. Better 
outcomes reported following maternal liver-related liver 
transplantation [2].
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55.2.2  Choledochal Cyst

Choledochal cyst (CC) is believed to be congenital cystic 
dilatation of the biliary tree with a frequency of 1 in 150,000 in 
western countries and has a female to male ratio of 4:1. 
Pathogenesis of CC is unknown. However, anomalous pan-
creaticobiliary junction (APBJ) leading to chronic pancreato-
biliary reflux may explain it as 70% of patients with CC have 
APBJ [3]. While children usually have symptoms and signs, 
adults tend to be asymptomatic. The classical triad of presen-
tation (jaundice, abdominal pain, and mass) is rare to be pres-
ent all together and most cases still diagnosed incidentally. 
According to the refined Todani classification, Type I and 
Type IV are the most common and frequently associated with 
APBJ, whereas Types II, III, and V are less frequent [4].

55.3  Diagnosis

Liver function tests may be useful but not specific. Abdominal 
ultrasound is a useful preliminary test. Endoscopic ultraso-
nography (EUS) helps to differentiate between choledochal 
and pancreatic cysts. Computed tomography (CT) detects 
CC and associated malignancy with an accuracy >90%. 
Magnetic resonance cholangiopancreatography (MRCP) is 
the most sensitive and specific (90–100%) noninvasive 
modality [5]. Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is the gold standard but it is reserved for delin-
eating biliary anatomy when MRCP fails or for relieving 
biliary obstruction [5].

55.4  Complications

Adult patients may develop the following complications: 
hepatic abscesses, cirrhosis, portal hypertension, recurrent 
pancreatitis, cystolithiasis, hepatolithiasis, and cholelithia-
sis. There is an increased risk of biliary tract malignancy in 
patients with CC (10–20%) which increases significantly 
with age and presence of APBJ [4, 6]. Malignancy occur not 
only in the cyst wall but also in the remainder of the 
 hepatobiliary and pancreatic tree with gallbladder cancer 
being reported more frequently (67%) in patients with CC 
[4]. Risk of malignancy is higher for types I and IV CCs, 
whereas it is negligible for other types [6].

55.5  Management

Surgery is the mainstay, not only because of the risk of 
malignancy but also to prevent recurrent complications. 
Complete excision of the extrahepatic biliary tree to the level 
of the pancreaticobiliary junction with cholecystectomy and 

Roux-en-Y hepaticojejunostomy is the standard therapy in 
Types I and IV [6]. Type II CC is treated with simple cyst 
excision and primary repair. Small type III CC can be man-
aged effectively with endoscopic sphincterotomy, while 
lesions >3  cm need surgical excision. For type V, partial 
hepatectomy is indicated for confined CC or liver transplant 
if the entire intrahepatic biliary tree involved. In the absence 
of malignancy, the 5-year overall survival is more than 90%. 
But it is poor if malignancy coexists [6]. Patients need life-
long follow-up as the rest of the pancreaticobiliary tree is 
still at risk of subsequent cancer development (about 11%) 
25  years post resection and for early detection of anasto-
motic stricture [7].

55.5.1  Gallstones

Gallstones (GS) affect 10–20% of adult Caucasians with 
variable prevalence throughout the world. The highest preva-
lence is in North American Indians, whereas it is the lowest 
among Asia and sub-Saharan Africa. In addition to ethnicity, 
female sex, increasing age, and overnutrition are the main 
risk factors. Only 1–2% develop GS related complications 
requiring surgery. The prevalence overall was 7.9% of men 
and 16.6% of women [8].

55.6  Pathogenesis

Gallstones are classified as cholesterol (80–85%) that forms 
mainly in the gallbladder or pigment stones. The mecha-
nisms contributing to the formation of cholesterol gallblad-
der stones are cholesterol supersaturation of bile, gallbladder 
hypomotility, and destabilization of bile by kinetic protein 
factors [9]. Stasis of bile in the gallbladder favors stone for-
mation, as indicated by stone formation during pregnancy, 
rapid weight loss, or total parenteral nutrition. Gallbladder 
hypomotility is probably due to absorption of cholesterol 
from supersaturated bile by the gallbladder wall that paralyz-
ing gallbladder contractile function [9].

Black pigment stones consist mainly of polymerized cal-
cium bilirubinate. Hemolytic anemias or ineffective eryth-
ropoiesis are the most common sources of excess 
unconjugated bilirubin. Another pathway involves ileal dis-
ease or resection causing spillage of bile salts into the colon 
that results in increased enterohepatic cycling and biliary 
secretion of bilirubin [9].

Brown pigment stones are mostly formed within the bile 
ducts as a consequence of bacterial infection and hydrolysis 
of glucuronic acid from bilirubin by bacterial b- glucuronidase. 
Intrahepatic brown pigment stones are related to infestation 
with the parasites Clonorchis sinensis and Ascaris lumbri-
coides [9].
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55.7  Natural History of Gallstones

Over 80% of GS are asymptomatic [9]. Around 30% of peo-
ple with asymptomatic GS will require surgical intervention 
in their lifetime [10]. So, prophylactic cholecystectomy is not 
recommended for this group of asymptomatic patients [8].

Biliary pain “colic” is a constant dull aching pain in the 
epigastrium or right upper quadrant for more than half an 
hour radiating to the back or right shoulder that might be 
associated with nausea and vomiting but not fever [11]. GS 
can also cause nonspecific abdominal symptoms [8]. 
Abdominal ultrasonography is the imaging method of choice 
with diagnostic accuracy for the detection of GS exceeds 
95% [8]. EUS or MRCP can detect microlithiasis [9].

55.8  Complications

Complications of gallstone disease include: acute cholecysti-
tis, Mirizzi syndrome, biliary pancreatitis, acute ascending 
cholangitis, and gallstone ileus.

55.9  Bile Duct Stones

Common bile duct stones (CBDS) are estimated to be pres-
ent in 10–20% of patients with symptomatic GS [11]. 
Symptoms of CBDS are mainly epigastric and/or right upper 
quadrant abdominal pain and obstructive jaundice can be the 
presentation [9]. CBDS are usually characterized by eleva-
tion of liver enzymes and dilatation of the diameter of the 
common bile duct. The most reliable method of diagnosis is 
MRCP or EUS [11].

55.10  Management

Symptomatic GBS are managed by laparoscopic cholecys-
tectomy (LC) which represents the gold standard. 
Asymptomatic GS should be observed and until now there 
are no randomized controlled trials performed on whether 
asymptomatic GS should be managed in the general popu-
lation [9].

Symptomatic CBDS represent around 10% [11]. ERCP 
with endoscopic sphincterotomy and extraction of the stone 
is one option of treatment although there is a risk of compli-
cations like acute pancreatitis, bleeding, and perforation. 
Open or laparoscopic common bile duct exploration depend-
ing on the experience of the surgeon is performed when 
ERCP is failed. There is strong evidence in the literature now 
that laparoscopic one-stage surgery for both the GBS and 
CBDS is the preferred treatment [11].

55.11  Intrahepatic Stones

Prevalent but decreasing in south east Asia, rare in the west, 
represent a challenging problem because usually associated 
with biliary stricture, recurrent cholangitis, secondary biliary 
cirrhosis and may progress to cholangiocarcinoma. Four fac-
tors seem to contribute to its pathogenesis (stasis, infection, 
anatomic biliary variation, and bile metabolic defect). Liver 
resection is the ideal treatment for isolated unilateral disease. 
Minimally invasive procedures like percutaneous or endo-
scopic lithotripsy may be the ideal treatment for diffuse 
bilateral disease [12].

55.12  Gallstones in Pregnancy

Cholecystitis is considered the second most common surgi-
cal emergency in pregnancy that ranges from 0.05–0.8%. 
Conservative management versus LC has the same morbid-
ity and mortality on the mother and fetus. LC proved its 
safety in all trimesters of pregnancy, but if possible, to be 
done during the second trimester [13, 14].

55.13  Gallbladder Stones and Biliary Cancer

Evidence from cohort studies suggest an increased  
incidence of gallbladder cancer and intra and extrahepatic 
 cholangiocarcinoma in patients with GS, this risk diminishes 
several years after cholecystectomy [15].

55.13.1  Benign Biliary Strictures (BBS)

BBS most often arise from postoperative or inflammatory 
etiologies. Surgery-related BBS most frequently results from 
LC (0.4–0.6%), bile duct surgery, and liver transplant [16, 
17]. BBS are iatrogenic (80%) related to LC while chronic 
pancreatitis-related are the most common nonsurgical BBS 
(13–21%) [18].

55.14  Iatrogenic Biliary Injury

Iatrogenic biliary injury occurs when surgeons fail to appro-
priately avoid the main bile duct (MBD) and its blood supply 
during cholecystectomy [19]. It causes significant patient 
morbidity, mortality, and decreased survival rate, requiring 
complex and costly management [20, 21].

Adequate dissection to achieve the critical view of safety 
described by Strasberg, Rouviere’s sulcus as the first land-
mark and using indocyanine green fluorescence contrast are 
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widely believed to decrease the risk of MBD injury in LC 
[22–24]. Also, indication for LC and presence of anatomical 
variation are considered risk factors. Routine use of intraop-
erative cholangiogram (IOC) does not prevent MBD injury 
but has the ability to intraoperatively recognize it [25].

The outcome of reconstruction depends on the type of 
injury, associated vascular injury, and the anatomical loca-
tion. Bismuth and Strasberg classifications are the most com-
monly used systems to describe iatrogenic bile duct injuries 
[26, 27].

Injuries are recognized intraoperatively only in approxi-
mately one third of patients and in 70–80% of cases with true 
partial injury or transection of the MBD. It should be consid-
ered if more than a single duct is seen or suspected and if bile 
is observed to be leaking from the area of the porta hepatis 
and hepatoduodenal ligament [28]. A majority of these 
unrecognized injuries involve bile leaks from the cystic duct 
and rarely small ducts of Luschka and may present early 
with a postoperative biliary fistula, symptoms of biliary peri-
tonitis or jaundice but they can be vague and the diagnosis 
can be challenging. Ligation of the bile duct will present 
early with jaundice; however, later presentation may occur as 
a result of stricture formation from a partial injury, localized 
inflammation, or ischemic insult [28]. In many patients there 
is a delay until referral and this delay is not inconsequential 
as the opportunity for an early repair is lost and results in 
poor outcome [28, 29].

Work up for patients depends on patient status. Abdominal 
ultrasound may visualize fluid collection. Doppler imaging 
can aid in diagnosis of concomitant vascular injury [30]. CT 
scan should be done in patient with diffuse abdominal pain 
and tenderness. MRCP allows for confirmation and delinea-
tion of the anatomy proximal and distal to the injury [31]. 
Although ERCP can only assess biliary tree anatomy distal 
to an injury, it can be of therapeutic value at the time of diag-
nosis [32]. Hepatobiliary iminodiacetic acid (HIDA) scan 
has increased sensitivity compared with MRCP for demon-
strating ongoing bile leak particularly in the early postopera-
tive period [33].

Controlling biliary injury and associated sepsis is the first 
treatment aim which can be achieved by: percutaneous tran-
shepatic cholangiography (PTC) and drainage in case of 
cholangitis with MBD occlusion, percutaneous drainage in 
case of intra-abdominal abscess or biloma, or prompt emer-
gent operative exploration in case of biliary peritonitis. 
Establishing bile flow from the biliary tree to the alimentary 
tract is the next step.

Who, when, and where? are important factors to deter-
mine the outcome of the repair [34, 35]. Early referral to a 
tertiary care center with a multidisciplinary team manage-
ment is the standard of care. Timing of repair can be chal-
lenging and remains controversial [35]. Repairs performed 

early, within 72 hours of injury, or late, more than 6 weeks 
after the injury with limited number of concomitant vascular 
injuries had significantly fewer long-term strictures com-
pared with intermediate repairs [36]. No difference in the 
outcome was noticed with intermediate repairs compared 
with late repair provided it is done by hepatobiliary surgeons. 
But worse outcome in all categories when repair was per-
formed early by the primary surgeon [35, 37].

Nonoperative management in the form of percutaneous 
and ERCP therapy for biliary injury can be used as a defini-
tive treatment or as a temporary management. ERCP, sphinc-
terotomy, balloon dilatation, and stenting were a successful 
definitive treatment in about 82% of patients with bile duct 
injury but without transection and 80% of patients with pos-
tcholecystectomy MBD stricture [32]. Definitive operative 
reconstruction should be performed under optimal condi-
tions [21]. Operative management remains the gold standard 
for repair of iatrogenic biliary injury when complete MBD 
transections and occlusions present and injury cannot be 
managed with ERCP. Simple repair over a T tube is appropri-
ate for non-thermal injuries involving less than 50% of the 
diameter of the CBD and for small lateral sidewall injuries 
[38]. Primary end to end tension free anastomosis is possible 
in case of sharp transection injury without involvement of 
hepatic duct confluence and no significant tissue loss [39]. 
The gold standard for operative repair of iatrogenic MBD 
injury is a hepaticojejunostomy with 70  cm Roux limb to 
minimize the risk of enteric reflux. Lowering the hilar plate 
allows easier identification of the left and right hepatic ducts 
[40]. Anastomotic strictures are reported in 4%–38% of 
patients who underwent hepaticojejunostomy with a revision 
rate of 20–25% [19, 29]. Liver resection and transplantation 
may be necessary [29]. Concomitant vasculo-biliary injury 
and lesions proximal to the hepatic duct confluence are the 
significant risk factors for such sequalae [28].

55.15  Mirizzi Syndrome (MS)

MS is a rare complication of symptomatic gallstone. It is 
due to impacted gallstone in the infundibulum causing com-
pression on the bile duct and chronic inflammation of the 
gallbladder wall. Type I is external compression of the  
bile duct only while other types are associated with 
 cholecystobiliary fistula. They present most commonly with 
obstructive jaundice or picture of acute cholecystitis. ERCP 
is the gold standard for diagnosis and therapeutic interven-
tion. As it is most commonly diagnosed during surgery and 
carries a high risk for biliary injury (17%), conversion to 
open cholecystectomy is still the standard of care. For type 
I, classical open cholecystectomy or subtotal cholecystec-
tomy is recommended. For types II and III, subtotal chole-
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cystectomy is recommended leaving a small remnant of 
gallbladder wall over the cholecystobiliary fistula. But if the 
defect is large and for type IV, it is recommended to do bil-
ioenteric anastomosis [41].

55.16  Liver Transplantation Related BBS

BBS after liver transplantation occurs at an incidence of 
10%–40% most commonly at the anastomotic site [17]. 
Anastomotic strictures are typically single focal stricture and 
more frequently associated with living-donor livers. 
Endoscopic therapy is an effective first-line treatment with 
high stricture resolution rate of 66.7–100%. Late-onset stric-
tures (≥6 months post transplantation) are likely to require 
more endoscopic interventions than those presenting in the 
early post-transplant period [42].

Non-anastomotic strictures are defined as those occurring 
≥5  mm proximally to the anastomosis and are associated 
with ischemic events. They are characterized by multiple 
extrahepatic and/or intrahepatic strictures with recurrent 
sludge or stone formation. Late-onset non-anastomotic stric-
tures (≥1  year post transplantation) are more resistant to 
endoscopic therapy than anastomotic types with higher rates 
of stricture recurrence [42].

55.17  Primary Sclerosing Cholangitis (PSC)

PSC is a progressive, immune-mediated, obliterative inflam-
matory process of intrahepatic and extrahepatic biliary ducts. 
Patients usually present between 35 and 47 years of age, with 
male predilection. It is highly associated with inflammatory 
bowel disease and highly regarded as a premalignant lesion 
for hepatobiliary and colorectal malignancy. The gold stan-
dard for the diagnosis of PSC is cholangiography that shows 
short annular strictures alternating between normal and 
dilated intervening segments resulting in the classical 
 appearance of “beads on a string.” MRCP is routinely recom-
mended as the initial imaging study of choice while ERCP is 
recommended because of the likelihood of requiring inter-
vention [43]. Ursodeoxycholic acid is used to treat pruritis 
and is associated with improvement in biochemical and his-
tological appearance. Liver transplantation remains the only 
curative therapy at present [43].

55.17.1  Biliary Dyskinesia

Biliary dyskinesia is a functional disorder of gallbladder and 
biliary sphincter of Oddi (SOD). As it is a diagnosis of exclu-
sion, it is recommended to follow Rome IV consensus crite-
ria when investigating patients with biliary type pain to 

exclude stones or microlithiasis within the gallbladder or 
biliary tree or any other structural abnormalities [44].

In case of functional gallbladder disorder, a low ejection 
fraction on gallbladder scintigraphy (<40%) is no longer 
required for diagnosis, but remains an important supportive 
criterion [50]. Cholecystectomy is considered the mainstay 
of management with reported symptomatic relief of 
(91–98%).

Functional biliary SOD is incompletely understood. In 
the current Rome IV criteria, the classical types of SOD 
(types I, II, and III) are no longer used. Previous type I (pap-
illary stenosis) is a pure mechanical obstruction. The diagno-
sis of SOD relies on clinical suspicion, exclusion of 
functional and organic mimickers. In the EPISOD trial, 
patients diagnosed with type III SOD (normal laboratory 
studies, normal bile duct) did not benefit from ERCP and 
sphincterotomy. Also, no benefit was observed in the limited 
number of patients with type II [45]. In view of procedure- 
related complications and unsatisfactory results, ERCP and 
sphincterotomy should only be performed for carefully 
selected patients at specialized centers.
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Abstract

Surgical resection remains the only potentially curative 
treatment for pCC but, given the tumor anatomical posi-
tion and advances stage at diagnosis, surgery is still 
demanding with high risk of postoperative morbidity and 
unsatisfactory long term outcomes.

Preoperative management of pCC patients includes 
biliary drainage and modulation of future liver volume, 
mainly by using portal vein embolization (PVE).

The type of surgical resection is related to tumor exten-
sion according to the Bismuth-Corlette classification, and 
in most cases is a major liver resection associated with 
caudate resection, extra hepatic bile duct. In addition, an 
adequate regional lymph-node dissection is required to 
achieve a curative surgery.

Extended liver resections (of more than 5 liver seg-
ments) associated with portal and/or arterial resections has 
been proposed to increase the radicality of surgery and 
improve long term results, however results of aggressive 
surgery are still under evaluation in Western Countries.

Among factors related with long term results, surgical 
margins and lymph node status are those with higher 
prognostic value.

An improvement of short- and long-term result of sur-
gery for pCC is desirable, enhanced preoperative patients’ 
management and improvements of technical aspects of 
surgical resection are nowadays under evaluation.

56.1  Introduction

Cholangiocarcinoma (CCA) is the second most common 
primary liver tumor. CCA is usually classified based on the 
anatomical location in intrahepatic (iCC) and extrahepatic 
(eCC) which can be further classified in perihilar (pCC) 
and distal (dCC) cholangiocarcinoma [1]. While pCC 
includes tumor arising from the U point (the umbilical por-
tion of the left portal vein) and the P point (the bifurcation 
of the anterior branch and the posterior branch of the right 
portal vein) to the common hepatic duct above the cystic 
duct, iCC comprises tumor arising more distally along the 
intrahepatic bile ducts. Conversely, dCCA includes tumors 
from the common bile duct to ampulla of Vater [2]. pCC is 
the most frequent biliary cancer representing approxi-
mately 60–70% of all CCA [3]. Currently, surgical resec-
tion remains the only potentially curative treatment for 
pCC but, given the tumor anatomical position close to the 
hilum, the majority of pCCA patients present at diagnosis 
an advanced disease [4, 5]. Even though liver resection for 
pCCA has been associated with a high incidence of mor-
bidity and 90-day mortality, a careful staging, and periop-
erative and multidisciplinary management as well as an 
optimal surgical approach could improve short- term out-
comes [6].

56.2  Preoperative Evaluation

Preoperatively, the majority of pCC patients have varying 
degrees of malnutrition, requiring a precise assessment of 
the nutritional status [7]. Moreover, accurate preoperative 
patients imaging (computer tomography, magnetic reso-
nance imaging) studies are required to evaluate the suitabil-
ity of surgical resection, to estimate the longitudinal and 
circumferential extension, to identify individual anatomic 
variations as well as to plan the most precise surgical 
approach [2, 8]. Importantly, an accurate estimation of the 
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future liver remnant (FLR) volume and function is essential 
in the management of pCC and should be carefully done in 
order to plan the surgical resection.

56.2.1  Preoperative Biliary Drainage

The vast majority of patients with pCC have jaundice at pre-
sentation requiring a prompt management. In particular, a 
prolonged obstructive jaundice due to pCC might cause 
hepatic dysfunction and increase the risk of postoperative 
mortality in patients undergoing major/extended liver resec-
tion [9]. Even though Farges et  al. reported that patients 
undergoing left-sided hepatectomy should not undergo pre-
operative biliary drainage, pCC patients undergoing right- 
side major hepatectomies should undergo biliary drainage to 
reduce the post-operative complications [10]. While there is 
a general consensus on the bile drainage of the FLR, the opti-
mal type of biliary drainage (i.e., percutaneous transhepatic 
biliary drainage [PTBD] or endoscopic biliary drainage 
[EBD]) is still being debated [11]. In particular, while 
Eastern authors have reported that PTBD might increases the 
incidence of metastasis and EBD is recommended as the 
optimal method for preoperative biliary drainage, several 
Western authors did not identify any difference when com-
paring PTBD and EBD [12, 13]. A recent randomized clini-
cal trial comparing PTBD and EBD for resectable pCC 
patients was prematurely stopped because of higher all-cause 
mortality in the PTBD group [14]. Interestingly, post-drain-
age complications were similar between the two groups indi-
cating the need of more evidence to identify the optimal 
strategy for biliary drainage for pCC patients [14]. Finally, 
even though Eastern surgeons suggest to perform an endo-
scopic nasobiliary drainage (ENBD) for pCC patients under-
going liver surgery based on studies reporting a low incidence 
of preoperative cholangitis, currently, ENBD is rarely per-
formed in Western centers [15].

56.2.2  Portal Vein Embolization

The most common complication following major/extended 
liver resection for pCC is post-hepatectomy liver failure 
(PHLF) strongly associated with the volume of the FLR. To 
reduce the risk of PHLF, the limits for a safe resection the 
FLR should be greater than 30% of total liver volume (TLV) 
among patients with normal liver. Conversely, among 
patients with injured livers (i.e., cirrhosis, cholestasis), the 
FLR should be 30–40% of TLV [16]. Portal vein emboliza-
tion (PVE) aims to interrupt the portal circulation in the ter-
ritory to be resected and to initiate a compensatory liver 
hypertrophy in the FLR. Using a cohort of 1667 patients, the 
Perihilar Cholangiocarcinoma Collaboration Group per-

formed a propensity score matching to compare 98 patients 
who underwent PVE versus 98 patients who did not under-
went PVE with similar characteristics [17]. The authors 
reported that the group of patients who underwent PVE had 
a lower incidence of PHLF (8% vs. 36%, p < 0.001), biliary 
leakage (10% vs. 35%, p < 0.01), intra-abdominal abscesses 
(19% vs. 34%, p = 0.01), and 90-day mortality (7% vs. 18%, 
p  =  0.03) compared to the other group demonstrating the 
importance of PVE as an fundamental part of the surgical 
treatment of pCC [17]. Several techniques, including associ-
ating liver partition with portal vein ligation for staged hepa-
tectomy (ALPPS), and mini-ALPPS has been proposed as an 
alternative to PVE. Currently, the application of the ALPPS 
technique in the treatment of pCC resulted in a high inci-
dence of in-hospital morality (up to 48%), appeared inferior 
compared to standard extended resections in high-risk 
patients, and ALPPS is no recommended in patients with 
pCC by the most current guideline [18, 19]. Interestingly, 
hybrid technique as percutaneous radiofrequency-assisted 
liver partition with portal vein embolization in staged liver 
resection (PRALPPS) and laparoscopic mini-ALPPS have 
been providing encouraging results and might be safe tech-
niques to achieve hypertrophy of FRL more rapidly than 
PVE [20, 21].

56.3  Principles of Surgical Resection

Curative liver surgery for pCC aims to obtain negative mar-
gins (R0) without residual tumor often requiring the resec-
tion of bile duct and frequently associated with a major (≥3 
segments) or extended (≥5 segments) hepatectomy, includ-
ing resection of caudate lobe (S1) and a regional lymphade-
nectomy [6, 19, 22].

56.3.1  Major Hepatectomy and Concomitant 
Resection of Segment 1

Several studies have investigated the best surgical approach 
to achieve a curative resection (R0) for patients with pCC 
including left hepatectomy (LH), left trisectionectomy (LT), 
right hepatectomy (RH), and right trisectionectomy (RT) 
extended to segment 1 with extrahepatic bile duct resection 
(Fig. 56.1) [23].

In particular, the type of resection depends on location 
of the tumor, tumor radial and longitudinal extent, its asso-
ciation with the vascular hilar structures as well as patient’s 
biliary anatomy and the FLR [19]. Currently, major hepa-
tectomies are the standard procedures for Bismuth Corlette 
(BC) type III and IV pCC while the type of liver resection 
in the treatment of BC type I and II pCC remains controver-
sial [24].
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Recently, Chen et al. conducted a systematic review and 
meta-analysis to compare the incidence of R0 resection and 
long-term survival outcomes between biliary duct resection 
and hepatic resection for BC type I and II pCC. The authors 
showed that hepatic resection was associated with an 
increased incidence of R0 resection (OR 4.45) and a pro-
longed overall survival (HR 2.15) compared with isolated 
biliary duct resection suggesting that BC type I and II pCC 
patients might benefit from an aggressive surgical approach 
even with a limited extent of disease [25].

For patients with BC type III and IV pCC, major (≥3 seg-
ments) and extended (≥5 segments) hepatectomies represent 
the best surgical treatments able to achieve a curative treat-
ment (R0). While for pCC involving the right ductal system 
(BC IIIa or IV) RH/RT are often preferred and LH/LT are 
done for BC IIIb or IV with a left predominance pCC, RH/
RT are often considered the best curative options for patients 
with BC type III and IV pCC because the right hepatic artery 
and the right portal vein are more frequently involved and 
close to the tumor [26, 27]. First proposed by Nimura et al. 
in 1990, the resection of the caudate segment (S1) has been 
reported as an important part of the major hepatectomies for 
pCC to increase the possibility to achieve an R0 status given 
that the S1 bile ducts join the biliary confluence [28].

56.3.2  Hilar No Touch “En-bloc” Technique

Despite an aggressive surgical approach, pCC is still associ-
ated with a significant incidence of local recurrence which 
strongly impacts the prognosis of pCC patients [29]. Based 
on these considerations, Neuhaus et al. have proposed a hilar 
“en bloc” resection including RT, extrahepatic bile ducts 
resection with the portal vein bifurcation, right hepatic artery, 

and liver segments 1 and 4 to 8 in an effort to avoid spilling 
neoplastic cells during liver resection. Comparing 50 patients 
who underwent RT and hilar “en bloc” resection versus 50 
patients who underwent conventional major/extended hepa-
tectomies for pCC, Neuhaus et al. reported that 5-year over-
all survival for “en bloc” resection was 58% compared with 
29% for conventional surgery (p = 0.021) [30]. Despite these 
encouraging results, several authors have reported doubts 
about the surgical oncological significance of portal vein 
resection in patients without tumor vascular infiltration [19, 
31, 32].

56.3.3  Vascular Resection

Japanese surgeons were the first to show that an aggressive 
approach including vascular resection could provide an 
increased incidence of curative resection in the surgical 
treatment of pCC [32]. Chen et al. investigated 1921 pCC 
patients in a systematic review and meta-analysis and 
reported that even though patients who had portal vein 
resection showed a poor prognosis compared with patients 
who did not undergo portal vein resection (HR  =  1.90; 
p < 0.001), patients with a portal vein resection had a sig-
nificant better prognosis compared with patients who did 
not undergo liver resection (HR = 0.33; p < 0.001) (Fig. 56.2 
and 56.3) [33]. Moreover, the role of hepatic artery resec-
tion is still being debated in the treatment of pCC, even 
though recent studies support the idea that artery resection 
might save a large number of patients who have a locally 
advanced pCC otherwise unresectable [34].

56.3.4  Margin Status

Even though there is a general consensus on the importance 
of a complete resection of the tumor at the surgical margin 
(R0 resection), the role of intraoperative analysis of frozen 
section of the bile duct margins to perform an additional 
resection in case of an R1 margins remains unclear [35]. In 
particular, several authors have showed that patients who had 
a R0 surgical margin after an additional resection of previous 
R1 margin status had a prolonged long-term survival com-
pared with patients with an R1 surgical margin [36]. 
Conversely, Shingu et al., investigated 303 patients undergo-
ing surgery for pCC and reported that limited resection 
(<5  mm) of positive margin was not associated with pro-
longed survival even when a negative (R0) margin can be 
achieved [37]. Moreover, the clinical implication of the pres-
ence of high-grade dysplasia/carcinoma in situ at the surgical 
margins of pCC is still controversial and some authors 
reported that it has no clinical implications in terms of recur-

Fig. 56.1 Right trisectionectomy. Red and blue elastic band identify 
left hepatic artery and main portal vein. Plastic tube in the bile ducts for 
the 2 and 3 segments
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rence and overall survival [38–40]. Recently, Shinohora 
et al. investigated the incidence and prognostic role of radial 
margin status for pCC patients undergoing curative resection 
rather than only distal margin status. The authors reported 
that among 478 patients analyzed, the incidence of positive 
radial margin was the most common cause of R1 resection 
and that radial margin status would impact the prognosis of 
pCC patients as positive distal margin [41]. In Eastern series, 
several authors have proved the survival benefit of hepato- 
pancreato- duodenectomy in patients with distal/intra- 
pancreatic bile duct involvement [42].

56.3.5  Lymph Node Dissection

Even though lymph node status has been reported as one of 
the most important predictor of survival for patients under-
going liver surgery for pCC, the role of lymphadenectomy 
during surgery for pCC is still debated with significant dif-
ferences comparing Western and Eastern centers [43, 44]. 
Recently, the eighth edition of the American Joint Committee 
on Cancer (AJCC) staging system for pCC has underlined 
the importance of the nodal status for pCC patients defining 
stage N1 as patients with 1–3 metastatic lymph nodes, and 
stage N2 as patients with >3 lymph nodes [45]. Ruzzenente 
et  al. investigated the long-term outcomes of 214 patients 
who underwent curative-intent surgery at two Italian major 
hepatobiliary centers (University of Verona and Catholic 
University of Rome) reporting a 5-year OS was of 33.5% for 
N1 patients compared with a 5-year OS of 19.1% for N1 
patients. Interestingly, none of the patients with stage N2 dis-
ease survived for five years after surgery [46].

56.3.6  Minimally Invasive Surgery

Even though in the last decade, minimally invasive surgery 
(MIS) – laparoscopic and robot-assisted surgery – has played 
a key role in the surgical treatment of malignant and benign 

a b

Fig. 56.2 (a) CT scan showing perihilar cholangiocarcinoma infiltrating the right and the origin of the left portal vein. (b) Right hepatectomy with 
portal vein reconstruction. Plastic tubes in the bile ducts for the 4 and 2–3 segments

Fig. 56.3 Left hepatectomy with portal vein reconstruction. White 
arrow indicating the anterior (B 5–8) and posterior (B 6–7) right bile 
ducts stumps

F. Bagante et al.
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liver disease, there are few data available regarding the appli-
cation of this surgical approach for pCC patients [47]. In a 
recent study, Ratti et al. analyzed the outcome of 16 patients 
with pCC who underwent laparoscopic surgery compared 
with a group of patients operated by open technique. The 
authors showed that laparoscopic resections resulted in lon-
ger operative time (360 vs 275 min, p = 0.048) while a lower 
blood loss (380 vs 470, p  =  0.048) a lower intraoperative 
blood transfusion (12.5% vs 21.9%, p = 0.032) and a shorter 
hospital stay. No differences were found in incidence of R0 
resection and in number of lymph node harvested [48]. The 
laparoscopic approach for pCC is still in a preliminary phase 
and further studies are needed to validate the results of this 
surgical approach in pCC patients.

56.4  Short-term Results

The incidence of post-operative morbidity and mortality 
after major surgery for pCC is still high. In a recent system-
atic review and meta-analysis, Franken et  al. analyzed the 
short-term outcomes after major liver resection in patients 
with pCC reported in 51 studies for a total of 4634 patients 
[49]. The authors reported a pooled overall morbidity and 
severe morbidity of 57% and 40%, respectively. Interestingly, 
Western studies reported an a significantly higher overall 
morbidity (63%) compared with Eastern studies (54%, 
p = 0.048) [49]. Moreover, pooled incidence of 30-day and 
90-day mortality was 5% and 9%, respectively. Similarly, 
Western studies reported an a significantly higher incidence 
of 30-day (8%) and 90-day (12%) mortality compared with 
Eastern studies (30-day: 2%, p  <  0.001; 90-day: 3%, 
p  <  0.001) [49]. These results are comparable with those 
reported by Bagante et  al. investigating the US National 
Surgery Quality Improvement Program (NSQIP) database to 
identify benchmark values for liver surgery [50]. The authors 
reported that among the patients undergoing major/extended 
resection and bile duct resection the benchmark value was 
72% as the 75th percentile of the distribution of the probabil-
ity to have a complication [50].

56.5  Long-term Results

In a recent systematic review and meta-nalysis by Tang et al. 
on the prognosis of patients with resectable perihilar cholan-
giocarcinoma, a comparison between the long-term results 
of Eastern and Western centers revealed a significant differ-
ence [51]. While the median incidence of resectability in 
Eastern (74.9%) and Western (41.2%) countries was signifi-
cant different (p  =  0 .025), the difference in terms of R0 
resection comparing Eastern (70.7%) and Western (75.9%) 
centers was comparable (p   =  0.98) [51]. Importantly, the 

median overall survival (OS) at 5-year for Eastern centers 
was 33.0% was significantly higher compared with the 
median 5-year OS at Western centers 25.5% (p   =  0 .001) 
[51]. Interestingly, in a recent systematic review and meta-
nalysis, Bird et al. analyzed 24 articles including 4599 pCC 
patients undergoing curative surgery to identify the most sig-
nificant prognostic factors. In the pooled analyses, age 
(HR = 1.16), AJCC T category (HR = 1.49), positive lymph 
node (HR = 1.78), microvascular invasion (HR = 1.49), peri-
neural invasion (HR = 1.54), and tumor differentiation (HR 
1.54) were all associated with patients’ prognosis.

56.6  Conclusions

Curative surgery of pCC remains the treatment of choice to 
achieve long term results, in order to obtain an R0 resection 
extended liver resections including S1 resection are often 
required. Although recent advances in preoperative optimi-
zations of liver function with biliary drainage and future liver 
volume modulation with PVE improved significantly results, 
surgery for pCC is still a demanding procedure, associated 
with a high risk of postoperative morbidity and mortality.

An improvement of short- and long-term result of surgery 
for pCC is desirable, and enhanced preoperative patients’ 
management and improvements of technical aspects of sur-
gical resection are nowadays under evaluation.
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Abstract

Intrahepatic cholangiocarcinoma (ICC) is the second 
most common primary liver cancer, accounting for 
10–15% of primary hepatic malignancy. Currently, liver 
resection is still the most effective treatment for ICC 
patients to achieve adequate long-term survival, although 
its overall efficacy may not be as good as that for hepa-
tocellular carcinoma (HCC) patients due to the unique 
pathogenesis and clinical-pathological profiles of ICC.

Adequate preoperative evaluation of the patients is 
essential and it mainly focuses on establishing the 
diagnosis of ICC, rather than other metastatic adeno-
carcinoma from other primary tumors, and assessment 
of the suitability of the patient and the tumor for opera-
tion. Thorough evaluation should include a detailed 
history, physical examination, assessment of comorbid 
conditions, assessment of hepatic function, measure-
ment of tumor markers, and radiologic imaging to 
assess the extent of disease.

57.1  Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most 
common primary liver cancer, accounting for 10–15% of pri-
mary hepatic malignancy [1]. Currently, liver resection is 
still the most effective treatment for ICC patients to achieve 
adequate long-term survival, although its overall efficacy 
may not be as good as that for hepatocellular carcinoma 
(HCC) patients due to the unique pathogenesis and clinical- 
pathological profiles of ICC [2].

Adequate preoperative evaluation of the patients is essen-
tial and it mainly focuses on establishing the diagnosis of 

ICC, rather than other metastatic adenocarcinoma from other 
primary tumors, and assessment of the suitability of the 
patient and the tumor for operation. Thorough evaluation 
should include a detailed history, physical examination, 
assessment of comorbid conditions, assessment of hepatic 
function, measurement of tumor markers, and radiologic 
imaging to assess the extent of disease [3].

57.2  Clinical Presentation

ICC often present as asymptomatic hepatic mass detected 
during physical examination or on cross-sectional imaging 
examinations. Abdominal pain is the most frequent presenta-
tion for symptomatic patients. Most patients also present 
with nonspecific symptoms such as weight loss of appetite. 
Jaundice can be present in centrally located ICC that com-
presses or invades the biliary confluence [4].

57.3  Serum Tumor Markers

Serum tumor markers are an attractive method for diagnos-
ing and monitoring treatment response in patients with 
ICC. To be effective, a marker must be accurate in detecting 
the presence of malignancy (sensitivity) and defining the 
presence of benign disease (specificity).

Carcinoembryonic antigen (CEA) is widely used 
because of its availability but is elevated in only one third 
of patients with ICC [5]. Carbonic anhydrase 19-9 (CA19-
9) is also widely used in the diagnosis of cancers of the 
upper digestive tract and is elevated in gastric, pancreatic, 
biliary, and gallbladder cancers, as well as in smokers, 
cholangitis, and conditions causing cholestasis [6]. Another 
marker which is commonly used is interleukin-6 (IL-6). 
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Serum levels of IL-6 correlate with tumor burden in ICC, 
but it is also elevated in HCC, metastatic disease, and 
benign biliary lesions [7].

57.4  Imaging

Accurate cross-sectional imaging is required to diagnose and 
stage the tumors as well as plan resection or other possible 
treatments. Most patients will be imaged with a number of 
modalities.

Transabdominal ultrasound is often used as a screening 
examination for patients with upper abdominal pain, palpa-
ble mass, or jaundice. ICC has a nonspecific appearance as a 
hypoechoic hepatic mass. Ultrasound is useful for defining 
the presence of satellite nodules, lymphadenopathy, and 
associated biliary dilation or portal venous invasion [8].

Triphasic computed tomography (CT) scan is the single 
most effective investigation in diagnosing and staging 
ICC. ICC presents as hypodense lesions with irregular, infil-
trative margins and a variable degree of delayed enhance-
ment in the portal venous phase (Fig. 57.1a). CT scan can 
also detect the presence of intrahepatic biliary dilation, por-
tal or hepatic venous involvement, and lobar atrophy. CT 
scan is also useful in detecting metastatic disease affecting 
regional lymph nodes, peritoneum, or lung fields. Also, CT 
volumetry can provide accurate assessment of hepatic rem-
nant volume and the risk of postoperative liver failure [9].

On magnetic resonance imaging (MRI), ICCs appear as 
hypointense lesions on T1-weighted images and hyperin-

tense on T2-weighted images, with pooling of contrast 
within the lesions on delayed images. It is also useful in 
evaluating venous and arterial involvement by tumor. It 
also allows obtaining a noninvasive cholangiopancreatog-
raphy [10].

57.5  Treatment

The treatment protocols for ICC are in the development 
phase when compared to other intrahepatic tumors, owing 
to the rarity of the tumor. Surgical resection is the most 
effective treatment for ICC at the present time, but its resect-
ability and curability remain low. Less commonly, liver 
transplantation has also been applied. The current roles of 
neoadjuvant and adjuvant chemotherapy, both systemic and 
regional; conformal radiation therapy; and ablative thera-
pies are under investigation. We aim to review the surgical 
aspects of the management of ICC including major hepatic 
resection.

57.6  Surgical Management

57.6.1  Liver Resection

Liver resection is the most effective treatment for ICC at the 
present time, but its resectability and curability remain low. 
Only 20–40% of patients with ICC are eligible for potential 
curative liver resection at the time of the diagnosis. Adjuvant 

a b

Fig. 57.1 (a) Abdominal computed tomography showing hypodense focal lesion in segment IV of the liver with dilatation of the segmental biliary 
radicles. (b) Operative specimen after left hemi-hepatectomy for intrahepatic cholangiocarcinoma
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chemotherapy and/or radiotherapy has failed to improve sur-
vival in most patients of ICC [11].

57.7  Aim of Surgical Resection

The main goal of surgical resection for ICC is to perform R0 
margin negative resection with preservation of an adequate 
future liver remnant (FLR), which means two or more con-
tiguous liver segments with adequate arterial and portal 
inflow, biliary drainage, and venous outflow [11]. Unlike 
HCC, most ICC cases have poor blood supply and rare liver 
cirrhosis, thus extended hepatectomy is often required, 
including bloc resection with resection of the vessel, bile 
duct, and adjacent tissue invaded by the tumor in some cases. 
The extent of resection should be determined by the size and 
location of the lesion, satellite situation, and the degree of 
tumor infiltration [2].

57.8  Indications for Surgical Resection

R0 surgical resection of ICC is the most effective treatment 
modality and the only therapy associated with improved sur-
vival outcomes. There is no general agreement on the current 
indications for surgical resection of ICC. It is generally rec-
ommended that R0 resection is best achieved in patients with 
solitary tumor, negative lymph nodes, and resectable hepatic 
safety margin of 1  cm or more. With application of these 
restrictive criteria, excellent survival rates could be 
 accomplished with 2- and 5-years overall survival of 100% 
and 42%, respectively [12, 13]. On the other hand, ICC 
patients with one or more negative prognostic factors will 
not be allowed to undergo surgical resection of ICC and will 
receive only palliative and supportive care. Therefore, it is 
evident that the precise indications for surgical resection of 
ICC require further analysis by future studies.

While negatively affecting outcomes, tumor size, multi-
centric tumors, and vascular invasion should not be consid-
ered absolute contra-indications if negative margins can be 
achieved. Even patients with advanced complex tumors 
requiring extensive hepatic resections and major vascular 
and biliary reconstruction should be considered for curative- 
intent surgery [14].

57.9  Strategies to Improve the Future Liver 
Remnant

As previously mentioned, the main goal of surgical resection 
for ICC is to perform R0 margin resection with preservation 
of an adequate future liver remnant (FLR), which means two 

or more contiguous liver segments with adequate arterial and 
portal inflow, biliary drainage, and venous outflow [11].

A FLR size of at least 20% is generally recommended for 
patients without underlying liver disease. For patients with 
underlying hepatic steatosis, the FLR size should be at least 
30%. For patients with liver cirrhosis and fibrosis with 
 preserved hepatic function (Child A patients), at least 40% 
are required to avoid the risk for the development of 
 posthepatectomy liver dysfunction and failure [15]. For 
patients with marginal expected FLR volume, measures to 
improve the FLR volume had been applied. Preoperative 
portal vein embolization (PVE) is usually employed to cause 
hypertrophy of the contralateral lobe and achieve greater 
FLR volume. It is applied under radiologic guidance where 
selective embolization of the target branches of the portal 
vein is performed. If PVE is properly selected and managed, 
patients with Child A cirrhosis may achieve similar long-
term oncologic outcomes compared to patients with no 
underlying liver disease [16, 17]. Improvement of FLR with 
the application of preoperative PVE had been reported to be 
around 30%–50% after 4–8  weeks from preoperative 
PVE.  The FLR volume increase caused by PVE ranges 
between 30% and 50% after 4–8 weeks; however, it also may 
increase the risk of drop-out by up to 30% [18].

A more recently introduced, associating liver partition 
and portal vein ligation (ALPPS) procedure helps to 
induce faster improvement of FLR volume compared to 
PVE (more than 60% in 7 days). It is performed in two 
stages. In stage 1, the appropriated main branch of the 
portal vein is ligated together with liver partition at the 
planned transection line by the anterior approach. In stage 
2, division of the remaining inflow and outflow structures 
of the planned portion to be resected is done. However, 
outcomes of ALPPS for primary liver tumors are actually 
discouraging. The procedure is associated with high 
 perioperative morbidity and mortality rates [19, 20]. PVE 
remains the gold-standard procedure when FLR hypertro-
phy is needed [21].

57.10  Staging Laparoscopy 
and Intraoperative Assessment 
of Resectability

At the time of diagnosis, patients with ICC are frequently 
found to have a disease burden beyond the limits of surgical 
intervention. The presence of locally advanced solitary 
tumors involving either inflow or outflow bilaterally, multi-
ple intrahepatic tumors, extrahepatic disease, including 
involvement of lymph nodes beyond the regional lymph 
nodes such as celiac and the para-aortic nodes are considered 
contraindication to hepatic resection [22, 23].
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Staging laparoscopy can be useful in ruling out small 
peritoneal implants or distant LN disease. When associated 
with intraoperative ultrasound, it can evaluate the extent of 
intrahepatic disease, vascular invasion and reveal intraparen-
chymal metastasis. Therefore, it has a potential role in detect-
ing unresectable disease and avoiding unessential laparotomy, 
which has been reported to happen in 25–36% of patients 
[11, 24]. Staging laparoscopy is essentially important in 
high-risk patients especially those patients with suspected 
multifocal ICC, suspected peritoneal implants or major vas-
cular invasion, and those with high preoperative tumor mark-
ers. The routine use of laparoscopic ultrasound in these cases 
is therefore advocated.

Also, it is important to carefully evaluate the condition of 
the hepatic parenchyma, especially the presence of chronic 
liver disease or cirrhosis which could limit or contraindicate 
the surgical resection [25].

57.11  Surgical Resection Procedure

Surgical therapy for ICC is based on the surgical principles 
applied to resection for any hepatic malignancy. Anatomical 
liver resection with wide margins is generally recommended 
for ICC if adequate functional liver remnant with adequate 
venous and biliary drainage remains.

ICC usually develops on a background of non-cirrhotic 
liver; thus, extended resections can be safely performed 
(Fig.  57.1b). Advanced stages of ICC can be treated by 
extended hepatic resection with extension of the resection to 
the extrahepatic biliary tree, vascular hilar structures, hepatic 
veins, inferior vena cava, and diaphragm [11, 26]. Studies 
addressing surgical resection for ICC are summarized in 
Table 57.1.

The intraductal growth type of ICC is associated with 
intraductal growth with intraductal tumor thrombus. In 
these patients, the biliary duct margin should be evaluated 
by intraoperative frozen section after major hepatic resec-
tion. If neoplastic invasion of the bile duct margin is found, 
extended resection of the extrahepatic biliary tree should be 
performed [40].

The mass forming type of ICC is associated with high 
incidence of satellite nodules. It is essential to perform intra-
operative ultrasonography in order to identify the presence 
of metastatic nodules and a radical transection plane [26].

Vascular invasion may be found in about 27%–85% of 
patients with ICC [46]. Previous studies had shown that the 
survival outcomes of patients who underwent surgical resec-
tion are better than those who did not underwent surgical 
resection [47]. Vascular resection in combination with hepa-
tectomy increases not only the probability to achieve nega-
tive surgical margins, but also the incidence of postoperative 

Table 57.1 Short- and long-term outcomes of surgical resection for intrahepatic cholangiocarcinoma

Study Year N Morbidity (%)
30 days  
mortality (%)

Median survival 
(month)

Survival (%)
1 Y 3 Ys 5 Ys

Cherqui et al. [12] 1995 14 28 7 27 100
Pichlmayr et al. [27] 1995 32 10.5 12.8
Casavilla et al. [28] 1997 34 60 37 31
Madariaga et al. [29] 1998 34 32 14 19 67 40 25
Chu et al. [30] 1999 39 41.7 16.7 12.2 57.3 23.9 15.9
Weber et al. [31] 2001 33 37 31
Kawarada et al. [32] 2002 37 21.6 0 31.5 54.1 34 23.9
Ohtsuka et al. [33] 2002 48 50 8 62 38 23
Lang et al. [24] 2005 16 52 6 46 94 82
Nakagawa et al. [34] 2005 44 69 5.7 22 66 26
De Oliveira et al. [35] 2007 34 35 4 28 63
Endo et al. [2] 2008 82 36
Guglielmi et al. [36] 2009 62 32 3.8 41 26
Lang et al. [37] 2009 83 58 7 26 71 21
Nathan et al. [38] 2009 598 21 18
Shen et al. [39] 2009 429 12 51 17
De Jong et al. [40] 2011 449 27 78 31
Farges et al. [41] 2011 212 28 77 28
Saiura et al. [42] 2011 44 35 0 41 87 56 43
Sriputtha et al. [43] 2013 73 12.4 52.1 21.7 11.2
Luo et al. [44] 2014 1333 11.5 0.6 30 79.1 42.6 28.7
Ali et al. [45] 2015 150 44 84 43
Tabrizian et al. [3] 2015 82 16 60 24 16

N, patient number; Ys, years
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major complications. Therefore, liver resection in combina-
tion with inferior vena cava and portal vein partial resection 
plus reconstruction or hepatic artery resection may be con-
sidered in adequately assessed cases to achieve a R0 resec-
tion. Therefore, vascular invasion does not represent an 
absolute contraindication for surgical resection.

Patients with untreated IHCC have a median survival of 
less than 12  months. Resection with positive margins or 
residual macroscopic disease is associated with median sur-
vival of 1.8–3  months, indicating that a cytoreductive 
approach is ineffective at prolonging survival. In contrast, 
5-year survival rates after complete resection range between 
13% and 43% [26].

57.12  Status of Lymphadenectomy

Although the importance of achieving an R0 resection is 
clear, the role of routine lymph node dissection is debated. 
The presence and extent of nodal metastatic disease are 
important prognostic factors. Current National 
Comprehensive Cancer Network (NCCN, 2012) guidelines 
suggest that regional lymphadenectomy should be consid-
ered in patients to provide staging information, but that 
resection should be carefully considered in patients with 
bulky nodal disease in the porta hepatis [48].

With respect to staging, uniform agreement is lacking on 
the optimal number of nodes harvested per patient. Usually, 
three or less are harvested [40], although up to seven nodes 
are suggested for patients with hilar cholangiocarcinoma 
[49]. This has led Guglielmi and associates to suggest that 
the lymph node ratio (LNR) is an important prognostic fac-
tor, with an LNR of greater than 0.25 associated with worse 
survival (19 months, compared to 43 months with LNR of 
zero) [36].

Currently, there is no clear therapeutic benefit attributable 
to routine nodal dissection accompanying hepatectomy for 
ICC.  Thorough assessment of all intraabdominal nodal 
basins should be undertaken before hepatic resection, and 
sampling of suspicious nodes is indicated to stage disease 
accurately, which may direct postoperative treatment.

Major lymphatic spread of ICC follows three routes. First, 
through the hepatoduodenal ligament. Second, through the 
paracardial, lesser curvature, and left gastric artery. Third, 
through the inferior phrenic artery to the para-aortic group. 
Consequently, the extent of radical lymphadenectomy should 
include the hepatoduodenal ligament with hepatic artery, 
para-aortic, retro-pancreatic, and left gastric lymph nodes 
[36, 50].

57.13  Results of Surgery

57.13.1  Morbidity and Mortality

Surgical resection for ICC is a complex surgical procedure. 
Despite the improvement of surgical techniques and periop-
erative patients’ care, extended liver resection still entails 
significant perioperative morbidities and mortality.

The rate of postoperative complications following surgi-
cal resection for ICC is variable between 11.5% and 58%, as 
shown in Table  57.1. The incidence is comparable to that 
reported following liver resection in non-cirrhotic patients. 
Posthepatectomy liver failure is less frequent among this 
group of patients when compared to liver resection for hepa-
tocellular carcinoma. Other complications include bile leak-
age, abdominal infection, pulmonary embolism, and 
respiratory complications [24, 43].

The postoperative complications rate is also related to the 
extent of surgical resection. Lang et al. reported higher inci-
dence among ICC patients who underwent extended hepatic 
resection with vascular and hilar resection (56%), when 
compared to simple liver resections (45%) [24].

On the other hand, postoperative mortality following sur-
gical resection for ICC is variable between 0% and 16.7%, as 
shown in Table 57.1. The most common causes of postopera-
tive mortality are liver failure, septic shock, and multiple 
organ dysfunction [40].

57.13.2  Long-Term Outcomes

The prognosis after surgical resection of ICC is still unsatis-
factory. The s-years overall survival rate after surgical resec-
tion of ICC varies from 0% to 43% in the most recent series 
as shown in Table 57.1. The main reasons for these outcomes 
are the late diagnosis due to lack of specific symptoms or risk 
factors for screening, and spread of ICC through the intrahe-
patic and lymphatic metastasis [2]. A better survival rate as 
high as 63% could be achieved in ICC patients with negative 
margins (R0 resections) and negative lymph node involve-
ment [31, 51].

Several prognostic factors for long-term survival after 
liver resection for ICC had been identified. A propensity 
score matching analysis showed that the use of nomograms 
is a good way to predict survival after resection. Wang et al. 
developed a nomogram for ICC, including tumor (T) and 
nodal (N) classifications, tumor size, the number of tumor 
nodules, preoperative level of serum tumor markers, and 
presence of vascular invasion [52].
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57.14  Recurrence

Recurrence after R0 resection is frequent ranging between 
38% and 82%. Most of recurrences occur early postoperative 
and most commonly in the first two years after surgical 
resection [3, 53]. Local recurrence is the most common 
recurrence pattern after radical surgical resection [54], 
although other patterns such as lymph nodes, abdominal 
wall, and extrahepatic distant recurrences were also observed 
[55]. A study utilizing an international database investigated 
563 patients underwent curative-intent resection for ICC 
with a median follow-up of 19 months and found that the 
most common recurrence site was intrahepatic only (59.8%), 
extrahepatic only (14.5%), or both intra- and extrahepatic 
(25.7%) [56].

Management of recurrence has not been established in lit-
erature. Most of these patients receive only palliative ther-
apy. Salvage surgery for intrahepatic recurrence or 
metastasectomy is usually not indicated, because it is des-
tined to be followed by further rapid recurrences [31, 57].

57.14.1  Liver Transplantation

The role of transplantation in ICC will continue to be limited 
by the lack of a truly effective adjuvant systemic treatment 
regimen. This is in contrast to the emerging protocol of neo-
adjuvant chemoradiation before transplantation for hilar 
cholangiocarcinoma [58].

The first significant report regarding liver transplantation 
for ICC is that of Pichlmayr et al. in 1995. They reported a 
median survival of 5 months in 18 patients treated with liver 
transplantation, with a 1-year survival rate of 13.9% [59]. 
Several studies confirmed these findings afterwards [60, 61]. 
Cherqui et  al. reported two long-term survivors and con-
cluded that a patient with an intrahepatic tumor with no 
extrahepatic spread that cannot be resected for anatomic 
 reasons may be a candidate for liver transplantation [12]. 
More recent experience has resulted in improved survival, 
with disease-free survival at 5 and 10 years of 27% and 23%, 
respectively, reported in 23 patients with IHCC treated with 
orthotopic liver transplantation [62]. However, liver trans-
plantation remains a controversial issue due to the controver-
sial indications and low cost-effectiveness which limit its use 
in treatment of ICC.
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Hepatopancreatoduodenectomy (HPD) 
for Biliary Tract Cancers

Tomoki Ebata, Takashi Mizuno, and Shunsuke Onoe

Abstract

Biliary tract cancers exhibit various modes of local exten-
sion, and some can only be resected by hepatopancreato-
duodenectomy (HPD), which is defined as the resection 
of the whole extrahepatic biliary system with the adjacent 
liver and pancreatoduodenum. Early experiences with 
HPD were frequently associated with liver failure and 
subsequent mortality. However, with improvements in 
surgical techniques and perioperative patient care, the 
mortality rate after HPD has gradually reduced. Recent 
studies on HPD, although limited, have demonstrated a 
favorable survival in cholangiocarcinoma; whereas, con-
troversial benefit in gallbladder cancer because of the 
extremely poor survival. HPD is a standard approach for 
laterally-spreading cholangiocarcinoma that is otherwise 
unresectable.

58.1  Introduction

Biliary tract cancers (cholangiocarcinomas and gallbladder 
cancer) often exhibit an extensive ductal spread invading 
from the hepatic hilus to the lower bile duct, a bulky tumor 
mass invading the liver, pancreas, and duodenum, and an evi-
dent nodal metastasis around the pancreatic head [1, 2]. Such 
extensive tumor spread represents a difficult local aggres-
siveness because typical resection procedures, including 
hepatectomy or pancreatoduodenectomy (PD), cannot offer 
R0 resection. However, as only a complete resection poten-
tially provides an improved long-term survival in biliary 
tract cancers [3–6], hepatectomy combined with pancreato-
duodenectomy (i.e., hepatopancreatoduodenectomy [HPD]) 
can be theoretically considered a definitive surgery for 

advanced biliary tract cancers. Even today, however, HPD 
for biliary cancer remains challenging and controversial 
because of rarity, very high-risk nature, and uncertain sur-
vival benefit.

58.1.1  Terminology Associated with HPD

HPD is a multivisceral resection that is defined as resection 
of the extrahepatic bile duct, the liver, the pancreatic head, 
and the duodenum (Figs. 58.1 and 58.2). HPD is anatomi-
cally characterized as complete removal of the entire extra-
hepatic biliary system denoting the duct from the ampulla of 
Vater up to the hilar bile duct and the gallbladder, thereby 
suiting resection for biliary tract cancer (Fig.  58.3). 
Therefore, most HPDs include a hemihepatectomy or more 
extended hepatectomy. Occasionally, hepatectomy with pan-
creatoduodenectomy or hepatectomy with pancreatectomy 
has been used as a synonym for HPD [7, 8]. For instance, PD 
and simultaneous partial liver resection is performed for pan-
creatic endocrine tumor with hepatic metastasis [9–13] or for 
gallbladder cancer with peripancreatic node involvement [8, 
14, 15]. The authors emphasize that this procedure is not 
labeled as HPD (even if the right hepatectomy is combined) 
because the hilar bile duct remains in situ, which does not 
meet the above requirement of extirpation of the whole 
extrahepatic biliary system (Fig. 58.4). Again, genuine HPD 
attempts to remove the entire extrahepatic biliary system 
with the adjacent liver and the pancreatoduodenum, repre-
senting the most challenging procedure in the hepatobiliary 
field.

58.1.2  Surgical Techniques

HPD has several variations in terms of types of hepatectomy 
and pancreatoduodenectomy. Here, we describe right hemi-
hepatectomy with subtotal stomach-preserving PD as a com-
mon example of HPD. Laparotomy is performed by a right 
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subcostal incision with the midline upward extension. When 
peritoneal seeding, hepatic metastasis, or periaortic node 
metastasis (M1 disease) is confirmed by gross inspection or 
by frozen section histologic examination, HPD is absolutely 
contraindicated.

HPD is basically performed using the following steps. 
First, the common, proper, or left hepatic arteries, which feed 
the future liver remnant, are carefully dissected and pre-
served. The left hepatic artery is further dissected toward the 
liver entry. When these major arteries cannot be isolated, the 
tumor is considered far-advanced local disease beyond the 
scope of resection. Otherwise, the right hepatic artery and 
the gastroduodenal artery are ligated and divided. The stom-
ach is divided approximately 2 cm proximal from the pylo-
rus, and the superior mesenteric vein is exposed above and 
below the pancreatic neck.

Second, the jejunum is divided approximately 10–20 cm 
distal from the ligament of Treitz. For lymphadenectomy 
along the superior mesenteric artery, the mesentery of the 
jejunum was resected along the second jejunal artery keep-
ing in situ. The resection line is set upward along the left side 
of superior mesenteric artery; the root of the first jejunal 
artery and infrapancreatoduodenal artery is divided. The 
upper jejunum and the fourth part of the duodenum are 
passed posterior to the superior mesenteric vessels toward 
the right side of the operative field. The pancreatic nerve 
plexus intervening between the uncinate process and the 
superior mesenteric artery (i.e., the retroperitoneal soft tissue 
margin) is divided step-by-step along the right lateral border 
of the superior mesenteric artery. Tiny anonymous arteries 
are carefully divided. Then, the pancreas neck is sharply 
divided with a surgical knife, and a drainage tube is intro-
duced into the main pancreatic duct after hemostasis. The 
remaining retropancreatic tissue and the posterior 
 suprapancreatic duodenal vein are divided. The phase of 
pancreatoduodenectomy is completed.

Third, the lymph node clearance of the hepatoduodenal 
ligament is continued in the upward direction. The right por-
tal vein is divided with vascular clamps, and the stump is 
oversewn with a monofilament suture. The variable-sized 
portal branches of the caudate lobe are carefully divided, and 
the canal of Arantius is divided at its origin to the left portal 
elbow. As the vascular inflow of the right liver is completely 
controlled, the right hemiliver and caudate lobe are fully 
mobilized by dividing the right and short hepatic veins. Liver 
transection is initiated along the ischemic demarcation (the 
main portal fissure) using Pringle’s maneuver, advancing 
along the middle hepatic vein that leaves on the transection 
surface. When the liver transection is completed, the left 
hepatic duct is circumferentially exposed. After the clamp is 
placed on the distal side to minimize bile spillage, the intra-

IVC
Stump of RPV→

Pancreas

Left liver

Fig. 58.1 Intraoperative photo of hepatopancreatoduodenectomy. 
Right hemihepatectomy, caudate lobectomy, and pancreatoduodenec-
tomy were performed for diffusely infiltrating cholangiocarcinoma. 
Regional lymphadenectomies in the hepatoduodenal ligament (scissors 
indicate) and around the superior mesenteric artery (arrow) were com-
pleted. The proximal bile duct was transected at the right side of the left 
portal vein (arrow head). IVC, inferior vena cava; RPV, right portal vein

Right liver

Caudate lobe

Gallbladder

Jejunum

Pancreatic head

Duodenum

Fig. 58.2 Typical resected specimen after hepatopancreatoduodenec-
tomy. The right liver, caudate lobe, extrahepatic biliary tree, duodeno-
pancreas were removed en bloc
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hepatic bile duct is divided with scissors. The stump of the 
intrahepatic duct is located at the right side of the left portal 
elbow.

Finally, the pancreatic remnant, intrahepatic bile duct, 
and stomach are reconstructed with a Roux-en Y jejunal 
limb in the order listed (modified Child method). We usually 
perform duct-to-mucosa anastomosis followed by a sero-
muscular envelope (Blumgart method) for end-to-side pan-
creatojejunostomy, and a single-layer interrupted end-to- side 
hepaticojejunostomy. Our perioperative management has 
been previously described [16].

58.1.3  Pioneers of HPD

In 1976, Kasumi et al. [17] reported a surgical strategy for 
advanced gallbladder cancer in a Japanese article, in which 
one of the 11 patients received a right hepatectomy, PD, and 
bile duct resection. Although the detailed information of this 
patient was not given, this procedure was the first successful 
HPD in Japan. In 1980, Takasaki et al. [18] reported 5 case 
series of HPD for locally advanced gallbladder cancer in 
detail. These patients had bulky tumors measuring 3 to 10 cm 
in diameter; direct involvement of the pancreatic head or the 
duodenum, and extensive nodal metastasis. For curative 
intent, all patients underwent HPD including extended right 
hepatectomy, and one patient received combined portal vein 
resection and reconstruction. Unfortunately, 3 of the 5 
patients died within 30 days after surgery, signifying a mor-
tality rate up to 60%; the remaining 2 patients were alive 
without disease 5 and 16  months after surgery. Takasaki’s 
report clearly showed a technical feasibility of HPD; how-

Right liver

Caudate lobe

Gallbladder

Pancreatic
head

Duodenum

Ampulla of Vater →
←Proximalductstump

Right hepatic duct
↓

←Bile duct
of the caudate lobe

Fig. 58.3 Resected specimen 
after hepatopancreatoduode-
nectomy. The bile duct was 
opened longitudinally. 
Although the tumor was 
located mainly at the level of 
the pancreatic entry (arrow 
head), indicating distal 
cholangiocarcinoma, the 
photo visualized a laterally- 
spreading cholangiocarci-
noma (bracket)

Left liver

Caudate

lobe ↑
Bile duct stump

Pancreas

Stomach

IVC

Fig. 58.4 Completion photo of pancreatoduodenectomy combined 
with hepatectomy. Pancreatoduodenectomy was performed for gall-
bladder cancer with extensive nodal involvement, followed by right 
hepatectomy for hepatocellular carcinoma. The common bile duct was 
divided and the hilar bile duct remained in situ. This procedure is not 
categorized as hepatopancreatoduodenectomy. IVC inferior vena cava
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ever, the optimal indication, safety assessment, and survival 
benefit of HPD remained equivocal at that time. Thus, HPD 
was initiated against far-advanced gallbladder cancer in 
Japan approximately 40  years ago, and patients, if unre-
sected, just had to receive best supportive care, ending in a 
very short survival time of 4 months. Considering these dif-
ficult backgrounds, HPD would be unsatisfactory but at least 
better than untreated option. At present, the following over 
30 years’ history of HPD [19–21] says that such patients fail 
to get a survival benefit from HPD.

58.1.4  Outcomes After HPD

Although not many, some specific centers have continued to 
perform HPD in selected patients. Because portal vein embo-
lization has been widely used in the preoperative manage-
ment, the incidence of liver failure has decreased gradually 
in patients undergoing HPD [22]. Accordingly, nearly zero 
mortality is often reported in high-volume centers [13, 23, 
24]. Nonetheless, a few authors have reported a high mortal-
ity, 13% to 21% [25–27], indicating a high-risk nature of 
HPD.

A favorable survival rate was observed in cholangiocar-
cinoma. Kaneoka et al. [25] and Miwa et al. [28] demon-
strated 5-year survival rates of 52% (n  =  9) and 64% 
(n = 10), respectively. In addition, Ebata et al. [16] reported 
85 patients with cholangiocarcinoma who underwent HPD 
between 1992 and 2011; the reported overall survival rate 
was 37% at 5 years. Together, these results show that HPD 
provides a survival benefit in selected patients with 
cholangiocarcinoma.

As for gallbladder cancer, most studies [25–29] consis-
tently showed a poor survival. Mizuno et  al. [19] recently 
observed a median survival time of only 10  months after 
HPD in 38 gallbladder cancer patients, which equals to a sur-
vival time in patients with unresectable disease who received 
the first-line chemotherapy [30]. This finding clearly sug-
gests a decreased oncologic value of up-front HPD in gall-
bladder cancer. However, they identified that patients with 
cystic duct cancer may be a potential beneficiary [19]. This 
disease is now categorized in gallbladder tumor, but behaves 
similar to cholangiocarcinoma due to its anatomical approxi-
mation to the common bile duct.

58.1.5  Practical Management During Surgery

HPD is indicated as a treatment for the following modes of 
spread in cholangiocarcinoma that otherwise can be com-
pletely removed: (1) a diffusely infiltrating tumor of the 
whole extrahepatic bile duct; (2) a perihilar tumor exhibiting 
downward superficial spreading [4, 31], or inversely; (3) a 

distal tumor exhibiting upward superficial spreading; (4) a 
middle tumor infiltrating both the right hepatic artery and the 
pancreatic head at the advancing margin; (5) a perihilar 
tumor with bulky nodal metastasis of the pancreatoduodenal 
region; and finally, (6) multiple bile duct tumors. Recently, 
Toyoda et al. [32] investigated cholangiographic findings in 
100 patients who underwent HPD, and found that patients 
with localized type (the above 2 and 3 types tumor) had a 
better survival than those with diffuse type: 59.0% vs 26.3% 
at 5 years.

During hepatobiliary resection, a frozen section histo-
logic examination often reveals cancer involvement at the 
distal ductal stump. Surgical management in this setting is 
controversial because the biologic aggressiveness of the 
remnant tumor depends on its histology (i.e., invasive versus 
non-invasive cancer). Margin involvement with invasive can-
cer significantly reduced rate of survival [4, 33, 34]; there-
fore, PD should be performed when the distal ductal margin 
is involved with invasive cancer, provided that the other sur-
gical margins are tumor-free [35]. In contrast, several practi-
cal options can be employed for the treatment of a positive 
distal ductal margin with non-invasive cancer because rem-
nant non-invasive foci show a slow progressive nature with a 
mild survival impact [36]. Therefore, it works as a significant 
prognostic indicator in the subset with T1-2N0 disease 
(early-stage disease); whereas, it does not in the subset with 
advanced disease or in the whole resected cohort [4, 33, 34]. 
Considering these findings, the additional resection of the 
intrapancreatic duct alone is first recommended [37]. When 
the margin is still positive after addition ductal resection, 
then PD should be considered unless the patient has other 
adverse prognostic factors representing nodal metastasis, 
pancreatic invasion, or vascular invasion [3, 5, 16, 38, 39].
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Hepato-biliary Injuries

Ender Dulundu

Abstract

Hepatobiliary surgery has become a safer as a result of 
considerable progress in equipment, technology, periop-
erative management, and surgical techniques. However, 
hepato-biliary surgical complications still remain as a 
serious problem.

Laparoscopic cholecystectomy is one of the most com-
monly performed abdominal surgical procedures through 
the world, and as a result hepato-biliary injuries are 
encountered after this procedure. Iatrogenic hepato- 
biliary injuries occur after various types of procedures 
such as surgical, interventional, and endoscopic interven-
tions, and may needs surgical managements to 
overcome.

These injuries may be identified during, subsequently 
after, or in the late after the procedure, and may result in 
substantial morbidity and mortality. Hepato-biliary inju-
ries are categorized into vascular, parenchymal or biliary 
injuries such as arteriovenous fistulas, bleeding, haema-
toma, fluid collection-abscesses, biliary leak or stricture. 
These injuries can manifest themselves with some clinical 
findings and laboratory results.

Although numerous imaging modalities such as ultra-
sound, computed tomography, magnetic resonance imag-
ing, and digital subtraction angiography are critical for 
proper diagnosis and have facilitated management hepato- 
biliary injuries especially bile duct injury which is usually 
occur after simple cholecystectomy can be one of the 
most difficult challenges for the surgeons to overcome.

As new technologies became available (i.e. fluores-
cence guided surgery), physicians must follow the devel-
opments and adapt them to a daily practice to achieve 

more secure results. There are several pathological condi-
tions that predispose to hepatobiliary injury (etc.; sclero- 
atrofic gallbladder, Mirrizi’s syndrome, hepatic neoplasm, 
obesity), surgeon should be aware and take into account 
of all these conditions preoperatively.

Multidisciplinary treatment strategies and team work 
especially with interventional radiologists are crucial to 
the management of these complications.

Hepatobiliary system injuries are an important cause of mor-
bidity and mortality that can occur after surgery such as cho-
lecystectomy, liver resections, pancreatic surgery, 
gastrointestinal surgery, and non surgical procedures (i.e. 
ERCP, PTHC, or percutaneous biopsy) [1–3].

These injuries can be noticed during surgery, or they can 
manifest themselves in the early period following the sur-
gery, months or even years later. Frequently they result in 
additional surgeries, long recovery time, as well as an 
increase in hospital costs of up to 126% [4, 5].

Hepatobiliary injuries should be evaluated by a multidis-
ciplinary team including hepatobiliary surgeon, gastroenter-
ologist, and preferably an experienced interventional 
radiologist [6].

59.1  Etiology

Cholecystectomy is one of the most common causes of iatro-
genic biliary injuries. Incidence of bile duct injury (BDI) is 
widely reported at 0.4% to 0.6% in laparoscopic cholecys-
tectomy, and 0.2–0.3% with open surgery [2, 5, 7–9].

Traumatic injury to the biliary tree and gallbladder is a 
rare occurrence typically seen in the setting of blunt trauma, 
and injury to the biliary tree is seen in only 0.1% of trauma 
cases [10]. Especially in hilar tumors following radiofre-
quency ablation bile duct injuries can be seen in 0.1% to 
12% [11].
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59.2  Risk Factors for Biliary Injury

There are a number of risk factors that make cholecystec-
tomy more challenging. These factors can be patient related, 
disease related, or extrinsic.

Cognitive factors play an important role in bile duct injury 
(BDI). An analysis examining biliary injuries during laparo-
scopic cholecystectomy found that 97% of injuries were 
caused by visual-perceptual illusion or inadequate visualiza-
tion [12].

Disease-related risk factors include severity of inflamma-
tion, hemorrhage, and presence of abscess. Acute cholecysti-
tis, impacted large gallstones, Mirizzi syndrome, or fistulas 
to neighboring organs can all complicate standard surgical 
plans, making dissection plans questionable, difficult and 
sometimes impossible [13–17].

Patient-related factors include male sex, prior operations, 
obesity, skeletal deformity, advanced age, and variation in 
the biliary tract anatomy [13, 18–20].

In spite of many surgeons accept the Luschka ducts as a 
small bile duct which directly connected with the gallbladder 
(hepaticocholecystic ducts), according to recent literature it 
would be more correct to describe those structures that are 
thought to cause bile leakage from the gallbladder bed after 
cholecystectomy as subvesicular bile ducts which is a differ-
ent entities form hepaticocholecystic ducts [21–23].

Examples of extrinsic factors increasing the risk include 
equipment failure, operating room distractions, and fitness or 
training level of operative personnel [24]. Inadvertent ther-
mal injury to the common bile duct may not cause immediate 
injury but can result in delayed structuring [13].

59.3  Strategies to Avoid Biliary Injury

Despite their efficacy, routine preoperative MRCP, and 
contrast- enhanced multislice computed tomography cholan-
giography are expensive tools and should be reserved for 
select cases [25, 26].

Injury prevention theories have suggested that strategies 
to prevent injuries would be most effective at the time of 
anatomical identification and orientation, and prior to 
dissection.

The Critical View of Safety (CVS) has been shown to be 
a good way of getting secure anatomical identification; once 
the calot triangle and the cystic plate have been exposed, it 
should be confirmed that no structures other than the cystic 
artery and cystic duct enter the gallbladder [27, 28]. If the 
infundibular structures of the gallbladder cannot be dissected 
safely operation can be stopped and patient can be referred to 
a hepatobiliary specialist, another options cholecystostomy 
tube can be inserted and operation postponed, or subtotal 
cholecystectomy can be performed [29, 30].

If the biliary tree has been transected retrograde catheter 
can be placed using for controlling the bile leak and allowing 
access for cholangiography to facilitate placement of percu-
taneous transhepatic biliary catheters in the postoperative 
period [31]. In addition, a closed-suction drain should be 
placed in the gallbladder bed and patient can be referred to a 
hepatobiliary specialist.

59.3.1  Classification Systems

A number of classification systems have been proposed to 
describe biliary injuries. The first reported was the Bismuth 
system (Table 59.1) [32]. This system categorizes strictures 
based on anatomical level of injury, but not more complex 
injuries often seen with laparoscopic cholecystectomies.

Strasberg proposed expansion of the Bismuth classifica-
tion system (Table  59.2) [27]. This system can accurately 
describe the location of leak, full or partial transection, and 
complete occlusions. It has the advantage of guiding opera-
tive repair based on level of injury but does not account for 
concomitant vascular injury.

In Stewart-Way classification system patients divided into 
4 classes according to the mechanism and anatomy of the 
injury [12].

Table 59.1 Bismuth classification system

Type Criteria
I Transection >2 cm from the confluence of the hepatic ducts
II Transection <2 cm from the confluence of the hepatic ducts
III Transection involving the confluence of the hepatic ducts with 

continued right and left ductal communication
IV Transection resulting in the destruction of the hepatic 

confluence
(disruption of the confluence ceiling)

V Aberrant right hepatic duct stricture ± Common hepatic duct 
stricture

Table 59.2 Strasberg classification system

Type Criteria
A Leakage from cystic duct or minor duct in gallbladder fossa
B Occlusion of abberant hepatic duct
C Transection of aberrant hepatic duct (without concomitant 

occlusion)
D Injury to the common hepatic duct or common bile duct 

(CBD) lateral wall without transection
E1 Transection >2 cm from the confluence of the hepatic ducts
E2 Transection <2 cm from the confluence of the hepatic ducts
E3 Transection involving the confluence of the hepatic ducts with 

continued right and left ductal communication
E4 Transection resulting in the destruction of the hepatic 

confluence (disruption of the confluence ceiling)
E5 Aberrant right hepatic duct injury ± Common hepatic duct 

injury
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The Hanover classification is extremely descriptive con-
sidering that defining the level of vascular damage and bili-
ary injury but due to its complexity can be hard to use in a 
clinical setting [33].

59.4  Diagnosis

59.4.1  Clinical Presentation

Only one-third of injuries from the ductus cysticus or small 
bile ducts in the liver bed are noticed during surgery [34]. On 
the other hand, partial or complete transections of CBD can 
be noticed in 70–80% of cases during surgery [14, 19, 35].

Peritonitis, abdominal pain, tenderness and fever are the 
most common complaints due to bile leakage in most of the 
patients. In addition, cholangitis, hyperbilirubinemia, high 
alkaline phosphatase and transient liver enzyme elevations 
are encountered in 30–50% of patients due to CBD obstruc-
tion. Liver enzyme elevations are more pronounced in the 
presence of accompanying vascular injury [34, 36, 37].

59.4.2  Imaging

Recently studies has shown no difference in CBD injury rate 
with surgeons who routinely used intraoperative 
 cholangiography (IOC) compared with those who only 
selectively used it [38, 39].

If the anatomy is not clear (i.e. severe inflammation or 
different biliary anatomy), or there is a suspicion of biliary 
injury surgeon should not hesitate to use of IOC [15, 30].

Bile ductal blue staining or water injection test, intraop-
erative choledochoscopy can be used to determine the details 
of BDI [40].

Intraoperative ultrasonography is used in some centers 
for evaluation of choledocholithiasis with assuming to less 
expense, lower failure rate, no exposure to ionizing radia-
tion for the patient and staff and reducing the bile duct 
injury [41].

One of the more contemporary techniques being investi-
gated to reduce bile duct injury during cholecystectomy is 
near infrared cholangiography, but current evidence com-
paring near infrared cholangiography for identification of 
biliary anatomy during cholecystectomy to IOC is insuffi-
cient [30].

59.4.3  Evaluation of Bile Duct Injury

The rate of intraoperative diagnosis of BDI ranges between 
15% and 80%, and manifest in a delayed fashion as a leak-
age or obstruction [42–44]. In the postoperative period, if 

there is an extensive peritonitis and hemodynamic instabil-
ity, urgent surgical exploration may be required. For patient 
with stable condition initial imaging modality can be the 
doppler ultrasonography which can be helpful to detect 
obstructive findings of the bile duct, abdominal fluid collec-
tion, and concomitant vascular injury of the hepatic arterial 
circulation [15, 19, 45]. Contrast enhanced computed 
tomography (CT) is useful imaging modality to confirm 
ultrasonographic findings if any, and can show biloma, asci-
tes, abscess, vascular injuries [15, 19, 33]. When bile duct 
injury is considered with abdominal ultrasonography and 
computed tomography, diagnosis can be confirmed with 
MRCP and HIDA scan [46, 47].

Although ERCP is useful tool in diagnosis, it is an inva-
sive, and should be preferred to use its therapeutic advan-
tages [19, 36, 46].

Placement of a percutaneous transhepatic biliary drainage 
catheter in a patient with signs of cholangitis and obstructive 
jaundice is of great importance in terms of both therapeutic 
drainage and delineation of biliary tract anatomy [37].

59.4.4  Management of Bile Duct Injuries

The success rate of bile duct injury repair in hepatobiliary 
surgeon’s hands versus the primary surgeon is significantly 
higher (79% vs27%) [42]. And, many authors agree that 
intraoperative recognition of BDI with immediate repair by 
specialized HPB surgeons offers the best results [44, 48].

All injuries must first be adequately characterized by the 
location, the degree of injury, and presence of concomitant 
vascular injury. The experience of the operating team, the 
stability of the patient, the severity of acute inflammation, as 
well as the extent of vasculobiliary injury all play an impor-
tant part in determining the success of a repair [36, 49].

If a patient is unstable, septic, or has peritonitis then the 
repair should be delayed. Recent systematic review and 
meta-analysis has shown that; repair delayed for 4–6 weeks 
is associated with substantially decreased rates of repair fail-
ure, stricture, and postoperative complication [50, 51]. 
Strasberg et al. generally waited for 3 months from the time 
of injury before performing repair [52].

The blood supply to the bile ducts is derived from the 
right hepatic artery and rarely from the left at the level of the 
confluence. These superior branches will travel at the  3-and 
9- o’clock positions inferiorly where they form an anastomo-
sis with a blood supply derived from the gastroduodenal 
artery. Concomitant vascular injury occurs in 12% to 61% of 
biliary injury cases and will involve the right hepatic artery 
or its branches 90% of the time [53, 54].

Although the benefit of repairing the injured hepatic 
artery is controversial, some authors argue that with this 
repair, potential hepatic parenchymal ischemia, necrosis and 
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atrophy can be avoided, and risk of ischemic stricture of 
reconstructed bile duct can be reduced [55].

If the right hepatic artery injury does not extend to the 
liver hilum, a significant liver ischemia is rare, due to exist-
ing shunts in the hilum and preserved portal vein flow [53].

On the other hand, it is the primary blood supply to the 
common hepatic bile duct and its transection may contribute 
to delayed bile duct stricturing secondary to bile duct 
ischemia.

Minor injury such a small leak from the cystic duct stump 
or from a segmental or accessory duct less than 3 mm can be 
ligated. Small lateral injuries (Strasberg type D) can be 
repaired over a T-tube or after inserting a thin cystic tube into 
the cystic duct instead of the T tube. Small lateral injuries 
can also be managed endoscopically or with a percutaneous 
transhepatic biliary drainage (PTBD). If the injured segment 
of the bile duct is short (<1 cm), an end-to-end anastomosis 
can be performed over a T-tube. However end-to-end repair 
is not recommended as it is associated with a 50% failure 
rate and postoperative stricture [56].

More complex injuries such as Strasberg type E4 or type 
E5 injuries often require complex procedures, and attempted 
repair of complex injuries by an inexperienced surgeon 
should be avoided as it is associated with an 80% failure rate 
[30, 57].

Other than this, patients with severe concomitant vascu-
lar injury, or in the setting of severe inflammation, a 
delayed repair is often advisable. Nearly one third of 
patients undergoing early repair of Strasberg type E inju-
ries (Fig.  59.1) will develop an anastomotic stricture 
requiring intervention [58].

In patients who are planned to undergo surgery, it is very 
important to perform the Roux-en-Y anastomosis in a ten-
sion free fashion in the form of mucosa to-mucosa. Since the 
area with the richest blood supply is at biliary confluence, 

anastomosis should be attempted to be made proximally as 
possible.

Bilioenteric stenting following reconstruction is contro-
versial. In current practice, stents are preferred in cases 
where the duct is small, the tissues are inflamed or when 
there is a concern about the viability of anastomosis. Potential 
risks of stents include pressure necrosis, scar formation, or 
bleeding via arteriobiliary fistula [59]. If patient has PTBD 
this can be aid in visualization of the duct, allow more secure 
anastomosis and help to obtain a cholangiography postoper-
atively to evaluate the integrity of the anastomosis. For some 
Strasberg type E4 and E5 injury or main hepatic duct is 
injured within the parenchyma of the liver, it may be neces-
sary to perform a limited 4B/5 liver resection to gain enough 
length of bile duct and have adequate room for creating the 
bilioenteric anastomosis (Fig. 59.2).

If the injury is so high that an anastomosis to third order 
biliary radicles is required for repair, then an anatomical liver 
resection may be preferable because the stricture rate with 
these small anastomoses is very high. Resection may also be 
required in patients with severe concomitant vascular injury 
leading to parenchymal necrosis, delayed stricture, or recur-
rent abscesses in the injured liver [60]. In rare cases patients 
may need transplantation especially due to severe vasculo-
biliary injury, subsequent acute fulminant liver failure or sec-
ondary biliary cirrhosis [61].
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Surgical Treatment for Severe Liver 
Injuries
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Abstract

Traumatic injuries represent the third cause of death 
world-wide, with over five million deaths each year. 
Because of its anterior location in the abdomen and its 
fragility, the liver is one of the most frequently injured 
organs in abdominal trauma. The advancements in diag-
nosis and interventional therapy shifted the approach of 
liver injury towards a non-operative management (NOM). 
In high-grade liver injuries, surgical treatment remains 
the main option; surgical approach is mandatory in hemo-
dynamically unstable patients, while debatable in stable 
ones: some authors support the surgical approach, others 
advocate the NOM. As in any trauma, for optimal results, 
the emergency centers, emergency medical services trans-
port and the tertiary centers must effectively cooperate in 
order to maximize the therapeutic efficiency.

60.1  Background

Traumatic injuries represent the third cause of death world- 
wide, with over five million deaths each year [1]. Blunt abdomi-
nal trauma accounts for 13% of all emergencies and 80% of 
abdominal injuries [2], 75% being related to motor vehicle col-
lision or auto versus pedestrian accidents [3], while blows and 
falls are responsible for 15% and 6–9%, respectively [4]; occult 
trauma may occur with domestic violence and child abuse.

The liver and spleen are the most commonly injured solid 
organs [3, 4]. Other organs are often injured in patients with 
liver injury (LI). LI usually occur after blunt trauma of the 

upper abdomen and lower thorax, but also in penetrating 
trauma (the second most injured organ) [5, 6]. LI is more com-
mon in young men, with a male/female ratio of 3:1 [1]. In 
blunt LI, organs like spleen, pancreas, kidney, lung, heart, ribs, 
pelvic bones, vertebras and spinal cord are injured in approxi-
mately 80% of cases [7, 8]. Blunt LI is usually caused by 
motor vehicle collision [6], the right posterior section (seg-
ments 6 and 7) being the most common site of trauma [9]. In 
penetrating LI, structures like inferior vena cava, liver hilum 
(main bile duct, portal vein, hepatic artery), mesentery, colon, 
diaphragm, right lung, duodenum, right kidney and abdominal 
aorta may be injured. Also, association between various poten-
tial lesions are to be always considered.

The advancements in diagnosis and interventional ther-
apy shifted the approach of LI towards a non-operative man-
agement (NOM). Indeed, many studies reported better 
outcome after conservative management [10, 11]. 
Nevertheless, in high-grade LI, surgical treatment remains 
the main option; surgical approach is mandatory in hemody-
namically unstable patients, while debatable in stable ones: 
some authors support the surgical approach [12], others 
advocate the NOM [13]. As in any trauma, for optimal 
results, the emergency centers, emergency medical services 
transport and the tertiary centers must effectively cooperate 
in order to maximize the therapeutic efficiency.

60.2  Diagnostics

The evaluation of the trauma patient is based on historical data 
(trauma to the right and middle upper quadrant, right rib cage, 
or right flank), mechanism of injury, prehospital vital signs 
and its fluctuations, examination findings (pain in the right 
upper abdomen, right chest wall, or right shoulder due to dia-
phragmatic irritation, associated with abdominal tenderness 
and peritoneal signs), emergency lab tests (hematocrit, base 
deficit and lactate, and liver enzymes), imaging (ultrasound 
+/− CT scan), and underlying medical conditions [14]. A neg-
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ative history and exam do not reliably exclude LI. Moreover, 
the consciousness is often altered by associated neurologic 
injury and/or intoxication, or due to sedation and intubation, 
and therefore medical history, symptoms and sign are impos-
sible to be assessed in these cases [8].

High values of liver transaminase increase the likelihood of 
LI and may be an indicator of severity of the injury [15]. 
However, patients with comorbidities such as alcohol- induced 
liver disease or hepatitis may have elevated transaminase con-
centrations at baseline. A FAST ultrasound exam (Focused 
Assessment with Sonography for Trauma) is mandatory in all 
trauma patients. CT scan is the primary method for identifying 
all intra-abdominal injury [16], with high sensitivity and spec-
ificity (97–98% and 97–99%, respectively) [9]; in case of a 
negative CT scan, the rate of missed injury is extremely low 
(<0.06%) [9]. CT scan (multidetector helical computed 
tomography) is performed only in stabilized and cooperative 
(otherwise sedated) patients, (with particular care to potential 
spinal cord injuries), guiding the trauma management. 
Magnetic resonance imaging (MRI) may be useful in a subset 
of hemodynamically stable patients who cannot undergo CT 
scan (allergy to radiological contrast) or necessitate MRI chol-
angiography for extrahepatic biliary injury.

The American Association for the Surgery of Trauma 
(AAST) classification system is the most widely accepted 
injury grading scale based on CT scan (Table 60.1) [6, 17]. 
To correlate between AAST grade and patient’s physiologic 
status, the World Society of Emergency Surgery (WSES) 

seems to be more useful, reflecting both the hemodynamic 
status and the anatomic grade of the LI [7, 18] (Table 60.2). 
Most LIs are of low-grade according to AAST classification, 
as 67% of LIs are AAST low grade I–III LI [6], when the 
success of NOM is most likely to occur. Higher grade LI 
(IV–V) may be managed by NOM or surgery, depending on 
the dynamics of the clinical status. Grade VI LI are always 
severely hemodynamically unstable (hemorrhagic shock) 
and therefore surgery is mandatory in this situation; how-
ever, due to the cataclysmic event, the patient often does not 
arrive in time for surgery [8]. However, there is no correla-
tion between AAST grade and patient physiologic status, so 
AAST classification should be supplemented by hemody-
namic status and associated injuries. Therefore, the LI grad-
ing system proposed by the World Society of Emergency 
Surgery (WSES) seems to be more useful, reflecting both the 
hemodynamic status and the anatomic grade of the LI [7, 
18]. In our experience, World Society of Emergency Surgery 
(WSES) classification had more upfront relevancy, the 
hemodynamical instability being the main criteria for choos-
ing surgery over NOM, LIs grade being of secondary 
importance.

Improved availability, rapidity and sensitivity of diagnos-
tic imaging, most notably CT scan, alongside with the devel-
opment of critical care monitoring, determined a shift from 
surgery to NOM for most hemodynamically stable patients 
with LI, leading to a significant decrease of both morbidity 
and mortality [19–21].

Table 60.1 The American Association for the Surgery of Trauma (AAST) classification system for liver injury (LI)

Grade Type of Injury Description of injury
I Hematoma Subcapsular hematoma <10% of the liver surface area;

Laceration <1 cm in depth
II Hematoma Subcapsular hematoma 10-50% of the liver surface area; intraparenchymal hematoma <10 cm in diameter;

Laceration 1–3 cm in depth and ≤ 10 cm in length.
III Hematoma >50% surface area of ruptured subcapsular/parenchymal hematoma; intraparenchymal hematoma >10 cm/

expanding
Laceration >3 cm in depth and >10 cm in length; liver vascular injury; active bleeding contained within the parenchyma.

IV Laceration Parenchymal disruption involving 25–75% of a hemiliver/1–3 Couinaud segments; active liver bleeding into 
the peritoneum.

V Laceration Parenchymal disruption involving >75% of a hemiliver/>3 Couinaud segments.
Vascular Juxtahepatic venous injury involving the retro hepatic vena cava/central major hepatic veins.

VI Vascular Hepatic avulsion

aAdvance one grade for multiple injuries up to grade III

Table 60.2 World Society of Emergency Surgery (WSES) classification and guidelines for blunt/penetrating (stab/gun) liver injury

Severity of LI WSES grade AAST grade Hemodynamic CT-scan Treatment
Minor I I–II Stable Yes/No NOM
Moderate II III Stable Yes + local exploration in penetrating LI NOM
Severe III IV–V Stable Yes + local exploration in penetrating LI NOM

IV I–VI Unstable No Surgery

LI liver injury, NOM nonoperative management, AAST The American Association for the Surgery of Trauma
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60.3  Treatment

Liver trauma had always represented a difficult challenge. 
Since the first documented liver resection performed in the 
XVII century by Hildanus for liver trauma, the significant 
developments in the last two decades in diagnosis, patient 
monitoring and interventional therapies, and the optimal 
results of non-operative approach in spleen trauma favor the 

non-operative management of liver trauma [22]. The current 
nonoperative and operative decisional algorithm in the man-
agement of liver trauma is depicted in Fig. 60.1.

Independently of the grade of LI, the management is 
determined by the hemodynamical status: surgery is manda-
tory in emergency in unstable patients, while non-operative 
approach, although still controversial in high-grade LI, may 
be used in stable cases. Even though surgery in high-grade 
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Fig. 60.1 Current nonoperative and operative management of liver trauma
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injuries may result in high mortality as well [23, 24], there 
are no randomized studies to compare surgery versus NOM 
in stable patients [25].

Initial management of LI is aimed at rapid stabilization 
and identification of life-threatening injuries, as described in 
Advanced Trauma Life Support (ATLS) protocols. Primary 
assessment is carried out according to the ABCDE pattern: 
Airway, Breathing, Circulation, Disability (neurologic inju-
ries), and Exposure.

Hemodynamic instability, not the grading of the injury, 
represents the main indication for operative approach 
(Fig. 60.2). Unstable patients are managed as follows:

• in case of positive FAST ultrasound exam—the patient 
goes directly to the operating room for emergency lapa-
rotomy. When available, resuscitative endovascular bal-
loon occlusion of the aorta may provide hemodynamic 
support until definitive treatment with angioembolization 
or laparotomy.

• in case of unclear FAST exam, diagnostic peritoneal 
lavage with aspiration of 10 mL of gross blood indicates a 
significant bleeding, warranting the emergent 
laparotomy.

• subsequent hemodynamically instability after failed 
NOM warrants emergent surgery.

• if no evidence of intra-abdominal injury (negative FAST 
exam, and abdominal CT), other sites of bleeding or other 
non-hemorrhagic causes of shock are to be considered.

In hemodynamically stable patient, the following scenarios 
are to be considered:

• regular vital signs and lab tests (low risk)—clinical obser-
vation of <12 hours is usually enough to rule out occult 
intra-abdominal injury [5, 26, 27].

• regular vital signs but modified lab tests (hematocrit <30 
percent, AST/ALT >130 units/L, microscopic hematuria 
>25 red blood cells per high power field) and/or high-risk 
examination findings (e.g. peritoneal signs, abdominal 
distension, seat belt sign)—CT scan is recommended, 
with the following scenario:
 – no LI at CT—clinical observation of <12  hours is 

recommended;
 – LI at CT, without active bleeding—NOM is 

recommended.
 – LI at CT with active bleeding—either NOM or imme-

diate surgery is recommended, depending on hemody-
namically stability:

NOM is recommended in blunt or stab (but not gun-
shot) penetrating LI in hemodynamically stable 
patients, in I–V AAST grade injuries, in absence of 
other intra-abdominal injuries. Even though extra- 
abdominal lesions requiring surgery could be pres-

ent (except severe head trauma), NOM of LI is still 
recommended.
emergent abdominal surgery must be offered to:
• hemodynamically unstable patient with a posi-

tive FAST ultrasound exam, independently of 
the AAST grade injury (I–VI).

• hemodynamically stable patients with associ-
ated intra-abdominal injuries leading to peritoni-
tis (e.g. signs of peritoneal irritation, evidence of 
pneumoperitoneum) and/or diaphragmatic rup-
ture, persistent and severe digestive bleeding.

• failure of NOM—patient becoming unstable 
despite aggressive conservative treatment, 
including blood transfusion +/− liver arterial 
embolization.

• persistent systemic inflammatory response 
(SIRS—ileus, fever, tachycardia, oliguria).

• unexplained signs of bleeding in an unstable 
patient with strongly suspected intra-abdominal 
trauma.

Fortunately, LI is usually minor and successfully treated 
by clinical observation, supportive treatment, and sometime 
arterial embolization [19] (NOM). Surgery is needed in 
<15% of cases, generally for unstable patients or in case of 
failed NOM [6].

60.3.1  Nonoperative Management

NOM is the treatment of choice for blunt and stab penetrat-
ing LI in hemodynamically stable patients, independently of 
injury grade. Failure of NOM leads to immediate surgical 
treatment. NOM comprises clinical observation, supportive 
care and, in selected cases, of liver arterial embolization 
[28], requiring optimal patient selection, availability of 
resources (intensive care unit beds, blood bank support, 
immediate operating room availability, and experienced 
interventional angiographers and surgeons).

NOM is deployed in over 80% of blunt LI with a success 
rate of over 90% [19, 21, 29, 30] (Fig. 60.3). NOM seems to 
be associated with improved overall survival in comparison 
with surgical treatment, while reducing the overall costs 
[31]. The improvements in intensive care management and 
use of interventional radiology appear to significantly con-
tribute to the high successful rate of NOM [32].

NOM is contraindicated in case of [33]:

• hemodynamically unstable patient despite initial 
resuscitation.

• hemodynamically stable patients with:
 – other indication for abdominal surgery (e.g., 

peritonitis);
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 – gunshot injury—relative contraindication because of 
high probability of NOM failure (up to 30% of cases) 
[34] and undetected associated intra-abdominal injuries;

 – concomitant severe head injuries;
 – absence of facilities and personnel for intensive care 

monitoring and treatment, for arterial embolization, 
and for urgent abdominal exploration in case of NOM 
failure.

Disadvantages of NOM are [35]:

• increased risk for biliary complications (biloma and/or 
persistent bile leak), occurring in up to 21% of cases, 
manifested as abdominal pain and/or a persistent SIRS 
(fever, tachycardia, and leukocytosis) [36];

• increased risk of missed intra-abdominal injury, particu-
larly hollow organ injury;

Fig. 60.3 Hemodynamically stable patient with AAST IV grade liver injury, with successful nonoperative management

Fig. 60.2 Case presentation of an AAST IV grade liver injury (LI). 
34-year old male with polytrauma by car accident, hemodynamically 
unstable; at CT-scan—rupture of segments 4, 5, and 8—parenchymal 
disruption involving 3 Couinaud’s segments; previous surgery in other 
hospital (hepatorrhaphy and perihepatic packing); at admittance in our 

center: stable, ileus, fever, tachycardia, oliguria, high transaminase lev-
els, leukocytosis (22.000 el/mm3); relaparotomy after 36 hours (ultra-
sound guided nonanatomic liver resection of segments 4, 5 and 8), with 
no major complications (minor biliary fistula treated conservatively)

60 Surgical Treatment for Severe Liver Injuries
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• transfusion-related conditions: transfusion-associated cir-
culatory overload (TACO), transfusion-related acute lung 
injury (TRALI), hypothermia, coagulopathy, immuno-
logic and allergic reactions, and transfusion-related 
immune modulation (TRIM);

• risks associated with embolization techniques: ischemic 
complications (liver necrosis and abscess, biloma and bile 
leaks), arterial access site complications (hematoma or 
bleeding), inadvertent embolization of other organs (e.g., 
bowel, pancreas), contrast-induced nephropathy.

Failure of NOM, defined as the necessity for surgery, is 
associated with increased mortality [37, 38] and is usually 
due to [39, 40]:

• continuous or recurrent bleeding demonstrated by:
 – CT scan;
 – necessity of ongoing aggressive fluid resuscitation or 

transfusion of >3 units of blood (related to the LI)—
independent risk factor for surgical intervention [38];

 – hemodynamic instability.
• associated intra-abdominal injuries [41].

60.3.2  Interventional Treatment

Angioembolization has become the gold standard for treat-
ing bleeding in LI in hemodynamically stable patients. 
Furthermore, interventional radiology has a paramount role 
in the management of posttraumatic complications, such as 
pseudoaneurysm, intrahepatic arterio-venous fistula, hae-
mobilia (angioembolization), symptomatic biloma and 
abscesses (percutaneous guided drainage) [42]. 
Angioembolization can also be used adjunctively in case of 
ongoing liver bleeding or rebleeding after surgery [43] in 
12–28% of operated patients [30]. The success rate of 
angioembolization in LI may be up to 93% [35], depending 
on the expertise and facilities. It appears to be most effec-
tive in hemodynamically stable patients with active bleed-
ing at CT.  When the source of bleeding is not seen at 
angiography, empiric embolization guided by the previous 
CT may be performed to reduce the risk of bleeding [44]. 
Therefore, up to 5% of NOM patients required emboliza-
tion [30].

60.3.3  Surgery

Approximately 14% of patients with LI require surgical 
treatment [6]. In our experience, this rate was much higher 
(84.4%) because we addressed only high-grade LIs, IV and 
V grades LIs representing 82%, and most of our patients 
were transferred after prior surgery (67%). A base deficit less 

than −6 was associated with intra-abdominal hemorrhage 
and the need for laparotomy and blood transfusion [45].

The operative approach has also developed over the last 
two decades. Direct suture/ligation of the intra-parenchymal 
bleeding vessel, perihepatic packing, repair of venous injury 
under total vascular isolation, in association with preopera-
tive and/or postoperative angioembolization are the methods 
initially preferred, while LR remain the main option in case 
of inefficiency of the above-mentioned methods [46, 47].

Surgical management of LIs is challenging even for expe-
rienced surgeons due to liver size, quality of parenchyma 
(such as steatosis, hepatitis), dual blood supply (portal, 
hepatic arterial), complex biliary drainage system, intricate 
and difficult-to-access venous drainage, and frequent ana-
tomic variants of all these structures [48]. The operation is 
even more difficult due to impaired visibility due to presence 
of bulky clots and large quantity of blood into the perito-
neum. Moreover, because the operation is carried out on a 
hemodynamically unstable patient, the surgical maneuvers 
must be swift in order to obtain rapid hemostasis, consisting 
in temporary bleeding control, to allow effective intensive 
resuscitation of the patient [48]. This is followed by defini-
tive hemostasis using a variety of techniques, that can be 
deployed immediately in hemodynamically stable patients, 
or in a delayed manner, following intensive care resuscita-
tion, in case of unstable patients [48].

The surgical approach is open. A large incision that offers 
best access is mandatory; in case of LI involving the right 
posterior section in patients with previous midline incision, a 
right transversal incision may be deployed, transforming the 
access in to a J-shaped incision. Good exposure by quickly 
and completely mobilizing the liver is usually useful. In 
absence of liver mobilization, the LI may not be accessible 
for treatment, it could be treated incompletely, or it may 
enlarge due to excessive traction used to expose the lesion.

Superficial liver lacerations may respond to conservative 
techniques such as manual compression with or without 
associated Pringle maneuver, electrosurgical techniques 
(mono- and bipolar cautery, argon beam coagulation, 
energy- device coagulation), topical hemostatic agents, and 
even perihepatic packing in case of failure of the other 
maneuvers (removed intraoperatively or during a second 
operation). Deep lacerations and voluminous parenchymal 
avulsions typically requires direct ligation of bleeding ves-
sels, direct liver suturing, liver resection (resectional 
debridement or anatomic liver resection), selective hepatic 
artery ligation (right or left), with or without perihepatic 
packing; absorbable mesh-wrapping is also an option [49]. 
When bleeding originates from within a deep and narrow 
laceration of the liver (such as a penetrating wound), a bal-
loon tamponade could control the bleeding. Whenever pos-
sible (in absence of sepsis or cancer), an autotransfusion 
procedure is recommended.
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The use of perihepatic packing as maneuver for tempo-
rary bleeding control reduces the extent of subsequent surgi-
cal procedures. The more complex the LI, the better the 
chance for cure if the definitive treatment (LR) is performed 
during a second operation performed by an expert team in a 
tertiary center, after stabilizing the patient [48]. The timing 
of relaparotomy for removal of the perihepatic packs is con-
troversial [50]. Removal after <24  hours has high risk of 
rebleeding, while >48  hours has a higher risk of sepsis. 
Therefore, the interval of 24–48 hours is generally excepted. 
If bleeding occurs after removing the packs, repacking 
should be considered, followed by relaparotomy after 
another 24–48 hours.

Nowadays, LR is considered to have minimal role in the 
management of hepatic injury because of the high morbidity 
and mortality in many reports. Nevertheless, it is known that 
high-volume centers and high-volume surgeons correlate 
with improved outcomes after LR [51, 52]. Indeed, in spe-
cialized liver surgery/transplant centers, the morbidity and 
the mortality after LR for severe LI are as low as 17–30%, 
and 2–9%, respectively [53, 54]. LR is reserved for severe 
injuries, the main policy being preservation of as much as 
possible of liver parenchyma. When LR is required, paren-
chymal transection is usually performed by clamp crushing 
method (Kelly-clasia), as it is usually faster. In order to 
reduce bleeding, vascular control consisting in Pringle 
maneuver and total vascular exclusion is recommended used.

Juxtahepatic injuries of vena cava and/or main hepatic 
veins (grade V) were very challenging to control due to the 
severe bleeding and the difficult surgical access to these 
veins, and total vascular exclusion is often used. In juxtahe-
patic injuries, packing sometime is effective in controlling 
such bleeding and should therefore be attempted first [55]; 
when ineffective, diversion of blood from the site of injury is 
mandatory (total vascular exclusion, venovenous bypass, or 
atriocaval shunting) [48]. Associated lesions of important 
juxtahepatic vessels (vena cava, main hepatic vein, portal 
vein, hepatic artery and main common bile duct) may involve 
various techniques for vascular and biliary reconstruction 
[48]. Coexistent injuries of other abdominal organs are to be 
explored and treated during surgery.

Liver transplantation is used when LI lead to acute liver 
failure due to extensive parenchymal necrosis, being the sal-
vage option for a severe LI [56], including hepatic avulsion 
(grade V injury), resulting in acute liver failure. Good out-
come in selected cases have been reported [57]. Compared 
with non-trauma recipients, post-trauma recipients experi-
ence a significantly higher retransplantation rate, but with 
similar long-term survival [58].

Persistent bile leak is recommended to be treated, as 
first line therapy, by endoscopic retrograde cholangio- 

pancreatography with stent placement [59], or percutaneous 
transhepatic biliary drainage as an alternative. Failure of 
these interventional methods usually necessitates surgery 
with removal of the liver parenchyma feeding the bile leak or 
with biliary reconstruction. In case of significant choleperi-
toneum and failed interventional drainage, laparoscopy with 
abdominal irrigation and drainage is recommended. 
Similarly, in case of persistent large hemoperitoneum even in 
absence of active bleeding, surgical approach is recom-
mended. Abscesses are usually successfully managed with 
antibiotics and percutaneous drainage techniques, but sur-
gery may be needed if interventional techniques fail to pro-
vide adequate drainage [60]. In case of liver necrosis 
(following embolization or hepatorrhaphy) the treatment 
consists in surgical debridement for limited necrosis, upfront 
liver resection (rather than repeated debridement) in case of 
large necrosis [35, 61], and even LT in case of acute liver 
failure due to extensive necrosis.

60.3.4  Morbidity and Mortality

The morbidity is dependent on the AAST grade of LI [60], 
very low for grade I and II, 5% for grade III, and >50% for 
grade V [62]. Mortality increases in AAST high-grade LIs, 
and have decreased over time due to NOM and emergent 
perihepatic packing [63], especially in grade IV and V LIs 
[31, 62, 64]. Many of the high-grade LIs can be successfully 
managed by NOM with overall low mortality rates ranging 
from 0–8%. In our experience, the mortality after NOM was 
higher (16.6%), but the 1 case that died during NOM was not 
due to LI. Mortality rate is much higher (30–68%) for high- 
grade LI requiring surgery, regardless if it is deployed imme-
diately or after failed NOM [30]; moreover, mortality 
increases significantly to up to 77% in case of injury of vena 
cava and liver hilum [65].

In conclusion, the management of liver injury must be 
based on both anatomy of injury and its physiopathological 
effects. The main approach is nonoperative, including 
angioembolization in selected cases, while surgery is 
reserved mainly for unstable patients. Continuous proactive 
monitoring off all trauma injuries is mandatory in order to 
be able to detect and treat immediately any complication 
related to the liver or other concomitant injured organs. 
Liver resections, vascular and biliary reconstructions are to 
be carried out in highly specialized tertiary centers, such as 
our center, minimizing the morbidity and mortality rates 
and having the liver transplantation as a salvage treatment. 
For optimal results, the emergency centers, emergency med-
ical services transport and the tertiary centers must effec-
tively cooperate.
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Abstract

Since it was first performed by Thomas Starlz in 1963, 
liver transplantation (LT) has become a well-established 
and overall accepted treatment with excellent long term 
outcomes for patients with end stage liver diseases and 
hepatocellular carcinoma. In the last years, there was a 
change in the main indications for LT, with increasing 
proportion of patients transplanted for alcoholic liver dis-
ease, NAFLD-related cirrhosis and hepatocellular carci-
noma and a significant decrease in HCV- or HBV-related 
chronic liver failure. An overview of the indications and 
contraindications for LT is presented in this chapter. The 
selection of candidates, timing and organ allocation via a 
strict selection process that involves a multidisciplinary 
approach and complies with both urgency (individual 
needs) and utility (survival benefit), contribute to the opti-
mal post-LT outcomes.

61.1  Historical Overview

Liver transplantation (LT) has made remarkable progress 
since his naissance on 1st March 1963. Thomas Starzl was 
the one that performed the first LT in the world and then 
contributed substantially to its actual success by continually 
developing procedures and principles governing LT to date. 
He was also the first one to report the use of tacrolimus in 
1990 in LT recipients who suffered a rejection under cyclo-
sporine/azathioprine/corticosteroids treatment. Nowadays, 
more than 55 years from the first LT, over 450,000 LTs have 
been performed in the world so far. Liver transplant patients’ 
survival within the first year is over 80–90% due to improve-

ment in surgical/technical problems, rejection treatment, 
infection risk control, intensive care management, as well as 
a better selection and preservation of the donors [1, 2]. 
However, this success has created difficulties. Ongoing chal-
lenges of LT include those concerning donor organ short-
ages, recipients with more advanced disease at transplant, 
growing need for retransplantation, toxicities and adverse 
effects associated with long-term immunosuppression, obe-
sity and non-alcoholic steatohepatitis epidemics [3]. 
Although there was an immense expansion of the number of 
institutions performing this procedure, there is still need of 
better access for patients to transplantation centers, pro-
gresses in organization and improvements in transplantation 
system, filter in indications and prioritization and a better use 
of donations [4].

61.2  Referral for Liver Transplantation

The principle criteria for selection of candidates for LT are 
(1) risk of dying due to progression of liver diseases, (2) 
impact on quality of life, (3) benefit of survival and (4) some 
criteria applicable for special indications considered MELD 
exceptions.

For majority of patients (>90%) with decompensated 
liver cirrhosis and liver failure, selection for LT depends 
upon the risk of dying due to progression of liver disease 
compared to the mortality due to LT and associated immuno-
suppression. The severity of CLF is generally determined by 
the degree of synthetic failure (jaundice, coagulopathy, 
hypoalbuminemia) and portal hypertension. It is usually 
measured by two scoring systems, the Child-Turcotte-Pugh 
(CTP) and the model for end-stage liver disease (MELD) 
calculations. Admission of the patients with liver cirrhosis 
on the waiting list for LT is realized in accordance to the 
minimal selection criteria. These include patients with a CTP 
score ≥ 7 and/or a MELD score ≥ 10 or when an index com-
plication of cirrhosis such as ascites or variceal hemorrhage 
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occurs [5–7]. Patients with a MELD score ≥  15 are most 
likely to benefit from LT. The MELD score does disadvan-
tage a subset of patients who have severely decompensated 
liver disease but minimally abnormal laboratory results, 
those being listed as MELD exceptions. Recently, serum 
sodium has been incorporated into the MELD score 
(MELD-Na), hyponatremia being considered an indepen-
dent predictor of mortality in patients with decompensated 
cirrhosis, and low serum sodium levels may be a surrogate 
marker of advanced portal hypertension [8].

LT has two major objectives: (1) increase considerably 
the survival and (2) restauration of the quality of life, social 
and professional functions as well as reproductive capacity 
for patients with advanced chronic liver diseases or fulmi-
nant liver failure.

61.2.1  Indications for LT

The indications for LT have slightly changed over the years. 
Overall, LT is indicated for acute liver failure, chronic liver 
failure leading to cirrhosis, hepatocellular carcinoma inher-
ited metabolic liver diseases. It is also indicated for hepato-
cellular carcinoma (HCC) and other hepatic cancers, 
including hepatoblastoma, epithelioid haemangioendotheli-
oma, and hilar cholangiocarcinoma (CCA). The main cur-
rent indications for LT are listed in Table 61.1 [9–13].

61.2.1.1  Acute Liver Failure (ALF)
ALF is an uncommon (approximately 2000 cases/year), but 
a life-threatening critical illness, an important indication for 
LT. Although a significant proportion of patients with ALF 
may spontaneously recover (45%), its clinical course can be 
unpredictable (30% death) and early transfer to a LT center 
is recommended, regardless of the etiology. Patients with 
ALF have the highest priority for organ allocation if they 
meet specific criteria (United Network for Organ Sharing 
[UNOS] status 1A): rapidly progressively (<8  weeks usu-
ally) of altered mentation/encephalopathy, coagulopathy 
(INR > 2) and jaundice in patients with no prior history of 
chronic liver disease or cirrhosis [11, 14]. Wilson’s disease is 
the single one to be considered ALF for listing purposes even 
with known history or cirrhosis. Most common etiology of 
ALF remains acetaminophen-induced hepatotoxicity 
(around 45%), followed by non-A-to-E hepatitis, other drug 
induced liver injuries (including recreational drugs or 
cocaine), viral hepatitis, mushroom intoxication, acute Budd 
Chiari syndrome or Wilson diasease, pregnancy related 
ALF.  In 10–15% of cases, the cause of ALF remains 
unknown, despite intensive investigation; these cases often 
follow a subacute presentation, and rates of survival are poor 
without LT [15]. To note, autoimmune hepatitis may account 
for up to 30% of indeterminant cases, because 25–39% are 

ANA negative and with normal IgG. ALF due to Wilson dis-
ease is nearly always fatal without LT.

Table 61.2 shows clinical features in paracetamol and 
non-paracetamol ALF that correlate with poor outcome and 
mandate referral [16]. None of the parameters, such as intra-

Table 61.1 Indications for adult liver transplantation (LT)

Acute liver failure

Hepatitis A/B/E
Intoxication (e.g., acetaminophen, halotan, 
Amanita phalloides)
Wilson’s disease
Budd–Chiari syndrome

Chronic liver failure: 
Noncholestatic 
cirrhosis

Hepatitis B/C
Autoimmune hepatitis
Alcohol-induced cirrhosis

Chronic liver failure:
Cholestatic cirrhosis

Primary biliary cirrhosis (PBC)
Primary sclerosing cholangitis (PSC)
Secondary biliary cirrhosis

Chronic liver failure:
Metabolic

Wilson’s disease
Hemochromatosis
a-1 Antitrypsin deficiency
Familial amyloidosis
Cystic fibrosis
Tyrosinemia

Chronic liver failure:
Vascular

Budd–Chiari syndrome

Other indications Primary oxalosis
Gycogen storage diseases
Familial hyperlipidemia
Polycystic liver disease

Malignant disease Hepatocellular carcinoma (HCC)
– T2 lesions (at least 2 cm in diameter)
– Within Milan criteria (Eurotransplant)
• Single tumor with a diameter ≤ 5 cm, or 
two or three tumors ≤3 cm each.
• Absence of extrahepatic involvement, 
including the absence of portal vein 
invasion.
– UNOS region 4 criteria (Texas and 
Oklahoma)
• Single tumor with a diameter ≤ 6 cm, or 
no more than three tumors, none >5 cm, and 
a total diameter < 9 cm.
• Absence of extrahepatic involvement, 
including the absence of portal vein 
invasion.
– UCSF criteria (Australia and New 
Zealand)
• One HCC ≤ 6.5 cm.
• Up to three HCC ≤ 4.5 cm each.
• Total HCC sum ≤8 cm.
• No extra-hepatic disease.
• No vascular invasion.
–Outside Milan criteria according to each 
Transplant Center outside US that accepts 
this indication
Fibrolamellar carcinoma
Hepatoblastoma
Epitheloid hemangioendothelioma
Cholangiocellular adenocarcinoma
Neuroendocrine liver metastases

Benign liver tumors Adenomatosis
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cranial pressure, age, grade of hepatic encephalopathy, 
APACHE score, has a discriminative value for exclusion of 
patients with ALF from LT.  However, increased require-
ments for inotrope support, uncontrolled sepsis, and severe 
respiratory insufficiency are considered contraindications for 
LT [17]. The best survival after LT for ALF is encountered in 
Wilson disease and the lowest in idiosyncratic drug 
reactions.

61.2.1.2  Chronic Liver Failure
In the last years were noted important changes in the main 
indications for LT in liver cirrhosis. Alcohol-related liver dis-
ease (ALD), and chronic hepatitis B (CHB) and C (CHC) 
were the most common causes of cirrhosis and HCC [18] 
until recently, and this profile was also reflected in patients in 
need of an LT. Since the introduction of interferon-free anti-
viral regimens in 2013–2014, with excellent rates of cure, 
there was a sudden decline in the burden of CHC as a cause 
of chronic liver disease (CLD), cause of liver death and 
LT.  With a worldwide non-alcoholic steatohepatitis 
(NASH) prevalence of 25%, this indication will took the first 
place as indication of LT in all countries. A recent study by 
Younoussi et al. [19] showed that NASH is the second most 
common non-HCC indication for LT in 2019 after ALD. In 
patients with CLD accompanied by HCC, the trends in sub-
populations largely mirror those of the entire HCC sample 
where CHC remains the most common CLD aetiology 
despite a notable decline in the last 5  years. However, in 
Hispanic patients, NASH is now the most common indica-
tion for transplantation in the presence of HCC (32%) sur-
passing both CHC and ALD (26–28%), and in female 
patients it is close to that of CHC (33% vs. 37%). The same 
is also true for Europe where the percentage of LTs due to 
HCV-related liver disease decreased from 22.8% in the inter-
feron/ribavirin era to 17.4% in the direct antiviral agents era, 
while those performed for NASH increased significantly 
(p < 0.0001). This decline was more evident in patients with 
HCV decompensated cirrhosis (−58.0%) than in those with 
HCC associated with HCV (−41.2%) [20]. Despite higher 

risk due to associated comorbidities, the outcome for NASH 
is likely comparable with other disease indication with HCC 
or without HCC (84% for NASH vs 86% for non-NASH; 
98% for HCC-NASH vs 96% for HCC-non-NASH 1  year 
survival rate). Post-LT recipients with NASH have a high 
risk for metabolic diseases including diabetes, hypertension, 
hyperlipidemia, and also recurrent NAFLD/NASH (approxi-
mately 30%). Although post-LT NAFLD/NASH shows slow 
progression, and only a small population develop cirrhosis 
again, NASH related LT recipients have been reported as a 
higher risk for quick deterioration for fibrosis and close man-
agement may be required [21]. Compared to other etiologies, 
post-transplant cardiovascular events are higher in LT recipi-
ents with NASH cirrhosis, especially in the immediate post-
operative period [22]. Therefore, several societies recommend 
comprehensive cardiovascular risk assessment (both struc-
tural and functional) and testing during the LT evaluation 
process. NASH patients experienced higher mortality due to 
cardiovascular disease (OR  =  1.65; p  =  0.05) and sepsis 
(OR  =  1.71; p  =  0.006), while graft failure was lower 
(OR = 0.21; p = 0.03) compared to non-NASH LT recipients 
[23]. The LT evaluation process should include a multidisci-
plinary team approach; including cardiology, cardiac anaes-
thesiology, nephrology; endocrinology and nutrition in 
addition to hepatology and transplant surgery, to appropri-
ately risk stratify and optimize NASH patients to improve 
post-transplant outcomes [24].

In the last years, there is no appreciable clinical advance 
in the management of the hepatitis B virus in the LT field. 
In contrast, the management of patients with hepatitis C 
virus (HCV) infection has been dramatically changing after 
the emergence of direct-acting antivirals, as already stated. 
Due to the high efficacy in obtaining sustained virologic 
response, very good safety profile and improvement of liver 
function, even for patients with decompensated cirrhosis, a 
major decline was observed in the number of LT performed 
both in patients with HCV related decompensated cirrhosis 
and in those with HCV related HCC in the United States [25] 
and Europe [20]. In addition, the survival of LT recipients 
with HCV-related liver disease has clearly improved because 
of treatment for HCV recurrence, which used to be a com-
mon problem in clinical practice.

The improvement of liver function does not always reach 
the point of delisting and/or amelioration of complications 
from portal hypertension such as encephalopathy or refrac-
tory ascites. The patient with improved MELD score 
decreases the probability of receiving an LT under the MELD 
allocation systems (the so-called “MELD limbo or purga-
tory”), despite continuing to experience poor quality of life 
and severe complications of cirrhosis [26].

The debate about the optimal timing for treating HCV 
patients in LT waiting list is ongoing. Current recommenda-
tions by the International Liver Transplantation Society for 

Table 61.2 Indications for LT referral for a patient with ALF

Paracetamol induced ALF
Non-paracetamol induced 
ALF

    • Arterial pH <7.30 or 
HCO3 < 18 mmol/l.
    • INR >3.0 on day two or >4.0 
thereafter.
    • Oliguria and/or AKI.
    • Altered level of consciousness.
    • Hypoglycaemia.
    • Elevated arterial lactate 
(>4 mmol/L) unresponsive to fluid 
resuscitation.

• pH <7.30 or 
HCO3 < 18 mmol/l,
• INR >1.8.
• Oliguria/renal failure or Na 
<130 mmol/L.
• Encephalopathy, 
hypoglycaemia or metabolic 
acidosis.
• Bilirubin >300 μmol/L 
(17.6 mg/dL).

AKI acute kidney injury, ALF acute liver failure, CLF chronic liver fail-
ure, INR international normalised ratio, LT liver transplantation
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management of HCV in LT candidates are summarized in 
Table 61.3 [27].

The persistent shortage of donor grafts along with robust 
data supporting the efficacy and safety of direct antivirals for 
treatment of recurrent HCV infection following LT has 
resulted in consideration of use of HCV-infected grafts for 
individuals with HCV infection listed for LT, but also from 
viral positive donors to negative recipients [28].

Alcohol-related liver disease (ALD) is also becoming a 
leading indication for LT in both United States and Europe. 
In 2016, ALD became the leading indication for LT waitlist 
additions in the United States by surpassing HCV [29]. Most 
organ allocation policies set some period (6–18 months) of 
abstinence to discriminate whether liver function could 
improve to avoid LT. However, this period certainly reflects 
ethical and social ideas based on the deeply ingrained view 
of alcohol-use disorder as simply self-inflicted behaviour. 
This period is often an unrealistic barrier because the prog-
nosis of patients with acute onset alcoholic hepatitis shows 
75–90% mortality within 2 months when they are not respon-
sive for medical therapy except LT [28]. Lee et  al. [30] 
showed the selective use of LT can be a lifesaving option for 
refractory alcoholic hepatitis, and the 3-year survival rate 
(84%) and frequency of alcohol use after LT (17%) appear to 
be acceptable without any abstinence period. Same authors 
also showed the early LT for selected severe alcoholic hepa-
titis increases survival periods of patients (a four-fold sur-
vival benefit over delayed LT) [31]. This is a result consistent 
with the landmark French study by Mathurin et al. [32]. The 
survival benefit was present across all UNOS regions and 
persisted irrespective of any estimated risk of sustained alco-
hol use post-LT [31]. However, life expectancy was signifi-
cantly decreased (a 67% lower life expectancy) for early LT 
recipients who return to sustained alcohol use after trans-
plant compared to recipients with post-LT abstinence.

The utility of the 6-month rule as a predictor of long-term 
sobriety is controversial. ALD patients with less than 

6 months abstinence are more likely to drink after transplan-
tation, but most data on drinking after LT come from studies 
that used the 6 month rule. Thus, the 6 month rule admits 
patients who will relapse after LT and excludes patients that 
will not drink after LT. This rule is not required by UNOS, 
nor advocated in the 2019 AASLD guidance [33], but it is 
mandatory in Eurotransplant [34]. Assessment by an addic-
tion specialist that combines sobriety with assessment of 
other indicators of relapse risk is advisable. Main risk factors 
for relapse of alcohol use disorder are: lack of insight into 
addiction, social isolation (lack of employment, living alone, 
no spouse or companion), history of many failed rehabilita-
tion attempts, psychiatric comorbid conditions. However, 
patients with decompensated alcohol-associated cirrhosis, 
Child-Pugh class C or MELD-Na ≥21 should be referred and 
considered for LT.

61.2.2  Cholestatic and Autoimmune Liver 
Diseases

The proportion of PBC decreased from 20% of LT in 1986 to 
4% in 2015, as per the European Liver Transplantation 
Registry [35]. Current guidelines suggest using recent vali-
dated predictive models, such as the Toronto criteria or the 
GLOBE-PBC score to decide which patients may be consid-
ered at higher risk of liver-related complications. Prior to 
2016, the only treatment was ursodeoxycholic acid (UDCA), 
but presently a second-line therapy has been approved called 
obeticholic acid (OCA). OCA is a potent farnesoid X recep-
tor (FXR) agonist that has been shown in animal models to 
be anticholeretic, antifibrotic, and anti-inflammatory. OCA 
is not without adverse effects, such as pruritus, and its use in 
decompensated cirrhosis requires dose adjustment and close 
follow-up; however, in appropriately selected patients OCA 
is a safe and effective adjunct or alternative to UDCA that 
can prolong transplant-free survival [36]. However, LT 
remains the only radical treatment for PBC.  Although the 
prognosis of PBC after LT is relatively good, the recurrence 
rates of PBC were in a range from 9% to 35% after LT [37].

Primary sclerosing cholangitis (PSC) is a rare disorder 
characterised by multi-focal bile duct strictures and progres-
sive liver disease. There is currently no medical therapy 
proven to delay the development of liver cirrhosis in patients 
with PSC. There has been extensive debate as to the efficacy 
of UDCA, leading to inconsistent prescription practices 
worldwide from low dose 13–15  mg/kg/day to high dose 
28–30 mg/kg/day UDCA [38, 39].

The indications for LT in PSC are similar to other liver 
diseases with the majority listed and transplanted with a 
qualifying MELD (or similar) score in a patient with cirrho-
sis. Overall <5% of transplants in the US are done on the 
basis of PSC, while about 15% of those in Scandinavia are 

Table 61.3 International Liver Transplantation Society recommenda-
tions for management of hepatitis C in LT candidates

Patient population Recommendation
Decompensated cirrhosis with MELD<20, 
without refractory portal hypertension or other 
conditions requiring more immediate LT

Treat HCV 
pre-LT

Decompensated cirrhosis with MELD ≥ 30 or 
LT expected within 3 months

Treat HCV 
post-LT

Compensated cirrhosis and HCC Treat HCV 
pre-LT

Decompensated cirrhosis and HCC not expected 
to undergo LT within 3–6 months

Treat HCV 
pre-LT

Decompensated cirrhosis and HCC expected to 
undergo LT within 3–6 months

Treat HCV 
post-LT

HCC hepatocellular carcinoma, HCV hepatitis C virus, LT liver trans-
plantation, MELD model for end-stage liver disease
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undertaken for PSC, reflecting differences in practice and 
prevalence [40]. However, 5 year survival rates are ~85%, 
with disease recurrence of 20–25% in 5 to 10 years after LT.

Clinical indications for LT in patients with autoimmune 
hepatitis (AIH) are identical to those of patients with other 
chronic liver diseases that end in acute or semiacute liver 
failure, decompensated cirrhosis, or hepatocellular carci-
noma. AIH accounts for ~6% of all LT in North America. 
Recurrent disease after LT has been reported in 10–50% of 
patients with AIH, with increasing frequency with time 
since LT; also the frequency of detection is influenced in 
part by the use of protocol or clinically indicated liver 
biopsy. Outcomes of patients with AIH are rather good with 
5 and 10 year survival rates of 86% and 73%, respectively 
[41].

61.2.3  MELD Exceptions

The MELD exception system is in place to allow increased 
priority for those at higher risk for morbidity and mortality 
than that predicted by their MELD score.

Standardized MELD exceptions are those conditions for 
which there are sufficient data to warrant allocating auto-
matic exception points to patients meeting formalized excep-
tion criteria (i.e., hepatocellular carcinoma).

Hepatocellular carcinoma (HCC) has become a leading 
indication for LT in the United States over the past 2 decades, 
accounting for approximately 25% of all LTs performed 
annually.

LT was a controversial treatment option for hepatocellular 
carcinoma (HCC) in the early years until Mazzaferro et al. 
described 75% 4-year survival in a cohort of patients with 
HCC limited to a single tumour lesion <5 cm or up to three 
tumour lesions, none greater than 3 cm [42]. These criteria, 
now known as the Milan criteria, have become the HCC list-
ing criteria for LT. Since 1996, many studies were published 
aiming to expand the Milan criteria without impairing patient 
survival or recurrence-free survival. The most recent studies 
published lately, aiming to define predictors or new criteria 
for LT in patients with HCC are shown in Table 61.4.

In USA, expansion of the acceptable tumour burden is 
currently only permitted by UNOS in region 4 (Texas and 
Oklahoma). Treatment of one or more tumours with loco- 
regional therapies may result in “down-staging” to within- 
acceptable tumour burden and permit LT [51]. In Europe, 
according to the ELTR study [53] vascular invasion is an 
important prognostic factor for patients transplanted for 
HCC. Patients without vascular invasion, regardless of size 
and number of nodules, had a survival comparable to that 
of patients within Milan and Up-to-seven criteria [43]. In 
addition, patients outside these criteria still had a fair prog-
nosis in the absence of microvascular invasion. In near 

future, validation of better biomarkers of tumor biology 
through either direct sampling or non-invasive means (i.e. 
circulating tumor cells, cell-free DNA, DNA methylation 
patterns, etc.) may better guide transplant priority decision 
making.

Table 61.4 Prediction of HCC recurrence after liver transplantation

Author Information
Mazzaferro 
[43]

For patients with HCC to have a 70% chance of 
HCC-specific survival 5 years after LT, their level of 
AFP should be <200 ng/mL and the sum of number and 
size of tumors should not exceed 7; if the level of AFP 
was 200–400 ng/mL, should be ≤5; if their level of 
AFP was 400–1000 ng/mL, should be ≤4. In the 
validation set, the model identified patients who 
survived 5 years after LT with 0.721 accuracy

Mehta [44] RETREAT score predicts post LT HCC recurrence. 
Post-LT survival at 3 years; 91% for a score 0, 80% for 
a score of 3, and 58% for a score ≥ 5 (P < 0.001). 
Post-LT HCC recurrence probability within 3 years 
increased from 1.6% with RETREAT score of 0 to 29% 
for a score ≥ 5 (P < 0.001)

Mano [45] A low Lymphocyte-to-Monocyte Ratio (LMR) was 
associated with poor prognosis and represented an 
independent prognostic factor, particularly among 
patients beyond Milan criteria. The ratio of CD3- 
positive to CD68-positive cells was significantly lower 
in the low-LMR group

Kornberg 
[46]

ALBI grade calculated using pre-LT serum albumin 
and bilirubin. Posttransplant HCC recurrence rates 
were 10.5%, 15.9%, and 68.2% in ALBI grade 1, 2, 
and 3, respectively.
Along with AFP and CRP, ALBI grades 1 or 2 was 
identified as an independent predictor of RFS. ALBI 
grade 3 proved to be the strongest indicator of 
microvascular invasion

Shimamura 
[47]

The 5–5-500 rule (nodule size ≤5 cm in diameter, 
nodule number ≤ 5, and AFP value ≤500 ng/mL): 
5-year recurrence rate of 7.3% and a 19% increase 
number in the eligible patients who are beyond Milan 
criteria

Firl [48] The Hazard Associated with Liver Transplantation for 
Hepatocellular Carcinoma (HALTHCC) model is a 
continuous score calculated as follows; 
(2.31*lin(AFP)) + (1.33*tumor burden 
score) + (0.25*MELD-Na) − (5.57*Asia). HALTHCC 
score predicted overall survival, recurrence rate, and 
vascular invasion, poorly differentiated components on 
explant pathology

Duvoux 
[49]

Tumor status is graded with the alfa-fetoprotein (AFP) 
model that includes tumor size, number of nodules, and 
AFP level. Only patients with HCC tumor-node 
metastasis (TNM) stage ≥2 (single nodule ≥2 cm in 
size or > 1 nodule) and AFP score ≤ 2 with or without 
downstaging are eligible for HCC score. Therefore, 
patients outside the Milan criteria may be eligible for 
transplantation provided the AFP score is ≤2

Meischl 
[50]

CRP >1 mg/dL was an independent risk factor for HCC 
recurrence with a 5-year recurrence rate of 27.4% vs 
16.4%. Overall survival was similar in patients with 
normal vs elevated CRP levels

(continued)
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61.2.4  Other Standardized MELD Exceptions

Besides HCC, there are several other conditions that are cat-
egorized as standardized MELD exceptions [11]: hepatopul-
monary syndrome (PaO2  <  60  mmHg on ambient air), 
cholangiocarcinoma (Stage I or II, transplant center must 
have a UNOS-approved protocol), familial amyloid polyneu-
ropathy (FAP), cystic fibrosis (Forced expiratory volume in 
1 s (FEV1) < 40%) or polycystic liver disease (PCLD), por-
topulmonary hypertension (PPH) (mean pulmonary arterial 
pressure < 35 mmHg with treatment), familial amyloid poly-
neuropathy, hepatic artery thrombosis (within 14  days of 
transplant, not meeting criteria for status 1a).

61.2.4.1  Non-Standardized MELD Exceptions
Non-standardized exceptions are those conditions which are 
clearly important by the transplant team, but for which the 
risk of mortality is not as clear-cut, and thus require review 
on a case-by-case basis. This category includes a broad range 

of conditions, such as hyponatremia, refractory ascites or 
variceal bleeding, hepatic encephalopathy, sarcopenia, recur-
rent cholangitis, intractable pruritus, along with many other 
less common conditions.

Exceptional MELD criteria and the awarded exceptional 
MELD scores for all Eurotransplant (ET) countries are listed 
in the ET liver allocation manual [54].

Patients who receive MELD exceptions are awarded an 
initial MELD score that ranges from an equivalent of a mor-
tality of 10% at 3  months (20 points) for PCLD or cystic 
fibrosis to an equivalent of a mortality of 25% at 3 months 
(25 points) for PPH. Most MELD exceptions (HCC, familial 
amyloid polyneuropathy, hepatopulmonary syndrome, 
hereditary haemorrhagic telangiectasia, hepatic hemangio-
endothelioma) initially receive an exceptional MELD score 
equivalent to a mortality of 15% at 3  months (22 points). 
Exceptional MELD scores for the above conditions increase 
by 2–3 points equivalent to an additional 10% of mortality 
every 3 months, as long as the defining condition persisted 
[55, 56].

61.2.5  Contraindications for LT

Contraindications to LT also evolved over time with different 
progress in surgical technique or management on the waiting 
list of complications. Relative contraindications are usually 
associated with suboptimal outcomes following LT and vary 
widely across different transplant centres. Absolute contrain-
dications imply that a successful outcome following LT is 
unlikely, thus it should not be performed (Table 61.5) [10, 
57].

61.3  Management of the Patients Included 
on the Waiting List

Patients meeting the minimal listing criteria undergo a com-
prehensive evaluation performed by a multidisciplinary team 
(hepatology/gastroenterology, cardiology, neurology, psy-
chology/psychiatry, transplant surgery, radiology, anesthesi-
ology) before being included on the waiting list. Patients 
already listed will be also periodically evaluated by multidis-
ciplinary teams at the transplant center. Routine interven-
tions recommended in this population are summarized in 
Table 61.6 [11, 57].

61.4  Allocation of Available Organs

The selection of candidates, timing and organ allocation via 
a strict selection process that involves a multidisciplinary 
approach and complies with both urgency (individual needs) 

Table 61.4 (continued)

Author Information
Heimbach 
[51]

Patients initially outside the Milan criteria (or region 4 
criteria if being listed in this region) are listed with 
their biological MELD score. Patients with 
AFP > 1000 ng/mL are not initially eligible for 
exception points, whereas those with AFP < 500 ng/mL 
after locoregional therapy do qualify for exception 
points. Locoregional therapy in all patients listed for 
LT for HCC is endorsed, as this intervention is 
associated with significant reductions of waitlist drop 
out

Halazun 
[52]

Independent predictors of worse recurrence-free 
survival (RFS) were: NLR ≥ 5 (P < 0.0001, HR: 6.2), 
AFP > 200 ng/mL (P < 0.0001, HR: 3.8), size >3 cm 
(P < 0.001, HR: 3.2). The Pre-MORAL score had a 
value between 0 points (no factors) to 13 points (all 3 
factors). The highest risk patients in the Pre-MORAL 
had a 5-year RFS of 17.9% compared with 98.6% for 
the low risk group (P < 0.0001). The post-MORAL was 
constructed using grade 4 HCC’s (P < 0.0001, HR: 
5.6), vascular invasion (P = 0.019, HR: 2.0), size >3 cm 
(P < 0.0001, HR: 3.2) and number > 3 (P = 0.048, HR: 
1.8). The pre- and post-MORAL were superior to 
Milan at predicting recurrence.

Table 61.5 Absolute contraindications to LT

    • Uncontrolled sepsis
    • Acquired immunodeficiency syndrome
    • Active alcohol or substance abuse
    • Advanced cardiac or pulmonary disease
    • Intrahepatic cholangiocarcinoma
    • Hepatic hemangiosarcoma
    • HCC with metastasis
    • Extrahepatic malignancy
    • Anatomic abnormalities that preclude LT
    • Lack of adequate social support
    • Persistent non-adherence to medical care
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and utility (survival benefit), contribute to the optimal post-
 LT outcomes.

Transplant-related survival benefit is calculated as the dif-
ference between life expectancy with transplantation and life 
expectancy without transplantation. Determining eligibility 
and prioritization for LT based on the highest survival benefit 
is a superior strategy to prioritization based on the highest 
urgency (i.e., the highest wait-list mortality) or the highest 
utility (i.e., the highest post-transplant survival) because pri-
oritization based on the highest survival benefit maximizes 
the overall life expectancy of all patients in need of LT [58].

As already known, the MELD score has been validated as 
a scoring tool to prioritize patients on LT waiting lists by 
predicting 3-month mortality risk with 83–87% accuracy. 
Wait-list mortality is directly proportional to the MELD 
score, where a MELD score of <9 is associated with a ~ mor-
tality of 2% and a MELD score ≥  40 is associated with a 
wait-list mortality of 71% [59]. It is imperative to establish, 
by a multidisciplinary team, a consensus of independently 

successful and futile predictors of transplant outcomes in 
patients with MELD scores ≥35, in order to optimize out-
comes in these high-risk patients and prevent futile LT. The 
complexity of organ allocation systems in individual coun-
tries can further complicate organ allocation [60].

Although predictive models such as the MELD score and 
Milan criteria provide useful guidance for the selection of 
appropriate LT candidates, an individualized and compre-
hensive assessment of each patient’s clinical, social, eco-
nomic, and behavioural situation is necessary to continue 
improving outcomes in LT.

Selecting the most appropriate donor organ for the most 
appropriate recipient in order to provide the best postopera-
tive survival is also challenging. However, this is probably 
the best way to provide the optimal post-LT outcome of the 
recipients.
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Indications for Liver Transplantation 
in Acute Liver Failure

Dana Tomescu and Mihai Popescu

Abstract

Acute liver failure (ALF) is a life-threatening condition 
characterised by abrupt onset of severe liver dysfunction 
and neurological impairment in patients without an under-
ling chronic liver disease. Since ALF—associated mortal-
ity remains high, such patients need urgent assessment 
and advanced treatment to assure either spontaneous 
remission of liver failure or bridging them to liver trans-
plantation (LT). To date, no universally accepted scoring 
systems exist to address the issue of LT in ALF and most 
experienced centres have developed their own criteria and 
indications for LT.  However, due to the complexity of 
patient assessment and management, such decisions 
should be made on a case-by-case basis and by an experi-
enced multidisciplinary team consisting of a transplant 
surgeon, anaesthesiologist and gastroenterologist in order 
to provide the best therapeutic option.

Recent studies have focused both on the general care 
of ALF patients and successfully bridging such patients to 
LT.  However, despite a considerable improvement in 
patient care, LT remains the main therapeutic option asso-
ciated with the highest survival rate in cases of severe 
ALF.  This chapter will focus on recent evidence for 
assessment and early management of such patients, indi-
cation for LT, as well as recent advances in intensive care 
management.

62.1  Current Definition of ALF

ALF is mostly defined by a rapid deterioration of the liver 
function demonstrated by an international normalized ratio 
(INR) ≥ 1.5 and the development of hepatic encephalopathy 
within 26 weeks of jaundice in a patient with no previous 
history of liver disease [1]. Although, it is generally accepted 
that ALF presents in patients that previously had a normal 
liver function, patients with Wilson’s disease, vertically- 
acquired hepatitis B virus (HBV), Budd-Chiari syndrome 
and autoimmune hepatitis may be included in this definition 
despite evidence of underlying cirrhosis due to acute presen-
tation and similar clinical course and outcome as the general 
ALF population [2, 3].

The current definition of ALF has some important limita-
tions that must be considered when the assessment of such a 
patient is performed. First, hepatic encephalopathy (HE) 
may be minimal in some patients despite a severely altered 
liver function. As most centres use West-Haven criteria 
(Table 62.1), a diagnostic of grade 1 HE may be overlooked, 
and the patient misdiagnosed as having no HE and hence no 
ALF. To avoid such situations, a thorough clinical examina-
tion should be performed in patients with acute liver dys-
function and expert help sought out. In some patients waiting 
for HE to occur may delay the initiation of an early treatment 
strategy that can decrease the chance for spontaneous recov-
ery [5]. Secondarily, INR was not developed to assess patho-
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Table 62.1 West-Haven criteria for hepatic encephalopathy [4]

Grade Clinical manifestation Neurologic examination
Grade 1 Mild lack of awareness

Shortened attention span
Impaired addition or subtraction
Mild asterixis or tremor

Grade 2 Lethargic
Disoriented
Inappropriate behaviour

Obvious asterixis
Slurred speech

Grade 3 Somnolent but arousable
Gross disorientation
Bizarre behaviour

Muscular rigidity and clonus
Hyperreflexia

Grade 4 Coma Decerebrate posturing
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physiology of coagulation, but to guide anticoagulant 
therapy. As a slight increase in INR may be seen in many 
other clinical situations and can physiologically be observed 
in children [6], borderline patients should be intensively 
monitored and considered as “pre-ALF” until ALF can be 
confirmed or excluded.

Based on the timespan between de development of jaun-
dice and HE, ALF has been classified as: hyperacute 
(<7  days), acute (7–21  days) and subacute (>21  days and 
<26 weeks). However, this classification is no longer recom-
mended as studies have failed to demonstrate a correlation 
between a more rapid onset of ALF and increased mortality. 
Patients with acetaminophen overdose, despite having a 
more severe presentation of the illness, have a higher rate of 
spontaneous recovery and rapidly evolve towards either clin-
ical improvement or death [7]. A delay of more than 7 days 
between jaundice and HE is associated with a poorer out-
come, especially in cases of indeterminate aetiology. A dif-
ferential diagnosis should be performed early in the course 
of the illness, as other diseases can present with liver dys-
function and specific treatment should be started early 
(Table 62.2).

62.2  Aetiology of ALF

There is a great variability regarding both epidemiology and 
aetiology of ALF between geographic areas. The reported 
incidence varies between 11.3 per million person years in 
Germany, 5.5 per million population in the United States and 
80.2 per million person-years in the Asian-Pacific region [8, 
9]. The most common cause of ALF is represented by drug 
induced liver injury in the western world. However, viral hep-
atitis still remains an issue in some countries due to the low 
immunisation of the population through vaccination [10].

Acetaminophen overdose remains the main cause of 
ALF in the western world [11]. The development of ALF 
after acetaminophen administration has generally been 

reported for doses above 150 mg/kg body weight, but case 
reports have noted ALF after usual prescribed doses of 3–4 g/
day [12]. Patients generally present after voluntary or acci-
dentally ingested a high dose of acetaminophen. Clinically, 
symptoms may be minimal during the first 24  hours and 
mainly consist of nausea and vomiting. During the symp-
tomatic phase, that usually lasts from 24–48 hours, general 
gastro-intestinal symptoms and fatigability are present. 
Clinical examination reveals right upper-quadrant pain and 
hepatomegaly and paraclinical tests demonstrate an increase 
in serum transaminases. Serum bilirubin and INR may be 
only slightly increased. ALF is generally seen between 
72–96  hours are is characterised by a severe increase in 
serum transaminases, metabolic acidosis, coagulopathy and 
increase in bilirubin levels. Neurologic dysfunction may fol-
low shortly. In severe cases, death usually occurs between 
the third and seventh day after ingestion. Spontaneous remis-
sion is noted in up to 70% of patients within two weeks [13].

Mushroom poisoning is frequently encountered in rural 
areas, especially during spring and autumn. After eating wild 
mushrooms the previous day, patients generally present with 
gastrointestinal symptoms: nausea, vomiting, diarrhoea and 
abdominal pain. Food poisoning is generally misdiagnosed if 
a careful patient history is not taken. After 24 hours, gastro- 
intestinal symptoms usually reside, and an apparent conva-
lescence phase follows for 24–48 hours. ALF is noted 48–72 
after mushroom ingestion and is characterised by a severe 
increase in serum transaminases and bilirubin levels, severe 
coagulopathy, HE, acute renal failure and metabolic acido-
sis. The main factors associated with poor survival are repre-
sented by a decrease in prothrombin index below or equal to 
25% of normal values at any time between day 3 and day 10 
associated with an increase in serum creatinine over 1.2 mg/
dL [14].

Drug-induced liver injury (DILI) has become one of the 
most frequently encountered causes of ALF worldwide. 
Clinically, ALF has a subacute presentation with a latency 
between 30 and 90 days. The most commonly reported drugs 
are represented by antibiotics, including anti-tuberculous 
medication, non-steroidal anti-inflammatory agents and 
herbal and dietary supplements. Due to the relative long 
timespan between time of drug administration and symp-
toms, the diagnostic is challenging and requires a thorough 
medical history. Clinically, patients present with a mild 
increase in serum transaminases, low-grade HE, moderate 
jaundice and increased INR. Spontaneous recovery is noted 
in approximately 25% of patients and liver transplantation is 
indicated more frequently than after acetaminophen over-
dose [15]. A poorer outcome is seen in women, older patients, 
Asian ethnicity, thrombocytopenia and history of chronic 
liver disease.

Since the introduction of world-wide hepatitis B immuni-
sation, the incidence of acute viral hepatitis has signifi-

Table 62.2 Differential diagnostic of Acute Liver Failure

Disease Criteria for diagnostics
Acute-on- 
Chronic Liver 
Failure

Presence of a known chronic liver disease or 
radiological criteria of liver cirrhosis. An exception 
is represented by Wilson’s disease, Budd-Chiari 
syndrome and autoimmune hepatitis.

Pre-eclampsia 
and eclampsia

Presence of a second or third trimester pregnancy 
associated with hypertension, proteinuria and 
grand-mal seizures

Sepsis Presence of an underling infection and associated 
organ dysfunctions

Shock Presence of an inadequate cardiac output or oxygen 
delivery to the tissues

Liver 
metastatic 
disease

Presence of liver metastases on abdominal imaging
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cantly decreased. Nowadays, hepatitis A and E account for 
the majority of cases globally, but high incidence of hepatitis 
B has been noted in Eastern Europe [16]. The clinical picture 
of hepatitis A (HAV) infection varies from asymptomatic 
patients to patients with a full picture of ALF. In most cases, 
patients present with anorexia, nausea, vomiting, low grade 
fever (38–39 °C), myalgia and light respiratory symptoms. 
Jaundice usually is seen between one to two weeks after the 
infection and is accompanied by upper right-quadrant 
abdominal pain. Extrahepatic involvement is rarely seen, and 
spontaneous recovery is noted in over 50% of patients. 
Hepatitis B virus (HBV) infection can present as either a de 
novo infection or a flair-up in patients chronically infected. 
Patients with de novo infection are usually asymptomatic but 
in rare cases they can progress to ALF characterised by 
gastro- intestinal symptoms, fatigability, low grade fever and 
jaundice. HE is frequently encounter and rapidly progresses 
to coma. Outside LT the prognosis is poor and transplant- 
free survival ranges from 25–53% [17]. Hepatitis E virus 
(HEV) has an incubation period of three to eight weeks, fol-
lowed by a short prodromal phase and jaundice is shortly 
seen afterwards. The incidence of HE is low and 
 transplant- free survival is one of the highest among all aeti-
ologies of ALF.

Wilson’s disease is an uncommon cause of ALF that 
mainly affects women between 5 and 35 years of age. Keiser- 
Fleischer rings represent one of the main diagnostic criteria 
and can be seen in over 90% of patients with neurological 
involvement and in almost half of patients without neuro-
logical involvement. Most frequently encountered neurolog-
ical signs are represented by ataxia, tremor and dystonia. 
Clinical signs also include jaundice, abdominal pain and 
signs of chronic liver disease. Despite its low incidence, 
Wilson’s disease accounts for more than 10% of liver trans-
plantations for ALF [18].

Autoimmune hepatitis presents as a chronic necro- 
inflammatory liver disease, affecting mainly women, that 
can progress to ALF. Clinical presentation is typically sub-
acute with non-specific symptoms including nausea, jaun-
dice, fatigability and abdominal pain. The diagnostic is based 
mainly on histopathological results accompanied by clinical 
and paraclinical criteria, including abnormal serum globulin 
levels and the presence of autoantibodies.

HELLP syndrome is a life-threatening complication of 
pregnancy characterised by haemolysis, an increase in serum 
transaminases and thrombocytopenia. HELLP syndrome is 
observed in 0.5–0.9 of all pregnancies, but a higher incidence 
has been reported in patients with pre-eclampsia (10–20%) 
[19]. The majority of women present between 27 and 
37  weeks of pregnancy with abdominal pain, nausea and 
vomiting. Haemolysis is generally secondary to microangio-
pathic haemolytic anaemia. Factors associated with a worst 
outcome are younger age, headache, bilirubin >2.0 mg/dL 

and low platelets (<50,000/mm3) [20]. Two scoring systems 
are currently used for the diagnostic and classification of 
HELLP syndrome (Table 62.3).

Budd-Chiari syndrome is determined by an obstruction 
of the hepatic venous outflow due to either acute or chronic 
thrombosis of the hepatic veins. Pathophysiological conse-
quences are represented by a decrease in hepatic blood flow 
and precapillary portal hypertension. In its chronic form, 
patients present with signs of decompensated chronic liver 
failure, ascites and porto-systemic collaterals. In acute pre-
sentations, due to the inability of the portal circulation to 
develop collaterals, patients present with ALF characterised 
by HE, jaundice and liver dysfunction. More than half the 
patients will require either transjugular intrahepatic porto- 
systemic shunt or LT [21].

62.3  Patient Assessment

After ALF is diagnosed, generally on the ward or in the 
emergency department, the patient needs to undergo a thor-
ough clinical examination and paraclinical tests need to be 
closely monitored in order to assess the severity of liver dys-
function and associated organ failure, to promptly commence 
appropriate treatment and to assess the patient as a candidate 
for emergency LT. In general, such patients are best managed 
on a high-dependency gastroenterology ward or, as in the 
case of severe ALF, in the intensive care unit (ICU). Treating 
these patients in an ICU has some advantages, although with 
increased patient costs. Intensive care management can pro-
vide adequate communication between key players of the 
multidisciplinary ALF team, offers 24/7 advanced monitor-
ing during standard therapy, sustains organ function and pro-
vide specialised care for either organ recovery or bridge to 
liver transplantation.

Initial evaluation should include a neurological examina-
tion to assess the degree of HE and patient history to diag-
nose aetiologies that require specific treatment, such as 

Table 62.3 Diagnostic criteria for HELLP syndrome

Severity Tennessee classification Mississippi classification
1 Platelet count <100,000/

mm3

AST > 70 U/L
LDH > 600 U/L

Platelet count <50,000/mm3

AST or ALT >70 U/L
LDH > 600 U/L

2 Platelet count: 50,000–100,000 
/mm3

AST or ALT >70 U/L
LDH > 600 U/L

3 Platelet count: 100,000–
150,000 /mm3

AST or ALT >70 U/L
LDH > 600 U/L

Legend: AST aspartate aminotransferase, ALT alanine aminotransfer-
ase, LDH lactate dehydrogenase
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acetaminophen overdose. Alcoholic liver disease and malig-
nant infiltration of the liver should be excluded as they repre-
sent general contraindications for emergency LT. Also, the 
presence of underling liver cirrhosis should also be actively 
sought out as acute-on-chronic liver failure represents the 
most common differential diagnostic of ALF.

Abdominal ultrasound examination is the initial imaging 
modality of choice in patients with ALF as is can assess liver 
anatomy and structure, identify liver cirrhosis and complica-
tions of liver disease, diagnose Budd-Chiari syndrome and is 
easily performed at the bedside. Computed tomography (CT) 
imaging, and especially contrast enhanced CT, can also be 
used if initial ultrasound examination is inconclusive, if there 
is a high suspicion of hepatic malignancy or to quantify the 
extent of hepatic vein thrombosis in Budd-Chiari syndrome. 
Other advanced imagining techniques, like magnetic reso-
nance imagining, may be required to assess liver anatomy if 
the patient is a candidate for living-donor LT.

Patients with a low cardiac output or in shock can present 
as ALF due to ischemic hepatitis and neurologic impairment 
secondary to decreased cerebral perfusion. A transthoracic 
echocardiography can demonstrate an impaired left ventricle 
function with decreased stroke volume and left ventricular 
failure. Transthoracic echocardiography should be routinely 
performed in patients with severe ALF as part of the differ-
ential diagnosis but also to assess fluid status and cardiovas-
cular suitability for LT.  As patients with Budd-Chiari 
syndrome can have a subacute course of the illness, inferior 
vena cava thrombosis must also be evaluated as it can extend 
in the right atrium with significant implications for vascular 
anastomoses in case of LT (Fig. 62.1).

In patients with severe HE, ultrasound examination of the 
optic nerve sheath diameter has been advocated to predict the 
severity of cerebral oedema. A bilateral increase in nerve 
sheath diameter above 5 mm correspond with elevations in 

intracranial pressure above 20  mmHg. However, because 
papillary and optic nerve oedema may take days to develop, 
a normal diameter of the optic nerve does not always exclude 
intracranial hypertension [22].

Paraclinical tests should focus to evaluate both the aetiol-
ogy (Table 62.4) and the severity of liver failure as well as 
associated organ dysfunction (Table  62.5). Early testing 
should include a full blood count, coagulation parameters, 
routine biochemical assay, acid-base status, ammonia levels 
and specific tests to determine the trigger of ALF.

In patients with acetaminophen overdose, plasmatic con-
centrations are usually determined. However, a negative 
result does not exclude acetaminophen overdose since more 
than half of patients may have untraceable plasmatic amounts 
of paracetamol depending on the time and dose ingested 
[23]. A detailed patient history and an interview with friends 
or next of kin would generally identify a recent ingestion of 
acetaminophen. A complete toxicology screen should be 

Fig. 62.1 Extensive right atrium thrombosis (red arrow) in a 18-year 
old patient with subacute Budd-Chiari syndrome

Table 62.4 Commonly recommended paraclinical tests for aetiologic 
diagnostic of ALF

Aetiology Paraclinical tests
Acetaminophen 
overdose

Acetaminophen level

Viral hepatitis HAV IgM antibody to 
HAV

HBV Hepatitis B surface 
antigen (HBsAg); 
IgM antibody to 
hepatitis B Core 
(IgM anti-HBc);
PCR for HBV DNA

HEV IgM antibody to 
HEV
PCR for HEV RNA

Wilson’s disease Liver cupper, urinary cupper, ceruloplasmin 
levels
Ophthalmological examination (Keiser-Fleischer 
rings)

DILI Toxicology tests
Autoimmune 
hepatitis

ANA, ASMA, Immunoglobulin levels

HELLP 
syndrome

Platelet count, AST, LDH
Liver biopsy

Budd-Chiari 
syndrome

Abdominal ultrasound / contrast-enhanced 
computer tomography
Thrombophilia assay

Other rare 
hepatotropic 
viruses

Antibodies to HCV; PCR for hepatitis C virus 
RNA, IgM antibodies to herpes simplex1, IgM 
antibodies to varicella-zoster virus, IgM 
antibodies to cytomegalovirus, IgM antibodies to 
Epstein-Barr virus

Legend: HAV hepatitis A virus, HBV hepatitis B virus, HEV hepatitis E 
virus, IgM Immunoglobulin M, PCR Polymerase Chain Reaction, DNA 
deoxyribonucleic acid, RNA ribonucleic acid, ANA antinuclear antibod-
ies, ASMA anti-smooth muscle antibody, AST aspartate aminotransfer-
ase, LDH lactate dehydrogenase
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performed in patients suspected of voluntary or accidental 
ingestion of acetaminophen since overlap with other abuse 
substances like opioids, abuse drugs and alcohol is frequently 
encountered [24].

For decades, patients with ALF have been considered to 
have an acquired severe coagulopathy and increased risk for 
haemorrhagic complications. Current research has demon-
strated a balanced haemostasis in such patients, although not 
to the extent of that of Acute-on-chronic liver failure. In a 
recent large observational study, only 11% of patients expe-
rience severe bleeding complications, both spontaneous and 
postprocedural blood loss, despite a profound alteration in 
standard coagulation tests [25]. It is now generally consid-
ered that, despite being a diagnostic criterion for ALF, stan-
dard coagulation tests overestimate de severity of 
coagulopathy in ALF and thrombotic complications may be 
as frequent as bleeding [26]. Routine correction of standard 
coagulation tests is no longer recommended and specific fac-
tors assays can guide targeted correction of specific factor 
deficits. Moreover, the use of viscoelastic testing, like throm-
boelastometry and thromboelastography, offer a better pic-
ture of the haemostatic process and specific protocols are 
currently available to guide coagulation management in 
patients with ALF.

Liver biopsy may be needed in cases in which commonly 
used paraclinical tests failed to determine the aetiological 
cause of ALF or when imaging results are unconclusive for a 
chronic liver disease. The transjugular route is usually pre-
ferred as it has been associated with the lowest complication 
rate. Liver biopsy may also be indicated in patients suspected 
of Wilson’s disease, DILI or autoimmune hepatitis.

In up to 5% of patients no definitive aetiology for ALF 
can be identified. These patients may not have been com-
pletely evaluated or initial testing was not comprehensive 
enough. A superficial patient history may overlook prior 
medical treatments, including herbal medication, and the 
aetiology misdiagnosed as undetermined.

As ALF progression is usually rapid and hard to predict, 
all patients with a significant liver injury should be examined 
by an experienced ALF team to assess the potential benefit of 
emergency LT. As increased centre experience is associated 
with greater transplant free survival and reduced waitlist 
mortality for ALF, transfer to a dedicated liver ICU should be 
considered early in the disease course. Proposed criteria by 
the European Association for the Study of the Liver [27] are 
presented in Table 62.6.

Patient transfer should follow the same guidelines as any 
other critical ill patient and, when considered appropriate, an 
experienced retrieval team should be used. Careful patient 
assessment prior to transfer should be performed and appro-
priate fluid resuscitation, use of vasopressors to maintain sta-
ble haemodynamics and correction of metabolic and acid- base 
disturbances should be addressed. The fastest transfer route, 
usually air transport, is recommended and monitoring of neu-
rological status and pupillary diameter (Fig. 62.2) as well as 
organ function should be frequently performed. In patients 
with HE a case-by-case decision should be made regarding 
tracheal intubation and commencement of mechanical venti-
lation considering the severity of HE and rapid progression to 
coma. A central venous line placed under ultrasound guid-
ance to minimize complications, and invasive blood pressure 
monitoring are recommended for targeted vasopressor sup-
port and haemodynamic monitoring.

Table 62.5 Paraclinical tests at admission

Organ Recommended tests
Liver Serum transaminases, bilirubin (total and fractions), 

lactate dehydrogenase, creatine kinase, ammonia
Coagulation Prothrombin time, INR, fibrinogen, coagulation 

factor V
Thromboelastometry/thromboelastography

Blood count White blood cells (including fractions), haemoglobin, 
haematocrit, platelet count

Renal Urea, creatinine
Metabolic Glycemia, lactate, triglycerides
Pancreas Amylase, lipase
Acid-base 
status

pH, HCO3
−, arterial partial pressure of CO2 and O2

Electrolyte Na+, K+, Cl−, anion gap

Legend: INR international normalized ratio

Table 62.6 EASL criteria for patient referral to a LT centre

Paracetamol and hyperacute 
aetiologies Non-paracetamol
Arterial pH < 7.30 or 
HCO3 < 18

Arterial pH < 7.30 or HCO3 < 18

INR > 3 on day 2 or IRN > 4 
thereafter

INR > 1.8

Oliguria and/or increased 
creatinine

Oliguria/renal failure or 
Na+ < 130 mmol/L

Altered level of consciousness Hepatic encephalopathy, 
hypoglycaemia or metabolic 
acidosis

Hypoglycaemia Bilirubin>17.6 mg/dL
Increased lactate unresponsive 
to fluid resuscitation

Shrinking liver size

Legend: INR international normalized ratio

Fig. 62.2 Anisocoria developed during air transport in a patient with 
Acute Liver Failure
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62.4  Prognostic Factors

For decades, medical research has focused on identifying 
factors associated with either decreased transplant free sur-
vival or unfavourable outcome after emergency LT.  Most 
scoring systems are built around four determinants: aetiol-
ogy, interval between jaundice and HE, age, and liver func-
tional tests. Several prognostic criteria have been developed 
based on large cohorts of patients, but none have sufficient 
specificity and sensibility to be universally applied. Severity 
of EH is considered to be associated with a poorer outcome 
and patients should be routinely screened for irreversible 
brain damage before emergency LT is performed.

MELD is currently the most used scoring system for organ 
allocation in end-stage liver disease. Several studies have 
demonstrated its usefulness in mortality prediction for 
ALF. MELD scores over 30 are associated with a worse out-
come [28]. However, the main disadvantage of MELD score is 
that it assesses only liver damage without taken into account 
associated organ dysfunction. Age is not only correlated with 
ALF mortality but also with mortality after LT. In a study per-
formed by King’s College [29] age above 45 years was associ-
ated with decreased survival after LT, especially in patients 
who received high dose vasopressors. However, age alone 
should not be considered a contraindication to LT. Other risk 
factors associated with a poorer outcome include time between 
jaundice to HE of over 7 days, presence of cerebral oedema, 
prothrombin time > 35 seconds and creatinine >1.5 mg/dL.

Specific prognostic factors of increased mortality have 
been identified in different aetiologies. Decreased survival in 
mushroom poisoned patients has been observed with 
increased prothrombin time and creatinine levels three to ten 
days after ingestion and a decrease in coagulation factor V 
under 20% has been proposed by some centres as an indica-
tion for emergency LT [30]. Patients with acute presentation 
of Wilson’s disease and HE have almost 100% mortality. The 
main risk factors are represented by raised white blood cell 
count (WBC), bilirubin, INR, serum albumin and serum 
transaminases. A modified King’s College score has been 
developed for early referral of patients with Wilson’s disease 
to LT [31]. A cut-off value of 11 points was associated with 
93% sensibility and 98% specificity (Table 62.7).

Patients with Acetaminophen overdose have a lower 
mortality compared with other aetiologies. However 
decreased survival has been observed in patients with high 
levels of acetaminophen. Early use of acetylcysteine has 
been associated with increased survival even in high dose 
intoxications. Viral hepatitis is generally associated with 
increased spontaneous remission, especially in patients with 
HAV and HEV.

Increased lactate has been proposed as a marker of sever-
ity in ALF. Patients presenting with high lactate levels, either 
due to decreased metabolism by the failing liver or tissue 
hypoperfusion have increased mortality rates. Lactate kinet-
ics should be monitored closely especially in the periopera-
tive period of LT.  SOFA (Sequential Organ Failure 
Assessment) score and it’s derivate the CLIF-SOFA score 
used in patients with Acute-on-chronic liver failure have 
been used to assess patient outcomes in patients with 
ALF. They may be superior to the classic MELD score as 
they offer a better picture of associated organ dysfunction. 
However, exact cut-off values to guide either proceed to liver 
transplantation or futility are treatment are still lacking.

The most used criteria for LT in ALF are represented by 
the Kings College Criteria and Clichy criteria (Table 62.8). 
Although validated in large cohorts of patients, their subop-
timal sensibility and specificity deem careful utilisation and 
a case-by-case approach to either to proceed or not with LT 
should be considered.

The US-ALF Study Group Index has recently been 
described [32]. The authors identified HE grade, ALF aetiol-
ogy, vasopressor support, log transformation of bilirubin and 
INR as significant prognostic factors associated with 
transplant- free survival. Based on these, they have constructed 
a predictive model. In the validation cohort, the US-ALF 
Study Group Index predicted 22-days transplant- free survival 

Table 62.7 Modified King’s College criteria for Wilson’s disease

Score
Bilirubin 
(mg/dL) INR

AST 
(U/L)

WBC 
(109/L)

Albumin 
(g/L)

0 0–5.8 0–1.29 0–100 0–6.7 >45
1 5.9–8.7 1.3–1.6 101–150 6.8–8.3 34–44
2 8.8–11.7 1.7–1.9 151–300 8.4–10.3 25–35
3 11.8–14.7 2.0–2.4 301–400 10.4–15.3 21–24
4 >14.8 >2.5 >401 >15.4 <20

Legend: INR international normalized ratio, AST aspartate aminotrans-
ferase, WBC white blood cell count

Table 62.8 King’s College and Clichy criteria for LT in ALF

King’s College criteria
Acetaminophen overdose Non-acetaminophen overdose
Arterial pH < 7.30 after fluid 
administration
Or all of the following:
    •  Prothrombin 

time > 100 s (INR > 6.5)
    •  Serum 

creatinine>3.4 mg/dL
    •  Grade 3 or 4 HE

Prothromin time > 100 sec 
(INR > 6.5)
Or any 3 of the following:
•  Non-A, non-B viral hepatitis, DILI 

or indeterminate aetiology
•  Time from jaundice to HE >7 days
•  Age < 10 or > 40
•  Prothrombin time > 50 sec 

(INR > 3.5)
•  - Serum bilirubin>17.4 mg/dL

Clichy Criteria
Presence of HE and
Factor V levels <20% in patients <30 years of age
Or
Factor V level < 30% in patients>30 years of age

Legend: INR international normalized ratio, DILI drug induced liver 
injury, HE hepatic encephalopathy
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with a c-statistic value of 0.84. However, this predictive model 
has to be validated by larger multicentre studies.

Other aetiology-specific scoring systems have also been 
investigated in the last years. The research team from King’s 
College developed and validated a new statistical model to 
predict survival in patients with paracetamol-induced ALF 
[33]. In their two-day model, the authors included age, car-
diovascular failure, Glasgow coma scale, arterial pH, creati-
nine, INR and arterial lactate as well as dynamic changes 
from day 1 to day 2 of arterial lactate and INR. This dynamic 
model predicted 30-days survival in 91% of patients. The 
ALFA (Hepatitis A-ALF) score [34] was developed in Korea 
to predict LT or 30-days death in patients with acute HVA 
hepatitis. The ALFA score contains paraclinical values 
acquired on the day of ALF diagnosis: age, INR, bilirubin, 
ammonia, creatinine, and haemoglobin. This score accu-
rately predicted LT or death within 30  days in 87% of 
patients.

A recent international consensus of 35 experts in the field 
of LT defined threshold criteria for futility [35]. Severe 
frailty, and septic patients with persistent fever despite anti-
biotic treatment or less than 72 hours of appropriate antimi-
crobial therapy were considered reasonable criteria to delay 
LT.  Most experts agreed that any of the following PaO2/
FiO2 < 150, need for vasopressor support exceeding 1 μg/kg/
min and a serum lactate level > 9 mmol/l were sufficient to 
contraindicate LT.

62.5  Bridging Patients to Liver 
Transplantation

Patients with ALF are best managed in the ICU. However, 
the exact criteria for ICU admission vary between centres 
depending on personal experience, availability of ICU beds 
and possibility of adequate treatment in the early stages on 
the general ward. However, patients should be frequently 
monitored for severity of HE, organ dysfunction or other 
life-threatening conditions. Advanced haemodynamic moni-
toring is usually recommended since most patients are vol-
ume depleted. Adequate fluid resuscitation should be 
performed but overzealous volemic therapy may aggravate 
cerebral oedema. Arterial and central venous lines may be 
placed in order to have an accurate beat-by-beat reading of 
arterial blood pressure and central venous pressure, but mea-
sures should be taken to avoid blood stream infections. 
Dynamic indices of fluid responsiveness are best used to 
guide fluid management and they should be frequently 
assessed. Hypotonic solutions, like Ringer lactate, should be 
avoided as they carry an increase risk of cerebral oedema and 
progression of HE.  Lactate levels are hard to interpret in 
ALF patients as lactate may be high due to either tissue 
hypoperfusion or decreased metabolism by the liver. In low 

grade HE, the oral route is preferred, but if HE progresses 
patients may require urgent intubation and, in this situation, 
a nasogastric tube is preferred.

Enteral nutrition should be promptly initiated, if no con-
traindications (severe shock, gastro-intestinal dysfunction or 
ileus), as muscle wasting, and gastro-intestinal bacterial 
translocation are common findings in malnourished states 
associated with a worse outcome. Hypoglycaemia is a com-
mon in patients with severe ALF due to impaired gluconeo-
genesis, hyperinsulinemia and depleted glycogen stores. 
Glycaemia should frequently be monitored, and a continuous 
glucose infusion should be started if hypoglycaemia occurs. 
As hyperglycaemia increases intracranial pressure, a tight 
glucose control should be applied with a target blood glucose 
levels between 150–180 mg/dL [27].

Specific aetiological treatment should be promptly initi-
ated to increase the likelihood of spontaneous remission 
(Table 62.9). N-acetylcysteine (NAC) was demonstrated to 
improve outcome in non-acetaminophen ALF. In a recently 
published trial [36], the use of an empirical therapy of 
150 mg/kg in 100 ml 5% dextrose over 1 h, then 70 mg/kg 
over 20  h, followed by continuous infusion over 24  h of 
150  mg/kg caused a reduction in mortality and need for 
transplantation. Also, early administration of NAC decreased 
the severity of HE, hospital stay, need for ICU admission and 
incidence of organ failure.

Hepatic encephalopathy represents one of the most severe 
organ dysfunctions associated with increased mortality in 
ALF patients. Although pathophysiological mechanisms are 

Table 62.9 Aetiologic treatment of ALF

Aetiology Specific therapy
Acetaminophen 
overdose

Gastric lavage and activated charcoal;
NAC: loading dose of 150 mg/kg in 5% dextrose 
over 15 m; maintenance dose is 50 mg/kg given 
over 4 h followed by 6 mg/kg administered for 
up to 72 hours.

HVB Antiviral therapy with entecavir or tenofovir
Autoimmune 
hepatits

Prednisone 40–60 mg/day

Wilson’s disease Continuous renal replacement therapy;
Plasma-exchange

Budd-Chiari 
syndrome

Transjugular intrahepatic portosystemic shunt or 
surgical Porto-systemic shunt;
Systemic anticoagulation

Mushroom 
poisoning

Gastric lavage and activated charcoal;
High-dose Penicillin G 300,000–1,000,000 U/kg/
day;
Silymarin 30–40 mg/kg/day
Albumin dialysis

HELLP 
syndrome

Delivery of the foetus

Herpes simplex 
virus

Acyclovir 5–10 mg/kg q 8 hours

Legend: NAC N-acetylcysteine, HVB hepatitis B virus, HELLP 
Hemolysis, Elevated Liver enzymes and Low Platelets
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poorly understood, accumulation of liver toxins and systemic 
inflammation are key factors in the development of cerebral 
oedema and intracranial hypertension (ICH). Intracranial 
pressure (ICP) monitoring has been advocated to guide spe-
cific therapy, but its use is not universally accepted due to 
high complications rates including intracranial bleeding and 
infection. In an international survey [37] only 55% of centres 
used invasive ICP monitoring. The main indications were 
papillary abnormalities, renal failure, elevated ammonia lev-
els and cardiovascular instability. New non-invasive tech-
niques applying transcranial Doppler are becoming more 
popular, but their use is dependent on expertise. When mea-
sured, an ICP above 20 mmHg mandates urgent treatment. 
The aim is to decrease ICP and maintain a cerebral perfusion 
pressure above 50 mmHg in order to minimize cerebral isch-
emia. General measures taken to lower ICP include main-
taining a neutral head position and raising the head at an 
angle of 20° to facilitate venous drainage. Prophylactic treat-
ment of seizures is not recommended, but they should be 
promptly managed if diagnosed. Osmotic diuretics have long 
been used to lower cerebral oedema. Mannitol, in doses of 
0.5–1  g/kg intravenously lowers ICP from >60  mmHg to 
20 mmHg. However, its effects are short-lived and serious 
complications can occur. Plasma osmolarity should be 
closely monitored and mannitol administration stopped if it 
exceeds 320  mOsm/L.  Common side-effects of mannitol 
therapy include hypernatremia, hyperosmolarity and fluid 
overload in patients with renal failure. Decreasing arterial 
pressure of carbon dioxide (PaCO2) to levels between 
25–30 mmHg is associated with a decrease in cerebral blood 
flow and ICP due to cerebral vasoconstriction. This can be 
obtained in mechanically ventilated and sedated patients by 
increasing the minute-volume. However, a low PaCO2 for 
more than 72 hours has been associated with a worse neuro-
logical outcome [38]. Hypertonic saline, with a target of 
plasma sodium levels between 145–155  mEq/L, has been 
used to prevent and treat ICH. Sodium levels should be fre-
quently monitored, and therapy guided as such that not to 
increase sodium by more than 16 mEq/L in 24 hours in order 
to avoid pontine demyelination. Hypothermia has histori-
cally been used to decrease cerebral metabolic rate. In 
patients with ALF at high risk of ICH, lowering the body 
core temperature to 33–34 °C did not confer a survival ben-
efit or a lower incidence of ICH [39]. Routine hypothermia is 
not recommended, but temperature management should be 
applied to maintain normothermia and specially to avoid 
fever. Sedation has also been applied to decrease the cerebral 
metabolic rate or to facilitate mechanical ventilation in intu-
bated patients. Propofol is frequently used due to its rapid 
onset, short context-sensitive half-life and effects in decreas-
ing the risk of seizure activity. However, careful dose titra-
tion and short duration of therapy should be applied to avoid 
propofol infusion syndrome. Sedation breaks should be 

offered to allow for neurological examination in order to 
assess the severity of HE.

Cardiovascular changes associated with ALF are similar 
with those of sepsis. Patients have a hyperdynamic haemo-
dynamic pattern characterised by an increased cardiac output 
and low systemic vascular resistance. Secondary to these 
changes, the mean arterial pressure is usually decreased, and 
this predisposes patients to tissue hypoperfusion. Cardiac 
arrhythmias are frequent and range from supraventricular 
tachycardia, premature supraventricular or ventricular beats 
to atrial fibrillation. These are mostly due to accumulation of 
bilirubin and bile salts, viral myocarditis or acid-base and 
electrolyte abnormalities. ST segment changes on the EKG 
may be encountered but are rarely of pathological signifi-
cance. Patients should routinely be investigated for underly-
ing cardiac disease, especially those who require 
cardiovascular support. Normovolemia should be maintained 
in the ICU and dynamic tests to assess fluid responsiveness 
(stroke volume variation, pulse pressure variation) should 
guide fluid management. Noradrenaline is the recommended 
vasopressor of choice and a mean blood pressure > 75 mmHg 
should be maintained to assure cerebral and renal perfusion.

Respiratory dysfunction may be encountered especially in 
patients with severe HE. Non-invasive ventilation is not rec-
ommended and endotracheal intubation to protect the airway 
from aspiration pneumonia is preferred. Mechanical ventila-
tion should follow lung protective strategies, even in non- 
ARDS patients. Inspiratory pressures and respiratory rate 
should be titred to obtain a tidal volume of 6  ml/kg/ideal 
body weight and to maintain a normal arterial CO2 and O2 
partial pressures. Hypercarbia should always be avoided as it 
increases cerebral blood flow and hypocarbia should only be 
applied for brief periods in severe ICH. Low levels of PEEP 
should be applied in non-ARDS patients as not to impair 
venous drainage through the superior vena cava. Care should 
be taken to prevent ventilator associated pneumonia and 
appropriate use of physiotherapy and patient positioning 
should be used.

Infections are common in ALF and patients are frequently 
at risk of developing sepsis and septic shock. Severe infec-
tions may contraindicate LT and so patients should undergo 
routinely bacteriological screening. As severe systemic 
inflammation is frequently encountered in these patients, the 
diagnosis of sepsis becomes difficult. Standard markers, 
such as a raised white blood cell count, are a common find-
ing in non-infected ALF patients. C-reactive protein is syn-
thetised by hepatocytes and may de decreased in infected 
patients with severe liver failure. A high grade of suspicion 
should be maintained, and cultures should be performed in 
patients with severely progressive HE [40]. Prophylactic 
antibiotics should not be routinely administered as they 
increase the risk of multi-drug resistant bacteria. Empirical 
antibiotherapy may be administered in patients with progres-

D. Tomescu and M. Popescu



469

sive grade III or IV HE, hypotension requiring vasopressor 
support and at least 2 SIRS criteria. Broad spectrum antibiot-
ics are generally used to cover both Gram-positive and 
Gram-negative bacteria.

Acute kidney injury (AKI) is one of the most frequent 
extra-hepatic organ dysfunctions in patients with ALF and is 
associated with a worse outcome. In most cases renal hypo-
perfusion, direct drug-induced nephrotoxicity and systemic 
inflammation are responsible for the rapid decline in kidney 
function. Maintaining renal function is crucial in patients 
with ALF. This should be done my maintaining an adequate 
kidney perfusion pressure, early treatment of infections and 
avoidance of nephrotoxic medication. In AKI patients, urgent 
treatment and early initiation of renal replacement therapy 
should be considered as fluid overload, acid-base and elec-
trolyte abnormalities may aggravate HE and ALF. Continuous 
renal replacement therapy is preferred to intermittent dialy-
sis as it avoids the rapid metabolic and haemodynamic 
changes associated with intermittent dialysis. Outside AKI, 
the use of high-volume hemofiltration has been associated 
with an increased removal of ammonia and improvement in 
neurologic dysfunction and may be applied in patients with 
increased ICP where standard measures have failed [41].

Coagulation management in patients with liver disease 
has been extensively studied in the last years. Although 
standard coagulation tests are still used for the diagnosis of 
ALF, they do not accurately reflect haemostasis. 
Thromboelastometric studies have demonstrated that in gen-
eral the haemostatic balance is maintained in ALF patients: 
the decreased synthesis of pro-coagulant factors is compen-
sated by an increased in coagulation factor VIII and a 
decrease in anti-coagulant factors [26]. Fresh frozen plasma 
administration for correction of standard coagulation tests in 
the absence of clinical signs of bleeding is not recommended. 
However, specific factors deficits should be corrected if inva-
sive procedures or surgery is planned and guided by throm-
boelastic tests. Factor concentrates, as fibrinogen and 
pro-thrombin complex are generally recommended as they 
avoid the complications of fresh frozen plasma administra-
tion like fluid overload and transfusion related acute lung 
injury. Platelet transfusion in recommended to maintain lev-
els between 50,000–70,000/μL before invasive procedures. 
Although not universally accepted, in bleeding patients, 
platelet count should be maintained above 50.000/
μL. Fibrinogen concentrate can be administered to maintain 
fibrinogen levels between 150–200 mg/dL [42].

62.6  Extracorporeal Liver Support Systems

Ideally, extracorporeal liver support systems (ECLS) 
should assist 3 major hepatic functions: detoxification, bio-
synthesis and regulation. To date, no system successfully 

managed to accomplish this. Two types of ECLS have been 
introduced into clinical practice: artificial-ECLS and 
bioartificial- ECLS. Artificial-ECLS are based on the prin-
ciples of adsorption and filtration and are aimed at remov-
ing circulating toxins by using membranes with different 
pore sizes and adsorbent columns. Bioartificial-ECLS are 
hybrid systems that incorporate hepatocytes, either human 
or porcine, in a bioactive platform. Their primary aim is to 
improve detoxification and support liver synthesis. ECLS 
have been used in different clinical situations with conflict-
ing results (Table 62.10).

The most common used artificial-ECLS in clinical prac-
tice are MARS (Molecular Adsorbent Recirculation System) 
and Prometheus (Fractionated plasma separation and 
adsorption).

In MARS dialysis, blood is circulated against an albumin- 
contained solution. The filter contains a high-flux membrane 
with small porosities (<50 kDa). Toxins are cleared by diffu-
sion and are bound by the albumin dialysate. Initial studies 
have demonstrated a significant removal capacity for biliru-
bin, bile acids, creatinine and urea [43] and an improvement 
in HE.  A large multicentre study failed to demonstrate an 
improvement in survival in patients with ALF.  However, 
patients on MARS had a higher change of receiving a liver 
transplant [44]. A meta-analysis that included 4 randomised 
trials comparing MARS with standard medical therapy has 
demonstrated a slight increase in survival in patients with 
ALF [45]. In the Prometheus system, plasma is fractionated 
through an albumin-permeable filter with a cut-off of 
250 kDa. Albumin and plasma proteins cross the membrane 
and pass through two columns, an anion-exchanger and a 
neutral resin adsorber. The plasma is then returned to the 
blood circuit where it undergoes conventional high-flux hae-
modialysis. In clinical studies, the use of Prometheus was 
associated with an improvement in liver functional tests. 
However, a large multicentre study failed to demonstrate a 
survival benefit in patients with Acute-on-chronic liver failure 
[46]. Based on these evidence, current guidelines do not rec-
ommend the routine use of ESLD in patients with ALF [27].

The use of plasma-exchange (PE) in patients with ALF 
offers some theoretical benefits: higher removal of molecules 
compared to ESLD and substitutes plasma products includ-

Table 62.10 Main indications for Extracorporeal liver support 
systems

Acute liver failure
Acute-on-chronic liver failure and one of the following:
Hepatic encephalopathy
Severe jaundice
Acute kidney injury
Severe pruritus
Acute intoxications (e.g. Mushroom poisoning, acetaminophen 
overdose)
Posthepatectomy liver failure
Primary graft non-function after liver transplantation
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ing coagulation factors, improvement in haemodynamic 
parameters and related organ dysfunctions [47] and enhanced 
recovery in specific patient populations [48]. In a recent 
large open randomised controlled trial, the use of high-vol-
ume PE has been associated with increased transplant free 
survival. This was attributed to attenuation of innate immune 
activation and improvement of multi-organ dysfunction [49]. 
Current guidelines suggest that PE may be of greater benefit 
in patients if it is applied early in the disease course and in 
those patients who will benefit from emergency LT [27].

62.7  Timing of Liver Transplantation

The optimal timing for LT has long been debated without 
reaching an international consensus. In lack of evidence to 
guide the optimal timing for LT, the decision should be made 
by an experienced team on a case-by-case basis taken into 
account the severity of liver dysfunction and associated 
organ failures, progression of HE, severity scores, futility 
and co-existing disease as well as organ availability. As men-
tioned, such patients are best managed in a dedicated LT cen-
tre and early referral is useful in decision-making.

Patients fulfilling current transplant criteria should be 
listed for emergency LT and re-evaluated if a suitable organ 
graft becomes available. Based on existing criteria, an algo-
rithmic approach to properly address the timing of LT in 
patients with ALF should soon follow. Patients who fulfil 
transplant criteria and have multiple factors associated with a 
poor prognosis, as well as patients in whom HE is rapidly 
progressing should undergo emergency LT.  As previously 
mentioned, a clinical evaluation of co-morbidities, severity of 
ALF and extrahepatic organ failure and their prognosis should 
proceed the decision to continue with LT. The patient’s family 
as well as a psychiatrist should also be involved in patients 
who ingested hepatotoxins in a suicidal attempt. A “wait and 
see” approach is more suitable in patients who exhibit signs 
of improvement under standard medical care and in patients 
with acetaminophen overdose without HE. A good liver graft 
is recommended in such patients, as well as living-donor LT 
and, outside severe ALF, incompatible ABO LT is seldom 
required. Patients with irreversible brain damage, sepsis, 
associated pancreatitis and rapidly increasing vasopressor 
support are rarely suitable candidates for LT.

Three type of LT have been described in patients with 
ALF: deceased—donor LT (DDLT), living—donor LT 
(LDLT) and auxiliary LT. Auxiliary LT has been used since 
more than 30 years ago based on the potential regeneration 
of the native liver if sufficient time is provided by by-passing 
it with a partial liver graft in an orthotopic position. The aux-
iliary liver should maintain partial hepatic function to assure 
survival until regeneration of the native liver is complete. 
When the native liver is regenerated, immunosuppression is 
progressively reduced, and this leads to graft atrophy. The 

surgical intervention is technically challenging and should 
be performed in well-experienced centres. Outcome data are 
limited to a low number of cases. A recent study reporting 
data from 13 preadolescents undergoing auxiliary-LT 
showed a 100% survival and with 10 patients being off 
immunosuppression therapy [50]. Older studies showed sur-
vival rates between 63% and 85% with different 
immunosuppression- free rates [51]. Patients considered suit-
able for auxiliary—LT are generally children and young 
adults because of their excellent regenerative potential. Also, 
auxiliary—LT should be the considered in aetiologies for 
associated with rapid liver regeneration such as acetamino-
phen overdose, HVA, HVE and mushroom poisoning.

A whole liver graft is preferred in ALF patients, espe-
cially in those with severe HE and associated organ dysfunc-
tion. However, due to urgency of LT and declining number of 
organ donors, as well as decreasing graft quality, many cen-
tres are performing more LDLT in detriment of DDLT. The 
use of marginal liver grafts from older donors and those with 
advanced hepatic steatosis has been associated with a nega-
tive impact on post-LT survival and perioperative complica-
tions [29]. The use of ABO-incompatible liver grafts has also 
been advocated. Such patients require extensive pre- 
transplant preparation and advanced protocols are in place 
[52]. However, data from the ELTR registry show a worse 
graft and recipient survival in patients with ABO- 
incompatible grafts [53], and hence, this option should be 
reserved for extreme cases that require emergency LT and no 
other liver grafts are available. As mentioned, LDLT is 
becoming extensively used outside Asia, in Europe and the 
Unitated States. However, this technique carries significant 
ethical issues, and a psychologist should always be involved 
since next of kin may experience emotional pressure to 
donate. Patient outcomes are good, are survival is similar to 
that reported for elective LDLT [54].

Changes in practice and early referral of such patients to 
dedicated liver ICU has significantly improved outcomes 
over the last years. A Scottish audit showed a constant 
improvement in spontaneous survival over time in ALF due 
to acetaminophen and non-paracetamol aetiologies [55]. 
This improvement was also observed even in the sickest 
patients meeting King’s College criteria and in those under-
going LT. The main causes for mortality following LT for 
ALF are infection and sepsis, progressive organ failure and 
liver graft dysfunction or failure.

62.8  Conclusion

In conclusion, ALF is a rare but life-threatening organ dys-
function associated with increased mortality and morbidity if 
appropriate measures are not urgently applied. Such patients 
are best managed in dedicated liver intensive care units by 
experienced multidisciplinary teams and expert consult 
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should be sought out early in the course of the disease. Early 
assessment is required in order to diagnose aetiology as well 
as associated organ dysfunction and initiate appropriate 
treatment. Management of ALF patients has significantly 
improved in the last years and spontaneous recovery without 
the need for LT is frequently encountered. However, criteria 
for indicating LT and the optimal time to perform it remain 
under debate and to date no scoring system can predict with 
sufficient accuracy and precision patient outcome. Patients 
should be listed for emergency LT early in the course of ALF 
and when a suitable liver graft is available the decision to 
proceed or not to LT should be made individually based on 
severity and progression of the disease.
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Abstract

Liver transplantation (LT) is the current curative treat-
ment for end-stage liver disease and has become wide-
spread due to advances in immune-suppression, 
standardized surgical techniques and strategies to expand 
the donor pool. However, assuring proper graft quality 
remains the primary goal in organ retrieval. This goal is 
achieved by proper organ perfusion to reduce reperfusion 
injury, and surgical regulations to minimize inadvertent 
graft injuries. Growing waiting lists have determined the 
transplant centers to expand the donor pool and recon-
sider the criteria for acceptable grafts. This has resulted in 
growing number LTs using extended criteria donors 
(ECD), living donors (LD), and, more recently and in few 
countries, donors after circulatory death (DCD). The 
donor pool was further extended by changing the national 
policies for donation to opt-out. However, donation after 
brain death (DBD) remains by far the primary source of 
organs for transplant. The key points of a successful 
retrieval are optimal retrieval technique, thorough flush-
ing of the graft, and minimal warm and cold ischemia 
time.

63.1  Introduction

Liver transplantation (LT) is the current curative treatment 
for end-stage liver disease and has become widespread due 
to advances in immune-suppression, standardized surgical 

techniques and strategies to expand the donor pool. However, 
assuring proper graft quality remains the primary goal in 
organ retrieval. This goal is achieved by proper organ perfu-
sion to reduce reperfusion injury, and surgical regulations to 
minimize inadvertent graft injuries [1].

Growing waiting lists have determined the transplant cen-
ters to expand the donor pool and reconsider the criteria for 
acceptable grafts. This has resulted in growing number LTs 
using extended criteria donors (ECD), living donors (LD), and, 
more recently and in few countries, donors after circulatory 
death (DCD). The donor pool was further extended by chang-
ing the national policies for donation to opt-out (Fig.  63.1). 
However, donation after brain death (DBD) remains by far the 
primary source of organs for transplant (Fig. 63.2) [4].

63.2  Donation After Brain Death

Donation after brain death (DBD) are patients with irrevers-
ible loss of all functions of the brain, including the brainstem. 
The three crucial elements that are compulsory in a DBD are 
coma, absence of brainstem reflexes, and apnea. The diagno-
sis consists of identifying an obvious cause of BD (brain 
death) in the medical history of the donor, excluding any con-
dition that can mimic BD (hypothermia, barbiturate intoxica-
tion, etc.), and a thorough neurological examination [5].

Because of the increasing number of patients on the wait-
ing lists, accepting extended criteria donors (ECD) 
(Table 63.1) [6, 7], so called “marginal donors”, especially in 
emergency setting, has become current practice in many cen-
ters. Most frequently used ECD grafts are those with >30% 
hepatic steatosis, which have shown that in selected cases 
may have a low primary non-function rate and even reversed 
steatosis [8].

Expanded criteria donors are defined as the following [7]:
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63.3  Donors after Circulatory Death

DCDs are defined by irreversible loss of heart and lung func-
tions after cardiac arrest, from which one cannot or should 
not be resuscitated. The terminology of non-heart beating 
donor (NHBT) was abandoned. Also, the term “organ har-
vesting” was abandoned and replaced with “organ retrieval 
or procurement” [4]. DCD donors are classified in 4 catego-
ries, according to the Maastricht classification; the last two 
so called ‘‘controlled” groups are frequently used as liver 
graft donors, unlike the first two so called “uncontrolled cat-
egories in which grafts are frequently discarded due to exces-
sively long ischemia periods (Fig. 63.3) [4].

DCD donors provide a lower quality graft and require a 
complex infrastructure and are therefore not a preferred 
source in many countries.

Because of longer ischemia time (when compared to 
DBD), the primary objective in DCD retrieval is organ perfu-
sion, resulting in three techniques:

• rapid laparotomy and aortic cannulation—followed by 
organ dissection;

• femoral vessels cannulation with catheter followed by 
laparotomy and dissection;

• NRP—femoral vessel cannulation and regional perfusion, 
which may also improve liver graft quality according to 
recent studies [22];

The latter two can be performed in emergency by trained 
personnel and do not require an operating room. These meth-
ods may better bridge the time delay between diagnosis of 
DCD and arrival of the retrieval team, reducing the warm 
ischemia time by early organ perfusion.

Technically, there is no cross-clamping but an equivalent 
in which the aorta is cannulated, and the organs are flushed 
with preservation solution. The retrieval must be carried out 
in less than 35 minutes from cardiac arrest to provide proper 
results [23].

One of the retrieval techniques applied to cardiac arrest 
donors is done by in situ perfusion of the organs with preser-
vation solution:

• a catheter is inserted into the aorta by femoral approach, 
through which the organs are infused with saline solu-
tion, followed by preservation solution. The two bal-

* Actual deceased organ donor at least one organ has be en recovered for purpose of transplantation,
n constrast to a utilised donor, who is an actual donor from whom at least one organ has been
transplanted. The number of utilised donors is therefore lower of equal than the number of actual
donors.
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Organ donation rate in 2010 in Singapore, which has both opt-in and opt-out systems 5.1 pmm
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Fig. 63.2 DBD donation rate in different countries [3]

Table 63.1 The parameters for the extended criteria donors (ECD) [6, 7]

Donor-related features: Age > 65 yrs
BMI > 30 kg/m2

Factors related to ICU: ICU stay and ventilation support >7 days
Hypotension and inotropic support (≥2 pressors at any time, high-dose dopamine or epinephrine)
Resuscitated cardiac arrest

Liver steatosis: Macrosteatosis (>30% but ≤60%)
Biochemical imbalances: Hypernatremia (peak serum Na >165 mEq/L)

Liver disfunction (AST/ALT>3X; BT > 3 mg/dl)
Cold ischemia time > 12 hours
Viral infections: Positive serology for HBV hepatitis

   • AgHBs (+)
   • AgHbc (+)
Positive serology for HCV hepatitis

Sepsis-related factors: Sepsis with positive blood culture
Meningitis

Malignancy risk factors: History of extrahepatic malignancy
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loons of the catheter are inflated in the supraceliac and 
infraceliac aorta to achieve isolated perfusion of the 
organs, which is the equivalent of in situ cross-clamp-
ing. Radiological guidance of the catheter position is 
recommended;

• another catheter is inserted into the inferior vena cava 
(IVC) via the femoral vein in order to achieve outflow of 
the perfusate;

• cooling of the peritoneal cavity by infusion of cold saline 
solution via a percutaneous catheter;

• retrieval is carried out as fast as possible, and the organs 
are perfused “ex-situ” with preservation solution [24].

An alternative to this technique is the rapid laparotomy only 
with aortic cannulation and clamping at infradiaphragmatic 
level, or at the aortic cross if a sternotomy is also performed.

The main concern about DCD is the systemic inflamma-
tion caused by prolonged warm ischemia time that has a 
major impact on graft quality. Unfortunately, this is difficult 
to control in DCDs [3], while easily controlled in DBD 
donors, making later the most frequent and unanimously 
accepted by most centers. However, nowadays DCD pro-
vides promising results in extending the donor pool as shown 
by recent comparative studies that recorded comparable 
results in terms of graft survival, postoperative complica-
tions, and readmission rate (Fig. 63.4) [26, 27].

The overall quality of DCD grafts can be improved by 
interposition of an oxygenation normothermic or hypother-
mic perfusion machine. This device acts like a bridging 
modality between the cardiac arrest and organ retrieval by 
perfusing and cooling of the organs using preservation 
solution.

63.4  Hypothermic Oxygenated Machine 
Perfusion

Recent studies regarding ex vivo machine oxygenating perfu-
sion proved to significantly reduce the ischemia- reperfusion 
and biliary injury, in both DBD and DCD grafts, showing that 
up to 7 out of 10 otherwise rejected liver grafts are fit for 
transplantation, further expanding the donor pool [9]. Unlike 
renal grafts, where hypothermic oxygenated machine perfu-
sion machine has become routine, for liver grafts, its use is 
still in early clinical experience phase (Fig. 63.5).

63.4.1  Surgical Technique

The most important maneuver of any retrieval procedure is 
the aortic clamping, followed by organ flushing with pres-
ervation fluid. Organ dissection may be performed before 

Sudden CA after brain death diagnosis during donor
life-management but prior to planes organ retrieval

Planned withdrawl of life-sustainig therapy*; expected CA

Cardiac arrest while
life-brain dead

Sudden unexpected irreversible CA with unsuccessful
resuscitation life-by a life-medical team; refference to
in- or out- of- hospital life- (IH- OH) setting.

Sudden unexpected CA without any attempt of
resuscitation by a life-medical team;WIT to be
considered according to National life-recommendations
in place; refference to in- or out-of hopital life-(IH-OH) setting.

Withdrawl of 
life-sustaining therapy

Witnessed cardiac arrest

Found dead

Category  III.

Category  IV.

Category  II.

Category  I.

IB. In-hospital
IA. Out- of-hospital

IIB. In-hospital

*This category mainly refers to the decision to withdraw life-sustaining therapies. Legislation in some countries allows
euthanasia ( medically assisted CA) and subsequent organ donation described as the fifth category.

CA, circulatory arrest.

IIA. Out- of-hospital

Uncontrolled Controlled

Uncontrolled

Controlled

Uncontrolled

Fig. 63.3 The modified Maastricht classification of DCD [4]
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and/or after, therefore the retrieval procedure may be 
described in two main phases: warm and cold phase 
dissections.

Initially, warm phase dissection was preferred because it 
decreased the risk of organ rewarming and allowed a more 
extensive dissection [10]. However, arterial injury during 
this phase might compromise the graft. This led to introduc-
ing a rapid technique, which aimed for early vascular control 
and cannulation followed by cold phase dissection, resulting 

in shorter operating times and less organ damage [11]. This 
technique requires high skills, as identifying vascular struc-
tures after perfusion may be more challenging and, therefore, 
it is paramount for the surgeon to balance dissection between 
the two phases according to his experience [12]. En-bloc 
retrieval may also be associated with reduced risk of organ 
injury, and is frequently used in pediatric donors, followed 
by organ separation on the back table. Regardless of the tech-
nique, the surgeon must ensure a rapid removal of the graft 
with minimal risk [10, 12].

After laparotomy, inspection and palpation of the liver are 
carried out, facilitated by the mobilization of the right hemil-
iver to expose the bare area. The main findings in terms of 
the appearance and consistency of the liver are:

• increased consistency because of over hydrating, fre-
quently found in hypotensive patients who are aggres-
sively perfused;

• fine, granular aspect could show diseased liver; if so, a 
biopsy with freeze section examination is required;

• a dark colored liver can show a hypotensive episode, or it 
can even predict an imminent cardiac arrest;

• yellow tint of the liver suggests liver steatosis (a biopsy 
with freeze section examination is required) (Fig. 63.6);

Fig. 63.5 Hypothermic oxygenated machine perfusion of both hepatic 
artery and portal vein (dual HOPE) for advanced steatosis (35%). The 
graft was successfully transplanted with no complications

Patient survival at 1 yeat
90% vs. 89%
p= 0.228

No increased risk of
hepatic thrombosis
HR: 1.09 (95% CI 0.30 - 4.00)
p= 0.895

No increased risk of non-anastomotic
biliart strictures
HR: 1.33 (95% CI 0.53 - 3.38)
p= 0.540

Graft survival at 1 year
94% vs. 95%
p= 0.113

Fig. 63.4 DCD vs DBD liver transplantation in highly selected patients [25]
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• focal liver lesions (a biopsy with freeze section examina-
tion is required).

Fatty liver grafts carry an increased risk of primary non- 
function (PNF). Steatosis between 10% and 30% is accept-
able as a marginal graft; some centers may even accept 
steatosis up to 60% [13].

Next, the colon, rectum, kidneys, and pelvic organs (in 
female donors) are inspected for malignancies. Any abnor-
mal finding should be documented and reported to the trans-
plant center, including biopsies.

Once the inspection is complete, the surgeon may proceed 
with the sternotomy. Then, the pericardium is opened for an 
appropriate exposure of the pericardial IVC; even if the heart 
is not procured, this step is also essential for keeping track of 
the heart movements and taking adequate measures in case 
cardiac arrest should occur.

The left lobe is mobilized, and the lesser sac is inspected 
for an aberrant left hepatic artery (ALHA) (Fig. 63.7a), then 
incised, preserving the artery if present. The right aspect of 
the porta hepatis is palpated for detecting an aberrant right 
hepatic artery (ARHA).

Possible arterial variations at this level are best classified 
by Varotti et al. [14]:

• Type 1—a single hepatic artery (HA) emerging from the 
celiac trunk;

• Type 2A—HA from the celiac trunk, giving both right 
and left HAs; left accessory HA emerging from the left 
gastric artery (LGA);

• Type 2B—HA from the celiac trunk, giving only a right 
HA; left HA from the LGA (replaced left HA);

• Type 3A—HA from the celiac trunk, giving both right 
and left HAs; right accessory HA from the superior mes-
enteric artery (SMA);

• Type 3B—right HA from SMA, and left HA from LGA;
• Type 4A—HA from the celiac trunk, and two accessory 

HAs: right accessory HA from SMA, and left accessory 
HA from LGA;

• Type 4B—HA from SMA, giving both right and left HAs; 
left accessory HA from LGA;

• Type 5—a single HA from SMA (Fig. 63.7b) [15].

According to a meta-analysis, classic branching of the com-
mon HA from the celiac trunk is seen in 55–60% of cases, 
while variations in hepatic arterial anatomy are observed in 
40–45% of cases.

The liver hilum can be palpated from the left through the 
lesser sac. The presence of a posterior pulsation suggests a 
right HA originating from the SMA. Placed posterior to the 
duodenum, the right HAs stemming from the SMA come in 
several trajectory variations, in relation to the head of the 
pancreas: in the sagittal plane—posterior to the pancreatic 
head or through it, and in frontal plane—more lateral or 
medial in relation to the portal vein and splenomesenteric 
confluent, respectively. In this area, a HA originating from 
the celiac trunk or even from the aorta should be considered. 
(Fig. 63.7c and d).

Early proper identification of liver arterial anatomy is the 
key to a safe retrieval procedure. For example, a right HA 
coming from a low bifurcation of the proper HA may be con-
fused with an aberrant right HA originating from the 
SMA. An aberrant right HA has a cranio-caudal trajectory, 
whereas in case of a low bifurcation, the right HA presents 

Fig. 63.6 Liver steatosis macroscopic aspect (left), normal (right) (from the photo collection of Genadyi Vatachki Roumenov)
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an angulation from medial to lateral, followed by an ascend-
ing trajectory. The angulation spot is predisposed to acciden-
tal injury if the two variations are not identified correctly. A 
low bifurcation of the HA, below the emergence of the gas-
troduodenal artery, may be present in 6% of cases (Fig. 63.8).

By placing a fine bulldog clamp on a suspected aberrant 
artery, the surgeon can distinguish between an aberrant right 
HA and an artery of the common bile duct (CBD): clamping 
the aberrant artery may cause a visible ischemic delimitation 

on the liver parenchyma. The same method may identify an 
accessory left HA emerging from the LGA: the presence of a 
pulse distal to the bulldog placed on the aberrant HA indi-
cates anastomotic arterial collaterals in the hilum.

The line of Told is incised to mobilize the colon and 
small bowel completely from the retroperitoneum (Cattell-
Braasch maneuver), exposing the IVC, towards the left renal 
vein, and the aorta, up to the origin of the SMA (Fig. 63.9) 
[16]. Dissection continues cephalad from the right iliac 

c d

a b

Fig. 63.7 (a) Aberrant left hepatic artery originating from left gastric artery. (b) Common hepatic artery originating from the superior mesenteric 
artery. (c) ARHA originating from celiac trunk. (d) Common hepatic artery originating directly from the aorta (from the photo collection of 
Genadyi Vatachki Roumenov)
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artery towards the portal vein, and medially, to completely 
mobilize the head of the pancreas. Last, the surgeon places 
the index finger through the foramen of Winslow, posterior 
to the liver hilum, to expose and incise the connective tissue 
medially to the origin of the SMA, completing the mobiliza-
tion maneuver [1].

If the donor is hemodynamically unstable, the surgeon 
may proceed with aortic cannulation at this point and com-
plete dissection in the cold phase.

After cholecystostomy, the CBD is identified, ligated 
above the head of the pancreas, as distally as possible, sec-
tioned, and flushed through the gallbladder followed by cho-
lecystectomy. The pyloric and gastroduodenal arteries are 
identified and ligated; it is recommended to keep the gastro-
duodenal artery stump if possible, to facilitate blood flow 
assessment of the HA in the recipient, or even thrombec-
tomy. Next the common HA is dissected along its axis, the 
LGA and splenic artery are identified and ligated preserving 
5–10 mm stumps, followed by a good exposure of the celiac 
trunk. The extensive dissection of the celiac trunk must be 
done with utmost attention to avoid injuring the diaphrag-
matic arteries, which stem from its base. Exposure of the 
infra-diaphragmatic aorta is achieved by transversely sec-
tioning the right diaphragmatic crus, and a vascular tie is 
passed around the aorta at this level (Fig. 63.10).

Alternatively, a tie may be passed around the aorta above 
the diaphragm by sectioning the inferior portion of the left 
pulmonary ligament, called the transpericardic transpleural 
approach. Circumferential dissection of the aorta at this level 

is preferably done under digital control, to prevent injuring 
any vertebral arteries.

The inferior mesenteric vein is then dissected at the 
Treitz’s ligament and cannulated; after insertion, the portal 
cannula is placed in the PV. Alternatively, the cannula may 
be placed directly into the PV (Fig. 63.11). This maneuver 
should be followed by cross-clamping, to minimize the lack 
of portal blood flow. Alternatively, the cannula may be 
inserted directly into the PV (in the portion located posteri-
orly to the duodenum, or via the superior mesenteric vein. 
The patency of the portal cannula is confirmed by aspiration, 
followed by heparinized saline solution bolus infusion.

The dissection of the aorta is carried out above the iliac 
bifurcation by ligating and sectioning the inferior mesenteric 
artery. At this level, the aorta is ligated distally and cannulated 
(Fig. 63.11). The patency of the aortic cannula is checked by 
aspiration, followed by heparinized saline solution bolus infu-

Fig. 63.8 Low bifurcation of common hepatic artery exposed after 
mobilization of the pancreatic head (from the photo collection of 
Genadyi Vatachki Roumenov)

Fig. 63.9 Cattell-Braasch maneuver exposing the major vessels in the 
retroperitoneum (from the photo collection of Genadyi Vatachki 
Roumenov)
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sion. Bleeding from the aortic cannulation level may originate 
from a lumbar artery, which must be identified and sutured.

The IVC must also be identified and dissected at this 
level. A systemic heparin bolus is administered (300 UI/kg), 
followed by a 3-minute waiting time, allowing a full sys-
temic circuit.

63.4.1.1  Cross-clamping
This maneuver consists of several steps that isolate the arte-
rial and portal pathways of the abdominal organs in a closed 
circuit that is flushed with preservation solution and emptied 
through the IVC:

• clamping the infra-diaphragmatic aorta (by ligation);
• flushing the abdominal organs with cold preservation 

solution through the cannulas placed in the PV (1 ml/g of 
liver tissue, or 2 liters) and aorta (3 ml/g of liver tissue, or 
5 liters);

• the IVC is sectioned inferior to the right atrium and above 
the iliac veins;

• topic cooling for the abdominal organs is applied by fill-
ing the abdomen with sterile ice;

• a clamp may also be placed on the mesentery root to 
exclude the intestines from the circuit.

After cross-clamping, the liver graft is detached en-bloc with 
a diaphragm patch. The retrohepatic IVC is dissected cau-

dally and sectioned above the renal vein ostium. The PV is 
sectioned above the pancreas head, leaving a 1-cm stump 
distally if the pancreas is also retrieved. The aorta is sec-
tioned above and below the celiac trunk, and completely dis-
sected from its posterior attachments. The liver graft is now 
removed from the donor.

63.4.2  Technical Variants

63.4.2.1  Split Liver Retrieval
This type of retrieval is used to split the graft between 2 
recipients. The split may be done between segments II-III 
and the rest of the liver (pediatric and adult split), or between 
segments II-III-IV and the rest of the liver (adult and adult 
split). Splitting may be difficult due to varying vascular and 
biliary anatomy. It is worth mentioning that certain arterial 
anatomical variants favor the splitting, such as types 2B and 
3B according to Varotti’s classification.

In-situ splitting requires separation of the liver before 
cross-clamping. The donor must meet the following criteria: 
optimal liver quality, medium-large size graft, and stable 
donor. The advantages of in-situ over ex-situ splitting are:

• optimal hemostasis of the liver cut surface, especially 
when transection is carried out with an ultrasound 
dissector,

Fig. 63.10 Celiac trunk dissected circumferentially (left). Aortic ties positioned for cross-clamping (right) (from the photo collection of Genadyi 
Vatachki Roumenov)
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• allows the assessment of the viability of both hepatic 
grafts.

• allows a meticulous transection facilitating the identifica-
tion of veins with caliber larger than 5 mm (requiring recon-
struction), and of aberrant vascular and biliary anatomy.

In ex-situ split liver retrieval, the liver graft is split after 
retrieval, on the “back-table”. The advantages of ex-situ 
splitting are the reduced operating time and the diminished 
demand for resources.

63.4.2.2  En-bloc Liver-pancreas Retrieval
En-bloc retrieval of the two organs requires an aortic patch 
that includes the celiac trunk and SMA (Fig. 63.12). After 
mobilization of the organs and cross-clamping, the grafts are 

retrieved and separated on the back-table. For pancreas 
retrieval, the GDA and splenic artery are not ligated. The 
organs may be transplanted together, as a ‘cluster’ transplant, 
which has very few indications. During this type of retrieval, 
the ‘no touch technique’ is used for the pancreas, which is 
indirectly mobilized by using the spleen as “handle” (which 
is later removed on the back-table).

63.4.2.3  En-bloc Liver-bowel Retrieval

This type of retrieval involves bowel preparation and lavage 
through a nasojejunal tube with saline solution and antibiot-
ics. The jejunum is sealed with stapler close to the angle of 
Treitz, marking the area with a suture thread for later orienta-
tion. The transvers mesocolon is sectioned and the right 

Fig. 63.11 Cannulation of the portal vein (left) and aorta (right) (from the photo collection of Genadyi Vatachki Roumenov)
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Fig. 63.14 Varotti 4A reconstruction on the back table and in recipient (from the photo collection of Genadyi Vatachki Roumenov)

Fig. 63.12 En-bloc liver and kidney retrieval in pediatric donor (from 
the photo collection of Genadyi Vatachki Roumenov)

Fig. 63.13 Back-table dissection and perfusion (from the photo col-
lection of Genadyi Vatachki Roumenov)

colon vascularization is ligated. The pancreas is separated 
from the portal and superior mesenteric vein and then tran-
section at level of the pancreatic isthmus. In the event of an 
unstable donor, separation from the pancreas may also be 
done on the back-table. Stapling the ileum is performed as 
late as possible, to allow the complete evacuation of the 
intestinal content into the colon. The hepatic and intestinal 
grafts are lifted together with celiac trunk, SMA and aortic 
patch (Carell patch), which can be extended on the back- 

table using an iliac graft [17]. An “in-vivo” dissection of the 
liver hilum is recommended by some authors, to reduce the 
back-table organ separation time by early identification of 
anatomical variants [18].

63.4.3  Back-table

The graft is then moved to the back-table and positioned. The 
liver graft is perfused on the back-table with preservation 
solution through the PV and HA (Fig. 63.13). Flushing the 
CBD is also done in order to avoid autolysis of the biliary tree 
epithelium under the effect of the remnant bile during cold 
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ischemia time. Uniform discoloration of the liver and outflow 
of clear preservation fluid through the hepatic veins are proof 
of a proper flushing of the liver graft [17, 19]. The excess of 
connective tissue and the portion of diaphragm attached to the 
liver graft are also removed on the back-table.

The IVC is prepared for anastomosis depending on the 
technique used in the recipient: a termino-terminal (T-T) 
anastomosis between the recipient’s and donor’s and IVCs, a 
termino-lateral (T-L) anastomosis between the cranial extrem-
ity of the donor’s IVC and the recipient’s IVC anastomosis, 
after sealing both ends of the latter (the piggy back tech-
nique), a latero-lateral (L-L) anastomosis (the Belghiti tech-
nique), or a L-L anastomosis using the triangulation technique 
(the triangle is fashioned by an transversal incision on the 
anterior wall of the recipient’s IVC, uniting the ostiums of the 
hepatic veins, combined with a longitudinal incision).

The hepatic pedicle elements are prepared for anastomo-
sis. The portal vein and hepatic artery are checked again to 
assure all branches are properly sealed, by infusing sterile 
saline solution with a relative pressure.

If arterial variations are present, they are reconstructed 
and prepared for implantation (Fig.  63.14). The common 

practice in arterial anatomical variations is to reduce the 
anastomotic partner to a single arterial trajectory of conve-
nient caliber. When a right HA originates from SMA, the 
celiac trunk and SMA aortic patches are sutured together. 
The distal portion of the SMA is connected to the recipient’s 
HA. The right HA can also be T-T anastomosed to the GDA 
or splenic artery stumps; in this case, the anastomotic partner 
of the recipient’s HA is the aortic patch corresponding to the 
celiac trunk. There is no need for arterial reconstruction in 
case of a left HA stemming from the LGA.

If the recipient’s HA does not achieve an acceptable blood 
flow, the liver can be vascularized by an arterial graft interposi-
tion (donor’s iliac artery) or implant the celiac trunk patch of the 
graft directly into the aorta distal to the origin of the renal veins.

After the preparation of the graft is completed, the liver is 
packed in three separate sterile bags with saline solution 
between each one for extra protection during transportation.

The recommended period of cold ischemia (the interval 
between cross-clamping and finishing the cavo-caval and 
porto-portal anastomoses with subsequent declamping) is 
less than 12 hours, since the liver graft quality declines after 
this period [19].

Fig. 63.15 Abnormal trajectory of the IVC (left). Horse-shoe kidney (with 4 arteries, 3 veins and 2 urethers), positioned anterior to the aorta and 
IVC; a surprising obstacle during Cattell-Braasch maneuver (right) (from the photo collection of Genadyi Vatachki Roumenov)
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63.4.3.1  Incidents: Accidents
In a multiorgan retrieval, a wide array of unforeseen situations 
may arise due to donor instability, challenges generated by shar-
ing the vascular capacity of the donor between retrieval teams, 
failure to recognize the anatomical vascular variants with conse-
quent vascular injuries, or issues related to logistics (Fig. 63.15).

In case of an unstable donor or even cardiac arrest during 
retrieval, the next steps should be followed:

• systemic heparin administration—a bolus of 300 U/kg;
• aorta cannulation only (portal vein cannulation and perfu-

sion are done on the “back-table”)
• cross-clamping as fast as possible in order to avoid pro-

longed organ ischemia;
• cold phase dissection of the vessels followed by hepatic 

graft extraction [18, 20].

If cardiac arrest occurs, the donor status changes to a type IV 
cardiac arrest donor (according to the Maastricht classifica-
tion). Cardiac arrest in a DBD donor is followed by section-
ing of the IVC (venting), aortic cannulation and infusion 
with cold preservation solution, followed by clamping of the 
aorta, sterile ice cooling, portal vein cannulation, and liver 
graft extraction.

In case of a damaged or short IVC, the liver graft can be 
salvaged by reconstructive augmentation with venous grafts 
from the iliac veins.

During retrieval, if an accessory branch of right HA origi-
nating from SMA is injured, the management depends on 
when the injury was produced—before or after 
cross-clamping:

• before cross-clamping: proceeds with cross-clamping and 
separate infusion of the injured vessel through a thin cath-
eter, to obtain a uniform flushing of the liver graft. After 
graft extraction, the injured branch will be re-attached to 
the GDA or splenic artery stump, on the back-table;

• after cross-clamping: the above-mentioned vascular 
reconstruction will be carried out on the back-table.

Sometimes, due to logistic or transportation reasons, the 
retrieval time must be cut short. For a shorter retrieval time, 
the surgeon may also exclude back-table time completely 
and carry it out at the transplantation center [12, 21].

The procedure must always be adapted to all contributing 
factors linked to the donor.

In conclusion, the key points of a successful retrieval are 
optimal retrieval technique, thorough flushing of the graft, 
and minimal warm and cold ischemia time.
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Deceased Donor Liver Transplantation: 
The Pendulum of Visions and Ideas

Jan Lerut and Quirino Lai

Abstract

During the second half of the twentieth-century, liver 
transplantation (LT) became a clinical reality. Many tech-
nical, medical, physiologic, and immunological hurdles 
needed to be taken to make this endeavour successful. 
Starzl stated already in 1989 that “the conceptual appeal 
of liver transplantation would become so great that the 
procedure should come to mind as a last resort for virtu-
ally every patient with lethal hepatic disease.” Technical 
perfection and the introduction in the 80s of the selective 
immunosuppressive drugs cyclosporine A and tacrolimus 
transformed LT into a routine procedure. Since then, signs 
of progress have been spectacular. The number of proce-
dures applied to more than 50 different benign and malig-
nant liver diseases has grown exponentially, reaching the 
400,000 marks nowadays.

This chapter deals with different aspects of this medi-
cal adventure, such as developed in the context of 
deceased donor LT experiences. The concept of this chap-
ter is based on the “pendulum” of visions and ideas. 
Indeed, nearly all historical observations and descriptions 
made and written down by Starzl in his 1969 classical 
textbook, “Experience in Hepatic Transplantation,” have 
been confirmed many decades later. This “closing circle 
concept” will be highlighted at the beginning of each sec-
tion by recalling a visionary quote of Starzl followed by 
the current status of LT (Starzl, Experience in liver trans-
plantation. WB Saunders Company, Philadelphia, 1969).

64.1  Introduction

There are clear signs that homotransplantation of the liver 
will be a valuable means in the future of treating patients 
who have otherwise hopeless prognosis from hepatic disease 
(Th. E.  Starzl foreword book Experience in Hepatic 
Transplantation)

Liver transplantation (LT) has turned from a dream into a 
reality. The first attempts of canine LT covered a one-page 
short letter by St.Welch in 1955  in the ‘Transplantation 
Bulletin,’ a supplement of the Journal of Plastic and 
Reconstructive Surgery. At that time, a transplantation jour-
nal did even not exist! Later on, it was discovered that the 
Milanese surgeon V.Staudacher had realized the first experi-
ments in 1952. Starzl’s large animal experience resulted in 
the “first LT experiment in human” on March 26, 1963 [1]. 
Twenty years later, the National Institute of Health Consensus 
Development Conference based on only 540 LTs performed 
in Denver-Pittsburgh, Hannover, Cambridge, and Groningen, 
concluded that LT was “a promising alternative to current 
therapy in the management of late phase of several forms of 
severe liver diseases.” Moreover, the Committee declared 
that LT had the potential to become a “clinical service” 
instead of an experimental procedure. This consensus con-
ference’s results represented the starting point for the high-
speed implementation of LT as a curative treatment of many 
livers and liver-based diseases [1–4]. From 1960 to 1990, 
knowledge was almost exclusively based on deceased donor 
LT experiences. From 1990 onwards, living donor LT 
(LDLT) expanded further knowledge about surgical tech-
nique, physiology, and peri-operative care [5]. The LDLT 
experience will undoubtedly lead to the full development of 
all other technical LT variants, badly needed to overcome 
allograft shortage and optimize liver recipients’ surgical and 
medical care [5].
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64.2  The Pendulum of History

At first, the results with the clinical trials of liver transplan-
tation were disheartening. Instead of causing defeat and 
retreat, the consequence of the early failures was to evolve 
to solutions. (Foreword by W.  R. Waddell, chair of the 
Department of Surgery in Denver, in “Experience in Hepatic 
Transplantation”).

Starzl designed LT to treat unresectable primary as well as 
secondary hepatobiliary tumours. This idea was without doubt 
also influenced by his medical Colorado (nephrological) unfa-
vourable environment, which was more than sceptical about 
the ethical justification of a procedure characterized by pro-
hibitively high morbidity and mortality. The recipient 
either died after some days or weeks or the rare survivors had 
their kidneys destroyed by the nephrotoxic, calcineurin inhib-
iting based immunosuppression (IS). The Denver team 
embarked on a project full of uncertainties about surgical tech-
nique, organ preservation, allograft dysfunction, and use of 
IS. Moreover, organ procurement was very debated, still lack-
ing a definition of brain death [6]. The tenth and first “success-
ful” LT was done September 2, 1967, in a 1.5–year biliary 
atresia infant presenting a huge hepatocellular cancer (HCC). 
Substantial medical and surgical efforts (including seven 
major reinterventions!) allowed to obtain a 13-month “sur-
vival”; the child died of generalized tumour recurrence [7]. 
Although such therapeutic obstinacy would be condemned 
today by every Institutional Review Board, this “never, never 
give up” case paved the way for one of the most extraordinary 

modern medical developments. This remarkable event went 
along with another extraordinary expedition, namely the first 
moon landing! Twenty years and several hundreds of large 
animal experiments were necessary to refine and decipher sur-
gical techniques of liver procurement and implantation, organ 
preservation, allograft dysfunction, and immunosuppression 
strategies. LT evolved from an ‘unfinished’ to a ‘finished’ 
product [1]. The most crucial progress was related to the iden-
tification of the different causes of allograft dysfunction. It 
became rapidly apparent that jaundice was no longer equal to 
rejection but also to benign cholestasis, (de novo or recurrent) 
viral hepatitis, allograft disease recurrence, graft quality, infec-
tion, and drug toxicity and biliary tract complications. Correct 
differential diagnosis allowed a more appropriate use of IS. As 
a corollary, lethal infections became less frequent, and the 
recipients’ quality of life improved. These signs of surgical 
and medical progress paralleled the discovery in the ‘80s of 
the “miracle drugs” cyclosporine A and tacrolimus [8, 9]. 
Their introduction definitively transformed LT into a clinical 
service for liver-diseased patients, as exemplified by the rise of 
the one– and five-year survival rates to 90% and 75%. The 
1983 Consensus Conference recognized the potential of LT on 
the condition to restrict the procedure to very selected patients 
complying with ten absolute and five relative contraindica-
tions (Table 64.1) [10]. Progresses in surgery, anaesthesiology, 
intensive care medicine, pathology, and infectious diseases 
management allowed taking down all but one (e.g., active sep-
sis outside the hepatobiliary system) of these contraindica-
tions, thereby bringing LT to the status of routine medicine!

Table 64.1 1983 National Institute of Health Consensus Conference and actual 2020 status: indications and contraindications for liver 
transplantation

Indications

Contra-indications
Status 1983

Contra-indications
Status 2020

Absolute Relative
1) Young patient <50 years 1) Age > 55 years 1) Age > 50 years NO
2) No viral infection 2) HBsAg-HBeAg positive status 2) HBsAg positive status NO
3) No alcohol and drug abuse 3) Active alcoholism 3) Advanced alcoholic liver 

disease in an abstinent patient
NO

4) Ability to accept and 
understand the procedure

4) Inability to accept the procedure or 
understand its nature or costs

NO

5) Ability to accept costs 5) Severe hypoxemia (right to left 
shunts)

NO

6) Normal vessel status 6) Portal vein thrombosis NO
7) No cardiopulmonary or renal 
disease

7) Advanced cardiopulmonary or renal 
disease

NO

8) No infection 8) Sepsis outside hepatobiliary system 4) Intrahepatic or biliary sepsis YES
9) No (advanced) malignancy 9) Primary malignant disease outside 

hepatobiliary system
YES except 
haemangioendothelioma

10) No prior abdominal surgery 10) Metastatic hepatobiliary malignancy 5) Previous abdominal surgery NO
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64.3  The Pendulum of Indications

The unequivocal indication for the operation of liver replace-
ment was originally considered to be primary malignancy 
which could not be treated with conventional techniques of 
subtotal liver resection (Th. E. Starzl) 

This statement was written by the person who first performed 
extended right and left liver resections with or without 
removing the inferior vena cava! Although the indications 
for LT have been extensively dealt with in this textbook, 
some general, supplementary remarks, based on long-stand-
ing personal experience and recent developments, are put 
forward.

LT is indicated for four major liver disease groups: 
chronic parenchymatous and cholestatic (auto- immune) 
liver diseases (75%), benign and malignant hepatobiliary 
tumours (10 to 20%), acute liver failure (10%), and inherited 
liver-based metabolic diseases (5%).(Table 64.2). Recent 
signs of progress in hepatology, oncology, molecular biol-
ogy, and societal behaviour drastically changed these indica-
tions’ respective weights [11]. The original concept of LT as 
the treatment of unresectable liver cancers was abandoned 
because of the very early and high recurrence rates and the 
growing mortality on the waiting list of patients presenting 
end-stage failure due to benign, chronic liver diseases. In 
1996, the Milan Criteria (MC) became the “gold standard” to 
allocate allografts to HCC patients because markedly 
improving five-year disease-free survival rates reaching 85% 
[12]. These criteria reduced these tumour patients’ access to 
the waiting list from 50% to 10%. Recent studies, many 
based on LDLT experiences, revealed that up to 60% of HCC 
patients are unjustifiedly excluded from a potential curative 
LT when adhering to these restrictive MC [13]. Unexpected 
good results in some recipients outlying the MC started a 
movement to again broaden the inclusion criteria for LT in 
both Western and Eastern hemispheres without severely 
compromising oncologic outcome [14–16]. These exten-
sions were merely driven by the application of sound onco-
logic principles combining “dynamic” tumour morphology 
(number and diameter with the evaluation of radiological 
response or downstaging to locoregional therapies based on 
m-RECIST criteria) [17] and biology (evolution of alpha- 
fetoprotein, descarboxy-prothrombin, neutrophil- or platelet- 
to- lymphocyte ratios) [18]. The use of reduced IS load, 
steroid-free and m-Tor inhibitor-based IS, will play an 
important role in the ongoing re-development of oncologic 
transplantation [19, 20]. The fact that unresectable hilar and 
intrahepatic cholangiocellular cancer (CCC) are nowadays 
also considered for LT if  strict criteria and  neoadjuvant 
radio-chemotherapy (Mayo Clinic protocol) are applied  in 
line with this evolution [21]. Conversely, LT for mixed HCC-
CCC,  intrahepatic CCC or sarcomatoid HCC remains very 
questionnable seen their high recurrence rate.

Even in the case of primary hepatobiliary cancers, the 
remarkable successes obtained today triggered a renewed 
interest in LT as a treatment for unresectable secondary liver 
tumours [22]. The Milan group demonstrated that LT could 
cure patients with non–resectable gastrointestinal NET liver 
metastases when, again, adhering to strict inclusion criteria 
consisting of young age (<55 years), low proliferation index 
(Ki  <  5%), the delay between R0 resection of the primary 
tumour and LT of more than six months, tumour location in 
the portal venous drainage system, avoidance of simultaneous 
major abdominal resection and administration of  effective 
neo-adjuvant chemotherapy. Adapted IS, and adjuvant che-

Table 64.2 Indications for liver transplantation in 2020 (questionable 
indications are mentioned in italic)

Acute liver failure
Acetaminophen
Autoimmune hepatitis
Budd-Chiari syndrome
Cryptogenic
Fatty infiltration-acute fatty liver 
of pregnancy
HAV/HBV/HCV/HDV/HEV 
infection
Drug-induced liver injury
Post-operative
Post-traumatic
Reye syndrome
Wilson disease
Chronic liver failure
Alcoholic liver disease
Autoimmune hepatitis
Chronic HBV/HBV-HDV/HCV/
HEV infection
Cirrhosis drug-related
Cirrhosis virus-related (other 
viruses)
Cryptogenic liver disease
Non-alcoholic fatty liver disease 
(NAFLD)
Cholestatic liver diseases
Alagille syndrome
Byler disease
Caroli disease
Choledochal cyst
Congenital biliary fibrosis
Extra-hepatic biliary atresia
Primary biliary cholangitis
Primary sclerosing cholangitis
Secondary biliary cirrhosis
Vascular liver diseases
Budd-Chiari syndrome
Hereditary haemorrhagic 
telangiectasia
Veno-occlusive disease
Metabolic liver diseases
Alpha-1 antitrypsin deficiency
Congenital disorder of 
glycosylation type Ib
Crigler-Najjar syndrome
Cystic fibrosis

Familial homozygous 
hypercholesterolemia
Galactosemia
Glycogen storage disease I and 
IV
Haemophilia A and B
Hereditary haemochromatosis
Hereditary transthyretin 
amyloidosis (FAP)
Lysosomal storage diseases
Maple syrup urine disease
Methylmalonic acidemia
Other types of porphyria
Primary hyperoxaluria
Propionic acidemia
Protoporphyria
Tyrosinemia
Urea cycle disease
Wilson disease
Benign tumor liver diseases
Adenoma
Adenomatosis
Focal nodular hyperplasia
Giant haemangioma
Nodular regenerative 
hyperplasia
Malignant tumor liver diseases
CCC hilar
CCC intrahepatic
Epithelioid 
haemangioendothelioma
HCC on cirrhosis
HCC in non cirrhotic/non- 
fibrotic liver
Hepatoblastoma
Metastases neuro-endocrine
Metastaseis colorectal
Mixed HCC-CCC
Sarcomatoid tumour
Miscellaneous
Alveolar echinococcosis
Cystic echinococcosis
Hepatic trauma
Polycystic liver disease
Schistosomiasis
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motherapy may further improve results [23]. Impressive 
improvements in chemotherapy, liver surgery (e.g., two- stage, 
repeated, and ALPPS procedures), and imaging all played a 
role in the renewed interest of the transplant community to 
treat unresectable colorectal metastases (CRLM) [24]. The 
historic Vienna series and the recent Oslo trials showed that 
good selection could generate 5-year actuarial overall sur-
vival rates of over 50% [24, 25]. Larger prospective, multi-
centre studies such as the ongoing European Transmet, the 
Toronto and Oslo trials will further finetune the place of LT in 
the treatment of CRLM [25, 26]. The observations that one-
third of recurring patients can be made disease-free by aggres-
sive post-LT (mainly thoracic) surgery; that the growth rate of 
extrahepatic metastases and tolerance of adjuvant chemother-
apy are similar in non- and in immunosuppressed patients all 
indicate that LT will play a more prominent role in the treat-
ment of CRLM [26, 27].

The pendulum of transplant indications for primary and 
secondary hepatobiliary cancers returned based on the appli-
cation  of  sound oncologic principles combining surgery 
(e.g., R0 total hepatectomy) and neo- and adjuvant medical 
therapies.

A reversed pendulum has been observed concerning the 
indication of LT for decompensated cirrhosis. After a rise to 
60% of all  transplant procedures, indications drastically 
changed over time in different directions: alcoholic cirrhosis 
(from 25 to 40%), primary biliary cholangitis (PBC) (from 
50 to ˂10%), and HBV/HCV-related cirrhosis (from 20 to 
50%) [11]. During the last two decades, much fewer LTs are 
indeed performed for PBC and HBV/HCV-related cirrhosis 
due to the development of efficacious pharmacological treat-
ments such as ursodeoxycholic acid [28, 29] and direct anti-
viral agents (DAAs) [30]. DAAs nowadays  even allow 
to  remove  patients from the waiting list because of the 
improvement of their liver function. The HBV nucleos(t)ide 
analogues, lamivudine, adefovir, and tenofovir, allow to 
obtain excellent results of LT even in case of active viral rep-
lication. The efficacy of these drugs also challenge the dogma 
of life-long IV or IM administration of anti-HBs immuno-
globulins (HBIg) to prevent allograft reinfection [31–33]. 
DAA almost eliminated the otherwise universal HCV graft 
reinfection, responsible for a  rapid development 
towards allograft cirrhosis [34]. All these medications will 
also be of value to reduce allograft disease recurrence, 
thereby reducing the incidence of re-transplantation. 
Ironically enough, many transplant hepatologists, arguing 
before against LT for HCC, now favour LT for this indication 
due to the almost elimination of HBV/HCV patients from 
the(ir) waiting lists! Moreover this gap on the waiting list is 
now filled out with two “societal behaviour” diseases: alco-
holic cirrhosis and non-alcoholic fatty liver disease. 
Alcoholic liver disease became the first and second most 
common LT indication throughout Europe and the United 

States. Non- alcoholic fatty liver disease (NAFLD) and non- 
alcoholic steatohepatitis (NASH), associated with obesity, 
metabolic syndrome, and HCC, is already the third leading 
indication for LT in the US (11% of recipients) and the sec-
ond leading aetiology for HCC requiring LT [35, 36]. Overall 
5-year survival rates are similar to other indications. 
However, these recipients have higher post-LT mortality due 
to cardiovascular events and infections [36]. To reduce these 
obesity-linked risks linked, bariatric surgery, during or after 
LT, has been introduced with a good safety and efficacy pro-
file [37].

The role of LT in the treatment of (sub)acute liver failure 
(ALF) and inherited liver-based metabolic diseases has been 
reduced due to better, especially anti-infectious, care in spe-
cialized liver units and to developments in molecular biol-
ogy. ALF is mainly due to drug-induced toxicity and acute 
viral infections. The revised King’s College and Clichy crite-
ria still stand the test of time concerning justification and 
timing of LT in case of paracetamol intoxication and viral 
hepatitis [38, 39]. Liver-assist devices, such as the albumin 
dialysis (Molecular Adsorbent Recirculating System 
(MARS) (Gambro, Lund, Sweden) and Fractionated Plasma 
Separation and Adsorption system (FPSA) (Prometheus, 
Fresenius Medical Care, Bad Homburg, Germany) unfortu-
nately do not (yet) fulfil their promises, [40] and regenerative 
medicine is still in its developmental phase [41]. Auxiliary 
partial LT (APOLT) should be explored more widely in this 
context as the better solution for ALF patients because hav-
ing the great advantage to allow gradual IS withdrawal after 
recovery of the diseased liver [42].

LT was for a long time the response to several inherited, 
liver-based, metabolic diseases, the most important ones 
being tyrosinemia, porphyria, propionic acidaemia (PA), 
methylmalonic acidaemia (MMA), primary hyperoxaluria 
(PH), hereditary transthyretin amyloidosis (ATTRv- 
amyloidosis (or familial amyloidotic polyneuropathy, FAP), 
congenital disorder of glycosylation type Ib, Wilson, urea 
cycle (UCD), maple syrup urine (MSUD), lysosomal, and 
glycogen storage (GSD) diseases (Table 64.2). Despite early 
dietetic measures, inhibition of tyrosine catabolism, copper 
chelation, enzyme replacement therapies and RNA interfer-
ence (leading to robust gene silencing), LT remains indicated 
in UCD, GSD, PH, and PA/MMA and when end-stage 
chronic liver disease, HCC or CCC develops. In PH and PA/
MMA, sequential or simultaneous liver-kidney transplanta-
tion is usually needed. LT considered as the reference treat-
ment to halt or cure ATTRv (FAP)-related disabling 
neuropathy is also challenged by the very recent introduction 
of TTR kinetic stabilizers (slowing down the disease pro-
gression) and gene silencing drugs (inhibiting the production 
of the mutated TTR protein). Consequently, the number of 
listed ATTRv patients is markedly reduced  thereby almost 
eliminating  domino or sequential LT [43].
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In the case of uncontrolled metabolic diseases, LT, 
APOLT, and LDLT should  be timed adequately to avoid 
irreversible organ damage(s) related to the accumulation 
of the toxic molecules [44]. As portal hypertension is 
absent in most of these diseases, a small (left) living donor 
liver graft represents an excellent means to cope with 
these diseases [27].

64.4  The Pendulum of Liver 
Transplantation Technique

“There is an absolute necessity of having a technically per-
fect transplantation … this allows to have the benefits of bet-
ter immunosuppression and improved quality of the 
homograft” and “In at least one important way an erroneous 
conclusion was reached from animal experimentation about 
the technical requisite for successful human transplantation, 
the use of external venous bypasses. The demonstration that 
bypasses are unnecessary in human recipients was a signifi-
cant advance…” (Th. E. Starzl)

Recipient hepatectomy with the removal of the retro-hepatic 
inferior vena cava (IVC) and use of active, heparin-coated, 
veno-venous bypass (VVB) were the cornerstones of the 
recipient procedure for almost half a century. The IVC pre-
serving hepatectomy, described initially by R.Calne in 1968, 
became accepted by most centres as the standard LT proce-
dure since the ‘90s. The preservation of the IVC led to the 
development of piggy-back and cavo-caval implantation 
techniques. These  techniques played also a seminal role in 
the development of split, domino, auxiliary full-size, and 
partial LT [45–48].

64.5  The Pendulum of Organ Procurement 
and Preservation

“The ultimate definition of death was the cessation of heart-
beat…”. “An alternative and a more complete measure in 
case there is no circulation is that of cadaveric perfusion 
with a heart-lung machine.” “Several donors were aged…up 
to 79 years, in all there were histologic changes in the homo-
grafts…” (Th. E. Starzl)

The first 19 Denver cases were done using (almost!) cardiac 
death donors. During that period, the concept of brain death 
was first outlined and applied at the University of Louvain 
by G.  Alexandre and later defined more precisely by the 
Harvard University Committee [49]. Terminal donor care 
did not compromise the allograft quality. Rapid cooling 
using balanced electrolyte solutions (such as developed by 
T.L. Marchioro in 1963 and P. Mikaeloff and P.J. Kestens in 
1965 in Lyon and Louvain) further improved the quality of 
the allograft procured in “living cadavers.” Brettschneider 
went a (logical) step further by developing in 1967 (!) a 

preservation unit using hypothermia, hyperbaric oxygen-
ation, and perfusion with diluted, ABO-identical blood. 
Expanded criteria donor (e.g., aged up to 79  years!) and 
resuscitated (e.g., up to 18 times!) donors were frequent; 
three livers, perfused ex-vivo for 24 hours (!), were success-
fully transplanted. The advent of brain death donation, 
organ donor management and the University of Wisconsin 
(Belzer) solution rendered complex in-situ and ex-vivo 
organ perfusion “superfluous”. Cardiac death donation 
faded away, and prolongation of ischaemia times trans-
formed LT into a semi- urgent procedure. However, this pol-
icy did not pay off well, as shown by the high incidence of 
allograft loss due to non- function, severe dysfunction and 
ischaemic-type biliary lesions. The pendulum had gone too 
far, and liver donation had to comply with more and more 
restrictive criteria, a policy that resulted in a marked reduc-
tion of LT activity [50, 51].

The pendulum changed again following the renewed 
interest in extended brain death donor (DBD) criteria and 
more recently in donation after cardiac death (DCD) 
Maastricht 2 (uncontrolled) and 3 (controlled) 
DCD.  Unfortunately these policies resulted in a very high 
incidence of graft loss and biliary tract complications [52]. 
Hypothermic, sub-normothermic, and normothermic perfu-
sion strategies with or without blood were re-instituted 
recently to counteract these problems. Specialized “organ 
recovery” units explor the boundaries of the extended donor 
criteria and modulate  liver grafts morphologically (e.g., 
defatting of steatotic livers or stimulating regeneration in 
fibrotic partial or full-sized liver grafts) and even immuno-
logically will play an important in this evolution [53].

64.6  The Pendulum of Donor–Recipient 
Matching

Whether the undertaking of LT will become possible 
depends upon the procurement of the liver which is of proper 
size and antigenic structure and which has not been so badly 
damaged (e.g., by resuscitation) that it cannot support life in 
the new host. (Th. E. Starzl)

On top of a perfect technical intervention in both donor and 
recipient, good matching of the donor (D) and the recipient 
(R) is important to optimize results. Unfortunately, many 
mistakes are still repeated, although already described by the 
Starzl team in the ‘60s! Matching weight, age, gender, immu-
nologic status (donor-specific antibodies), viral (CMV, HBV, 
and HCV) status, blood group, donor condition, recipient 
sickness status, and surgical history impact outcome. Some 
of them, such as donor weight, age, HBV/HCV infection sta-
tus, and blood group, can be easily anticipated. Some others, 
such as CMV status, crossmatch, and gender, can’t because 
of practical reasons [54, 55].
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The “mechanical feasibility” of LT should be based on 
careful physical examination of D and R.  D/R recipient 
weight matching remains an underestimated feature in LT. 
Too large grafts make the implantation difficult and even 
hazardous. Simultaneously, too small grafts, defined as a 
graft to body weight ratio ≤ of 0.5, lead to liver insufficiency 
or small for size syndrome resulting in severe cholestasis, 
coagulation disturbances, ascites formation, infection and 
eventually death. D/R weight differences should be within 
the 20% margin in favour of the recipient [56, 57].

In case of  hepatomegaly, such as seen in cholestatic or 
polycystic liver disease and in large tumours this rule does 
not apply. The easy-to-use bedside calculation of the liver 
volume developed by Chaib et al. is a handy tool for evaluat-
ing liver volume… especially during mid-night and week- 
end calls [58]. The graft choice should also take into account 
the available right upper quadrant space, which can be 
(very) reduced in case of a shrunken, atrophic liver or con-
versely increased in case of severe ascites [56].

A good quality, DBD allograft should be allocated to 
recipients who present an advanced sickness status (e.g., 
very high Meld score or sarcopenic) recipients, a complex 
vascular situation (e.g., extended splanchnic venous throm-
bosis or arterial tree damage due to pre-LT locoregional che-
motherapy) and especially to those patients presenting 
a biliary tract damage (e.g., primary sclerosing cholangitis or 
ischaemic-type biliary tract lesions). The combination of low 
graft quality (e.g., major macrosteatosis, long ischaemia 
time) and pronounced sickness state are equal to a poor out-
come [59].

Adequate timing of donor and recipient operations is 
essential if problematic operative situations are to be expected 
(e.g., compromised vascular status, frozen abdomen, previ-
ous complex abdominal surgery, or delayed re-LT).

The role of donor age in determining allograft quality is 
unpredictable as the liver is the organ presenting the least 
senescence process [60]. Age mismatch plays a more impor-
tant role in paediatric LT.  Indeed, the more significant the 
age  mismatch, the greater the impact on allograft survival 
[61].

In the case of gender mismatch (e.g., female to male graft-
ing), a higher incidence of rejection has been reported [62, 
63]. Mismatched but compatible blood group LT frequently 
leads to haemolytic graft versus host syndrome. This anti-
genic stimulus should be reduced by switching the blood 
product use to the blood group of the graft. ABO-incompatible 
LT evidently can only be done after specific recipient prepa-
ration, including plasmapheresis to reduce the natural 
 antibody titer and B-cell therapy using anti-CD20 antibodies 
to neutralize antibody formation [64].

Viral status is another important D/R feature. Six to 9% of 
organ donors are HBc Ab positive; ideally, such allograft 
should be directed to an HBV positive recipient needing any-
way HBV protection. If the recipient is HBV negative, anti-

viral HBV prophylaxis is necessary because of the 20% risk 
of viral transmission [33, 65]. If serum and biopsy of the 
donor are HBV DNA negative, this prophylactic antiviral 
therapy can be stopped later on.

HCV positive grafts should preferentially directed to 
HCV positive recipients because their need of DAA therapy 
[66–69]. CMV D/R matching is also essential; the risk for 
CMV transmission being around 60% in case of D positive/R 
negative status and 25% in case of D/R positivity. In such 
constellations prophylactic or pre-emptive (val)ganciclovir 
treatment is mandatory [54].

64.7  The Pendulum of Immunosuppression

“It is almost certain that the continuous presence of a 
transplanted organ in a host being treated with 
immunosuppressive therapy often leads to a selective loss of 
responsiveness to the antigens of the homograft (tolerance).” 
“Even minimal immunosuppression is too much 
immunosuppression”. (Th. E. Starzl)

Unraveling the different causes of liver allograft dysfunction 
needed the study of rejection in unmodified and modified 
(e.g., immunosuppressed) large animals. The immunosup-
pression (IS) in the first Denver series consisted of the “secret 
cocktail BW322”, containing prednisone and azathioprine. 
Later on heterologous antilymphocyte globulins (ALG) were 
added. Several of these patients survived for more than 
20 years without any IS! Unfortunately, it became common-
place to take measures to prevent at any price the “repudia-
tion” of the allograft [70]. This philosophy resulted in 
over-immunosuppression strategies, which in turn led to 
lethal infections, cardiovascular complications and de novo 
tumor formation. The introduction of the selective calcineu-
rin inhibitors, cyclosporine A and tacrolimus, allowed the 
evolution towards the opposite concepts of minimization and 
tolerogenic IS protocols. Unfortunately, many lessons from 
the past were forgotten. Due to the multitude of, mostly 
industry-driven, studies still essentially looking at eliminat-
ing the physiologic process of allograft rejection or at renal 
function  sparing. The discovery in 1993 by Starzl of cell 
migration and chimerism after whole-organ transplantation 
based on graft acceptance unequivocally confirmed Starzl’s 
1969 statement [9]. Graft acceptance is a dynamic process in 
which clonal deletion and exhaustion are the key players. 
Destroying this immunologic donor-recipient interaction at 
any price breaks the pathway to graft acceptance (under min-
imal or no IS at all) [71, 72]. The use of tacrolimus, the more 
efficacious calcineurin inhibitor, allows reaching such a state 
more easily [73]. Already from the beginning, it was observed 
that some large animals conserved a normal allograft func-
tion after a short-term low-dose IS only. Together with recent 
minimisation experiences, these seminal observations should 
incite the transplant community to design more investigator-
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driven, prospective studies concerning tolerogenic IS strate-
gies [74] The reasons to do are multiple: reduction of lethal 
cardiovascular, infectious, and oncologic side effects, avoid-
ance of metabolic syndrome and renal failure, improved qual-
ity of life and, last but not least, appropriate use of the 
immuno-privileged status of the liver graft (e.g., rejection 
and chimeric benefit). To be successful, such trials need to be 
built on solid immunologic and pathological (“the biopsy 
being the science of transplantation”) grounds implying 
complete documentation of the recipient status from the start 
of IS withdrawal to long-term follow-up [75]. Recent multi-
centre studies indicate that IS can be reduced or even halted 
without (great) risk for graft loss [76].

64.8  The Pendulum of Post-transplant 
Follow-up

As further experience accumulates, it is probably that other 
causative factors than rejection and tumor recurrence will 
be found to be important…such as viral hepatitis, drug tox-
icity, cholangitis… (Th. E. Starzl)

Organ transplantation is a complex undertaking involving all 
organ systems. The chronic use of IS drugs is responsible for 
severe (eventually lethal) side effects. Cardiovascular and de 
novo tumor formation occur in >10% of long-term survivors; 
incidence of (late) infectious complications is less well doc-
umented. Twenty and 40% of long-term survivors develop 
renal failure and metabolic syndrome. All these complica-
tions are the main reason of patient loss with a functioning 
grafts [77]. Multidisciplinary but centralized care and fol-
low- up are necessary to continuously finetune the immuno-
suppressive load adapted to the evolution of both allograft 
and recipient condition. In patients transplanted for autoim-
mune (cholestatic) diseases, particular attention should be 
given to the evolution of extrahepatic disease manifestations, 
such as polyarthritis, colitis, sclerodermia, vasculitis and 
other thyroiditis. All of them may heavily compromise their 
quality of life. Unfortunately, many of these manifestations 
require a reinforcement of IS or introduction of steroids.

Clinical follow-up should be done in a well-structured 
way, ideally combined with a (regular) pathological follow-
 up. In the early (≤3 months) post-LT follow-up clinical judg-
ment needs to go hand in hand with aggressive imaging 
(repeated doppler-ultrasound, scanning and interventional 
endoscopy and radiology), later on pathologic monitoring of 
the graft will play a more prominent role.

Early follow-up is dominated by graft loss due primary 
non-function (< 1%) or severe allograft dysfunction, techni-
cal problems (5–10%), acute cellular (5–30%) and antibody- 
mediated rejection (<1%). Thirty % of recipients will present 
biliary complications; these will be merely solved by inter-
ventional radiology but may also need redo biliary tract sur-
gery. Hepatic artery and (portal and hepatic)  venous 

complications are seen in respectively 1 to 5 and 1%, Hepatic 
artery thrombosis, the most feared complication, mostly 
leads to urgent re-transplantation. During late follow-up the 
picture is dominated by biliary complications (ranging from 
10 to 30%, the incidence depending on diagnostic aggressiv-
ity), recurrent allograft disease and chronic rejection (5%) 
[78]. In the absence of prophylactic therapy, recurrent viral 
disease is almost universal. Luckily enough, this cause of 
allograft loss has almost been eliminated since the introduc-
tion of immune-prophylaxis and DAAs [30, 79]. The inci-
dence of recurrent allograft disease in primary biliary 
cholangitis, primary sclerosing cholangitis, and autoimmune 
hepatitis is around 20, 40%, and 40%, respectively. Many of 
these recipients will need a delayed re-LT.  A similar ten-
dency is already observed in nonalcoholic steatohepatitis 
patients.

Although debated heavily, good follow-up should include 
histological documentation of the allograft [75, 80]. The now 
more frequent diagnoses of “de novo hepatitis” and (begin-
ning) chronic rejection (also known as vanishing bile duct 
syndrome, merely due to non-compliance) illustrate well the 
importance of liver allograft biopsies. De novo hepatitis is 
possibly a form of chronic rejection [81]. If diagnosed, a 
biopsy-guided adaptation of the IS is required. Recent find-
ings related to the impact of donor-specific antibodies (DSA) 
on outcome in LT have also to be interpreted in the context of 
delayed immunologic graft loss [82].

64.9  The Pendulum of Liver Transplantation 
Combined with Other Organs

“Potentially there could be an occasional clinical use for a 
composite transplantation such as in case of intestinal infarc-
tion…” “the technical requirements of the procedure were 
no more difficult than with a standard hepatic transplanta-
tion since only three vascular anastomoses with large calibre 
vessels were involved”. (Th. E. Starzl) [83]

Combined kidney–liver transplant (CKLT), combined 
liver–intestinal (CLIT) and multi-visceral transplanta-
tion. Up to 20% of diseased liver patients also present with 
renal dysfunction due to hepatorenal syndrome or to under-
lying morphologic kidney disorders [84]. The 2012 UNOS 
consensus meeting defined clear guidelines for CKLT in 
order to avoid futile kidney transplantation [85]. An essential 
aspect of CKLT relates to the liver allograft’s immunologic 
protective capacity if both organs, especially if originating 
from a same donor, are transplanted simultaneously. The 
same observation has been made in combined liver -intestine 
transplantation. Liver and small bowel grafts can be trans-
planted as a composite or non–composite allograft. In case 
of a composite graft, donor pancreas and duodenum are 
transplanted together with the liver to preserve the biliary 
tract [86]. In the non-composite transplant, the liver and 
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small bowel are transplanted separately. This approach 
allows adjusting significant donor-recipient size discrepan-
cies and is valuable in case of a “troubled abdomen”. It has 
been shown that combined liver–intestinal grafts do better 
than isolated IT [86]. Intestinal transplantation remains a 
challenging and costly endeavour. Outcomes improved dur-
ing recent years by introducing less aggressive IS therapies, 
but there is still a long way to go to reach the results obtained 
in other types of organ transplantation.

Combined heart-liver transplantation (CHLT), com-
bined lung-liver transplantation (CLuLT), and combined 
heart-lung-liver transplantation (CHLuLT). A liver dis-
ease may occasionally be responsible for heart failure. 
ATTRv (or familial amyloidotic polyneuropathy (FAP) and 
haemochromatosis are the most common indications for 
CHLT.  Such recipients may reach 70–75% five years sur-
vival, similar to results obtained after isolated HT or LT [87].

CLuLT will expand due to improved care given to patients 
suffering from cystic fibrosis and α1–antitrypsin deficiency 
(leading to end-stage secondary liver cirrhosis) as well as 
patients presenting idiopathic pulmonary fibrosis and porto- 
pulmonary hypertension. CLuLT recipients reach a 50% five 
years survival rate [88].

Porto–pulmonary hypertension (POPH) and hepatopul-
monary syndrome (HPS) merit particular attention; these 
diagnoses are made in 6% and 10% of patients presenting 
portal hypertension [89]. Typically, isolated LT results in the 
disappearance or major regression  of HPS within six to 
twelve months. Conversely, results of isolated LT for POPH 
are poor, (5-year survival in some series reaching 28% only) 
[90]. Due to the prohibitive mortality of isolated LT in these 
patients, CLuLT, potentially including the heart, has been 
proposed [89]. Long-term patient survival rates reaching 
85.7% have been reported  in CLuLT.  The management of 
HPS and especially POPH, has been improved recently by 
better understanding of the pathophysiology of these dis-
eases, the implementation of aggressive medical therapies 
targeting endothelial receptors (using e.g. vasodilators) and 
finally the improved selection of potential recipients. 
Combined heart-lung–liver transplantation (CHLuLT) may 
be indicated in patients with end-stage respiratory failure 
complicated by advanced liver disease or end-stage liver fail-
ure complicated with advanced lung disease. The leading 
causes of this combined surgical approach are cystic fibrosis 
or POPH refractory to vasodilators [91].

64.10  The Pendulum of Ethics in Liver 
Transplantation

The period 1963–1980 was the period of LT feasibility. 
Not surprisingly, LT was merely done for advanced, pri-
mary, and secondary hepatobiliary tumours and very 
sick patients. Through relentless working and learning 

both from successes and failures, this impossible opera-
tion became finally possible. LT became rapidly the vic-
tim of its’ success, so the gap between demand (sick 
patients) and offer (available allografts) progressively 
widened. Initially, patients were transplanted based on 
waiting time, later on the Child- Turcotte- Pugh (CTP) 
classification. Both parameters do however not allow to 
have an objective look at disease severity nor mortality 
on the waiting list. A scoring system based on parame-
ters reflecting both severity and need for timely trans-
plantation became necessary. The Meld (Model for 
End-stage Liver Disease) score, based on objective med-
ical characteristics (bilirubin, creatinine, and INR val-
ues), was implemented in 2002 by UNOS in the USA 
and in 2003  in the Eurotransplant area. MELD ensured 
not only an equitable allocation of liver allografts (prin-
ciple of justice and equity) and disease prognosis (esti-
mation of 3-month mortality on the waiting list) but also 
introduced the concept of minimal listing criteria (prin-
ciple of utility) [92]. Similarly, the PELD score was 
developed for the paediatric liver population. The MELD 
score needed to be adapted for HCC patients (usually) 
presenting a well-compensated chronic liver disease, 
hepatoblastoma, metabolic disorders, polycystic disease, 
and some particular indications such as hepatopulmo-
nary syndrome, porto-pulmonary hypertension and 
hereditary haemorrhagic telangiectasia. Bonus points, 
added to the lab-Meld score, were needed to allow these 
patients a timely access to transplantation. The Meld-
score was not only effective in ranking the patients on 
the waiting list by their disease severity but also by 
reducing the mortality on the waiting list. Some adapta-
tions, such as e.g., sodium- Meld score, were proposed 
by different allocation organisms in order to further fine-
tune the allograft allocation system. In the UK, the 
National Health Service further elaborated the utility 
concept by introducing a transplant benefit score. The 
future challenge will be to “mary” as good as possible 
the ethical principles of justice, equity and utility and to 
adapt the score continuously to the future progresses that 
will be made in hepatology and oncology [93].

A second ethical problem relates to the efforts aiming 
for expanding the organ pool by promoting all different 
forms of LT variants and by (re-)introducing more widely, 
again, the concept of cardiac death donation. Split, auxil-
iary and domino- LT represent less than 5% of all LT activ-
ities. Several studies revealed that 15% of liver grafts 
could be used as split grafts when adhering to simple, eas-
ily available, criteria such as normal liver tests, donor 
age ≤ 50 years and weight ≥ 50 kg. The benefits of a man-
datory splitting policy as applied in Italy are clear. Results 
of split-LT and full-size LT are becoming similar in expe-
rienced centres and waiting time for children is almost 
inexistent (around three weeks) eliminating thereby even 
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the need for living donor LT  in this patient group. The 
underuse of split-LT is explained by technical, logistic, 
and also financial considerations. The LT community can-
not go on to complain about allograft shortage when these 
problems are not tackled. The same applies to the insuffi-
cient implementation of DCD. The uniformization of leg-
islations about DCD per se (e.g., legalized in Belgium and 
Netherlands but forbidden in Germany) or some types of 
DCD (e.g., Maastricht category V or donation after eutha-
nasia) is needed to expand the  liver allograft pool. The 
instauration of “organ hubs,” allowing all different types 
of regional and machine perfusion modalities, should also 
become an “ethical obligation.” Clearly, financial endorse-
ment by the health authorities is necessary to foster and 
make successful split-LT, DCD-LT and, in-situ/ex-situ, 
machine perfusion, the latter being especially important in 
Maastricht categories I and II DCD [94–97].

A third ethical problem concerns the  heavily debated 
indications for advanced hepatobiliary cancer and self- 
inflicted diseases due to (suicidal) drug or alcohol intoxica-
tion. Several studies have shown that the indication of LT 
for HCC can be widened without heavily compromising 
outcome (e.g., death due to tumour recurrence) when adher-
ing to the combination of dynamic tumour “morphology 
and biology.” [98].

Alcoholic liver disease is also a controversial indication 
in terms of public attitude towards the patient’s responsi-
bility for his/her self-inflicted hepatic disease. The discus-
sion about this indication remains difficult because relapse 
after transplantation cannot be excluded despite adequate 
pre-LT psychological counceling  and strict post-LT fol-
low-up. The 6-month abstinence ‘rule’ considered as a 
‘safety belt’ in most transplant centres is an unreliable 
selection criterion. The best selection parameter to justify 
LT remains the patient’s integration in his/her familial, 
professional, and social environments. The “social debate” 
about LT and alcoholic liver disease has recently been 
fuelled by the Lille group, which proposed to perform LT 
even in case of severe alcoholic hepatitis not responding to 
medical therapy. Although LT represents the best therapy 
for decompensated alcoholic cirrhosis and hepatitis, alco-
hol abstinence represents a mandatory objective to be 
obtained, interconnecting patient compliance and public 
reassurance [99].

Finally, a fourth ethical problem concerns the justification 
of transplantation and re-LT in extremely sick patients. The 
organ availability being scarce, “futile LT” should be avoided 
at any price. The notion of the transplant benefit score (or 
utility) is here of utmost importance. Different studies taking 
into account pulmonary and renal function allowed develop-
ing scores to identify those patients who should be excluded 
from transplantation [59, 100, 101].

64.11  Conclusions

The history of medicine is that what was inconceivable yes-
terday and barely achievable today often becomes routine 
tomorrow. (Th. E. Starzl)

Transplantation  revolutionized, without any doubt, modern 
medical practice of hepatology and hepatobiliary oncology. 
Progresses have been spectacular during the last four 
decades. Most contraindications have been, one after the 
other, eliminated, and today only extrahepatic active sepsis 
remains as an absolute contraindication to the procedure. 
Long-term survival rates are frequent, so the transplant com-
munity’s attention need to be shifted to the long-term follow-
up, ideally documented with allograft pathology and to 
the optimization of the recipient’s quality of life. More clini-
cal and immunologic research will be needed to make these 
long- term survivors “immunosuppression free,” a condition 
necessary to face the more and more frequently diagnosed 
renal failure and, many times lethal, de novo tumour forma-
tion,  cardiovascular and infectious events observed in an 
ever-aging transplant population. Recent developments in 
immunosuppressive handling and in combined organ failure 
care will lead to more frequent combined transplant proce-
dures. Besides the further development of deceased donor 
LT, technical variants such as split and living liver donor LT 
will be necessary to cope with the ever-growing liver allograft 
shortage. The pendulum of liver transplantation will without 
any doubt further swing… !
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Abstract

Living donor liver transplantation (LDLT) has dramati-
cally developed during the last three decades. Initially, 
left side liver graft had been mainly utilized, especially, in 
pediatric LDLT, however, right liver graft has become the 
most popular graft among adult LDLT. Variant graft type, 
such as right lateral sector graft, left trisector graft, right 
anterior graft, and dual graft, has been introduced to 
increase the donor pool. In addition, ABO blood-type 
incompatible LDLT has been established as a standard 
procedure. Expansion of the indication for hepatobiliary 
malignancies, especially, for the advanced hepatocellular 
carcinoma (HCC) has been a matter of debate in the last 
two decades. Various expanded criteria for HCC have 
been established, and recently the indication for colorec-
tal cancer metastasis, neuroendocrine tumor metastasis, 
and cholangiocarcinoma has been aggressively 
investigated.

65.1  Introduction

Three decades have past since the initiation of living donor 
liver transplantation (LDLT) for pediatric patient with biliary 
atresia. In 1993, Makuuchi et al. reported the first successful 
LDLT for the adult patient with primary biliary cholangitis 
[1], and thereafter, LDLT has been flourished and established 
as a standard treatment for adult patients with end-stage liver 

disease, the outcome of which is now equal or even better to 
that of deceased donor whole liver transplantation [2]. 
Formerly, LDLT has evolved mainly in Asia where the num-
ber of deceased donor has been extremely scarce, however, it 
has become accepted as a treatment option in Western coun-
tries to cover the organ shortage of deceased donor liver 
transplantation (DDLT) [3].

In this chapter, we discussed the expansion of the donor 
pool in adult-to-adult LDLT, the technical refinements in 
LDLT, and LDLT for hepato-pancreato-biliary malignancies 
with special reference to the expansion of criteria for hepato-
cellular carcinoma patients.

65.2  Increasing the Donor Pool in Adult 
LDLT: Various Graft Types

In LDLT program, maintaining donor safety is the highest 
priority. Recent worldwide survey revealed that current mor-
bidity and mortality rates following living liver donation 
were 24% and 0.2%, respectively [4]. Therefore, the risks 
imposed to the donor, although low, are still present, and 
when discussing increasing the donor pool in LDLT, strict 
donor selection according to structured protocols and center 
annual volume/experience are mandatory which determine 
donor safety.

65.2.1  Graft Size

Considering the expansion of the donor pool in LDLT, allow-
ing the small graft is one of the major strategies, which in 
turn will decrease the donor risk. The lower limit of the par-
tial liver graft in LDLT has been a matter of debate, and still 
is the unsolved problem in adult LDLT. There are two con-
cepts in discussing the graft size, the graft to recipient weight 
ratio (GRWR) [5] and the graft ratio to standard liver volume 
(SLV) [6]. At the beginning of adult LDLT, the lower limit of 
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the graft volume had been considered to be 1.0% in GRWR 
and 40% to SLV, however, with the advance in the operative 
techniques and the postoperative managements, these have 
been lowered, and nowadays some centers have gone down 
to 0.6% [7] and 30% [8], respectively. Adult LDLT has the 
intrinsic small sized graft problem, namely, small-for size 
graft syndrome (SFSS), characterized by the early graft dys-
function with prolonged cholestasis, prolonged prothrombin 
time, massive ascites, and sometimes encephalopathy. 
Actually, other factors such as preoperative recipient condi-
tion, donor age, graft quality (steatosis or fibrosis), portal 
flow modulation, and size of the outflow are complicatedly 
associated with the development of SFSS other than the size 
of the graft, and today it is well accepted that SFSS is not a 
simple problem of the graft size [9].

Left liver was the choice of graft at the beginning of adult 
LDLT, however, the right liver graft had soon replaced the 
major graft type since its introduction by Kyoto group in 
1994 [10]. Hong Kong group proposed the safety and effi-
cacy of the extended right liver graft including middle 
hepatic vein (MHV) [11]. In terms of the graft size, the right 
liver graft is undoubtedly preferable to left liver graft. The 
utilization of the right liver graft dramatically expanded the 
donor pool of LDLT and the indication for adult patients 
with various diseases of various degree of sickness. Now the 
right liver graft is widely used as a first choice in adult LDLT 
worldwide. In contrast, many Japanese centers are on the 
“left” side, using the left liver graft as a first choice if it satis-
fies the institutional lower limit of the graft size, considering 
that the smaller the graft size, the safer for the donor. Actually, 
most donor morality was reported in those with the right 
liver procurement [4], and the only donor mortality in Japan 
was of right liver case [12].

65.2.2  Left Liver Graft

As mentioned above, Makuuchi et al. reported the first suc-
cessful left liver use in adult LDLT.  Since then, we have 
 proposed several technical tips to maximize the quality and 
quantity of the left liver graft. Miyagawa et al. reported the 
procurement of the left liver graft with the left caudate 
lobe, which increases the graft weight by about 8–12% 
[13]. Other technical innovations regarding left liver use 
were the reconstruction of the caudate hepatic vein and 
making the wide orifice of the left and middle hepatic vein 
with the aid of cryopreserved homologous veins [14]. Since 
the left liver is small in its nature, it is more vulnerable to 
portal hyperperfusion after reflow, meaning the risk of 
SFSS is higher than right liver graft. To overcome this 
drawback, we believe that making the outflow orifice as 
large as possible is utmost important especially in LDLT 
with left liver graft. Owing to these technical refinements, 
we can use the left liver graft safely in adult LDLT, demon-
strating the similar functional/regenerative recovery and 
outcomes with the right liver graft 12 months after LDLT 
[15]. Figure 65.1 shows our venoplasty for the left live graft 
at bench surgery.

65.2.3  Right Liver Graft

Right liver graft is currently the most popular graft used in 
adult LDLT.  For the donor safety, the left liver remnant 
should be over 30% of the total liver volume in the right liver 
procurement [16]. While Hong Kong group once proposed 
the extended right liver graft including MHV, considering 
the donor safety, a right lobe graft without MHV has become 

Caudate vein MHV

LHV

Venous patchConduit 

venous graft

Fig. 65.1 Left liver graft. The orifice of left and middle hepatic vein was expanded with venous patch. Caudate vein was anastomosed to left and 
middle hepatic vein via venous conduit graft. LHV left hepatic vein, MHV middle hepatic vein
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the most widely used graft type for adult LDLT [17]. 
However, when this type of graft is utilized, there has been 
debate about the necessity of reconstructing the segments 5 
and 8 outflow to avoid right paramedian sector congestion, 
facilitate liver regeneration, and improve graft function. 
Although some centers are inclined to reconstruct these 
veins on a case-by-case basis, others suggest that all tributar-
ies should be reconstructed if more than 5 mm in diameter 
[18]. We reported the importance of the reconstruction of 
MHV tributaries for the regeneration of the right paramedian 
sector, and proposed the reconstruction criteria to secure the 
uncongested graft volume over the lower limit of the graft for 
the recipient based on the preoperative volumetric analysis 
by computer simulation [19]. In addition to MHV tributaries, 
the reconstruction of inferior right hepatic vein (IRHV) is 
also important to secure the adequate venous drainage of the 
graft [20]. Figure  65.2 presents our venoplasty for MHV 

tributaries of the left live graft at bench surgery and the com-
pletion of venous reconstruction.

65.2.4  Right Lateral Sector Graft

Right lateral sector graft, which was firstly performed by us 
in 2000 [21], is another important option to increase donor 
pool in LDLT. Considering right lateral sector procurement 
becomes more valuable in donor whose right liver is larger 
than 70% of total liver volume, meaning both right and left 
liver grafts are not feasible. This type of graft can safely pro-
cured by the experienced hepatic surgeon with comparable 
recipients’ outcomes with right liver graft, however, caution 
should be paid for the biliary anatomy in donor operation 
and the biliary complications in recipient [22]. Figure 65.3 
shows the right lateral sector graft with IRHV.

V5

V8-2

Venous patch

RHV

V8-1

Conduit 
venous graft

Fig. 65.2 Right liver graft. This right liver graft had three middle 
hepatic vein tributaries (namely, V5, V8-1, and V8-2), all of which were 
reconstructed to make one large orifice with right hepatic vein using 

venous grafts. RHV right hepatic vein, V5 and V8 middle hepatic venous 
tributary draining Segment 5 and 8 of the graft

IRHV

RHV

IRHV

RHV

Venous graft

Fig. 65.3 Right lateral sector graft. There were right hepatic vein and inferior right hepatic vein in this graft. These were anastomosed to venous 
graft to make a new inferior vena cava at bench surgery. RHV right hepatic vein, IRHV inferior right hepatic vein

65 Living Donor Liver Transplantation



504

65.2.5  Dual Graft

Lee el al. of Asan medical center, South Korea, have success-
fully introduced dual graft adult LDLT, in which two grafts 
from different living donors are combined to provide a suf-
ficient and safe graft volume to a single recipient [23]. Using 
this novel approach, the authors were able to expand the liv-
ing donation pool by 12%, however, this technique is not 
popular in other areas than South Korea, may be due to the 
ethical consideration and the difference in social/cultural 
background.

65.2.6  ABO Blood Type Incompatible Graft

ABO incompatible (ABOi) graft is another important strat-
egy to increase donor pool in LDLT. Initial experiences with 
ABOi grafts were complicated with increased rates of rejec-
tion, hepatic artery thrombosis, and diffuse intrahepatic bili-
ary strictures resulting in poor outcome compared to 
outcomes in ABO compatible grafts, however, with the 
advances in rituximab based desensitization protocol in com-
bination with plasmapheresis, local infusion of prostaglan-
dins, intravenous immunoglobulin, or splenectomy, the 
results of LDLT with ABOi grafts have dramatically 
improved to the similar graft and patient survivals to those of 
ABO compatible LDLT [24, 25].

65.3  LDLT for HCC: Expanding 
the Indication

The dual composition of liver transplantation by donor and 
recipient makes its eligibility for HCC patients more compli-
cated than other treatments for hepato-pancreato-biliary 
malignancies. Milan criteria, 5  cm in size or up to three 
HCCs no greater than 3 cm in size without vascular invasion 
or extrahepatic metastasis, have been the gold standard for 
the indication of liver transplantation for HCC patients in 
DDLT in Western countries [26]. It has become consensus 
that the Milan criteria is too strict in terms of recurrence rate 
and patient survival after liver transplantation, however, 
when expanding the criteria, we must consider the excep-
tional points for HCC patients which should be balanced 
with other liver transplant candidates. Expansion of the 
Milan criteria recruits more candidates with HCC who can-
not be treated by locoregional therapy and are excluded from 
waiting list by conventional criteria due to the tumor burden. 
On the other hand, the increasing number of HCC patients on 
the waiting list for DDLT will certainly lower the chance of 

liver transplantation for those enlisted without malignant 
diagnosis under the limited donor pool. In contrast to DDLT, 
where the graft is public resource, the graft is private one in 
LDLT, and the expansion of the criteria may be easily 
adopted and accepted. Indeed, the downstaging and the 
bridging treatments for candidates with HCC to make and 
maintain them within the Milan criteria have been major 
strategies in DDLT setting, in contrast, the expansion of the 
criteria has been actively debated in LDLT [27, 28]. 
Table  65.1 summarizes various criteria utilized to select 
patients with HCC beyond Milan criteria for liver transplan-
tation [27, 29–38]. Majority of criteria have achieved 5-year 
survival rate of over 70% or even 80%, indicating that these 
expansions are acceptable.

65.3.1  Size and Number Expansion

Expanding the Milan criteria was initially done by simple 
expansion of the maximal size and number of HCC nodules. 
University of California San Francisco (UCSF) criteria, in 
which patients with a solitary tumor ≤65 mm in diameter, or 
two or three tumors, each with a diameter ≤ 45 mm, and a 
total tumor diameter  ≤  80  mm, were the most famous 
expanded criteria [29]. “Tokyo criteria” from our group 
(tumors up to 5 nodules with maximum diameter) [27], 
“Asan criteria” from South Korea (tumor≤5 cm in diameter, 
≤6  in nodule number) [30], and “Up-to-7 criteria” by 
Metroticket Investigator Study Group (the sum of tumor 
number and the size of largest tumor no larger than 7) were 
reported [31].

65.3.2  Expansion with Biomarkers

Recently, more and more authors have reported the impor-
tance of incorporation of biomarkers representing the tumor 
biological behavior into the selection criteria. Regarding 
the biomarkers incorporated into the expanded criteria, 
while the tumor markers such as alfa-fetoprotein (AFP) and 
des- gamma- carboxy prothrombin (DCP) have been investi-
gated by many researchers, recently other markers such as 
the neutrophil- lymphocyte ratio (NLR) [39], the platelet- 
lymphocyte ratio (PLR), and fluorine-18- 
fluorodeoxyglucose positron emission tomography 
(FDG-PET) [40] were reported to be useful for the selec-
tion of the high risk group for the recurrence and for the 
prediction of the recurrence [41]. The Kyoto criteria 
expanded the number of tumors to 10  in addition to the 
largest diameter ≤  5  cm and DCP level ≤  400 mAU/ml 
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[36], and the Kyushu group further expanded the criteria by 
tumor with diameter ≤ 5 cm and serum DCP level < 300 
mAU/ml without restricting tumor number [37]. Otherwise, 
AFP is the most popular biomarker used in the expanded 
criteria. Usefulness of AFP in predicting the recurrence 
after liver transplantation has been investigated by many 
researchers, and AFP is incorporated in some selection and 
prognostic models. The AFP model, developed by the Liver 
Transplantation French Study Group, combines serum AFP 
level, tumor size, and tumor number [34]. Another famous 
prognostic model is RETREAT score, which incorporated 
microvascular invasion, tumor diameter, tumor number, 
and AFP value as prognositic variables [42]. Another prog-
nostic model, TRAIN score, incorporated AFP slope, which 
was defined as [(final-AFP)-(initial-AFP)]/time [43]. Toso 
et al. use the data from the Scientific Registry of Transplant 
Recipients with 6478 patients in USA to propose new crite-
ria combining the total tumor volume ≤ 115 cm3 and AFP 
level  ≤  400  ng/ml [44]. Metroticket Investigator Study 
Group updated “Up-to-7 criteria” with the addition of AFP 
value [45]. A new prognostic model was developed in South 
Korea, i.e., MoRAL (Model to predict tumor Recurrence 
After LDLT) score using only serum levels of AFP and 
DCP, which was shown to be more effective than the Milan 
criteria in predicting the recurrence after liver transplanta-
tion [46]. In Japan, the 5–5-500 criteria (nodule size ≤5 cm 
in diameter, nodule number ≤ 5, and AFP value ≤500 ng/
ml) were established based on a retrospective data analysis 

of the Japanese Liver Transplant Registry by our colleagues 
[38]. This expanded criterion was approved as the new 
national selection criteria for liver transplant candidates 
with HCC and started to be operated in August 2019. Now, 
the double eligibility criteria, Milan +5–5-500, is adopted 
as the Japanese new indication criteria for patients with 
HCC in both DDLT and LDLT.

65.3.3  LDLT Vs DDLT for HCC Recurrence

Initially some studies showed higher recurrence in patients 
transplanted with living donor and investigators hypothe-
sized that rapid regeneration process of partial liver graft and 
cytokine released might induce the early recurrence of poten-
tial microscopic HCC. Another explanation was that the fast- 
track feature of LDLT and short observation period before 
liver transplantation may mask the aggressiveness of HCC 
which leads to higher recurrence [47]. However, more recent 
meta-analyses [48–50] and intention-to-treat analyses [32, 
33, 51, 52] have revealed equal or even better outcomes of 
LDLT than DDLT in both patient survival and disease-free 
survival, and now it has become consensus that patients with 
HCC meeting the indication criteria and beyond the indica-
tion for locoregional treatments will be benefitted by LDLT 
if they have appropriate live donors. Recent studies support 
an expanded indication of LDLT for HCC beyond the stan-
dard Milan criteria with the advances of new knowledges 

Table 65.1 Worldwide criteria for liver transplantation for hepatocellular carcinoma

Expanded criteria Author (year) Country Eligibility Outcomes
UCSF Yao et al. (2001) [29] US Single tumor ≤6.5 cm or 3 tumors all ≤4.5 cm with TTD 

≤8 cm
DFS: 90.9% (5 years), OS: 
80.9% (5 years)

Asan medical 
center

Lee et al. (2008) [30] Korea Tumor size ≤5 cm, tumor number ≤ 6 DFS: 79.9% (2 years), OS: 
73.2% (3 years)

Up-to seven Mazzaferro et al. 
(2009) [31]

Italy Sum of the number of nodules and diameter of the largest 
nodule (in cm) ≤7

DFS: 91% (5 years), OS: 
71% (5 years)

Extended Toronto Goldaracena et al. 
(2019) [32]

Canada No limit in size and number, Biopsy of largest tumor not 
poorly differentiated

DFS: 78% (5 years), OS: 
79% (5 years)

University of 
Hong Kong

Wong et al. (2019) 
[33]

China No limit in size and number DFS: 83.1% (5 years), OS: 
80% (5 years)

French AFP 
model

Duvoux et al. (2012) 
[34]

France No limit in size and number, Model combining log10 AFP, 
tumor size and number of tumors: Score > or ≤ 2

DFS: 86% (5 years), OS: 
70% (5 years)

Hangzhou Chen et al. (2014) 
[35]

China TTD ≤8 cm; or TTD >8 cm with grade I or II histopathology 
and preoperative AFP ≤ 400 ng/ml

DFS: 80.3% (5 years), OS: 
87.7% (5 years)

Tokyo Akamatsu et al. 
(2014) [27]

Japan Tumor size ≤5 cm, Tumor number ≤ 5 DFS: 86% (5 years), OS: 
80% (5 years)

Kyoto Kaido et al. (2013) 
[36]

Japan Tumor size ≤5 cm, Tumor number ≤ 10, DCP ≤ 400 mAU/
ml

DFS: 83% (5 years), OS: 
82% (5 years)

Kyushu Uchiyama et al. 
(2017) [37]

Japan No limit in number, Tumor size≤5 cm, DCP ≤ 300 mAU/ml DFS: 80.4% (5 years), OS: 
82.1% (5 years)

5–5-500 Shimamura et al. 
(2019) [38]

Japan Tumor size ≤5 cm, Tumor number ≤ 5, AFP ≤ 500 ng/ml DFS: 73.2% (5 years), OS: 
85.8% (5 years)
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that aid in predicting the long-term oncological outcomes 
with cautiously balancing the risks of harm to otherwise 
healthy donors. South Korean groups are challenging LDLT 
even for those with macrovascular invasion [53]. Expanding 
the indication for LDLT for HCC will provide a potential 
curable procedure to patients who otherwise have limited 
treatment options.

65.4  LDLT for Hepato-pancreato-biliary 
Malignancies Other than HCC

Liver transplantation for hepato-pancreato-biliary malignan-
cies other than HCC had been contraindicated due to initial 
dismal outcomes, however, with the recent advances in 
chemo/radiotherapy, immunosuppressants, and transplant 
techniques, several researchers have published favorable 
outcomes of liver transplantation for colorectal liver metasta-
ses, neuroendocrine liver metastases, intrahepatic cholangio-
carcinoma, and perihilar cholangiocarcinoma [54, 55]. Liver 
transplantation for these unresectable hepato-pancreato- 
biliary malignancies needs multiple disciplines of transplan-
tation medicine and oncology, including transplantation and 
hepatobiliary surgeons, medical and radiation oncologists, 
hepatologists and gastroenterologists, immunologists, etc., 
to maximize the care and cure of cancer patients [56]. 
Considering the world shortage of donors and the clinical 
trial nature, LDLT practice will be of help in this multi- 
disciplinary approach.

Regarding perihilar cholangiocarcinoma, Mayo clinic 
established the protocol for liver transplantation consisted 
of external beam radiation therapy with a target dose of 
45 Gy combined with fluorouracil or oral capecitabine, fol-
lowed by brachytherapy with iridium-192 with a target dose 
of 20–30 Gy, and final staging laparotomy [57]. Based on 
this protocol, 5-year disease free survival was reported to be 
65% and 66.5% in US multicenter study [58] and 74 LDLT 
cases of Mayo clinic [59], respectively. The definition of 
“unresectable disease”, however, is not universal, and some 
centers would potentially resect patients deemed unresect-
able in different institutions. In this sense, liver transplanta-
tion for perihilar cholangiocarcinoma should be argued in 
multidisciplinary approach among intergroups, balancing 
the risk/benefit of recipient and donor risk in LDLT, espe-
cially. The liver transplantation for intrahepatic cholangio-
carcinoma should be limited for cirrhotic patients with very 
early stage (single tumor and up to 2  cm) [60]. With the 
advance in surgical techniques and highly-effective chemo-
therapy, the prognosis of patients with initially unresectable 
colorectal liver metastases has been improving. Norway 
group reported an approach, referred to as the RAPID con-
cept (Resection And Partial Liver Segment 2/3 
Transplantation With Delayed Total Hepatectomy), that 

combines the Associating Liver Partition and Portal Vein 
Ligation for Staged Hepatectomy (the so-called ALPPS pro-
cedure) with LDLT of segments 2 and 3, followed by total 
hepatectomy [61]. The same group recently reported 5-year 
survival rate of 83% among unresectable colorectal liver 
metastases with well-controlled disease under chemother-
apy [62], however, at present liver transplantation for those 
with colorectal liver metastases should be very limited, pro-
vided the advanced resection strategies and the developing 
chemotherapy. Given the rarity and slow growing nature of 
disease, liver transplantation for neuroendocrine liver 
metastases is more controversial. Mazzaferro et  al. devel-
oped the Milan criteria for neuroendocrine liver metastases: 
confirmed histology of G1 or G2 tumor, the primary tumor 
drained by the portal system, hepatic involvement of <50%, 
complete resection of primary tumor and all extrahepatic 
disease with stable disease or good response to therapies for 
at least 6 months, and age < 60 years. In their prospective 
study of 42 highly selected patients, 5- and 10-year survival 
rates of 97% and 89%, respectively, were achieved [63]. 
Finally, liver transplantation for these malignancies is still 
undergoing in clinical trial basis, and left to be argued with 
future evidences.
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Pyogenic Liver Abscess

Kai Siang Chan and Vishal Shelat

Abstract

Pyogenic liver abscess (PLA) is the most common type of 
liver abscess, accounting for up to 48% of all visceral 
abscesses and 13% of intra-abdominal abscesses with 
estimated mortality of 10–40% despite advances in 
healthcare. Risk factors for PLA include male gender, 
proton-pump inhibitors, hepatobiliary or pancreatic dis-
ease, diabetes mellitus, human immunodeficiency virus 
(HIV), immunosuppressant medications, and liver cirrho-
sis. Primary PLA is defined as direct seeding of pathogens 
into biliary system, such as hepatobiliary infection from 
biliary obstruction, or less commonly, from colonic 
source or haematogenous spread from systemic infec-
tions. Secondary PLA is defined as PLA due to complica-
tions from underlying pathology, such as hepatocellular 
carcinoma (HCC), or interventions, such as transarterial 
chemoembolization, radiofrequency ablation or endo-
scopic biliary procedures. Clinical presentation of PLA is 
with non-specific symptoms. Serum biochemistry find-
ings of raised inflammatory markers and deranged liver 
enzymes is non-specific too. Diagnosis is often achieved 
via imaging. Ultrasound scan and Computerized tomog-
raphy (CT) scan are widely used as first-line imaging 
modality. Principles of PLA management are in accor-
dance with the Surviving Sepsis guidelines. Empirical 
antibiotics should be guided by local antibiotogram. The 
common antibiotic regimes include combination of third- 

generation cephalosporin and metronidazole, or 
amoxicillin- clavulanic acid and once dose of gentamicin. 
Duration of antibiotics is guided by clinical and radiologi-
cal response to source control. Drainage of PLA may be 
attempted percutaneously, endoscopically or surgically 
(open or laparoscopic). Percutaneous drainage (PD) has 
superior outcomes compared to antibiotics alone for 
abscess >4 cm. Giant PLA (size ≥10 cm), multiple locu-
lations, gas formation, and patient co-morbidities predict 
poor outcomes and risk of failure of PD.  In selected 
patients, surgical intervention is warranted. After treat-
ment of acute PLA, it is prudent for follow-up with repeat 
imaging to rule out any abdominal pathology. A screening 
colonoscopy should be offered especially to patients with 
Klebsiella pneumoniae PLA.  A PLA care bundle with 
integration of surgical and nursing care including drain 
care, interventional radiology and microbiology team 
(including transition to outpatient antibiotic therapy) is 
proposed to provide multimodal care and improved out-
comes for PLA.

66.1  Background

A liver abscess is defined as a focal collection of suppurative 
material surrounded by a fibrous layer of tissue within the 
liver parenchyma [1]. It is commonly classified based on its 
etiology (amoebic or parasitic, and bacteria or pyogenic), 
number (solitary or multiple), size (small, large, or giant), or 
gas content (gas-forming or not gas-forming). A pyogenic 
liver abscess (PLA) is the most common type of liver abscess, 
accounting for up to 48% of all visceral abscesses and 13% 
of intra-abdominal abscesses [1]. Despite this, PLA remains 
relatively uncommon globally, with an incidence of 1.1 per 
100,000 in Europe and a proportionately higher incidence of 
17.6 per 100,000  in Asia [2]. Historically, PLA occurred 
mainly in young males due to pylephlebitis secondary to 
appendicitis [3]. Biliary tract diseases such as biliary stones, 
strictures, malignancy, or congenital anomalies now account 
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for most PLA. In recent decades with advances in minimally 
invasive hepatobiliary interventions such as radiofrequency 
ablation (RFA), microwave ablation (MWA), and transarte-
rial chemoembolization (TACE), these interventions have 
emerged as significant causes of PLA [4, 5]. Studies have 
shown that imaging biomarkers such as number, size, or gas 
presence in PLA allow for risk stratification [6], which sub-
sequently allow for early intervention and improve clinical 
outcomes [7–10]. With advances in medical and surgical 
care, the traditionally high mortality of up to 80% in the 
1900s has improved to 10–40% today, with a shift towards 
non-operative management [11]. This chapter provides an 
overview of evidence-based literature on PLA.

66.2  Risk Factors and Etiopathogenesis

Risk factors for PLA include male gender [3], proton-pump 
inhibitors [12], hepatobiliary or pancreatic disease [11], or 
compromised immune function, including diabetes mellitus 
[2], human immunodeficiency virus (HIV) [13], liver cirrho-
sis, and liver transplant [14–16].

Pathogenesis of PLA can be classified as primary or sec-
ondary. Primary PLA includes the direct seeding of patho-
gens into the biliary system. This includes biliary, colonic, 
hematogenous, or cryptogenic sepsis. The most common 
cause of primary PLA is hepatobiliary infection (incidence 
of 30–50%) [17]. Biliary stones, stricture, malignancy, or 
congenital biliary anomalies result in biliary obstruction, 
elevation in intrabiliary pressures, cholangiovenous reflux, 
resulting in endotoxemia commonly from gram-negative 
organisms. Figure  66.1 shows the computed tomography 
(CT) scan of a patient with acute cholecystitis with contigu-
ous PLA. Portal venous system seeding is the second most 
common cause, accounting for 20% of primary PLA. Mucosal 
breach of bowel mucosa or infection of other intra- abdominal 
organs such as appendicitis leads to portal pylephlebitis with 
resulting PLA formation [18, 19]. Hematogenous spread, 
though less common, may occur from systemic infections, 
traumatic injuries, or intravenous drug usage [20]. Less com-
monly, hematogenous seeding from the severe periodontal 
disease has been reported during the Coronavirus Disease 
2019 pandemic [21]. A diagnosis of cryptogenic PLA is 
made after excluding other PLA causes, where extensive 
workup fails to establish an etiology, including malignancy.

Secondary PLA is defined as PLA due to complications 
of underlying pathology or intervention. Malignancy such as 
hepatocellular carcinoma (HCC), though rare, has been 
reported to manifest initially as PLA [22]. Anecdotally, the 
senior author has performed liver resection on a patient with 

suspected HCC based on two imaging modalities, only to 
find an intra-operative diagnosis of PLA. It is postulated that 
spontaneous tumor necrosis and biliary obstruction caused 
by tumor thrombi with superimposed bacterial infection 
results in HCC presenting as PLA [23]. Minimally invasive 
therapeutic interventions such as RFA, MWA, and TACE 
are increasingly common causes of PLA due to their increas-
ing use for the management of HCC with a reported inci-
dence of 1.6% and 1.8% following MWA and RFA, 
respectively [24]. RFA, MWA, and TACE induce necrosis to 
reduce tumor burden but creates a nidus for infection [4, 5, 
25, 26]. Figure 66.2 demonstrates the presence of PLA fol-
lowing MWA. Prophylactic antibiotics are administered for 
patients undergoing RFA and TACE. The use of prophylactic 
antibiotic monotherapy on the day of TACE reduces the inci-
dence of PLA by 65% [27].

Endoscopic biliary procedures such as biliary stenting 
and sphincterotomy or surgical interventions such as pancre-
aticoduodenectomy may also cause PLA due to the disrup-
tion of the sphincter of Oddi, allowing bacterial colonization 
of the biliary tree and increased risk of PLA formation [28, 
29]. Other rarer causes of PLA include PLA following cho-
lecystectomy and liver transplantation [30, 31]. Figure 66.3 
shows a patient who had an acute presentation of PLA 
6 years following cholecystectomy, complicated by middle 
hepatic vein thrombosis.

Fig. 66.1 Computed tomography scan of an 81-year-old male who 
presented with abdominal pain of a few days’ duration: acute cholecys-
titis with contiguous pyogenic liver abscess (red arrow)
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66.3  Clinical Presentation

The clinical presentation of PLA is non-specific; patients 
present with fever, right upper quadrant pain or discomfort, 
jaundice, nausea and vomiting, and constitutional symptoms 
such as malaise, loss of weight, anorexia, and lethargy [3, 11, 
17, 32]. The classic triad of fever, right upper quadrant pain, 

and jaundice is seldom seen in patients with PLA [33]. 
Physical examination may demonstrate right upper quadrant 
tenderness (incidence of <40%), hepatomegaly, or jaundice 
but are similarly non-specific [34]. Differential diagnoses 
include cholecystitis, primary or secondary liver tumors, 
hepatic cysts, diverticulitis, and peptic ulcer disease. Rare 
though life-threatening, PLA may rupture and present as an 
acute abdomen with symptoms and signs suggestive of sep-
tic shock [35]. These patients require prompt resuscitation 
and imaging to identify the etiology of the abdominal pain to 
guide management.

66.4  Serum Biochemistry

Similar to the clinical presentation of PLA, the serum bio-
chemistry of PLA is non-specific. These include leukocyto-
sis with neutrophilia, raised C-reactive protein (CRP) and 
procalcitonin, hypoalbuminemia (<30  g/L), deranged liver 
enzymes, and hyperbilirubinemia [28, 36–39]. CRP is an 
acute-phase protein synthesized primarily in the liver and is 
stimulated by cytokine release, particularly interleukin-6, 
and is elevated in patients with PLA [40, 41]. CRP has also 
been examined to determine antibiotic treatment duration. 
About 70% of patients have derangement with liver enzymes 
but do not show a “hepatitic” nor “cholestatic” pattern [28, 
36, 37, 40]. However, it has been observed that alkaline 
phosphatase (ALP) is commonly raised with normal serum 

a b

Fig. 66.2 Computed tomography scan of a 56-year-old male diag-
nosed with stage IV rectosigmoid adenocarcinoma with multiple 
bilobar liver metastases who underwent multiple liver wedge resections 
and intra-operative microwave ablation, with (a) resulting pyogenic 

liver abscess six weeks following the procedure (red arrow) and (b) 
percutaneous drainage showing a large cavity with 50 ml of pus drained, 
growing multi-drug resistant Escherichia coli

Fig. 66.3 Computed tomography (CT) scan of a 65-year-old female 
who presented with acute right upper quadrant pain who had cholecys-
tectomy six years ago; CT scan shows a 3.5 cm pyogenic liver abscess 
(red arrow) with middle hepatic vein thrombosis (green arrow). Blood 
culture grew Klebsiella variicola
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bilirubin in two-thirds of patients with PLA [42, 43]. Tumor 
markers such as CA19-9 have no role in diagnosing PLA or 
differentiating PLA from malignant liver lesions [44].

66.5  Microbiology

PLA may be classified as monomicrobial or polymicrobial. 
Polymicrobial PLAs are common with mixed enteric faculta-
tive and anaerobic species [11]. Common organisms (in 
order of decreasing incidence) include Klebsiella pneu-
moniae, Escherichia coli, Enterococcus spp, Streptococcus 
spp, and Staphylococcus spp. There has been a gradual shift 
in microbiology from Escherichia coli to Klebsiella pneu-
moniae over the past three decades, especially in Asian coun-
tries [7, 8, 11]. Klebsiella pneumoniae has emerged to be an 
important cause of community and nosocomial-acquired 
infections globally. Isolation of monomicrobial Klebsiella 
pneumoniae should prompt evaluation for underlying 
colorectal malignancy [45–47]. Our policy is to recommend 
elective colonoscopy to all patients with PLA, and in our 
experience, the incidence of colorectal malignancy is low. 
The presence of Staphylococcus spp indicates hematogenous 
spread from skin or respiratory tract infections, which are 
more commonly found in immunocompromised patients 
[13]. Rarely, oral commensals such as Fusobacterium 
nucleatum may be present in PLA secondary to periodontal 
disease [21].

Negative blood cultures have been reported in 15–80% 
with sepsis secondary to PLA [48–51]. Cultures may be neg-
ative due to failure to adhere to sepsis guidelines, lack of 
advanced microbial detection techniques, and the avoidance 
of percutaneous aspiration or drainage in clinically improv-
ing patients (resulting in the absence of fluid cultures) [52]. 
In this subset of culture-negative PLA (CNPLA), empiric 
treatment with antibiotics and percutaneous drainage (PD) 
has similar outcomes to Klebsiella pneumoniae PLA [10]. In 
patients with a history of biliary interventions, polymicrobial 
or multi-drug resistant organisms can cause PLA, and treat-
ment should be guided by local antibiogram and antibiotic 
stewardship guidance.

66.6  Radiological Imaging

There are three primary modalities of imaging for PLA: (1) 
ultrasonography (US), (2) CT, and (3) magnetic resonance 
imaging (MRI). Both US and CT imaging are sensitive in the 
diagnosis of PLA, with CT albeit more sensitive (US sensi-
tivity 85% vs. CT sensitivity 95%) [53, 54]. Ultrasonographic 
features of PLA are variable; microabscesses (<2 cm) appear 
as hypoechoic nodules or ill-defined areas of distorted 
hepatic echogenicity [55]. Larger abscesses have variable 

echogenicity depending on thickened septa and debris [56, 
57]. Gas-forming PLA (GFPLA) is characteristically hyper-
echoic [58]. The use of color doppler demonstrates the 
absence of central perfusion in PLA, distinguishing it from 
focal benign and malignant lesions. The use of contrast- 
enhanced US (CE-US) shows marginal wall enhancement in 
the arterial phase and progressive venous hypoenhancement 
in the portal and late phases. The most prominent feature of 
PLA is the lack of enhancement in liquefied necrotic areas 
[58, 59]. The US provides real-time imaging of the liver 
parenchyma and the biliary tree without radiation and is 
appropriate as initial abdominal imaging for patients pre-
senting with right upper quadrant pain. An added benefit of 
US use is its superior sensitivity for diagnosing gallstones 
(US sensitivity 87% vs. CT sensitivity 60%) [60]. The use of 
US has been extended to the emergency department (ED), 
where emergency physicians utilize point-of-care US 
(POCUS) as first-line imaging modality to support early 
diagnosis of PLA due to its non-specific presentation, where 
the use of POCUS has been associated with a higher percent-
age of patients with PLA correctly diagnosed in the ED 
(34.4% with POCUS vs. 3.3% without POCUS) [61]. 
However, the accuracy of US is operator-dependent, and the 
diagnostic accuracy of POCUS has yet to be established.

CT scan is more widely used as the first-line radiological 
investigation for patients presenting with acute abdomen in 
our institution. It is available after office hours, provides a 
detailed evaluation for abdominal pain, and avoids potential 
delay in diagnosis and management. CT features include the 
typical finding of a well-defined, round lesion with periph-
eral rim enhancement and central hypoattenuation [55, 56]. 
Other features include the presence of internal septations, 
air-fluid levels, multiple loculations, or multifocal lesions. 
Characteristically but less commonly, a “double target” sign 
may be demonstrated, where there is an inner layer of hyper-
attenuation (pyogenic membrane) surrounded by an outer 
layer of hypoattenuation (edema of hepatic parenchyma) 
[56]. CT scan also aids in the diagnosis of underlying etiol-
ogy. Both US and CT scans are essential for targeted percu-
taneous aspiration or drainage. MRI imaging is less 
commonly performed for the evaluation of an acute abdo-
men or specifically for PLA.  However, MRI may be per-
formed for further evaluation when CT imaging is equivocal 
for PLA versus liver malignancy. MRI features of PLA 
include central hypointensity on T1-weighted imaging and 
hyperintense signals on T2-weighted imaging [62, 63]. 
High-signal intensity is typically seen in diffuse-weighted 
imaging [64].

Other imaging forms include nuclear imaging such as 
technetium (99mTc) scintigraphy, and gallium scintigraphy 
has largely been replaced with modern-day CT and MRI 
imaging because of its low sensitivity of 50 to 80% [49, 65]. 
Nevertheless, imaging of PLA using 99mTc scintigraphy will 
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demonstrate a focal area of decreased radiocolloid uptake, 
while gallium scintigraphy will demonstrate avid uptake in 
PLA [65, 66]. Imaging helps not only in diagnosis but also in 
guiding management. We consider PLA smaller than 4 cm as 
small and more than 10 cm as giant PLA [9].

66.7  Initial Management

The management of PLA involves supportive therapy to sta-
bilize the patient and definitive management for sepsis and 
source control. In acute settings, patients should be managed 
as per the Surviving Sepsis guidelines [67]. Supportive mea-
sures such as fluid resuscitation, administration of oxygen, 
and analgesia should be administered. Empiric antibiotics 
should be administered after obtaining microbiology sam-
ples. There are three main methods of controlling the infec-
tion in PLA: (1) Antibiotics, (2) Percutaneous aspiration or 
drainage, and (3) Surgical drainage. Surgical drainage is usu-
ally reserved for patients who have failed both antibiotics 
and PD and giant PLAs [38, 68].

66.7.1  Antibiotics

Parenteral antibiotics are essential in the management of 
PLA [69]. The choice of antibiotic is guided by the microbi-
ology of PLA and should cover Streptococcus spp, enteric 
gram-negative bacilli, and anaerobes. Typical regimens 
include the use of the third-generation cephalosporin (intra-
venous ceftriaxone 2 g once a day) and metronidazole (oral 
metronidazole 400 mg every 12 hours) [68]. The local policy 
is to administer intravenous amoxicillin-clavulanic acid and 
a stat dose of gentamicin based on the local antibiogram. 
This will be reviewed based on culture and sensitivity results. 
In patients with a history of anaphylaxis to penicillin, cipro-
floxacin may be used as an alternative to cephalosporins.

Duration of parenteral antibiotics use, or the conversion 
from parenteral to oral antibiotics use is usually guided by 
the clinical and radiological response. It has been reported 
that the use of oral antibiotics upon discharge is an indepen-
dent predictor of 30-day readmission (30-day readmission 
incidence 39.6% for oral antibiotics vs. 17.6% for parenteral 
antibiotics) [70]. Biomarkers have been used to guide antibi-
otic therapy in PLA. CRP serves as a useful biomarker in the 
diagnosis of PLA and a guide for response to treatment. 
Weekly trending of CRP may predict the response to antibi-
otic therapy trending [71]. The synthesis of CRP starts very 
rapidly after the onset of PLA, with serum concentration 
increasing beyond the normal range by about 6  hours and 
peaking around 48 hours if the septic process is under con-
trol. A CRP ratio (defined as the CRP value done at the par-
ticular week compared to the CRP value at week 1 of 

diagnosis) of ≤0.278 at week 3 is a marker of the adequacy 
of antibiotic therapy of 5  weeks or less (sensitivity 0.786; 
specificity 0.714) [72]. CRP ratio > 0.57 at week three may 
predict a higher risk of mortality or possibility of treatment 
failure. These results need to be validated. Locally, if the 
patient is hemodynamically stable and clinically improving, 
we switch to oral formulations early, and this helps reduce 
hospital length of stay. In exceptional situations, outpatient 
parenteral antibiotic therapy is considered after consultation 
with infectious disease specialty.

66.7.2  Percutaneous Aspiration

Locally, percutaneous aspiration, also known as needle aspi-
ration, is rarely or never performed due to its inferior clinical 
outcomes to PD, high failure rate, and need for repeated per-
cutaneous aspiration or eventual PD. A recent meta-analysis 
by Cai et al., which reviewed 306 patients in five randomized 
controlled trials, demonstrated a superior success rate of 
96.1% (n  =  147/153) in PD as compared to 77.8% 
(n = 119/153) in percutaneous aspiration (p = 0.041) [73]. 
However, multiple, intermittent percutaneous aspiration is 
worth consideration in settings with limited resources: a ran-
domized trial by Yu et al. demonstrated comparable success 
rates between intermittent percutaneous aspiration and PD 
[74]. A small PLA may be managed with antibiotics and per-
cutaneous aspiration.

66.7.3  Percutaneous Drainage (PD)

Percutaneous aspiration and drainage achieve source con-
trol and provides fluid for microbial isolation. PD is more 
inconvenient for patients but provides thorough source con-
trol, especially in large or multiseptated PLA patients. 
Studies have shown that combination therapy with PD may 
be superior to antibiotics alone for certain groups of patients 
[68]: (1) Size of abscess >4 cm (2) clinical and radiological 
features suggestive of impending perforation or (3) persis-
tent fever after 48–72 hours of medical treatment. It is also 
recommended for elderly patients (≥55  years old) and 
patients with PLA based on an underlying malignancy to 
undergo early PD [75]. Prompt PD in other pathologies such 
as acute cholecystitis have also been shown to improve sur-
vival, with clinical resolution of sepsis within 48 hours of 
drainage [76]. There is debate on optimal size cut-off for 
considering PD. Using mathematical principles of the vol-
ume of a sphere, we have proposed a cut-off of 4  cm for 
drainage of PLA [8]. This is also validated in the drainage of 
appendix abscess [77].

Giant PLAs are less common, and surgical intervention 
may be considered first-line management in various institu-
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tions as size criteria are a predictor of PD failure. There is a 
paucity of studies comparing PD and surgical drainage in 
giant PLAs because of its low incidence (approximately 
10%) [38]. It is essential to ensure PD’s success as failure 
may result in uncontrolled sepsis, rupture, or eventual mor-
tality. High-risk patients with multiple co-morbidities may 
require SD. Locally, we have demonstrated PD’s safety in 
giant PLA with a reported success (defined as PD without 
needing secondary intervention) of 92.3% and an overall 
morbidity of 25% in 39 patients [9]. PD’s high success is 
made possible by implementing a “liver abscess care bun-
dle”: integration of surgical and nursing care, interventional 
radiology, and microbiology teams in addition to standard 
treatment protocols such as initiation of broad-spectrum par-
enteral antibiotics, early imaging for diagnosis confirmation, 
obtaining tissue culture or blood culture [38]. Surgical and 
nursing care involves rigorous drain management with rein-
forcement of drain patency, flushing and negative pressure 
suction, good hepatobiliary nurse practitioner support, and 
caregiver training. Interventional radiology support involves 
the availability of services on a 24-hour basis, large-bore 
drains, and a policy of proactive drain review. Microbiology 
services involve infectious disease physician consults with 
appropriate local antibiotic stewardship program and ease of 
transition to outpatient antibiotic therapy.

66.7.4  Surgical Drainage (SD)

SD is traditionally reserved for PLAs refractory to medical 
therapy, multiloculated PLA, giant PLA, and free rupture of 
the abscess. It was initially shown to be superior to PD for 
larger PLAs. A study by Bertel et al. in 1986 on 39 patients 
with PLAs >5 cm demonstrated similar morbidity between 
both methods, but SD resulted in fewer secondary proce-
dures and had higher resolution rates [78]. Another study by 
Tan et al., which reviewed 80 patients (36 patients PD, 44 
patients SD) with PLA >5 cm demonstrated superior clinical 
outcomes for SD in terms of treatment success, need for sec-
ondary procedures, and length of hospitalization stay, with 
comparable morbidity and mortality [36]. A recent random-
ized controlled trial by Ali et al. in 2019 on 238 patients (119 
with PD, 119 with SD) with PLA >5 cm demonstrated an 
85% success rate in SD, while 70% success rate in PD [79]. 
A subgroup analysis of PLA >10  cm also demonstrated 
superior success of SD over PD (n  =  78/89 (85.7%) vs 
n = 55/77 (71.4%), p = 0.0091). In all of the studies men-
tioned above, which demonstrate superior outcomes SD may 
confer, the multiloculated abscess was present in 80% of all 
the cases in both studies by Tan et al. and Ali et al. [36, 79]. 
Multiloculation is known to be a predictor of PD failure as 
compartmentalization of the abscess leads to suboptimal 

drainage and could have been a confounding factor for supe-
rior results observed in SD [80]. The study by Ahmed et al., 
which demonstrated a 92.3% success rate in giant PLAs, 
observed multiloculated abscesses in only 55% of the 
patients [9]. It is still unclear whether a size criterion of 
>10 cm alone is an absolute contraindication for PD. Locally, 
the only absolute indication for surgery is free rupture. SD, 
however, remains relevant despite the advantages conferred 
by PD. SD should still be considered first-line management 
for patients with concomitant intra-abdominal pathology, 
such as acute cholecystitis, which permits cholecystectomy 
and concomitant drainage of PLA for source control in sep-
sis. In special circumstances such as PLA following liver 
transplantation, the initial management stays the same: 
resuscitation, parenteral antibiotics, and PD. However, PLA, 
which does not respond to conservative measures, or those 
complicated by hepatic artery thrombosis and ischemic chol-
angiopathy, should undergo re-transplantation [31].

66.7.5  Laparoscopic Drainage (LD)

LD is an alternative to open surgical drainage. However, 
there is a paucity of evidence on its safety and efficacy. A 
review by Aydin et al. in 2010 demonstrated a mean success 
of 90.5% (range 85–100%) in 53 cases of laparoscopically 
treated abscess, with nil open conversion [81]. Benefits of 
LD compared to open drainage include shorter operating 
time, shorter length of hospitalization stay, and fewer surgi-
cal site infections [82]. A local study by Tan et al. in 2013 on 
85 patients (67 PD, 18 LD) demonstrated higher failure rates 
in PD than LD (n  =  27/67 (40.3%), n  =  2/18 (11.1%), 
p  =  0.020) with a mean abscess size of 7.6  ±  2.4  cm and 
7.6  ±  3.3  cm in the PD and LD groups respectively [83]. 
However, multiloculation was present in >94% of the 
abscesses, which may have been a confounding factor for 
higher PD failure rates. Minimally-invasive video-assisted 
debridement has also been reported to be safe and feasible 
for persistent PLAs refractory to medical therapy and PD. A 
study by Klink et al. on ten patients with a median abscess 
size of 7.8 cm (range 4.0–11.5 cm) demonstrated no mortal-
ity or any significant complications [84].

66.7.6  Endoscopic Ultrasound (EUS)-guided 
Drainage

EUS-guided drainage is an alternative to traditional PD or 
surgery. Advances in EUS techniques in recent years place it 
in a more favorable position compared to surgical interven-
tion. EUS-guided drainage of PLA was first described by 
Seewald et al. in 2005 [85]. It allows access to PLA within 
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the left or central segments of the liver. EUS guidance also 
allows clear visualization of PLAs, minimizing inadvertent 
complications. The technical success and clinical success of 
EUS-guided drainage of PLA have been reported to be 88.9–
100% and 71.4–100%, respectively [86]. EUS-guided drain-
age requires a high level of technical expertise, and the left 
liver lobe is challenging to access. Nevertheless, it is a prom-
ising technique that may be considered an alternative to SD 
or LD or where PD is contraindicated.

66.8  Subsequent Management

Management following the acute episode of PLA is primar-
ily determined by underlying etiology. Patients with PLA 
secondary to cholelithiasis or acute cholecystitis who did not 
have index admission cholecystectomy should receive inter-
val cholecystectomy to reduce the incidence of recurrent 
biliary events [87]. Elective screening colonoscopy should 
be offered to patients with PLA, especially in the subgroup 
of patients with KPPLA, cryptogenic PLA, or Eastern Asian 
origin, to rule out colorectal cancer. Colorectal cancer-related 
PLA is more commonly reported in Eastern Asia (80%), and 
Klebsiella pneumoniae is the most common pathogen [88]. 
Colonoscopy also detects diverticular disease and adenoma-
tous polyps. Cryptogenic PLA is also associated with a 
seven-fold risk of having colorectal cancer [89]. Patients 
with PLA post-liver transplantation warrant rigorous follow-
 up; a one-year recurrence of up to 42.9% is reported follow-
ing the initial episode [90]. Patients with recurrent PLA and 
ischemic cholangiopathy should consider early re- 
transplantation, with higher morbidity and mortality rates 
described in late re-transplantations [91].

66.9  Prognosis

Clinical outcomes of PLA are determined by an interplay of 
both disease factors and patient factors [75]. Disease factors 
include size, the distance of abscess to liver capsule [92], 
number of abscesses, presence of multiple loculations [93], 
and presence of gas formation [92, 94]. Patient factor 
includes concomitant pathologies and underlying co- 
morbidities. Studies have shown that underlying hyperten-
sion, hyperbilirubinemia, Eastern Cooperative Oncology 
Group (ECOG) performance status ≥2, and Acute Physiology 
and Chronic Health Evaluation (APACHE) II score ≥ 15 pre-
dicts the likelihood of failure of PD [75, 95, 96]. APACHE II 
≥15 additionally predicts an increased risk of in-hospital 
mortality [97]. Major complications of PLA include free 
intraperitoneal rupture and invasion of adjacent structures. 
Risk factors for rupture include size more than 6 cm, liver 
cirrhosis, and gas presence [98].

66.9.1  Size of abscess

Size is a known imaging biomarker for prognostication of 
PLA. PLA can be classified by size into small, large, or giant. 
However, there is no clear consensus on the definition of a 
large or giant PLA, with the varying definition used in litera-
ture; for this review, a giant PLA is defined as >10 cm. A 
larger size is associated with a higher risk of failure of medi-
cal management and PD. A size of >6 cm also bears a higher 
risk of rupture (odds ratio 10.9) [98], while a size of >7.3 cm 
on CT scan has been reported to predict failure of PD (area 
under curve 0.72) [92].

66.9.2  Presence of Gas Formation

Gas formation occurs in 7–24% of PLA, which is tradition-
ally associated with high mortality [99]. A qualitative review 
of retrospective studies conducted on PLA demonstrated a 
significantly higher mean mortality of 30.3% in GFPLA than 
9% in non-GFPLA [94]. Gas formation is also associated 
with larger abscesses [100]. Integrating multimodal “liver 
abscess care bundle” in clinical practice, many authors have 
reported comparable morbidity and mortality regardless of 
the presence of gas formation [8, 9, 51, 94]. However, there 
is a paucity of evidence that compares clinical outcomes of 
PD versus SD based on gas formation alone.

66.9.3  Multiloculated abscess

Multiloculated abscess predicts failure of medical treatment 
and PD as it is not feasible to completely drain multiple loc-
ules with a single drain [42]. Multiloculated abscesses are 
usually managed by SD. However, multiloculated PLA is not 
an absolute contraindication for PD.  Particular circum-
stances such as the presence of small and superficial 
abscesses may permit safe PD. A study by Liu et al. on 109 
patients demonstrated no statistically significant difference 
in the success of PD and length of hospitalization stay 
between single and multiple abscesses, as well as single mul-
tiloculated and multiple multiloculated abscesses [101].

66.9.4  Microbiology

It is traditionally believed that PLAs secondary to Escherichia 
coli confers inferior outcomes compared to Klebsiella pnue-
moniae [102]. Locally, outcomes between Escherichia coli 
PLA and Klebsiella pneumoniae PLA (KPPLA) are reported 
to be comparable in morbidity and mortality with the imple-
mentation of multimodal “liver abscess care bundle” [8]. 
However, Klebsiella pneumoniae remains a significant cause 
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of endophthalmitis, with an estimated incidence of 1 in 22 in a 
recent meta-analysis [103]. Endogenous endophthalmitis has 
also been reported in patients (n  =  4/37, 16.3%) without 
Klebsiella pneumoniae bacteremia. Ophthalmological screen-
ing should be conducted in KPPLA with the timely institution 
of locally directed therapy to improve visual outcomes [103].

66.9.5  Unique Situation: Liver Transplantation

Liver transplantation complicated by PLA confers a poor 
prognosis with a high recurrence rate of up to 42.9% [90]. 
High mortality ranging from 10–40% has also been reported 
in various studies [104, 105]. It is therefore prudent for 
prompt diagnosis and management of PLA in this subgroup 
of patients. Failure of conservative management should war-
rant early surgical intervention with consideration of early 
re-transplantation [91].

66.10  Conclusion

PLA is a major hepatobiliary infection with an estimated 
10–40% mortality despite advancements in healthcare. A 
high clinical index of suspicion and early imaging is required 
for prompt diagnosis of PLA, followed by the institution of 
resuscitation measures, initiation of parenteral antibiotics, 
and PD.  Surgical drainage is usually reserved for patients 
who have failed both antibiotics and PD, free rupture, multi-
loculated abscess, or giant PLA. The prognosis of PLA is 
determined by an interplay of both disease factors and patient 
factors. Institutions should consider adopting the “liver 
abscess care bundle” and provide multimodal care to improve 
patient outcomes.
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Abstract

Liver transplantation was long considered an absolute 
contraindication for unresectable colorectal liver metasta-
ses because of the poor prognoses reported in the 1980s 
and 1990s. In 2013, the Oslo University group reported an 
outstanding 5-year survival of 60% after liver transplanta-
tion after ≥6 weeks of neoadjuvant chemotherapy for 
patients with unresectable liver-only disease and devel-
oped the Oslo score based on 4 prognostic factors 
(SECA-I trial). For unresectable neuroendocrine tumor 
liver metastases, Mazzaferro et al. described in 2016 that 
the Milan criteria to purse a curative intent by liver trans-
plantation accomplished excellent 5- and 10-year survival 
rates of 97% and 89%, respectively. These criteria formed 
the basis of guidelines adopted in the U.S. and Europe. 
For unresectable and borderline-resectable hepatoblas-
toma, liver transplantation is the treatment of choice even 
in patients with extrahepatic disease if the lesions are con-
trolled. The principles of transplant oncology form the 
basis of safe institution of liver transplantation for hepato-
biliary malignancies and are expected to redefine cancer 
care and research. “Resectability” is no longer an exclu-
sive technical argument; instead, “oncological eliminabil-
ity,” regardless of resection or transplantation, should be 
discussed in a multidisciplinary setting to achieve the care 
and cure of patients in their desperate need of help.

67.1  Introduction

In 1967, Starzl et al. reported the first successful liver trans-
plantation (LT) for a 19-month-old girl with a hepatocellular 
carcinoma [1]. The concept of brain death became widely 
accepted since 1968 [2], which apparently increased the 

availability of high-quality liver grafts. Calne et  al. intro-
duced cyclosporine (calcineurin inhibitor) in 1979 [3]. 
Owing to these iconic events, along with the groundbreaking 
improvements in surgical techniques and recipient perioper-
ative management, LT was recognized as the last resort for 
end-stage liver disease [4]. The indications for LT for unre-
sectable hepatocellular carcinoma known as the Milan crite-
ria were proposed by Mazzaferro et  al. in 1996 and have 
become the gold standard [5]. For other unresectable hepato-
biliary malignancies, the indications for LT have been care-
fully expanded, giving rise to the new era of “transplant 
oncology” [6]. Transplant oncology is composed of four pil-
lars (the 4 E’s) as follows: evolution of multidisciplinary can-
cer treatment by incorporating LT, extension of the limit of 
conventional surgical resection by adopting LT techniques, 
elucidation of self- and non-self-recognition systems by 
linking tumor immunology and transplant immunology, and 
exploration of the disease mechanism by applying cancer 
genomics to surgical specimens that were unavailable if not 
for LT techniques [7, 8]. More than a half century after the 
first successful LT, the first international consensus confer-
ence on transplant oncology was held in 2019 and the evolv-
ing new oncological indications were discussed [9, 10].

67.2  Colorectal Liver Metastases

Aggressive liver resection using portal vein embolization, 
two-stage hepatectomy, or associating liver partition and 
portal vein ligation for staged hepatectomy (ALPPS) has sig-
nificantly improved the prognoses of patients with resectable 
colorectal liver metastases (CRLM), and the 5-year survival 
rates after resection range from 40% to 50% [11–13]. 
However, approximately 80% of patients with CRLM have 
unresectable diseases at the time of diagnoses, and their 
5-year survival rates are likely to range from 5% to 20%. The 
vigorous efforts to introduce LT for unresectable CRLM 
were all in vain because of the poor outcomes (5-year sur-
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vival <20%) in the early experiences [14]. Nevertheless, the 
SECA-I (Secondary Cancer) trial was launched in 2006 at 
Oslo University Hospital, in the privileged situation of 
Norway, which has excellent access to deceased organs, 
accomplishing a median waiting time of 6 weeks for LT. The 
landmark results of the SECA-I trial were published in 2013: 
A 5-year overall survival of 60% was reached for 21 patients 
with liver-only, unresectable CRLM who underwent LT after 
receiving at least 6  weeks of neoadjuvant chemotherapy 
[15]. Tumor diameters >5.5 cm, carcinoembryonic antigen 
levels >80 μg/L, time interval < 2 years from the resection of 
the primary tumor to LT, and progression of the metastatic 
disease during the course of chemotherapy were identified as 
poor prognostic indicators. The Oslo score (number of risk 
factors) effectively stratified the prognoses of the patients 
into 3 groups (0–1, 2–3, and 4), and none of the patients with 
all 4 factors survived for 5 years. The study was criticized 
because of the high recurrence rate (19/21 patients had a dis-
ease recurrence); however, the authors found that lung-only 
metastases were associated with favorable prognoses as 
compared with multiple metastatic sites, including the liver 
graft [16]. The SECA-I trial provided a reappraisal of the 
role of LT in the treatment of unresectable CRLM. The same 
group conducted the SECA-II trial and attained a 5-year sur-
vival rate exceeding 80% after LT for 15 patients by applying 
more stringent patient criteria for unresectable liver-only 
CRLM (a minimum of 10% response to chemotherapy, a 
time interval of at least 1  year between the diagnosis of 
CRLM to LT listing, no lesions >10 cm in size before che-
motherapy, and for patients with more than 30 tumors, all 
lesions should be <5 cm with at least 30% response to che-
motherapy) [17]. The group also reported that 13 patients 
with an Oslo score of 0–2 in the SECA-I and SECA-II trials 
had better 5-year overall survival than 6 patients with an 
Oslo score of 3–4 (67% vs. 17%, P = 0.004) during a median 

follow-up of 85  months [18]. The group claimed that 
disease- free survival is not an appropriate indicator of treat-
ment success because pulmonary recurrence alone has a 
modest impact on survival outcomes [18]. On the contrary, 
the Compagnons Hépato-Biliaires demonstrated that long-
term disease-free survival can be achieved if LT was per-
formed as a deliberate procedure after patients had 
undergone a combination of oncological/surgical manage-
ment (5 of 12 patients were alive and free of cancer 7, 43, 
47, 48, and 108 months after LT) [19]. More recently, the 
“RAPID concept” (resection and partial liver segment 2–3 
transplantation with delayed total hepatectomy) incorpo-
rated accelerated remnant liver hypertrophy induced by 
ALPPS to both deceased and living donor LT with successful 
outcomes [20, 21]. Fourteen prospective studies from nine 
countries have been registered at ClinicalTrials.gov as of 
2021 (Table 67.1). Five randomized controlled trials are cur-
rently underway. The first international consensus confer-
ence on transplant oncology made a “moderate 
recommendation” that “LT can be a viable option in highly 
selected patients with unresectable CRLM with only liver 
involvement” [10]. The significantly improved outcomes 
after LT for unresectable CRLM is mainly attributable to 
highly effective chemotherapy. However, the unsolved ques-
tions include, but not limited to, standardized imaging proto-
cols, use of a mammalian target of rapamycin inhibitors as 
post-transplant immunosuppression agents and the optimal 
adjuvant therapy, definition of unresectability [22], and 
genomic profile (e.g., KRAS and BRAF mutations) [23]. LT 
for unresectable CRLM should only be performed in the 
context of a multidisciplinary team approach. The results of 
ongoing trials are awaited to establish universal indications 
for LT for CRLM. In addition, creating an international reg-
istry should be a critical step to accumulate worldwide expe-
rience and evidence on LT for CRLM [10].

Table 67.1 Ongoing studies of liver transplantation for colorectal liver metastases registered on ClinicalTrials.gov

Year

ClinicalTrials.
gov identifier
Status

Institution 
(Country) Title

Number of participants and 
study design

Primary outcome 
measures

2012 NCT01479608
Recruiting

Oslo University 
Hospital (Norway)

A Randomized Controlled Clinical Trial 
to Evaluate the Benefit and Efficacy of 
Liver Transplantation as Treatment for 
Selected Patients With Liver Metastases 
From ColoRectal Carcinoma (SECA-II)

25 (RCT): liver resection vs. 
LT (for resectable CRLM); 
NACTx (≥6 weeks) required

10-year OS

2014 NCT02215889
Recruiting

Oslo University 
Hospital (Norway)

A Phase I/II Clinical Trial to Evaluate 
the Benefit and Efficacy of Liver 
Resection And Partial Liver Segment 2/3 
Transplantation With Delayed Total 
Hepatectomy as Treatment for Selected 
Patients With Liver Metastases From 
ColoRectal Carcinoma (RAPID)

20 (single arm): NACTx (≥8 
weeks) + liver resection + LT 
(segment 2/3) followed by 
delayed total hepatectomy

Percent of 
transplanted 
patients receiving 
2nd stage 
hepatectomy within 
4 weeks of segment 
2/3 LT

2015 NCT02597348
Recruiting

Paul Brousse 
Hospital, 
multicenter 
(France)

Curative Potential of Liver 
Transplantation in Patients With 
Definitively Unresectable Colorectal 
Liver Metastases (CLM) Treated by 
Chemotherapy: a Prospective 
Multicentric Randomized Trial 
(TRANSMET)

90 (RCT): NACTx (≥3 
months) + LT vs. standard 
chemotherapy

5-year OS
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Table 67.1 (continued)

Year

ClinicalTrials.
gov identifier
Status

Institution 
(Country) Title

Number of participants and 
study design

Primary outcome 
measures

2016 NCT02864485
Recruiting

University Health 
Network, Toronto 
(Canada)

Assessment of a Protocol Using a 
Combination of Neo- adjuvant 
Chemotherapy Plus Living Donor Liver 
Transplantation for Non-Resectable 
Liver Metastases From Colorectal 
Cancer

20 (single arm): NACTx (≥3 
months)+ LDLT

5-year OS and RFS

2016 NCT03494946
Recruiting

Oslo University 
Hospital (Norway)

A Randomized Clinical Trial Comparing 
Overall Survival in Selected Patients 
With ColoRectal Carcinoma Treated by 
Liver Transplantation or Chemotherapy 
(SECA-III)

30 (RCT): NACTx 
(progressive disease or 
intolerance to first line CTx) + 
LT vs. standard CTx

2-year OS

2018 NCT03488953
Recruiting

Jena University 
Hospital, 
University 
Hospital Tübingen 
(Germany)

Living Donor Liver Transplantation With 
Two Stage Hepatectomy for Patients 
With Isolated, Irresectable Colorectal 
Liver Metastases (LIVER-T(W)
O-HEAL)

40 (single arm): Neoadjuvant 
chemo Tx (≥8 weeks) + LDLT 
(left lobe) + two-stage 
hepatectomy

3-year OS

2019 NCT03803436
Recruiting

Fondazione 
IRCCS Istituto 
Nazionale dei 
Tumori, Milano, 
Italy (multicenter)

Improving Outcome of Selected Patients 
With Non- resectable Hepatic Metastases 
From Colo-rectal Cancer With Liver 
Transplantation: a Prospective Parallel 
Trial (COLT)

22 (non-randomized 
comparison): NACTx (≥4 
months) + LT vs. triplet CTx + 
anti EGFR

5-year OS

2019 NCT04161092
Recruiting

Sahlgrenska 
University 
Hospital and 
Karolinska 
University 
Hospital, Sweden

A Randomized Controlled, Open-label, 
Multicentre Study Evaluating if Liver 
Transplantation With Liver Grafts From 
Extended Criteria Donors Not Utilised 
for Approved Indications Increases 
Overall Survival in Patients With 
Non-resectable Isolated Liver 
Metastases From Colorectal Metastases, 
in Comparison With Best Alternative 
Care (SOULMATE)

45 (RCT): NACTx (≥2 
months) + LT vs. best 
alternative care

5-year OS

2020 NCT04616495
Recruiting

Hospital 
Universitario La 
Fe, Spain

Liver Transplantation in Patients With 
Unresectable Colorectal Liver 
Metastases (TRASMETIR)

30 (single arm): neoadjuvant 
chemotherapy + LDLT

5-year OS

2021 NCT04874259
Not yet 
recruiting

Seoul National 
University 
Hospital (South 
Korea)

Effectiveness of Liver Transplantation 
for Unresectable Colorectal Liver 
Metastasis; Pilot Study

20 (single arm): LDLT for 
treatment-naïve patients

1-year OS

2021 NCT04865471
Recruiting

Azienda 
Ospedaliera di 
Padova (Italy)

Resection And Partial Liver Segmental 
Transplantation With Delayed Total 
Hepatectomy as Treatment for Selected 
Patients With Unresectable Liver 
Metastases From Colorectal Carcinoma 
(RAPID-Padova)

18 (single arm): NACTx (≥3 
months) + LT (segment 2/3) 
followed by delayed total 
hepatectomy

Percentage of 
transplanted 
patients receiving 
2nd stage 
hepatectomy within 
4 weeks of segment 
2/3 LT

2021 NCT04870879
Recruiting

Azienda 
Ospedaliera di 
Padova (Italy)

Colorectal Metastasis and Liver 
Transplantation With Organs From 
Deceased Donors (MELODIC)

18 (non-randomized, parallel 
assignment): NACTx (≥3 
months) + DDLT vs. CTx 
alone

3-year OS

2021 NCT04898504
Recruiting

Oslo University 
Hospital (Norway)

HAI-Floxuridine, or Liver-Tx, 
Combined With 2nd Line Chemotherapy 
Versus 2nd Line Chemotherapy Alone 
for Patients With Colorectal Liver 
Metastases and Heavy Tumour Burden 
(EXCALIBUR 1+2)

45 (RCT): 2nd line CTx + 
HAI-floxuridine vs. 2nd line 
CTx + LT vs. 2nd line CTx 
alone

2-year OS

2021 NCT04742621
Recruiting

Weill Medical 
College of Cornell 
University (U.S.)

Liver Transplantation for Unresectable 
Liver Limited Colorectal Metastases

20 (single arm): NACTx (≥6 
months) + LDLT

To develop a 
registry

LT liver transplantation, CRLM colorectal liver metastases, NACTx neoadjuvant chemotherapy, RFS recurrence-free survival, OS overall survival, LDLT 

living donor liver transplantation, EGFR epidermal growth factor receptor, DDLT deceased donor liver transplantation, HAI hepatic artery infusion
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67.3  Neuroendocrine Tumor Liver 
Metastases

An estimated 50%–90% of patients with neuroendocrine tumor 
(NET) may develop neuroendocrine tumor liver metastases 
(NETLM) with heterogeneous presentation ranging from clas-
sical carcinoid syndromes associated with small tumors to no 
symptoms with nearly total replacement of the liver by meta-
static lesions [24]. Although the treatment of choice for NETLM 
is liver resection [24–26] with acceptable 5-year overall survival 
rates within the 60%–70% range, less than half of patients with 
NETLM are eligible for resection [14]. For unresectable 
NETLM, systemic chemotherapy, transcatheter arterial chemo-
embolization, and so on are viable options with varying success 
rates. Since the 1980s, LT has been performed for highly 
selected patients. Two systematic reviews reported that the 
5-year survival rates after LT for unresectable NELTM from 
pancreatic primaries (n = 89) and from pancreatic, gastrointesti-
nal, bronchial, and other primaries combined (n = 1120) were 
44% [27] and 63% [28], respectively. In the largest systematic 
review on LT for NETLM, the recurrence rate ranged from 
31.3% to 56.8%, and several prognostic factors, including 
>50% liver involvement, high Ki67 index, and a pancreatic 
rather than a gastrointestinal NET tumor location, were associ-
ated with worse long-term survival [28]. Mazzaferro et  al. 
claimed in 2007 that LT for NETLM should be “reconsidered 
not only as a bare palliation but also as a therapy with high 
potential of not just prolonging survival but of pursuing a cura-
tive intent” [29]. Eligibility for LT (the Milan criteria for 
NETLM) was defined as follows: 1. a confirmed histology of 
low-grade NET with or without syndrome, 2. a primary tumor 
drained by the portal system (pancreas and intermediate gut: 
from the distal stomach to the sigmoid colon) that was removed 
with a curative resection (pretransplant removal of all extrahe-
patic tumor deposits) through surgical procedures different and 
separate from transplantation, 3. metastatic diffusion occupying 
≤50% of the liver parenchyma, 4. good response or stable dis-
ease for at least 6 months during the pretransplantation period, 
and 5. age ≤ 55 years (modified later to <60 years). Of the 88 
consecutive patients who met these criteria in the prospective 
study between 1995 and 2010, 42 underwent LT and achieved 
outstanding 5- and 10-year survival rates of 97% and 89%, 
respectively [30]. The remaining 46 patients with similar tumor 
burdens were unable to receive LT because of non-compliance, 
patient refusal, and transplant list unavailability, and their 5- and 
10-year survival rates were 51% and 22% respectively, signifi-
cantly worse than those of the patients who underwent LT 
(P < 0.001). The adjusted survival benefit of LT over non-LT 
was 6.8 and 38.4 months at 5 and 10 years, respectively. On the 
basis of these excellent outcomes, the United Network for 
Organ Sharing in the US adopted these criteria for the Model for 
End-stage Disease exception listing of patients with unresect-
able NETLM [31]. The aforementioned international consensus 
conference made a “strong recommendation” that “LT should 
be considered as a potentially curable treatment option for 

selected patients with unresectable NETLM” [10]. The areas of 
controversy and future research include, but not limited to, the 
following: (a) how to combine LT with nonoperative modalities 
such as peptide receptor radionuclide therapy and molecular-
targeted agents; (b) standardized imaging protocols for evaluat-
ing LT candidates; (c) use of a mammalian target of rapamycin 
inhibitors as post-transplant immunosuppression agents and/or 
adjuvant therapy; and (d) definition of unresectability. LT candi-
dacy for unresectable NETLM should be thoroughly discussed 
in a multidisciplinary setting on a case-to-case basis by conven-
ing experts involved in transplantation medicine and oncology 
[7, 8, 14].

67.4  Hepatoblastoma

Hepatoblastoma (HB) is the most common primary liver can-
cer in children and its incidence has continued to increase over 
the last several decades. Surgical resection with a curative 
intent combined with chemotherapy is the treatment of choice. 
LT is reserved for unresectable HB and achieves an overall 
5-year survival of 60% to >80%. Significant improvements in 
chemotherapy have made patients even with extrahepatic dis-
ease eligible for LT when lesions are controlled by either che-
motherapy or surgical resection [32, 33]. Patients with 
borderline-resectable HB are also LT candidates because the 
outcomes of salvage LT are unsatisfactory [32, 34, 35]. The 
pre- and post-treatment extent of disease (PRETEXT and 
POST-TEXT, respectively) systems are used to determine the 
treatment strategy [36, 37]. Indocyanine green was effective in 
identifying primary and metastatic disease [38] and re-LT for 
recurrent HB might be justified in highly selected patients by 
achieving complete tumor removal under indocyanine green 
navigation [39]. Longer time on the waiting list was demon-
strated as a risk factor of recurrence after LT and patients 
undergoing chemotherapy should be prioritized for deceased 
donor allocation to optimize the timing of LT [40]. Living 
donors are a precious source of liver grafts, as they enable 
prompt LT between chemotherapy sessions [10, 34]. The ongo-
ing Children’s Oncology Group international study of pediatric 
liver cancer AHEP-1531: Pediatric Hepatic Malignancy 
International Therapeutic Trial (NCT03533582) is a partially 
randomized phase II/III trial designed to evaluate the efficacy 
of cisplatin- based chemotherapy in combination with surgery 
in the treatment of HB and hepatocellular carcinoma of chil-
dren and young adults. This study employed a novel risk strati-
fication algorithm that was defined by the efforts of the 
Children’s Hepatic tumors International Collaboration [35, 
37]. The risk stratification is based on the presence of positive 
annotation factors: tumor ingrowth into vena cava or all 3 
hepatic veins (V), right/left portal veins or bifurcation (P), con-
tiguous organ (E); multifocal tumor (F); or pre-diagnosis tumor 
rupture (R), age (<8 or ≥ 8 years for PRETEXT III and < 3 
or ≥ 3 years for PRETEXT IV), and alpha fetoprotein levels 
[37]. The aforementioned international consensus conference 
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has made strong recommendations that “Unifocal POST-TEXT 
IV tumors and/or POST-TEXT III or IV with persistent wide-
spread multifocality or major vessel involvement are clear indi-
cations for LT” [10]. The guidelines also strongly recommended 
that “PRETEXT IV, age > 3 years, extrahepatic metastases, 
alpha-fetoprotein level < 100 ng/mL, and major bilobar vascu-
lar involvement” should be considered as high-risk factors, and 
patients with these risk factors should be referred early to spe-
cialized centers with abundant experience in complex liver sur-
gery or LT [10]. Recently, aggressive liver resections including 
ante situm liver resection, ALPPS, and ex vivo liver resection 
with autotransplantation of the liver have been reported in the 
pediatric population [41–44]; therefore, the definition of unre-
sectability is not universal. Moreover, further investigations on 
cancer genomics in HB (e.g., Wnt/β-catenin signaling path-
way) are expected to establish precision medicine [45].

67.5 Conclusions

Transplant oncology has brought about a paradigm shift in the 
management of CRLM, NETLM, and HB. Whether the 
approach is surgical resection or LT, we should determine the 
oncological eliminability of the disease. Rapidly evolving 

cancer immunogenomics is expected to dramatically improve 
the predictability of disease recurrence. As its accuracy 
approximates 100%, either resection or LT is likely to accom-
plish oncological elimination, i.e., ≈100% cancer-specific sur-
vival (Fig. 67.1). This is the ultimate goal of transplant 
oncology.
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Abstract

Because of the shortage of cadaveric donors, other tech-
niques of partial liver grafting have been developed. These 
techniques are placed in perspective in relation to the 
organ shortage. Reduced size liver transplantation (RSLT) 
was used and had results comparable to those from whole 
liver grafting. However, this technique, while benefitting 
pediatric patients, reduces the adult donor liver pool. It 
also makes inefficient use of an available adult donor liver. 
In split liver transplantation (SPLTx), the whole liver is 
used after bipartition for two recipients. The results are 
comparable to those of RSLTx. The problem with SPLTx 
is that it is a very demanding technique applied only in 
centers with extensive experience with liver resection and 
reduction. Living related liver transplantation (LRLTx) 
yields excellent results; however, it places an otherwise 
healthy person at risk. Domino liver transplantation (DLT) 
has emerged as a strategy for increasing the number of 
liver grafts available: morphologically normal livers from 
donors with metabolic diseases can be used for select 
recipients with hepatocellular carcinoma (usually outside 
the Milan criteria). Familial amyloidotic polyneuropathy 
(FAP) is the most common indication for DLT. In patients 
with acute liver failure (ALF) who fulfill criteria, liver 
transplantation is the only effective treatment which can 
substitute metabolic and excretory function of the liver. 
Auxiliary liver transplantation (APOLT) was developed 
because a significant minority of patients with ALF who 
fulfill transplant criteria can have a complete morphologi-
cal and functional recovery of their liver.

The first technical variant liver transplantation (TVLT) was 
the split technique performed by Pichlmayer et  al., and 
Bismuth et al. in the late 80′ [1, 2]. The next technique was 
the use of reduced-size graft in pediatric LT, consisting in 
reducing a whole graft to a left hemiliver (LH) or to a left 
lateral section (LLS) [3]. In this way, pediatric small sized 
recipients (body weight below 10 kg) could be transplanted; 
however, this procedure reduced the number of grafts avail-
able for adult recipients. This led to the development of liv-
ing donation in the late 80 [4, 5], that brought an alternative 
source of grafts, and the boost of split LT (SLT), that 
addressed the deceased donor organ shortage by providing 
grafts to two recipients from a single deceased donor [6]. 
Initially, the SLT with the right hemiliver (RH) had a much 
worse outcome compared to the LH or the LLS in pediatric 
patients (that provided the best outcome). This was over-
come by the expertise gained from living donor LT (LDLT) 
that led to the use of in situ and ex-situ SLT, improving the 
results of this procedure [7, 8]. Nowadays, SLT may have 
similar results as LDLT [9]. Using monosegmental grafts in 
recipients with a body weight below 5 kg needs further vali-
dation. Another TVLT that was more recently introduced is 
the transplant of an auxiliary partial orthotopic liver graft 
after partial hepatectomy (APOLT) [10].

In high-volume centers (with over 40 transplants per 
year), the survival after LDLT, SLT, reduced or full-size graft 
were similar in the pediatric population. However, in series 
such as the SPLIT [7], UNOS [11] and ELTR [8] reports, 
where also data from less experienced centers were included, 
LDLT or deceased donor LT had superior results when com-
pared to SLT.

68.1  Split Liver Transplantation

One type of TVLT that increases the number of liver trans-
plants, while reducing the mortality on the waiting list. is to 
split the liver from a deceased donor into two grafts which 
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are then transplanted into two recipients (split LT). In this 
way, a whole adult liver can be divided into two functioning 
grafts. Split-liver transplantation (SLT) is an attractive alter-
native to living donation. However, it involves a complex 
mechanism, being technically demanding and requiring 
additional logistic and personnel support.

Surgical complications are more common in SLT (vs. 
whole graft) recipients, related to the cut surface of the liver, 
smaller vessels for anastomosis, and more complicated bili-
ary reconstruction.

In a large series of 106 SLT, adults recipients had 1-, 5-, 
and 10-year survival rates of 93, 77, and 73%, respectively, 
with graft survival rates of 89, 76, and 65%, respectively. For 
pediatric recipients, 1-, 5-, and 10-year survival rates were 
84, 75, and 69 percent, respectively, with graft survival rates 
of 77, 63, and 57%, respectively [12].

68.1.1  Donor Recipient Matching

Careful donor and recipient selection is of paramount impor-
tance for the success of this procedure. Donors should be 
carefully selected in order to minimize the risks of primary 
nonfunction, especially for LH recipients. Young, hemody-
namically stable donors with normal liver function and with 
a relatively short period of hospitalization should be selected. 
In this way, primary nonfunction for the recipients should be 
uncommon.

The suitable donors for SLT are only hemodynamically 
stable who meet the following criteria: age under 55 years, 
liver steatosis below 30%, ICU stay less than 5  days, Na 
<160  mmol/L, serum glutamic pyruvic transaminase 
<60 U/L, gamma-glutamyl transpeptidase <50 U/L. Organs 
from donors with body weight over 70 kg may be suitable for 
a full right/full left split, resulting in grafts for two adult 
recipients. In this situation, the requirements of organ quality 
are stricter: age under 40 years, liver steatosis under 10%, 
ICU stay less than 3 days [13]. The final decision on whether 
the graft quality is fit for splitting is made on macroscopic 
assessment of the graft and, ideally, based on liver biopsy, 
which performed routinely would help to undertake an exter-
nal split graft with more confidence.

A study on a large series of 407 deceased donors deter-
mined that approximately 15% of donors fulfil such condi-
tions for a split liver procedure, and about 9% could be 
eligible as donors for two adults. More optimistic calcula-
tions estimate up to 13% of donors being eligible for split-
ting for two adults [13]. It is difficult to estimate how much 
impact adult SLTs have on the donor pool. About 25% of all 
deceased donors in the United States are between 15 and 
35 years of age. If many of these livers could be used for 
splits, the number of liver transplants could potentially 

increase with 20–25%. Moreover, with better preservation 
techniques, more livers may be amenable to splitting.

Proper recipient selection is also crucial in ensuring a 
good outcome. Administrative actions in the current methods 
of organ allocation to ensure optimal combinations of graft 
and recipient will be needed if SLT in adults is to succeed. A 
GW/RW ratio of close to 0.8% should likely be the minimum 
when selecting appropriate recipients. Moreover, due to the 
high risk of complications, one important aspect of the recip-
ient selection process is adequately informing the potential 
recipient on the splitting procedure and obtaining informed 
consent.

More data are needed to better define donor and recipient 
selection criteria, which are crucial to success.

68.1.2  Graft Harvesting

The SLT is commonly applied at outside facilities during 
routine donor procurements without specialized equipment 
and simultaneous with additional organ (heart, lung, kidney) 
procurements. Additional time is required for the procedure 
but this has not been an excessive burden provided adequate 
communication has occurred between donor teams. The cur-
rent challenge within the transplant community is the imple-
mentation of public policy that will facilitate its great 
potential to enlarge a critically limited donor pool.

Prior to the performance of SLT, the standard procedures 
of abdominal organ procurement including supraceliac and 
infrarenal aortic dissection as well as cannulation of the infe-
rior mesenteric vein should be completed such that if the 
donor were to become unstable, the SLT could be aborted 
with rapid progression to aortic cannulation, cross-clamping, 
and organ cold perfusion.

68.1.2.1  In-situ Versus Ex-situ Splitting
Cold ischemic time should be minimized as much as possi-
ble in all SLT donors. For this reason, it is preferable to do 
the actual transection of the parenchyma in-situ (in the 
donor), as doing the split on the back table (ex-situ) could 
add up to 2 to 3 hours of cold ischemia and more likely to be 
some warming of the liver, even if the split is being per-
formed in a cold ice bath of University of Wisconsin solu-
tion. Performing the split in-situ also has other advantages. 
Significantly less bleeding occurs when the organs are reper-
fused. Additionally, the two liver grafts can be assessed in 
the donor immediately after parenchymal transection and 
before vascular interruption, to ensure adequate perfusion 
and viability. Despite the fact that in situ splitting seems to 
have certain advantages concerning graft quality and subse-
quent recipient operation and course, logistical circum-
stances may favour ex situ splitting in selected cases.
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68.1.3  Adult and Pediatric Recipients

The vast majority of SLTs have been performed between an 
adult and a pediatric recipient. The benefits for pediatric 
recipients have been tremendous, with a significant decrease 
in waiting times and mortality rates. Splitting an adult liver 
for pediatric recipients has no negative impact on the adult 
donor pool, but it does not increase it either.

68.1.3.1  Technical Features
The technique creates a LLS graft of about 250 cc, for pedi-
atric recipients, and a right trisection graft (Couinaud seg-
ment I, IV–VIII) of about 1000 cc, for adult recipients. The 
in-situ procedure is described below (Fig. 68.1).

Preparation of the LLS graft begins with hilar dissection 
at the base of the round ligament with isolation of the left 
hepatic artery (HA) and left portal vein (PV) branch. The left 
HA is encircled and dissection is carried along its entire 
length. Particular attention is dedicated to the preservation of 
segment IV penetrating arteries. PV branches to segment IV 
are ligated and divided lateral to the umbilical fissure to iso-
late the entire left PV however, PV branches to segment I are 
preserved as they originate from the main, not left PV. After 
total vascular control of the LLS is achieved, parenchymal 

transection is carried out between the LLS and segment IV, 
1 cm above the left hepatic duct (HD) in the umbilical fis-
sure. Small penetrating vessels and biliary radicles are suture 
ligated. The remaining left hilar plate and HD are sharply 
transected with scissors close to the surface so as to preserve 
biliary drainage of segment IV.  Intraoperative cholangio-
gram can be performed to better define the biliary anatomy. 
Upon completion of the dissection, the LLS is separated 
from the remaining parenchyma with its own vascular pedi-
cle and venous drainage. Organ procurement continues with 
perfusion and cooling of the donor organs. Following perfu-
sion, the left HA, the left PV, and the left HVs are divided 
and the left HD is flushed with preservation solution prior to 
storage of the graft in cold solution. The right trisection graft 
is removed in the usual fashion and stored in cold preserva-
tive solution.

Transplantation of the LLS graft involves preservation of 
the native inferior vena cava (IVC). The right hepatic vein 
(HV) entrance to the IVC and the smaller accessory HVs are 
suture ligated. The septum dividing the left, middle, and 
right HV openings to the IVC is divided to form a large com-
mon trunk for left HV anastomosis. Anastomosis of the left 
PV is achieved either in an end-to-end or end-to-side fash-
ion, while the left HA is anastomosed to the common HA or 

Fig. 68.1 Adult and child, and adult and adult SLT
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infrarenal aorta by an iliac artery interposition graft. Biliary 
drainage is achieved by a duct-to-duct or Roux-en-Y 
hepaticojejunostomy.

Transplantation of the extended right graft is done by 
standard techniques.

68.1.4  Adult and Adult Recipients

The most important advantage of SLT with adult and adult 
recipients is the increase of the adult donor pool. Adults 
account nowadays for 96% of patients dying on the waiting 
list, while in 1988, they represented only 70%.

Transection in the midplane of the liver divides the whole 
graft into the anatomic right (60% of the liver) and LH (40% of 
the liver), commonly generating grafts with sufficient size for 
two adult recipients. The minimum amount of liver mass 
needed to sustain life after SLT is unclear. Experience with 
LDLT suggests that a graft weight to recipient weight (GW/
RW) ratio of 0.8% is the minimal requirement. However, in 
deceased donors, the minimum amount of liver mass is also 
influenced by factors as donor hemodynamic stability and cold 
ischemic time, so this amount may be sometimes insufficient.

68.1.4.1  Technical Features
Several technical points need to be discussed about the oper-
ation in donor, which is very similar to a LH procurement 
from a living donor. The middle HV should be preserved 
with the LH to ensure that there is no congestion of Segment 
IV.  Loss of the middle HV usually does not significantly 
affect drainage of segment V and VIII in the LH graft, as 
these segments usually drain adequately via the right 
HV. Hence, the transection plane is placed to the right of the 
middle HV, vein that is retained with the LH graft. Regarding 
the hilum dissection, our preference has been to leave the full 
length of the hilar structures intact with the LH graft, because 
the right-sided hilar structures are usually larger than the 
left-sided ones. Therefore, leaving the main vessels intact 
with the LH graft makes the transplant easier.

One crucial technical point for the recipient operation is 
ensuring adequate venous outflow of the grafts to prevent 
congestion. Preserving the IVC with the LH graft helps to 
maximize outflow by preserving inferior HVs (Fig.  68.2). 
This also allows for back-table reconstruction of large seg-
ment V and VIII veins (>5 mm in diameter) draining from 
the LH to the middle HV (Fig. 68.3).

The liver is mobilized by division of the falciform and left 
ligaments. The common trunk of the left and middle HV is 
encircled with an umbilical tape. The LH including the cau-
date lobe is completely mobilized from the IVC. The right 
HA and right PV are dissected free and mobilized (after 
removing the gallbladder). The left hilar plate is taken down 
and the left HD in its extrahepatic portion is encircled. The 

line of planned transection through the hilum is through the 
origin of the right PV and right HA, and at the junction of the 
left HD with the common HD. A line for parenchymal tran-
section is drawn just to the right of the estimated course of 
the middle HV. The umbilical tape is passed around the LH 
to suspend it upward. Liver transection is then performed in 
situ, and, when completed, the two halves of the liver are 
inspected to make sure there is no significant vascular inju-
ries. Organs are flushed with cold preservation solution in 
the usual manner.

Final separation of the grafts is done on the back table. 
The following structures are divided to completely separate 
the LH and RH: the common junction of the middle and left 
HV, the left HD at the junction with the right, the right HA, 
and the right PV close to its origin. In the LH graft, the vas-
cular stumps of the right PV and the right HA are oversewn; 
the outflow of the graft is represented by the combined ori-
fices of the middle and left HVs.

Fig. 68.2 The right hemiliver graft is harvested with the IVC preserv-
ing the inferior HVs

Fig. 68.3 Reconstruction of large segment V and VIII veins
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68.2  Dual Graft Liver Transplantation

Living donor liver transplantation (LDLT) rate is increasing 
due to the shortage of deceased liver donations. However, 
small for size syndrome and small donor liver remnant are 
two uncommon but potentially lethal complications of LDLT.

68.2.1  Small for Size Syndrome

Previous studies show that at least 50% of the recipient’s liver 
volume is mandatory for adequate liver function [14]. Small 
for size syndrome (SFSS) occurs when the graft recipient 
weight ratio (GRWR) is less than 0.8. There is an unbalance 
between increased metabolic demand and liver regeneration, 
which leads to a severe graft dysfunction. Clinically, SFSS 
presents with intractable ascites, coagulopathy, and jaundice. 
The most accepted pathophysiological mechanism is the graft 
over-perfusion [15]. Recently, the number of morbidly obese 
patients undergoing LT is raising because of the high inci-
dence of non-alcoholic steatohepatitis related end stage liver 
disease, a fact that further increases the risk of SFSS.

68.2.2  Rationale

To overcome the risk of SFSS, the first successful dual graft 
LT, using LH and LLS grafts, was performed in 2000 by Lee 
SG et al. [16] (Fig. 68.4). In 2017, Lee SG et al. reported 400 
such procedures [17]. To date, cases of dual liver transplanta-
tion have been reported worldwide, including from our cen-
ter [18]. Little is known about the indications and 
contraindications of dual graft LT, and there are no selection 
standard selection criteria of the donors and recipient for 
dual graft LT.

The metabolic demands of a larger recipient will not be 
satisfied by a LH from a relatively small donor. The alterna-
tives are to harvesting the RH, which accounts for 60–70% 
of the total liver volume, or to transplant dual grafts into one 
recipient. Harvesting the RH of the donor is not always safe, 
depending primarily on the volume of the remaining LH 
[19]. When the remaining LH would be insufficient after a 
RH harvesting, a possible and safe alternative is the dual 
graft LT with LH or LLS from two donors, that can avoid the 
SFSS while maximizing donor safety [16]. If the recipient 
requires a larger liver volume than the combined volume of 
the two potential LH grafts, a dual graft LT using a RH and a 
LH is the best option to avoid a SFSS, provided that the RH 
harvest is safe [17].

Another indication for dual graft LT may be in case of 
marginal grafts. It is common knowledge that the remaining 
liver in the donor should be over 35% of the standard liver 
volume of the donor; however, if the donor is of marginal 
quality, the size should be increased. Unfortunately, there 
are no available criteria for marginal liver donor. Moon et al. 
[20] extended the indications for dual liver transplantation 
to using marginal grafts such as fatty liver grafts; rapid 
improvement in the graft steatosis within two weeks after 
dual graft LT was proven. Therefore, increased volume of 
the marginal donor is recommended and feasible by per-
forming dual graft LDLT.

Balancing the safety of the two donors with a good out-
come in recipient is a crucial issue in the process of living 
donation. The ethical issue of putting two donors at risk 
simultaneously for one recipient is debatable. The overall 
mortality in donors is about 0.15–0.20% [21], while for LSS 
harvesting is estimated to be around 0.1% [22], and for RH 
harvesting from 0.4–0.5% [23]. Therefore, the donor risk in 
dual graft LDLT when using LH and LLS grafts, even though 
involves two donors, is relatively low. Although there will be 
constant ethical concerns about placing two donors at risk 
for one patient, we believe that dual graft LDLT can offer an 
effective and safe therapeutic option for a family who hopes 
to save one of their own family members.

The immune microenvironment may be more compli-
cated when two grafts become the target of rejection. There 
is a risk of rejection not only between two grafts and recipi-
ent but also between grafts. Lee SG et al. reported that acute 
rejection was found by biopsy in both orthotopic and hetero-
topic grafts simultaneously [24].

68.2.3  Technical Features

In case of dual graft LDLT with two LHs or one LH and LLS 
[16], the second liver graft needs to be rotated 180° and het-
erotopically positioned in the right upper quadrant after the Fig. 68.4 Dual graft liver transplantation
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first liver graft is orthotopically implanted. The HD is recon-
structed by duct-to-duct anastomosis before PV and HV 
anastomoses, because it is placed behind the PV and the 
HA. This makes the hepaticojejunostomy of the second liver 
graft difficult with poor access once the PV anastomosis is 
made. An interposition vein graft obtained from cadaveric 
iliac vein is frequently necessary to bridge the gap between 
the recipient’s right HV and the hepatic venous end of the 
liver graft.

The LH or LLS implanted heterotopicaly in the right side 
display particular haemodynamic properties, and there can 
be some competition in blood supply between the two 
grafts. Lee et al. reported two right-sided heterotopic grafts 
undergoing atrophy, which was considered to be the result 
of portal venous blood flow favoring the left-sided ortho-
topic graft [24].

Regarding the grafts of RH and LH (Fig. 68.5), the match 
of the grafts and recipient in spatial position makes the oper-
ation relatively easy. With regard to technical aspects, a com-
bination of RH and LH grafts is probably the ideal option in 
dual graft LT.

68.3  Auxiliary Partial Orthotopic Liver 
Transplantation

The main causes of acute liver failure (ALF) leading to con-
sideration of patients for liver transplantation (LT) are acute 
viral hepatitis, including HBV infection, and drug- or toxin- 
induced hepatic injury, including paracetamol overdose. In 
the majority of cases, patients with previously healthy livers 
can recover from ALF without sequelae. However, some 
patients develop severe forms that progress to multisystem 
failure, including cerebral oedema, leading to death within a 
few hours or days. In these patients, LT is the only effective 
treatment that can substitute liver function. LT is indicated 
in cases with severe encephalopathy (confusion or coma) 

associated with important impairment of the coagulation 
factors (factor V < 20%), with 1-year survival rates of about 
60–70%.

68.3.1  Rationale

Nevertheless, a significant subset of patients with ALF who 
fulfil transplant criteria would have had complete morpho-
logical and functional recovery of their native liver if they 
would had not undergone LT. These considerations have led 
to the concept of auxiliary partial orthotopic LT (APOLT), 
based on the potential for spontaneous regeneration of the 
native liver and eventual withdrawal of immunosuppressive 
drugs for the auxiliary graft [25].

In selected young recipients (under 40 years) and hemo-
dynamically stable, the use of ABO-compatible, the use of 
non-steatotic auxiliary partial grafts harvested from young 
donors (living or deceased), with normal liver function, can 
restore liver function and prevent the occurrence of irrevers-
ible brain damage [26]. The size of the graft has to be adapted 
to the severity of the recipient’s encephalopathy. When a 
graft from a deceased donor is used, an important decision is 
whether the other partial graft not used for APOLT is dis-
carded or used in another recipient as SLT; due to the scar-
city of donor organs, the latter option is obviously the best. 
However, one should be aware that the splitting procedure 
increases the duration of the back table procedure in com-
parison with the reduced-size technique, and this may be det-
rimental for the recipient in case of severe encephalopathy 
that involves emergent transplantation. Moreover, the split 
procedure decreases the size and the length of both portal 
and arterial vessels, making the APOLT more technically 
demanding, leading to longer operative time and increased 
risk of complication. Thus, the perspective of transplanting 
another recipient should not put the APOLT recipient at 
increased risk [26].

Fig. 68.5 Dual graft living donor liver transplantation using right and left hemiliver. R-right hemiliver, L-left hemiliver, LPV-left portal vein, 
RPV- right portal vein, RHA-right hepatic artery
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After standard post-LT immunosuppression, the recovery 
of the native liver is assessed by biopsies, hepatobiliary scin-
tigraphy and computed tomography. In more than 50% of the 
recipients, the histology, scintigraphy and morphological 
data show sufficient regeneration of the native liver, and the 
patients can be withdrawn from immunosuppression [27]. 
Therefore, in selected patients, the advantages of APOLT 
seem to surpass its drawbacks [26].

68.3.2  Technical Features

Auxiliary LT consists of implanting a healthy partial liver 
graft placed either heterotopically or orthotopically, after 
partial hepatectomy, leaving part of the native liver in place. 
Early experience with heterotopic placement of the graft 
below the native liver has been disappointing with a high rate 
of technical failure, probably due to inadequate portal perfu-
sion of the graft and insufficient drainage of hepatic blood 
flow in an area of low pressure. The favorable outcome 
reported in European series using auxiliary partial orthotopic 
liver transplantation after partial hepatectomy (APOLT) and 
the expertise gained from SLT and LDLT have revived inter-
est in this approach (Fig. 68.6).

APOLT requires that both the graft and the recipient’s 
liver are reduced in volume, so that, after transplantation, the 
patient has an approximately normal overall liver volume. A 
frozen section biopsy of the native liver is usually sampled to 
assess the absence of fibrosis (that would otherwise suggest 
that poor regeneration of the native liver is expected) and the 
presence of viable hepatocytes. A right or a left hepatectomy/
left lateral sectionectomy of the native liver is performed in 
order to prepare a space large enough to accommodate the 
right or left liver graft, respectively [26, 28]. In the majority 
of cases the auxiliary graft is a right graft which is placed 

orthotopically after a right hepatectomy in the recipient. The 
parenchymal transection tends to be easier in patients with 
fulminant liver failure because the liver is usually atrophic; 
however, this can be performed under intermittent 
clamping.

The partial liver graft is prepared and its size has to fit the 
implantation site created after partial hepatectomy of the dis-
eased liver in recipient. Two types of auxiliary grafts can be 
used for APOLT: a right liver (segments V–VIII) or a left 
liver (segments I–IV).

Afterwards, the partial liver graft is implanted ortho-
topically so that both cut surfaces of the graft and of the 
native liver are face-to-face. The graft is slightly rolled to 
allow completion of an end-to-side anastomosis between 
the HV stump of the graft and the recipient’s IVC. The cor-
responding side of the recipient’s PV is clamped laterally 
just above the head of the pancreas and opened. An end-to-
side is performed between the graft’s and the recipient’s 
PVs, and the graft is subsequently revascularized. The 
graft’s coeliac axis is anastomosed end-to-side to the 
recipient’s splenic artery or infrarenal aorta. Bile flow is 
restored through a Roux- en- Y hepaticojejunostomy. Intra-
operative ultrasound is mandatory to assess the patency of 
all vascular anastomoses. A primary abdominal closure is 
almost always possible. However, in case of graft com-
pression, only the skin is closed after placing an absorb-
able mesh sutured to the musculofascial walls; full 
abdominal closure is performed some days or weeks later. 
One should be aware that the risk of parenchymal or vas-
cular compression at the time of abdominal closure is 
greater with these left grafts. A biliary drain may be placed 
in the recipient’s cystic duct, to allow monitoring of the 
native liver’s bile. With the proper expertise, the APOLT 
may provide comparable short- and long-term results with 
conventional LT [29, 30].

Fig. 68.6 Auxiliary partial orthotopic liver transplantation
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In conclusion, improvements of surgical techniques make 
possible to use the technical variant liver grafts with results 
comparable to those of conventional LT, contributing to the 
increase of the donor pool, the decrease of mortality on the 
waiting list or to providing therapeutic option for emergent 
LT. Further studies are needed in order to validate their indi-
cations, donor-recipient matching and further increase the 
number of such procedures.
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Domino Liver Transplantation

Irinel Popescu, Vladislav Brasoveanu, Doina Hrehoret, 
Florin Botea, Simona Dima, and Florin Ichim

Abstract

Domino Liver transplant (DLT) is a surgical strategy to 
expand the liver donor pool, addressing the organ short-
age, in selected patients who would otherwise not have 
the opportunity to benefit from liver transplantation. In 
this sense, DLT uses morphologically normal livers from 
donors with certain metabolic disorders (familial amyloi-
dotic polyneuropathy, primary hyperoxaluria, acute inter-
mittent porphyria, maple syrup urine disease, and 
homozygous familial hypercholesterolemia) in selected 
recipients, usually with hepatocellular carcinoma (gener-
ally outside the Milan criteria). However, the benefit of 
expanding the donor pool must be balanced against the 
risk of metabolic disease transmission. Despite some typ-
ical technical challenges, DLT appears to be a safe and 
reasonable transplant option.

69.1  Background

Liver transplantation (LT) is an established therapeutic 
option for patients in a series of acute and chronic liver dis-
orders. However, the donor pool does not meet the continu-
ously increasing demand for patients on the waiting list.

Limited organ availability and the significant percentage 
of drop-outs from the waiting list because of cirrhosis and/or 
tumor progression still represent major drawbacks for trans-
plantation strategies. Because of these drawbacks, not all 
patients initially eligible for transplantation eventually ben-
efit from it [1]. As a result, novel strategies, such as increased 

use of marginal donors, living donor liver grafts, split liver 
grafts from deceased donors, and so-called domino liver 
grafts from patients with metabolic liver disease, have been 
explored to address the organ shortage.

In this context, domino liver transplant (DLT) has emerged 
as a strategy for expanding the donor pool for LT [2], based 
on the fact that certain metabolic disorders, such as familial 
amyloidotic polyneuropathy, primary hyperoxaluria, acute 
intermittent porphyria, maple syrup urine disease, and homo-
zygous familial hypercholesterolemia, may be amended by 
LT while the explant is a well-functioning liver that can be 
used in another recipient [3, 4].

DLT, that consists in transplanting a patient that in turn 
donates his liver to another recipient, was introduced in 1995 
by Furtado A et al. [5]. DLT uses morphologically normal 
livers from donors with metabolic disorders generally, that is 
in the same time recipient (domino donor), for selected 
recipients (domino recipients) generally with hepatocellular 
carcinoma (usually outside the Milan criteria). Grafts from 
these donors are usually received by patients with advanced 
stage hepatocellular carcinoma [6], with low priority on the 
waiting list and/or unlikely to survive until standard LR, or 
by tumor free cirrhotic domino recipients, sporadic cases of 
metabolic fulminant liver failure [3], and retransplants [7, 8].

This procedure raises ethical and surgical issues. The 
most important ethical principle concerns the informed con-
sent of both the domino recipient and the donor, emphasizing 
that the recipient may develop the domino donor’s genetic 
disease. Additionally, the domino donors must be assured 
that the technical demands of the hepatectomy for this proce-
dure will not expose to any additional risks.

In order to gather as much information as possible about 
DLT, an international registry (the Domino Liver Transplant 
Registry) was created in 1999 as an extension of the already 
existing Familial Amyloidotic Polyneuropathy World 
Transplant Registry.
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69.2  Indications in Domino Donor

In the last decades, DLT have been validated in more than 
1000 patients, mainly using domino livers procured from 
patients with familial amyloid polyneuropathy (FAP). Other, 
less common, indications for domino liver graft are: fibrino-
gen A α-chain amyloidosis, homozygous familial hypercho-
lesterolemia (HFHC), maple syrup urine disease (MSUD), 
acute intermittent porphyria (AIP), primary hyperoxaluria 
(PH); very rare indications are hemochromatosis, Wilson’s 
disease, methylmalonic acidemia, hyperhomocysteinemia, 
and ornithine transcarbamylase deficiency, [9]. However, 
insufficient data about the use of livers from patients with 
these rare metabolic disorders are available. PH is not a good 
indication for DLT because recipients of PH livers develop 
hyperoxaluria and early acute renal failure. AIP also seems 
to be a debatable indication for DLT because of the rapid 
development of neurotoxicity in AIP liver recipients. 
However, the outcomes of DLT with HFHC and MSUD liver 
grafts (which include the risk of the de novo development of 
these genetic disorders) are promising. For these rare meta-
bolic liver disorders to be established as indications for DLT, 
more reports and studies are needed.

Except for the production of an abnormal protein or 
enzyme, the livers of the domino donors are morphologically 
normal and fully functional. Additionally, the metabolic dis-
orders of the donors usually should not produce symptoms in 
the DLT recipients for many years. LT is an increasingly 
popular therapeutic option for many liver-based inborn errors 
of metabolism. These explanted, metabolically dysfunc-
tional livers create new categories of potential donors and 
recipients.

69.2.1  Familial Amyloidotic Polyneuropathy

FAP is an autosomal dominant disease that is associated with 
a mutation of the transthyretin (TTR) gene, characterized by 
the extracellular deposition of TTR amyloid fibrils, espe-
cially in the peripheral nervous system. The clinical symp-
toms of FAP take 20 to 30 years to appear and another 10 to 
14 years to become fatal. Because more than 95% of the cir-
culating TTR is produced in the liver, LT represents a cura-
tive treatment for this disease [10]. Mutations in the 
fibrinogen Aa-chain (Afib) gene are the main causes of 
hereditary renal amyloidosis. Combined liver-kidney trans-
plantation has been performed in such patients with kidney 
impairment. Stangou et  al. reported DLT with grafts from 
Afib patients [11].

Domino FAP grafts are structurally and functionally nor-
mal livers (except producing variant transthyritin protein), 
from usually young donors. FAP is the most common indica-

tion for DLT, although de novo FAP development within 
various periods of time has been described in the domino 
recipients. DLT with a liver from a patient with FAP was first 
performed in October 1995 in Portugal by Furtado et al. [5], 
shortly followed by others [12–14]. By the end of 2017, a 
total of 1254 domino transplantations were registered in FAP 
World Transplant Registry (http://www.fapwtr.org). FAP is 
the most common indication for DLT, and DLT is performed 
more frequently in areas in which the incidence of this dis-
ease is higher (Portugal, Sweden, and Japan). Worldwide, 
many centers have reported successful DLT with FAP liver 
grafts.

One reason for expanding the indications for DLT is that 
this procedure is associated with decreased graft dysfunction 
and perioperative bleeding, possibly because of the protec-
tive role of the short ischemia time in DLT and the younger 
age of the donors. However, the de novo development of FAP 
within various periods of time (2–9 years) has been described 
in DLT recipients of FAP livers [15].

69.2.2  Familial Hypercholesterolemia

Familial hypercholesterolemia is an autosomal codominant 
metabolic disorder due to a mutation in the low-density lipo-
protein gene; this mutation causes a reduced number of func-
tional low-density lipoprotein receptors (LDLRs) on the cell 
membrane. Defects in the genes for apolipoprotein B and 
proprotein convertase subtilisin/kexin type 9 have also been 
identified in patients with FHC.  In homozygous cases of 
familial hypercholesterolemia (HFHC), there are no or few 
LDLRs; the disease is present from birth, and the serum cho-
lesterol levels often exceed 1000 mg/dL. Consequently, the 
patient develops severe systemic atherosclerosis and dies 
from myocardial infarction before the age of 20 years [16].

HFHC patients must undergo either portocaval shunting 
or LT. Low-density lipoprotein apheresis is another option 
for these patients, but it is marked by multiple complications 
(eg, difficulties with the long-term maintenance of vascular 
access and poor quality of life due to repeated procedures).

LT, which was introduced as a curative procedure for 
HFHC by Starzl et al. in 1984, is based on the large propor-
tion (50%–75%) of LDLRs in the liver. LT must be per-
formed as early as possible for HFHC before the development 
of severe atherosclerosis and coronary heart disease; other-
wise, combined heart and liver transplantation must be per-
formed [16]. Maiorana et  al. showed that preemptive LT 
performed before the onset of cardiovascular disease may 
the only definitive therapy for this disease [17].

The indications for DLT with a graft from a patient with 
HFHC are rare, the first being performed in our center by 
Popescu I. et al. [18] and the second in Taiwan by Liu C. et al. 
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[19]; in fact, there are few published such cases. There have 
been at least 4 additional cases in Turkey (Y. Tokat, unpub-
lished data, 2011). The first reported procedure was per-
formed at our center by Popescu et  al.: a liver from a 
25-year-old patient with HFHC was transplanted into a 
46-year-old patient with HCC (a 5-cm-diameter nodule, with 
a high alpha fetoprotein value of 500 ng/mL, unresponsive to 
repeated chemoembolization), and hepatitis B virus (HBV)–
related liver cirrhosis in 2001 (Fig.  69.1). The immediate 
postoperative course was uneventful. Three years after trans-
plantation, an autologous CD34 cell transplant was performed 
for better control over the patient’s hypercholesterolemia 
[16]. To-date, 20 years after DLT, the patient is still free of 
disease with no HCC recurrence or complications related to 
HFHC (I. Popescu, unpublished data).

The positive outcomes of these patients can be explained 
by the activity of extrahepatic LDLRs. Therefore, each recip-
ient candidate should ideally be screened for extrahepatic 
receptor activity; in reality, however, this is difficult and 
impractical. It is also important to use medications (eg, a 
3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibi-
tor and a cholesterol absorption inhibitor) and to modify the 
diet appropriately after DLT [16].

69.2.3  Maple Syrup Urine Disease

Maple syrup urine disease (MSUD) is an autosomal reces-
sive metabolic disorder that is characterized by impaired 
activity of the branched-chain a-keto acid dehydrogenase 
complex, which results in an accumulation of branched- 
chain L-amino acids (BCAAs) and a-keto acids. The clinical 
course is marked by episodes of ketoacidosis with neuro-
toxic effects. The treatment consists of supplementation with 
thiamine and, in most patients, a strict diet with a reduced 
intake of protein and branched amino acids. However, even 
under these conditions, subsequent complications such as 
brain damage and death are often reported. The serum marker 
of MSUD is alloisoleucine, which is also used for treatment 
control.

LT has been performed for some patients with MSUD. LT 
corrects the BCAA levels, eliminates the metabolic crisis, 
and improves the long-term outcomes of patients with 
MSUD. The recipients maintained nearly normal levels of 
plasma amino acids, demonstrating absence of the disorder. 
This phenomenon can be explained by the fact that they 
maintained their normal extrahepatic oxidation of leucine. 
Because branched chain a-keto acid dehydrogenase is 

Adult with
familial
hypercholesterolemia

Child with
glycogenosis

split

Adult with 
HCC on cirrhosis

domino

Domino donor

Domino recipient

Fig. 69.1 DLT with a liver from a 25-year-old patient with HFHC (domino donor) that was transplanted into a 46-year-old patient with HCC and 
hepatitis B virus–related liver cirrhosis (domino recipient). The domino donor received a split graft (segments 4–8) from a deceased donor
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expressed in extrahepatic tissues, DLT with livers explanted 
from patients with MSUD is feasible, but more studies are 
required [20].

69.2.4  Primary Hyperoxaluria

Primary hyperoxaluria (PH) is a rare autosomal recessive 
metabolic disorder that is characterized by a defect in 
alanine- glyoxylate aminotransferase (AGT), which is 
encoded by a gene that is expressed only in the liver. This 
deficiency results in liver oxalate overproduction, hyperoxal-
uria, calcium oxalate deposition, nephrocalcinosis, and end- 
stage renal failure. Fifty percent of all patients reach 
end-stage renal disease by 25  years of age, and in these 
patients, conventional dialysis is ineffective because it does 
not clear sufficient amounts of oxalate. The treatment for 
these patients is usually combined liver-kidney transplanta-
tion. PH is a Model for End-Stage Liver Disease exception 
for organ allocation in Eurotransplant. Saner et al. published 
a small series (5 cases) of DLT with PH livers in the 
Eurotransplant region, all domino recipients developing 
dialysis- dependent kidney failure despite good liver function 
[21]. Hyperoxaluria in the donor should also be carefully 
considered because extrahepatic AGT in the domino recipi-
ent would be inadequate for detoxifying the de novo gener-
ated glyoxylate from a PH type 1 liver [21]. Due to these 
disadvantages, the indication remains controversial.

69.2.5  Acute Intermittent Porphyria

Acute intermittent porphyria (AIP) is the most common 
hepatic porphyria. AIP is an autosomal dominant disorder of 
the third enzyme in the heme biosynthetic pathway and 
results from a partial deficiency of hydroxy-methylbilane 
synthase/porphobilinogen deaminase. The liver is the source 
of the heme precursor aminolevulinic acid, which is the 
major cause of neurological attack during AIP.

LT represents a potentially effective treatment for severely 
affected patients with recurrent life-threatening neurovis-
ceral attacks despite optimal medical therapy with human 
hemin. The outcomes showed that livers from donors with 
AIP are neurotoxic when they are transplanted into recipi-
ents without porphyria, and acute attacks can result from the 
production of neurotoxins by the liver [22], therefore this 
indication is practically abandoned.

69.3  Indications in Domino Recipient

When DLT first began to be used, the domino recipient indi-
cations were primary hepatocellular carcinoma and, rarely, 
cholangiocarcinoma or even secondary liver metastases. As 

experience with transplantation accumulated, HCC has 
remained the main liver malignancy in DLT recipients, espe-
cially in those recipients who are beyond the Milan criteria 
[22]. Nowadays, domino donor grafts are used also for 
patients with alcohol- and virus-related liver cirrhosis. The 
typical candidate is a patient whose condition will ensure a 
long time on the waiting list, elderly patients (55–60 years 
old) with a life expectancy shorter than the time needed to 
develop the symptoms of the domino donor’s disorder. There 
is also a tendency to use these grafts (similarly to split grafts) 
as a bridging therapy for neonates; this allows them to grow 
until they can receive a normal and size-compatible liver.

Indications for the recipient in DLT vary between coun-
tries and must take into account factors including age, poten-
tial hazards, probability of recurrence, prognosis and 
priorities in the transplant waiting lists. Many centers select 
older and more marginal transplant candidates for DLT [23]. 
Main indications for the domino recipients included: pri-
mary hepatic malignancy (41.4%), alcoholic cirrhosis (19%), 
cirrhosis secondary to hepatitis B and/or C (17%), metastatic 
hepatic malignancy (2.3%) and retransplantation (5.3%) 
(http://www.fapwtr.org).

69.4  Technical Considerations

The hepatectomy in the domino recipient is particularly 
demanding, as it is not a regular hepatectomy for LT, but a 
graft harvesting for subsequent implantation in the domino 
recipient. In case of FAP domino donor, if the resection of 
the inferior vena cava (IVC) along with the liver is decided, 
venovenous bypass is required because FAP patients are par-
ticularly sensitive to hemodynamic changes after caval 
clamping. The “double piggy-back” technique described by 
Marques et al. [24], that allows preservation of the donor’s 
IVC may be used in order to eliminate the need of caval 
clamping or bypass.

Moreover, in the FAP domino donor, unnecessary mobili-
zations that may contribute to small periods of warm isch-
emia are to be avoided. The hilum is minimally dissected, 
and the common bile duct is divided at its mid length. 
Accessory hepatic veins greater than 5 mm in diameter are 
preserved if clamping results in congestion of part of the 
liver. The right hepatic vein (RHV) and the cuff of middle 
(MHV) and left hepatic (LHV) veins are isolated. After dis-
section, the proper hepatic artery is divided at the bifurcation 
of gastroduodenal and common hepatic arteries and the por-
tal vein is divided 1 cm below its bifurcation. The RHV is 
transected close to the liver parenchyma using a vascular sta-
pler. The isolated M-LHV cuff is double clamped and hepatic 
veins are then divided close to the liver surface, completing 
total hepatectomy. The harvested graft is perfused with pres-
ervation solution through the portal vein and the hepatic 
artery [24].
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To overcome the problem of short vascular stumps, many 
techniques of outflow reconstruction of the domino graft 
have been reported. Graft options to create a “neo” suprahe-
patic IVC include the use of a cadaveric IVC with or with-
out renal vein, iliac veins, and pulmonary artery, among 
others. The reconstruction will allow the surgeon to perform 
the domino liver transplant in a standard piggyback fashion 
[22, 25, 26].

The domino donor receives a whole or split graft from a 
deceased donor, or a partial graft from a living donor, using 
the standard techniques.

The domino recipient receives the whole graft harvested 
from the domino donor, graft that may require more techni-
cally demanding vascular reconstructions, mainly for the 
venous anastomosis and, but also for the arterial and portal 
anastomoses, especially in case of anatomical variants.

69.5  Long-term Results

DLT should not expose the recipients or the donors to any 
significant additional operative risks when compared with 
deceased donor liver transplantation (DDLT). The survival 
of the domino recipients should be as good as it would be 
with DDLT, and the morbidity and mortality of the domino 
donors must be kept to a minimum.

DLT is not associated with a higher morbidity or mortal-
ity rate in the donor. While the risks of DLT are unique, sev-
eral studies show a similar survival rates when compared to 
DDLT. In the Domino Liver World Transplant Register, the 
overall 1-year, 5-year, and 8-year graft survival in DLT 
recipients was 79.9%, 65.3%, and 61.6%, respectively. Also, 
several studies found no difference in the rates of acute 
 rejection, perioperative bleeding, vascular complications or 
biliary complications [27, 28].

However, the recipient carries the risk of developing “de 
novo” FAP disorder in case of FAP domino donors [10]. It 
was assumed that this disorder disease would only become 
clinically apparent 25 or 30 years after DLT. However, there 
were concerns about the impact of the recipient’s age and 
immunosuppression on the underlying biological mecha-
nisms and their possible contribution on the earlier onset of 
symptoms in the domino recipient [29], concerns that were 
confirmed as FAP symptoms appear earlier than anticipated, 
that is after only 5 years after DLT [30–32]. Domino recipi-
ents should follow a permanent follow-up, and, when iatro-
genic amyloid neuropathy and systemic amyloidosis are 
diagnosed, treatment options are limited and retransplanta-
tion with a non-domino liver should be considered. However, 
retransplantation is a high-risk procedure due to the comor-
bidities of patients [30].

In conclusion, outcome of DLT depend on the underlying 
disorders of the domino donors. The risk of each metabolic 

disorder must be assessed in the context of each recipient. 
DLT is feasible but requires proper selection of recipients 
and careful planning for the surgical procedures used for the 
liver explants.

Given the known risk of FAP disease transmission, the 
selection of domino recipients must take into account the sta-
tus of the patient 7–8  years after LT, in the event that a 
retransplant is necessary. Although the use of DLT is limited 
so far, grafts from HFHC patients can offer satisfactory 
results to the appropriate recipients. The outcomes of DLT 
with HFHC and MSUD liver grafts (which include the risk 
of the de novo development of these genetic disorders) are 
promising. The results with livers from PH and AIP patients 
are still debatable, and it has been suggested that PH livers be 
used only as a bridge to LT or for selected recipients who are 
excluded from regular allocation. The reason for this restric-
tion is the onset of metabolic disease in DLT patients with 
PH or AIP liver grafts; this occurs much sooner in these 
patients versus those with HFHC or MSUD liver grafts. For 
rare metabolic liver disorders to be established as indications 
for DLT, larger numbers of patients with long-term follow-
 up must be studied. Until then, the decision to use this 
method will remain individualized and center-oriented.
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Abstract

In hepato-pancreato-biliary disease treatment, pancreatic 
islet transplantation (PIT) is the most clinically successful 
cell transplantation. Allogeneic PIT can effectively treat 
patients with type 1 diabetes with intractable impaired 
awareness of hypoglycemia and severe hypoglycemic 
events. The indication of this treatment has been widely 
investigated through several clinical trials, and further 
development is expected. Patients with painful chronic 
pancreatitis undergoing total pancreatectomy may receive 
total pancreatectomy with islet autotransplantation to pre-
vent surgical diabetes. This treatment has been increas-
ingly applied; thus, evaluations of its indication and 
usefulness should be determined. In this chapter, we pro-
vide an outline on allogeneic and autologous PIT and 
introduce the refinement that might improve the clinical 
outcome.

70.1  Introduction

In the field of hepato-pancreato-biliary disease treatment, 
several cell transplantation procedures, including pancreatic 
islet transplantation (PIT) [1] and hepatocyte transplantation 
[2], have been currently developed to make procedure less 
invasive. Among these procedures, PIT is widely clinically 
applied with two treatment methods, namely, allogeneic PIT 
as a radical treatment for type 1 diabetes and total pancre-
atectomy with islet autotransplantation (TPIAT) as a pain- 
relieving treatment for painful chronic pancreatitis (CP).

Allogeneic PIT is a cell transplantation method that 
transplants only the islets isolated from the pancreas donated 

by donors after brain death or cardiac death, thereby restor-
ing blood glucose stability while preventing severe hypo-
glycemia events (SHEs). Meanwhile, pancreas 
transplantation, which is performed for similar patients, has 
a high therapeutic effect, but it is highly invasive, placing 
the patient highly at risk of complications. Conversely, allo-
geneic PIT, wherein a pancreatic islet is simply infused into 
the portal vein under local anesthesia, is minimally invasive 
and safe.

As islet transplantation continues to evolve and improve 
in terms of insulin independence, immunosuppression, 
cost, and availability, solid organ transplantation may 
eventually shift to islet transplantation. Likewise, with 
continuous development in allogeneic PIT, pancreas trans-
plantation may shift to allogeneic PIT, considering the 
improved insulin independent rates associated with the 
enhanced immunosuppressive therapy. As an example, 
Table 70.1 shows the current indication criteria for alloge-
neic PIT in Japan.

TPIAT is another treatment method that can relieve inca-
pacitating pain and preserve β cell mass and insulin secretory 
capacity as much as possible to prevent or minimize the 
inevitable post-pancreatectcomy diabetes [3]. In this proce-
dure, the pancreas is completely resected to remove the vis-
ceral source of pain; then, the islets are transplanted back 
into the patient, most typically via infusion into the portal 
vein. In North America, Europe, and Australia, TPIAT is 
increasingly being used to treat patients with painful 
CP. However, the islet yield can be varied from case to case; 
hence, they must still accept the possibility of acquiring dia-
betes for the relief of pain. TPIAT initially had no established 
guideline as to who is a suitable candidate, when to inter-
vene, or what the therapeutic effect is, but with the increase 
in the number of cases conducted in recent years, a certain 
consensus has been attained.

In this chapter, we provide an outline on allogeneic PIT 
and TPIAT and introduce the refinement that has been 
attempted to improve the clinical outcome.
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70.2  Allogeneic PIT

To achieve better graft function on allogeneic PIT, surgeons 
need to transplant a sufficient mass of viable islets. Prior to 
PIT, the following brief islet isolation methods (Fig. 70.1) 
should be performed. Initially, the procured and cold- 
preserved pancreas is distended with cold collagenase and 
protease solution through the pancreatic duct. The distended 
pancreas is digested using the semiautomated method [4]. 
The pancreatic digest is purified by continuous density gra-
dient under cold conditions. If the releasing criteria (islet 
mass  ≥  5000  IE/kg [recipient body weight], islet purity 
≥30%, membrane-integrity viability ≥70%, packed-tissue 
volume < 10 mL, negative Gram stain, and content ≤5 endo-
toxin U/kg [recipient body weight]) are met, the isolated 
islets will be transplanted. In this islet isolation procedure, 
the islet must be damaged by hypoxia, warm ischemia, and 
activated proteolytic enzymes released from the acinar cells. 
Consequently, the pancreas’ cellular and noncellular compo-
nents are seriously damaged. Hence, a method that can alle-
viate these damaging factors should be established [5].

With the success of the “Edmonton Protocol” reported by 
the University of Alberta in Edmonton, Canada in 2000 [6], 

Procured Pancreas Islet isolation

Distention Digestion Purification

Islet transplantation

Intraportal infusion

Fig. 70.1 Schematic representation of the islet isolation and transplan-
tation. After procurement, the donor pancreas is transported to the islet- 
processing facility where the pancreatic duct is cannulated and then 
distended with cold islet isolation enzymes using a pressure-controlled 
pump system. The distended pancreas is placed in a Ricordi chamber 
and digested using the semiautomated method. When most of the islets 
are free from exocrine tissues, the digestion phase is switched to dilu-

tion phase. All diluted and centrifuged pellets are recombined in a cold 
preservation solution. Then, the digested tissue is purified by continu-
ous iodixanol density gradient on a COBE 2991 cell separator. The final 
islet preparation is placed in culture media before it is released for clini-
cal transplantation through percutaneous transhepatic intraportal 
infusion

Table 70.1 Indications for allogeneic pancreatic islet transplantation 
in Japan

Patients suffering from diabetes with absent endogenous insulin 
secretory capacity, highly unstable glycemic fluctuations even with 
intensive diabetic management, and inability of achieving good 
glycemic control caused by severe hypoglycemia event.
Inclusion criteria
 1.  Type 1 diabetes mellitus, duration >5 years
 2.  Age: 20–75 years
 3.  Refractory hypoglycemia despite the following:
     a.  Optimal intensive insulin or insulin pump with appropriate 

monitoring
     b.  Supervision of a diabetologist or endocrinologist
 4.  Fasting c-peptide levels <0.2 ng/mL
Exclusion criteria
 1.  Body mass index (BMI) > 30 kg/m2

 2.  Severe coexisting cardiac disease
 3.  Severe liver dysfunction
 4.  Estimated glomerular filtration rate < 30 mL/min/1.73 m2 

(individually evaluated after kidney transplantation)
 5.  Untreated proliferative diabetic retinopathy
 6.  Known active alcohol or substance abuse
 7.  Active and latent infections that may be exacerbated under 

posttransplant immunosuppression
 8.  Active foot ulcer/gangrene
 9.  Recent history of malignancy
10.  Any medical condition that, according to the physician, will 

interfere with safe transplantation
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allogeneic PIT has been recognized as a clinically meaning-
ful treatment. Through the advances in immunosuppressive 
therapy, clinical results are improving. According to a report 
based on islet transplant cases registered in the Collaborative 
Islet Transplant Registry (CITR: https://citregistry.org/), 
which is an international islet transplant registry group, the 
insulin independence rate at 3  years after transplant 
improved from 27% in the early era (1999–2002) to 37% in 
the mid era (2003–2006) and to 44% in the recent era 
(2007–2010) [7]. In addition, SHEs were continuously pre-
vented even in cases where insulin independence was not 
preserved. This improvement in insulin independence rate 
was mainly contributed by the initial T cell-depleting ther-
apy and tumor necrosis factor-α (TNF-α) inhibition. These 
findings are progressing forward in phase 3 trials to obtain 
Biological Licensure Application for an islet product from 
the FDA (CIT-07: Islet Alone Licensure Study). In the 
immunosuppressive therapy of this trial, the T cell-deplet-
ing therapy and TNF-α inhibition were induced, combined 
with the maintenance of calcineurin inhibitor with mTOR 
inhibitor or mycophenolate mofetil. The primary endpoint 
included the achievement of HbA1c < 7.0% (53 mmol/mol) 
at day 365 and freedom from SHEs from day 28 to day 365 
after the first PIT; both were achieved by 87.5% of patients 

at 1  year and 71% at 2  years. At both 1 and 2  years, the 
median HbA1c level was 5.6% (38  mmol/mol). This trial 
concluded that allogeneic PIT should be considered for 
patients with type 1 diabetes in whom other less invasive 
current treatments would have been ineffective in prevent-
ing SHEs [8]. Furthermore, another phase 3 trial was con-
ducted in patients with type 1 diabetes after undergoing 
kidney transplantation sponsored by National Institutes of 
Health (CIT06). Likewise, allogeneic PIT was effective, 
with 62.5% of patients achieving the primary endpoint of 
freedom from SHEs and HbA1c ≤ 6.5% or reduced by ≥1 
percentage point at 1 year after the transplant. These trial 
results further support the indication of allogeneic PIT in 
the post-renal transplant setting [9]. Moreover, the 
TRIMECO trial, which was the first randomized controlled 
trial in the field of PIT, showed that compared with insulin 
therapy, allogeneic PIT effectively obtained optimal glyce-
mic control in patients with unstable type 1 diabetes or in 
patients with type 1 diabetes after kidney transplantation 
[10]. Although the importance of PIT versus new medical 
technologies, such as insulin pump therapy, requires further 
confirmation, allogeneic PIT is being established as an 
effective treatment for type 1 diabetes with glycemic insta-
bility. Figure 70.2 shows a continuous glucose monitoring 

Pre-pancreatic islet transplant

One month after pancreatic islet transplant
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Fig. 70.2 Continuous glucose monitoring (CGM) profile before and 1 month after the islet transplantation. CGM data show an improvement of 
glycemic control and glycemic fluctuation: 137 ± 47 mg/dL at 8 months before the PIT, 118 ± 14 mg/dL at 1 month after the PIT
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(CGM) profile before and 1 month after the islet transplan-
tation, and it shows an improvement of glycemic control 
and glycemic fluctuation.

70.3  Problems and Solutions 
to Allogeneic PIT

Insulin independence by allogeneic PIT often requires mul-
tiple transplants because isolating all islets is difficult. Many 
islets are also lost because of instant blood-mediated inflam-
matory reaction (IBMIR), which is characterized by platelet 
activation, coagulation, and complement systems that are 
triggered when islets are exposed to ABO-compatible blood 
during islet transplantation into the portal vein [11]. Although 
several approaches, including low-molecular weight-dextran 
sulfate [12] and islet surface heparinization [13], are valu-
able in preventing IBMIR, suboptimal engraftment into the 
liver remains limitation to PIT.  Nonetheless, alternative 
transplant sites are currently explored to establish a more 
efficient engraftment. Several clinical trials have been con-
ducted to verify the efficacy of alternative transplant sites 
such as the omentum (ClinicalTrials.gov id NCT02213003, 
NCT02803905), subcutaneous space (NCT01652911), and 
gastric submucosa (NCT02402439). Furthermore, numerous 
studies, including animal studies, have investigated many 
extrahepatic sites, but the intraportal route remains superior 
in clinical settings.

Another approach that seemingly improves PIT engraft-
ment is the identification of pathways that regulate posttrans-
plant detrimental inflammatory events. Inflammatory 
cytokines, including TNF-α and interleukin (IL) 1 (IL-1), are 
considered therapeutic targets for improving islet engraft-
ment. Currently, the TNF-α receptor antibody etanercept is 
included in many islet transplant protocols [7, 14]. Anakinra, 
which is an IL-1 receptor antagonist, has also been applied; 
the combination of etanercept and anakinra improved islet 
engraftment using a marginal-dose transplantation model 
[15]. The CXCL1–CXCR1/2 axis is also a therapeutic target 
for improving engraftment. Posttransplant recruitment of 
polymorphonuclear leukocytes and NKT cells is significantly 
reduced by using CXCR1/2 chemokine receptor inhibitor 
[16]. A phase 3, multicenter, randomized, double- blind study 
was conducted in allogeneic PIT recipients randomly selected 
for reparixin, which is an inhibitor of CXCR1/2 chemokine 
receptor, or placebo therapy in addition to immunosuppres-
sion. Unfortunately, no significant difference was found in 
C-peptide AUC after PIT, and reparixin did not prevent islet 
inflammation-mediated damage [17]. However, high-quality 
clinical trials focusing on islet transplantation are currently 
conducted, and treatment results are expected to improve in 
the future as the evidence accumulates.

Immune tolerance to allografts has been pursued in the 
field of transplantation. In nonhuman primate (NHP) mod-
els, inducing apoptotic donor leukocytes leads to long-term 
tolerance of islet allografts. Peritransplant infusions of apop-
totic donor leukocytes under short-term immunotherapy 
with antagonistic anti-CD40 antibody, rapamycin, soluble 
TNF receptor and anti–IL-6 receptor antibody induce more 
than 1-year tolerance to islet allografts in nonsensitized, 
MHC class I-disparate and one MHC class II DRB allele- 
matched rhesus macaques. Apoptotic donor leukocyte infu-
sions are an important approach as a cellular, nonchimeric, 
and translatable method for inducing antigen-specific toler-
ance [18].

70.4  TPIAT

CP is a progressive inflammatory disease that irreversibly 
destructs the pancreatic tissue, causing a decline in pancre-
atic exocrine and endocrine function. Patients suffer from 
refractory abdominal pain, which can be relieved by pancre-
atic duct drainage procedures, currently usually done endo-
scopically, or partial resection; however, these procedures 
are ineffective in some patients [19], leading to a signifi-
cantly decreased quality of life (QOL). Total pancreatectomy 
is the only way to control pain in the long-term, but unfortu-
nately, it inevitably leads to the development of surgical 
insulin-dependent diabetes postoperatively. Such develop-
ment has a significant effect on disease prognosis; at least 
approximately 20% of patients have diabetic vascular com-
plications [20]. In TPIAT, the patient’s own islets are isolated 
from the totally resected pancreas and infused into the liver 
without any immunosuppressive agents. TPIAT primarily 
aims to relieve incapacitating pain caused by CP and then to 
prevent brittle-type insulin-dependent diabetes through islet 
autotransplantation (IAT). First performed in 1977 [21], 
TPIAT has been applied to alleviate debilitating pain in 
patients suffering from CP with favorable outcomes of 
decreased opioid requirements and improved QOL [22, 23]. 
Although advanced technique is required for the implemen-
tation, TPIAT has been increasingly performed in North 
America, Europe, and Australia; according to the 2017 report 
of CITR, 819 patients received TPIAT by July 2015 (https://
citregistry.org/system/files/1st_AR_Auto.pdf).

The technique of total pancreatectomy before IAT gener-
ally involves the removal of the pancreas with a duodenal 
segment while preserving the pylorus. For the reconstruction 
after resection, duodenoduodenostomy or duodenojejunos-
tomy and choledochoenterstomy just proximal or distal to 
the enteroenterostomy were performed. Blood supply to the 
pancreas is preserved as much as possible to minimize the 
warm ischemia time; thus, ligation and division of the splenic 
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artery at its origin and the splenic vein at its termination are 
the final steps of pancreatectomy. The resected pancreas is 
added with a cold preservation solution and then transported 
to the cell-processing laboratory. In performing a brief islet 
isolation procedure before IAT [24], first, the pancreas is dis-
tended with cold enzyme solution through the pancreatic 
duct. Then, the distended pancreas is placed in a Ricordi 
chamber and is subsequently digested. Next, the digested tis-
sue is purified by continuous iodixanol density gradient on a 
COBE 2991 cell separator when the pellet volume exceeds 
15–20 mL [25]. Thereafter, the islets are collected in a trans-
plant bag, delivered to the operative room, and infused to the 
liver through the splenic vein or portal vein.

Judgment of TAIAT indication is extremely difficult and 
requires multifaceted examination, considering the numer-
ous surgery-associated risks, such as bleeding, wound and 
intra-abdominal infections, anastomotic leaks, delayed gas-
tric emptying, and portal vein thrombosis [26, 27]. After the 
TPIAT, patients have lifelong exocrine insufficiency, and 
most of them require some exogenous insulin permanently 
even with IAT.  In some patients undergoing TPIAT, pain 
even persists [28].

Global recommendations for assessing the utility of 
TPIAT are required. Hence, the TPIAT working group, 
which is part of the International Consensus Guidelines for 
Chronic Pancreatitis, formed a joint effort with the American 
Pancreatic Association, International Association of 
Pancreatology, European Pancreatic Club, and Japan 
Pancreas Society [29]. Although the evidence is inadequate, 
several recommendations on TPIAT indications and out-
comes have been reported through this working group. 
Table 70.2 summarizes the questions and statements agreed 
by this working group. Below are some of the agreed state-
ments. Through TPIAT implementation, reducing opioid use 
and intractable pain is possible, and strong recommendations 
for improving QOL are obtained. After TPIAT, the average 
opioid doses reduced by 71%, 69%, and 67% at 1, 2, and 
5 years, respectively [30]. As demonstrated in several stud-
ies, the health-related QOL of patients with CP has improved 
after undergoing TPIAT. Most studies utilized the validated 
SF36 and SF12, and individual subscale scores increased at 
1 and 2 years post-TPIAT, and sustained at 5 years [30, 31]. 
TPIAT is mainly indicated for pancreatitis-related debilitat-
ing pain that reduces the patient’s QOL.  Conversely, its 
major contraindications include active alcoholism, pancre-
atic cancer, end-stage systemic illness, and a psychiatric or 
socioeconomic status that precludes the safe performance of 
the surgery and postoperative care [29]. Moreover, TPIAT 
can offer better glycemic control than TP alone [29]. In the 
study of 97 patients at a single center, TPIAT obtained a 
higher insulin independence rate (18% insulin independent 
vs. 0%) and a lower insulin dosing (22 units/day vs. 35 units/
day) than TP alone, but both had similar pain improvement 

[32]. The most consistently predictive value of islet graft 
function and insulin independence is the transplanted islet 
mass. The ability to achieve insulin independence after 
TPIAT correlates with the transplanted islet yield [3, 33]. 
Previous pancreatic surgery [34], alcoholic pancreatitis [35], 
and advanced pancreatic disease including atrophy and calci-
fications [36, 37] might adversely impact islet yield. When to 
perform TPIAT is also important because prolonged illness 
can have a negative impact on islet yield. Conditional agree-

Table 70.2 Summary of consensus statements from the TPIAT work-
group [29]

Q1: What are the outcomes of TPIAT for patients with CP?
Statements:
1.1 Improvement in the quality of life is attained in patients with CP 
following TPIAT.
1.2 Pancreatic pain and opioid use are significantly reduced in 
patients with CP following TPIAT.
1.3 TPIAT may be associated with reduced medical utilization after 
the surgery; however, evidence is currently limited for healthcare 
utilization following TPIAT.
Q2: When should TPIAT be considered for CP versus other 
therapy forms (e.g., continued medical care, endoscopic 
therapies, other surgeries including head resection or drainage)?
Statement:
2.1 The true standing of TPIAT among all forms of CP therapy 
remains unidentified. Studies including the head-to-head 
comparisons of TPIAT with other therapy options, such as medical, 
endoscopic or other surgery forms, are also unavailable.
Q3: What are the unique benefits of TPIAT over TP alone?
Statement:
3.1 TPIAT offers the possibility of insulin independence and seems 
to be superior to TP alone in glycemic control and long-term 
diabetes outcome. TPIAT should be considered as an option and 
offered to patients with CP requiring TP.
Q4: What are the indications and contraindications for TPIAT?
Statement:
4.1. TPIAT is mainly indicated for debilitating pain from CP or 
recurrent pancreatitis that limits the subject’s quality of life.
4.2. The major contraindications include but are not limited to the 
following: active alcoholism, pancreatic cancer, end-stage systemic 
illness, and a psychiatric or socioeconomic status that precludes the 
safe performance of the surgery and postoperative care.
Q5: What factors are associated with favorable or poor pain 
outcomes after TPIAT for CP?
Statement:
5.1 TPIAT might be considered for the effective management of 
well-defined, selected cohorts of patients with CP. Early surgery, i.e., 
at a young age, before multiple endoscopic attempts and before the 
activation of neuropathic pain circuits is likely to achieve better pain 
outcomes.
Q6: What factors are associated with favorable or poor diabetes 
outcomes?
Statement:
6.1 The transplanted islet mass is the factor that is most consistently 
predictive of islet graft function and insulin independence across 
multiple studies. Previous pancreatic surgery, advanced pancreatic 
disease including calcifications, alcoholic pancreatitis, and possibly 
prolonged disease might adversely impact islet mass or chance of 
insulin independence.

Abbreviations: TPIAT Total pancreatectomy with islet autotransplanta-
tion, TP Total pancreatectomy, CP Chronic pancreatitis
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ment was reached; unfortunately, the role of TPIAT for all 
forms of CP remains unidentified. Hence, studies including 
the head-to-head comparisons of TPIAT with other therapy 
options, such as medical, endoscopic, or other surgery forms, 
are needed. TPIAT might be considered for the effective 
management of well-defined, selected cohorts of patients 
with CP. Early surgery before multiple endoscopic attempts 
and before the activation of neuropathic pain circuits is likely 
to achieve better pain outcomes [29].

70.5  Future Directions of Allogeneic PIT 
and TPIAT

70.5.1  Alternative Cell Sources for Islet 
Transplantation

Donor shortage is a major problem in allogeneic PIT because 
this procedure requires two or three transplants to achieve 
insulin independence. Nonetheless, utilization of xenogeneic 
(porcine) islet transplantation and stem cell-derived β cells 
likely overcomes donor shortage and achieves on-demand 
cell supply.

Porcine islets have several advantages, such as unlimited 
and on-demand supply and ethical acceptance [38]. For the 
clinical application of xenogeneic islet transplantation, the 
major obstacles include the difficulty in controlling xenoge-
neic immune responses, such as hyperacute rejection and the 
possibility of zoonotic infection of porcine endogenous ret-
rovirus (PERV). Thus, several solutions have been proposed; 
one is the administration of multiple immunosuppressive 
agents, which were given to NHPs in a previous study [39]. 
Other methods, including genetic engineering [40], and 
encapsulating devices [41], have been studied. Clinical trials 
have been conducted in Oceania and South America for 
intraperitoneal porcine islet transplantation using microen-
capsulation technique and showed that xenograft is relatively 
beneficial for treating type 1 diabetes [42]. PERV  transmission 
has been a major safety concern, but it may be resolved 
through recent advances in genomic-editing technology in 
the future [43].

Embryonic stem (ES)/iPS cell-derived pancreatic β cell 
(insulin-producing cells) transplantation possibly cures dia-
betes at the small animal level [44, 45]. The approach of pro-
ducing ES/iPS cell-derived pancreatic β cell for type 1 
diabetes treatment has already reached the stage of clinical 
trials in North America. Phase 2 or 3 trial has already been 
undertaken (NCT 02239354) wherein human ESC is 
implanted at the differentiation stage of endocrine progeni-
tors. Researchers conducting the trial adopted a method of 
subcutaneous implantation using a macroencapsulation 
device to mitigate the risk of tumor formation and protect 
cells from allogeneic immunity and autoimmunity [46]. 

Furthermore, novel devices that enable angiogenesis to 
encapsulated ESC-derived β cells have been developed and 
started to be used in clinical trials (NCT 03162926). These 
devices are safe because it can be removed after transplanta-
tion; however, its clinical efficacy is unknown, and clinical 
trial results must be awaited. If the problems on safety, cost, 
and therapeutic effect are solved, the ES/iPS cell-derived 
pancreatic β cell can be already clinically applied.

70.5.2  Expanding Indication for TPIAT

Improvements in allogeneic PIT technology, especially islet 
isolation technology and islet engraftment methods, will 
directly lead to IAT development. In the future development 
of IAT, expanding its indications seems important. Some 
centers have advocated the expansion of IAT indications to 
include patients undergoing pancreatectomy for reasons 
other than CP. Among the nonneoplastic conditions are pan-
creatic arteriovenous malformation [47] and pancreatic 
trauma [48]. However, considering the small number of 
cases being studied, further investigation is needed, but if 
these diseases require extensive pancreatic resection, IAT 
may be considered as an option.

Meanwhile, expanding indications for neoplastic dis-
eases must be done cautiously. Generally, neoplasms are a 
contraindication to IAT because of the fear of disseminating 
malignant cells through the infusion of islets, which still 
contain some acinar cells and pancreatic ductal cells even 
after purification. Pancreatic resection with IAT for neo-
plasms with no or low malignant potential, such as a pancre-
atic neuroendocrine tumor, had been reported [49]. 
Therefore, low malignant potential tumors, which include 
intraductal papillary mucinous neoplasm, serous cystic neo-
plasms, pancreatic neuroendocrine tumors, metastatic 
tumors, and mucinous cystic neoplasms, may be applicable 
to IAT in the future. If the methods of detecting contamina-
tion of malignant cells or new circulating tumor markers in 
islet preparations are established, the indication of IAT for 
neoplasms may be expanded.

70.6  Conclusions

This review outlines the current status and prospects of cell 
transplantation therapy in the treatment of insulin-dependent 
diabetes. In recent years, insulin treatment has made a 
remarkable progress, as well as the development of regenera-
tive medicine approaches. Thus, the role played by trans-
plantation medicine may change. In the future, new treatment 
strategies for insulin-dependent diabetes will be established 
while taking advantage of the strengths of various treatments 
and complementing each other’s weaknesses.
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