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High-quality imaging and its proper interpretation is the corner stone of pre-
cise clinical diagnosis. Computed Tomography (CT) and Magnetic resonance 
Imaging (MRI) are contributing immensely in the diagnosis and follow-up of 
hepatobiliary and pancreatic diseases. The most appropriate investigation for 
each pathology or organ to be examined must be selected by the clinicians 
and the advantages and disadvantages of each investigation appreciated by 
the radiologist in order to provide holistic cost-effective management.

MRI of the abdomen especially in keeping focus on liver, biliary, and pan-
creatic tumors plays a vital role in imaging, and radiologists require certain 
level of advanced training in interpreting these pathologies as there is limited 
exposure in MRI of the abdomen during residency training.

This book compiled by Prof. Binit Sureka contains 21 chapters which are 
highly relevant to the abdominal radiologists, interventional radiologists, 
radiology residents, and also to the hepatologists and transplant surgeons. 
Important day-to-day challenges in reporting liver vascular anatomical varia-
tions, common and uncommon liver, biliary, and pancreatic pathologies, and 
basics on hardware in interventional radiology are covered in detail by distin-
guished national and international experts.

I had the pleasure of having Prof. Sureka at the Institute of Liver and 
Biliary Sciences (ILBS, New Delhi). While gaining expertise in hepatopan-
creatobiliary diseases, he also contributed immensely to the growth of the 
radiology services at ILBS. The selection of the topics for the book reveals 
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his deep understanding on the subject. There is no doubt that the book will be 
a valuable addition to possess by the clinicians dealing with hepato- 
pancreatico biliary pathologies and to all the radiologists who want to make 
career in abdominal imaging.

Director, Institute of Liver & Biliary Sciences Shiv Kumar Sarin, DM
New Delhi, India
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It is both a privilege and a pleasure to write the foreword to this remarkable 
work. This book was conceptualized in 2021 but got delayed due to the 
COVID pandemic.

Dr. Sureka has a brilliant and exceptional academic record. I am deeply 
impressed by the academic deeds and contributions made by Dr. Binit. 
Having had the opportunity to watch the author grow through his medical 
journey as a faculty, I have been consistently impressed by his keen interest 
in abdominal radiology. This book is a testament to those qualities.

This well-written educational book entitled Hepato-Pancreatico Biliary 

Imaging is not just a book for abdominal radiologists, it is a book for general 
radiologists, surgeons, and students of radiology and surgery, anyone inter-
ested in the imaging of the liver, bile ducts, and pancreas.

I commend the author for undertaking this endeavor and for contributing 
meaningfully to the growing dialogue between the radiologists and the sur-
geons. I am confident that readers will find this work engaging and 
enlightening.

Vice Chancellor  
Atal Bihari Vajpayee  
Medical University 

Sanjeev Misra, MS, MCh, FAMS, DSc. 

Lucknow, Uttar Pradesh, India
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This well-written educational book entitled Hepato-Pancreatico Biliary 

Imaging published by Springer consists of 21 chapters on medical imaging of 
the liver, bile ducts, and pancreas, written by internationally renowned experts 
in their field. There is a clear logic to organizing a book on these three organs, 
not only because of their anatomy and interconnection but also because iden-
tical processes frequently affect the liver, bile ducts, and pancreas, such as 
inflammation, fibrosis, tumors, and trauma.

This book also covers the anatomy of the liver, bile ducts, and pancreas, as 
well as the anatomical variations that all radiologists need to know, as some 
of them have significant consequences. Finally, it addresses important topics 
for improving patient care: the role of PET-CT, surgical techniques, and inter-
ventional radiology.

The text is well illustrated with numerous tables and figures that aid under-
standing and memorization.

Dr. Binit Sureka not only did a remarkable job coordinating this book but 
also contributed to the writing of three chapters. It is a useful textbook for 
radiologists in training and radiologists interested in subspecializing in 
abdominal radiology.

Department of Radiology Valérie Vilgrain
Beaujon Hospital, Université, Paris Cité
Paris, France

Foreword
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It is my privilege to write a foreword for this book.
The liver and biliary system present some of the most complex and diag-

nostically challenging regions in medical imaging. Hepatobiliary imaging 
has evolved into a critical subspecialty within radiology, integrating advances 
in cross-sectional imaging, contrast-enhanced techniques, functional studies, 
and image-guided interventions to aid in the diagnosis and management of a 
wide spectrum of hepatic and biliary diseases.

This book arrives at a time when the demand for precision in hepatobiliary 
diagnosis has never been greater. From the early detection of hepatic malig-
nancies and evaluation of diffuse liver disease to the intricate anatomy of the 
biliary tree in post-surgical patients, high-quality imaging plays a central role 
in guiding clinical care.

The authors have brought together a wealth of knowledge and experience 
to craft a resource that is both comprehensive and accessible. Their focus on 
clinical relevance, imaging-pathologic correlation, and practical decision- 
making will serve learners and practitioners alike—radiologists, hepatolo-
gists, surgeons, and trainees—who are engaged in the care of patients with 
liver and biliary disorders.

The sections on interventional radiology cover all the important aspects 
involved in planning and performing a minimally invasive image-guided pro-
cedure in this region and would be of immense value to both practicing and 
trainee interventional radiologists.

Foreword
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This text not only reflects the current state of the art in hepatobiliary imag-
ing but also highlights the importance of collaboration across specialties. It is 
a valuable contribution to the field and an essential reference for anyone seek-
ing to deepen their expertise in this rapidly advancing area.

I congratulate the editors and authors for this effort of theirs and wish them 
well for their future academic endeavors.

Professor & Head, Department  
of Diagnostic and Interventional  
Radiology, All India Institute  
of Medical Sciences 

Pushpinder S. Khera, MD, FRCR

Jodhpur, Rajasthan, India

Foreword
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Cross-sectional imaging has made a significant impact in the field of modern 
medicine and diagnostic radiology, offering unprecedented clarity and depth 
in visualizing anatomical structures and pathological processes. The new 
generation CT scanners and advanced MRI sequences help the radiologists 
provide more accurate anatomical details and diagnoses and guide minimally 
invasive interventions contributing to better patient care.

This book was conceived in 2021 but got slightly delayed due to COVID 
pandemic. From my experience as a teacher, I find many radiologists are 
unable to answer many key questions asked by the surgeons and hepatolo-
gists. This book is a comprehensive guide to the principles and applications 
of cross-sectional imaging. The chapters in the book will help in bridging the 
gap between theoretical understanding and support clinical decision-making 
by providing detailed explanations, high-quality images, and practical 
insights drawn from real-world case scenarios. Each chapter is relevant for 
the radiologists in writing relevant findings in terms of “what the clinician 
wants.”

As imaging continues to play an ever-growing role in modern medicine, 
proficiency in cross-sectional modalities is no longer optional—it is founda-
tional. We hope this book will serve not only as a learning tool but also as a 
long-term reference for those committed to excellence in abdominal 
radiology.

I extend my gratitude to all the contributors, mentors, and colleagues who 
have supported this project, and most importantly, to the readers who con-
tinually push the boundaries of learning and practicing medicine.

Additional Professor, Department of  
Diagnostic & Interventional Radiology 
All India Institute of Medical Sciences 
Jodhpur, Rajasthan, India 

Binit Sureka, MD, MBA 
 DNB, FICR, FESGAR 

Preface
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1Anatomic Variations in the Biliary 
and Vascular Anatomy of the Liver

Binit Sureka and Siddhi Chawla

1.1  Biliary Tree

1.1.1  Imaging Protocol

There are various techniques available for the 

visualization of the biliary tree as mentioned in 

Table 1.1 [1].

1.2  Embryology

Intrahepatic bile ducts are formed from the bipo-

tent progenitor cells and the ductal plate. Bile 

ducts are formed after remodeling which typi-

cally begins in the 12th week of gestation and is 

completed by the postnatal period [2]. Due to this 

process of development, the variations in the bili-

ary tract are associated with variations in the por-

tal vein.

1.3  Normal Anatomy

1.3.1  Intrahepatic Bile Ducts

The normal intrahepatic biliary anatomy consists 

of right and left hepatic ducts and their branches 

(Fig. 1.1). The right hepatic duct has two major 

branches—the right posterior duct and the right 

anterior duct [3]. The right posterior duct unites 

with the anterior sectoral duct medially to form 

the right hepatic duct. The left hepatic duct is 

formed by tributaries draining segments II-IV of 

the liver [1].

B. Sureka (*) · S. Chawla
Department of Diagnostic & Interventional
Radiology, AIIMS Jodhpur, Jodhpur, Rajasthan, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2025 

B. Sureka (ed.), Hepato-Pancreatico Biliary Imaging, https://doi.org/10.1007/978-981-95-1699-5_1

Table 1.1 Imaging modalities for the biliary tree

Modality Advantages Disadvantages

Magnetic resonance 

cholangiopancreatography (MRCP)

Non-invasive, 

anatomy 

well-delineated

Therapeutic procedures cannot be performed

Endoscopic retrograde 

cholangiopancreatography (ERCP)

Accurate Invasive procedure

Intraoperative cholangiography Highly Accurate Used by surgeons while performing complex 

surgeries; not for routine use for diagnostic 

purpose

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-95-1699-5_1&domain=pdf
https://doi.org/10.1007/978-981-95-1699-5_1#DOI
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1.3.2  Extrahepatic Bile Ducts

In almost 58% of the population, normal bili-

ary anatomy is seen (Fig.  1.1) [6]. The right 

hepatic duct (RHD) and left hepatic duct 

(LHD) join to form the common hepatic duct 

(CHD). The bile duct draining the caudate 

lobe can join the origin of either LHD or RHD 

[3, 4]. The cystic duct joins the CHD and usu-

ally measures 2—4 cm in length and 1—5 mm 

in diameter.

1.4  Common and Uncommon 
Anatomic Variations

The drainage of the right posterior sectoral duct into 

the left hepatic duct is the most frequently encoun-

tered anatomic variation. Other variations are the 

right posterior sectoral duct draining into the CHD 

or the cystic duct and trifurcation anomaly (Fig. 1.2). 

Similarly, variations are encountered in the left 

hepatic duct—tri-confluence of segmental ducts, 

common trunk of segment III-IV duct, etc. [4, 5].

Fig. 1.1 Normal anatomy of the intra- and 

extrahepatic biliary ducts on MRCP

a b
Fig. 1.2 MRCP images 

showing anatomical 

variations: (a) 

trifurcation anomaly and 

(b) aberrant drainage of 

RPSD into the CHD

B. Sureka and S. Chawla
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a b
Fig. 1.3 MRCP images 

showing (a) medial 

insertion of cystic duct 

into CBD and (b) low 

insertion of cystic duct

a b
Fig. 1.4 (a) Coronal 

MIP and VRT. (b) 

Images show the normal 

arterial anatomy of 

CHA, RHA, and LHA

1.5  Aberrant and Accessory Bile 
Ducts

An aberrant bile duct is defined as any duct drain-

ing a certain segment of liver but has an anoma-

lous confluence pattern. The cystohepatic duct is 

an aberrant duct which courses through the gall-

bladder fossa and drains into the cystic duct or 

into the right hepatic duct. The cholecystohepatic 

duct drains directly into the gallbladder. An acces-

sory bile duct on the other hand is an additional 

bile duct draining a particular segment of the liver. 

Ducts of Luschka are blind ending ducts ~1–2 mm 

in diameter usually seen in the gallbladder fossa 

draining into the right hepatic duct [6].

1.6  Cystic Duct Variations

Parallel course of cystic duct, medial insertion of 

cystic duct, low or high insertion, and spiral 

course are a few anatomic variations encoun-

tered in cystic duct insertion (Fig.  1.3). If the 

length of the cystic duct is less than 5 mm, it is 

labeled as a short cystic duct, while if its diame-

ter is > 5mm, it is labeled as a cystic duct hyper-

trophy [5].

1.7  Vascular Anatomy 
and Variations

1.7.1  Hepatic Artery

1.7.1.1  Normal Anatomy

The celiac axis arises from the aorta gives rise to 

the left gastric artery (LGA), the splenic artery, 

and the common hepatic artery (CHA). CHA 

divides into the proper hepatic artery (PHA) and 

the gastroduodenal artery (GDA). PHA divides 

into the left and right hepatic artery (Fig.  1.4). 

The middle hepatic artery (MHA) is the artery 

which supplies segment IV and can arise from 

either LHA or RHA [7].

1 Anatomic Variations in the Biliary and Vascular Anatomy of the Liver
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Table 1.2 Hepatic arterial variants according to Michel’s classification [7]

Type Description

I Right and left hepatic artery (RHA, LHA), middle hepatic artery origin from CHA

II Replaced LHA from the left gastric artery (LGA)

III Replaced RHA from the superior mesenteric artery (SMA)

IV Replaced RHA and LHA

V Accessory LHA from the LGA

VI Accessory RHA

VII Accessory both RHA and LHA

VIII Replaced RHA and accessory LHA or replaced LHA and accessory RHA

IX Entire hepatic trunk origin from SMA

X Entire hepatic trunk origin from LGA

a

c d

b
Fig. 1.5 Axial and 

coronal MIP and VRT 

images showing 

anatomical variations in 

hepatic artery: (a) 

replaced RHA from 

SMA, (b) replaced LHA 

from LGA, (c) common 

origin of celiac trunk 

and SMA, and (d) 

common origin of CHA 

and SMA

1.8  Common Anatomical 
Variations

Table 1.2 shows hepatic arterial variations 

defined by Michel et al [7]. The relevant ana-

tomic variations from the surgeon’s perspec-

tive are the replaced origin of the right hepatic 

artery from the superior mesenteric artery 

(SMA), the replaced left hepatic artery from 

the left gastric artery, the common origin of 

the celiac trunk and SMA, and the single trunk 

of the common hepatic artery and SMA 

(Fig. 1.5).

1.9  Hepatic Vein

1.9.1  Embryology

At around the fourth week of embryonic develop-

ment, the ventral endodermal wall of the foregut 

begins to develop the liver bud which eventually 

forms the entire liver secondary to complex 

remodeling [8]. Between the 4th and 6th weeks, 

the cranial portions of the vitelline veins and 

umbilical veins are interrupted which form the 

hepatic sinusoids. The cranial part of the left vitel-

line vein atrophies and disappears by the fifth 

B. Sureka and S. Chawla
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Fig. 1.6 Axial MIP images showing normal anatomy of 

hepatic veins draining into the inferior vena cava
Fig. 1.7 Axial MIP images showing normal anatomy of 

intrahepatic branches of the main portal vein
week of development. The proximal right vitel-

line vein after fusion with the primary hepatic 

vein forms the three major hepatic veins [9].

1.10  Normal Anatomy

The hepatic veins are usually three in number 

(Fig. 1.6). About 75% of the blood supply to the 

liver is from the portal vein, and the remaining 

25% is from the hepatic artery. The outflow from 

the liver is only through the hepatic veins [8]. 

Small accessory unnamed veins also can be pres-

ent which drain directly into the inferior vena 

cava (IVC). The middle hepatic vein (MHV) and 

the left hepatic vein (LHV) have a common trunk 

in 65–85% of patients [10]. The right hepatic 

vein (RHV) drains into the IVC separately.

1.11  Anatomic Variations

The most common variations in hepatic veins are 

single RHV, early branching of RHV, and acces-

sory inferior RHV (venous tributary > 3mm in 

caliber draining into IVC) [8, 10, 11].

1.12  Portal Vein

1.12.1  Embryology

Development of the portal vein (PV) occurs 

between the 4th and 10th weeks. Umbilical veins, 

vitelline veins, and cardinal veins are three paired 

venous systems present in the fetus. At around 

the second month of gestation, there is selective 

involution of the vitelline veins which results in 

the formation of PV. The stem of PV and the left 

branch of PV are formed by the left vitelline vein, 

while the right branch of the portal vein is formed 

by the right vitelline vein. Any alteration in this 

process can result in variations in PV [12, 13].

1.13  Normal Anatomy

The PV is formed by the union of the superior 

mesenteric vein and the splenic vein. At the 

hilum, the main portal vein (MPV) divides into 

the right portal vein (RPV) and the left portal 

vein (LPV) (Fig. 1.7). The RPV divides into the 

right anterior portal vein (RAPV) and the right 

posterior portal vein (RPPV) branches. The LPV 

in the proximal part courses horizontally to the 

left and in the distal part turns medially toward 

the ligamentum teres. Normal portal blood flow 

in humans is about 1000–1200 ml/min [12, 14].

1.14  Anatomic Variations

Normal anatomy of PV and its branches is seen 

in only 65% of the cases. Anatomic variations 

in the portal vein are trifurcation (Fig.  1.8), 

RPPV originating as a first branch of MPV, 

1 Anatomic Variations in the Biliary and Vascular Anatomy of the Liver
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Fig. 1.8 Axial MIP images showing trifurcation of the 

main portal vein into LPV, RPPV, and RAPV

absence of PV bifurcation, total ramification, 

etc. Separate origins of segmental branches 

from RPV can also be seen. Dual supply of 

segment VIII from both right and left PV 

branches or only from the left portal vein can 

also be seen [14].

1.15  Conclusion

In the era of an increasing trend toward liver 

transplant, selective lobectomies, and super- 

selective hepatic lobe–specific interventional 

procedures to treat various liver lesions, preop-

erative assessment is essential. Especially in 

cases of liver transplant, both liver donors and 

liver recipients need meticulous preoperative 

assessment to avoid dreadful complications like 

hepatic necrosis or bile leakage, which are 

 invariably responsible for poor postoperative out-

comes. MDCT with its various post-processing 

tools depicting the vascular structures and MRI 

with MRCP do an excellent depiction of biliary 

anatomy, making them the most accurate imag-

ing modalities to delineate anatomy preopera-

tively. It helps the surgeon or interventionist to 

form a roadmap before they operate, and hence, 

management of any anatomical variants can be 

planned beforehand, drastically improving the 

post-procedural patient outcome and thus making 

accurate identification of anatomical variants 

quintessential.

References

1. Sureka B, Bansal K, Patidar Y, Arora A. Magnetic res-

onance cholangiographic evaluation of intrahepatic 

and extrahepatic bile duct variations. Indian J Radiol 

Imaging. 2016;26:22–32.

2. Sureka B, Rastogi A, Bihari C, Bharathy KGS, Sood 

V, Alam S.  Imaging in ductal plate malformations. 

Indian J Radiol Imaging. 2017;27(1):6–12. https://

doi.org/10.4103/0971- 3026.202966.

3. Mortelé KJ, Ros PR. Anatomic variants of the biliary 

tree: MR cholangiographic findings and clinical appli-

cations. AJR Am J Roentgenol. 2001;177:389–94.

4. Choi JW, Kim TK, Kim KW, Kim AY, Kim PN, Ha 

HK, et  al. Anatomic variation in intrahepatic bile 

ducts: an analysis of intraoperative cholangiograms in 

300 consecutive donors for living donor liver trans-

plantation. Korean J Radiol. 2003;4:85–90.

5. Maheshwari P.  Cystic malformation of cystic duct: 

10 cases and review of literature. World J Radiol. 

2012;4:413–7.

6. Minutoli F, Naso S, Visalli C, Iannelli D, Silipigni 

S, Pitrone A, et  al. A new variant of cholecystohe-

patic duct: MR cholangiography demonstration. 

SurgRadiolAnat. 2014; [Epub ahead of print]

7. Sureka B, Mittal MK, Mittal A, Sinha M, Bhambri 

NK, Thukral BB. Variations of celiac axis, common 

hepatic artery and its branches in 600 patients. Indian 

J Radiol Imaging. 2013;23:223–33.

8. Sureka B, Sharma N, Khera PS, Garg PK, Yadav 

T.  Hepatic vein variations in 500 patients: surgi-

cal and radiological significance. Br J Radiol. 

2019;92(1102):20190487. https://doi.org/10.1259/

bjr.20190487.

9. Yagel S, Kivilevitch Z, Cohen SM, Valsky DV, 

Messing B, Shen O, et  al. The fetal venous system, 

Part I: Normal embryology, anatomy, hemodynam-

ics, ultrasound evaluation and Doppler investigation. 

Ultrasound Obstet Gynecol. 2010;35:n/a–50.

10. Soyer P, Bluemke DA, Choti MA, Fishman 

EK.  Variations in the intrahepatic portions of the 

hepatic and portal veins: findings on helical CT scans 

during arterial portography. AJR Am J Roentgenol. 

1995;164:103–8.

11. Mišič J, Popović P, Hribernik M, Starc A, Dahmane 

R.  Morphological characteristics and frequency 

of accessory right hepatic veins  – evaluation 

with Computed Tomography. ActaClin Croat. 

2018;57:71–81.

12. Sureka B, Patidar Y, Bansal K, Rajesh S, Agrawal 

N, Arora A.  Portal vein variations in 1000 patients: 

surgical and radiological importance. Br J Radiol. 

2015;88:20150326.

13. Walsh G, Williams MP. Congenital anomalies of the 

portal venous system: CT appearances with embryo-

logical considerations. Clin Radiol. 1995;50:174–6.

14. Covey AM, Brody LA, Getrajdman GI, Sofocleous 

CT, Brown KT. Incidence, patterns, and clinical rel-

evance of variant portal vein anatomy. AJR Am J 

Roentgenol. 2004;183:1055–64.

B. Sureka and S. Chawla

https://doi.org/10.4103/0971-3026.202966
https://doi.org/10.4103/0971-3026.202966
https://doi.org/10.1259/bjr.20190487
https://doi.org/10.1259/bjr.20190487


7© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2025 
B. Sureka (ed.), Hepato-Pancreatico Biliary Imaging, https://doi.org/10.1007/978-981-95-1699-5_2

2Normal Anatomy and Anatomic 
Variations of the Pancreas

Satya Jha and Binit Sureka

2.1  Introduction

The pancreas lies in contact with the peritoneal 
ligament, which serves as a potential space for 
the spread of pancreatic disease. Understanding 
embryology can help one understand these com-
plex anatomic relations [1]. Moreover, under-
standing the anatomy gives us insight into why 
certain anatomical variations occur and what 
associations can be expected with them.

We can classify significant anatomical varia-
tions as variations of the pancreatic duct and 
those of the pancreatic head, uncinate process, 
body, and tail. The pancreatic head and neck 
variations can be either in the form of fusion 
anomalies, like pancreatic divisum, or pancreatic 
contour variations involving the head, body, or 
tail [2].

It is essential to identify these variations as 
they give a pseudo-mass appearance. The objec-
tive is to make its readers familiar with these 
variations, also known as pancreatic pseudo-
mass, which can otherwise be mistaken for a 
lesion [3, 4].

2.2  Embryology, Development, 
and Anatomy

The development of the pancreas occurs during 
the fourth week of gestation, from the ventral and 
dorsal pancreatic buds at the primitive foregut- 
midgut junction. The development of the primitive 
gut tube occurs between the 3rd and 4th weeks. It 
further divides into foregut, midgut, and hindgut 
[5]. Hepatic diverticulum, which arises from the 
primitive foregut, gives rise to a cranial and a cau-
dal bud. Its cranial bud becomes the liver and the 
extrahepatic biliary tree. The caudal bud develops 
into the gall bladder; the cystic duct appears, as 
well as the ventral pancreas through further com-
plex budding [6, 7]. Another diverticulum arises 
cranial and dorsal to the hepatic diverticulum and 
grows into the dorsal mesogastrium. This gives 
rise to the dorsal portion of the pancreas and its 
ducts. The dorsal mesogastrium gives rise to the 
gastrophrenic ligament, the gastrosplenic and spl-
enorenal ligaments, and the lesser and greater 
omenta. Usually, the ventral pancreatic bud fuses 
alongside the dorsal bud. The dorsal pancreatic 
bud forms the upper/anterior head, body, and tail 
of the pancreas. The ventral bud forms the inferior/
posterior head and uncinate process. The dorsal 
and ventral pancreatic buds give rise to their own 
ductal systems that fuse with each other and duo-
denum, hence giving rise to a new duct that joins 
the distal part of the dorsal pancreatic duct with the 
duct of the ventral pancreas, thus forming the main 
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Fig. 2.1 Oblique reformatted CT image showing cross- 
sectional anatomy of the pancreas

Fig. 2.2 Axial MRCP image showing the main pancre-
atic duct (arrowheads) with a bifid configuration showing 
the ventral duct of Wirsung (arrow) and the dorsal duct of 
Santorini (dashed arrow)

pancreatic duct, or the duct of Wirsung that drains 
into major duodenal papilla. The remnant of the 
dorsal duct forms the accessory pancreatic duct of 
Santorini that empties into the minor duodenal 
papilla. Due to this complex process of pancreatic 
development and fusion, any change from usual in 
the development course can lead to an armamen-
tarium of anatomic variants [3, 7].

2.3  Segmental/Cross-Sectional 
Anatomy of Pancreas

The normal pancreas can have a smooth as well as a 
coarsely lobulated contour and is located in the 
anterior pararenal space of the retroperitoneum. It is 
divided into four parts, i.e., head, neck, body, and 
tail (Fig.  2.1). It usually measures 15–20  cm in 
length. Measurements in axial dimension on aver-
age are 23 mm, 19 mm, 20 mm, and 15 mm in the 
head, neck, body, and tail of the pancreas, respec-
tively. The pancreatic head is nested within the C 
loop of the duodenum. The uncinate process is a 
triangle-shaped, caudal extension of the pancreatic 
head.

The pancreatic neck lies to the left of the head 
and is seen as a constricted part. The superior mes-
enteric vein acts as a landmark to delineate the 
head from the neck of the pancreas, as the head 
lies to its right, while the SMV lies ventral to it. 
The delineation between the pancreatic body and 
tail is done by dividing the distance between the 
neck and pancreatic tail into equal halves [4, 8].

2.4  Pancreatic Ducts

The most common normally encountered down-
stream ductal configuration is a bifid configura-
tion with patent ducts of Wirsung (ventral duct) 
and Santorini (dorsal duct) (Fig. 2.2). Other com-
mon configurations that can be seen are those of 
either a dominant or a rudimentary duct of 
Santorini. Approximately 20–30 side branches 
enter the main pancreatic duct at right angles.

2.5  Anatomy 
of the Pancreaticobiliary 
Junction

In the most frequently seen pattern, the duct of 
Wirsung joins with the common bile duct (CBD) 
and then together drains into the duodenum at an 
opening called the major papilla.

Smooth muscles encircle this distal-most por-
tion of the common bile duct and duct of Wirsung, 
called the sphincter choledochus and sphincter 
pancreaticus, respectively, together forming the 
Sphincter of Oddi, which is approximately 
10–15  mm in length. In about 40% of cases, a 
dilated channel called the ampulla is formed by 
joining the duct of Wirsung and the CBD at the 
major papilla.

2.6  Retroportal Lamina

Retroportal lamina or right right-portal lamina, 
also known as right retropancreatic lamina, is a 
connective tissue containing lymphatics, neural 
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Fig. 2.3 Axial contrast CT image showing retroportal 
lamina (box)

Fig. 2.4 MRCP showing the dominant dorsal pancreatic 
duct (arrows) anterior to the bile duct (dashed arrow) 
draining into the minor papilla in a case of type 2 pancreas 
divisum. Incidental note is made of Santorinocele 
(arrowhead)

Fig. 2.5 MRCP image showing thin filamentous (arrow) 
connection between the dorsal and ventral ducts in a case 
of type 3 pancreas divisum

elements, and a part of the posterior pancreatico-
duodenal artery. It lies between the uncinate pro-
cess of the pancreas and the superior mesenteric 
artery. It plays an important role in decision- 
making regarding the prediction of healthy mar-
gins while planning surgical resection (Fig. 2.3) 
[9]. The aberrant right hepatic artery, when aris-
ing from the superior mesenteric artery, passes 
through the retroportal lamina; hence, it is impor-
tant to communicate this to the surgeons.

2.7  Pancreatic Divisum

It is the most common pancreatic ductal anatomic 
variation [10]. It is divided into three subtypes:

• Type 1 (classic): Most common type: No con-
nection between the main and minor pancre-
atic duct (Fig. 2.4).

• Type 2: Major pancreatic duct or ventral duct 
is absent, and the entire pancreatic tissue is 
drained by the minor/dorsal duct.

• Type 3: A thin filamentous connection between 
dorsal and ventral ducts; it is the least com-
mon type (Fig. 2.5).

2 Normal Anatomy and Anatomic Variations of the Pancreas
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2.8  Reverse Pancreas Divisum

Reverse pancreas divisum is the term used for 
an anomaly where the main pancreatic duct 
fuses with the ventral duct. In such cases, a 
small dorsal duct may be seen as a remnant that 
does not communicate with the main duct. This 
is contrary to the commonly described pancre-
atic divisum, where the main pancreatic duct 
fuses with the dorsal duct and opens at the minor 
papilla, showing no communication with the 
ventral duct [11].

2.9  Annular Pancreas

Sometimes, the ventral pancreatic bud, instead 
of rotating clockwise with the duodenum, per-
sists along the lateral wall of the duodenal C 
loop. This persistent pancreatic tissue fuses 
with the pancreatic head and encircles the 
duodenum, giving rise to an annular pancreas. 
It can be of two types—complete or 
incomplete.

Complete annular pancreas leads to presenta-
tion with bilious vomiting in the neonatal period 
due to obstruction of the duodenal lumen. There 
are often no symptoms throughout life, and they 
may be detected incidentally on imaging for a 
different indication. Presentation in adulthood 
with episodes of pancreatitis or gastric outlet 
obstruction is also seen.

Visualization of the pancreatic duct encircling 
the duodenum on magnetic resonance cholangio-
pancreatography (MRCP) or endoscopic retro-
grade cholangiopancreatography (ERCP) is 
diagnostic of this entity. Secretin MRCP is better 
than routine MRCP for the demonstration of duc-
tal anatomy. CT shows a ring of pancreatic paren-
chyma encircling the second part of the duodenum 
(Fig. 2.6).

Sometimes, only a thin rim of pancreatic 
parenchyma extends anterolateral or posterolat-
eral to the duodenum, and this is known as an 
incomplete annular pancreas. This gives a “croc-
odile jaw” configuration. Rarely, in these cases, a 
thin rim of pancreatic parenchyma is embedded 
within the duodenal wall (Fig. 2.7).

Annular pancreas may be frequently associ-
ated with duodenal stenosis, duodenal atresia, 
and Down syndrome.

2.10  Portal Annular Pancreas

Portal annular pancreas [12], also known as cir-
cumportal pancreas, is an extremely rare pancre-
atic anomaly. It results from a bizarre fusion of 
the main pancreatic body to the uncinate process 
occurring on the left of the portal vein-superior 
mesenteric vein junction, leading to encasement 
of the vessels within pancreatic tissue.

Fig. 2.6 Axial contrast CT showing a ring of pancreatic 
tissue (arrowheads) encircling the second part of the duo-
denum in a case of complete annular pancreas

Fig. 2.7 Axial contrast CT showing rim of pancreatic tis-
sue (arrow) anterolateral to the duodenum in a case of 
incomplete annular pancreas

S. Jha and B. Sureka
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Fig. 2.8 Line diagram showing various types of the circumportal pancreas

Fig. 2.9 Axial CT image showing the dependent intes-

tine sign in the pancreatic bed in a case of dorsal pancre-
atic agenesis

It is subgrouped into three types: I, II, and 
III.  In type I, the ventral bud of the pancreas 
fuses with the dorsal bud posterior to the portal 
vein so that the pancreatic duct courses poste-
rior to the portal vein (retroportal pancreatic 
duct). Type II is associated with pancreas divi-
sum. In type III, the uncinate process alone is 
involved, and the pancreatic duct courses ante-
rior to the portal vein (anteportal pancreatic 
duct) (Fig. 2.8).

2.11  Ectopic Pancreas

Ectopic pancreas is the presence of pancreatic 
tissue located at a site other than the pancreas. 
The most common site is the submucosa of the 
stomach or proximal small bowel. It can however 
be found at any part of the bowel and has been 
notably associated with Meckel’s diverticulum. It 
is usually small in size (a few mm to cm) and is 
detected incidentally on gastroscopy or some-
times on barium meal as a smooth broad-based 
lesion with central umbilication. On cross- 
sectional imaging, ectopic pancreatic tissue has 
attenuation and enhancement similar to the pan-
creas [13].

2.12  Dorsal Pancreatic Agenesis

Pancreatic agenesis results from the nondevelop-
ment of either dorsal or ventral pancreatic buds, 
or both (i.e., complete agenesis), the latter being 
incompatible with life. Partial agenesis of the 

dorsal bud leading to dorsal pancreatic agenesis 
is more common than ventral pancreatic agene-
sis. Dependent stomach sign and dependent 

intestine sign are described in dorsal pancreatic 
agenesis in which the stomach and intestines lie 
in the pancreatic bed anterior to the splenic vein 
(Fig.  2.9). The term pseudo-agenesis is used 
when there is atrophy secondary to chronic pan-
creatitis [13].

2.13  Accessory Pancreatic Lobe

Another rare anomaly is an accessory pancre-
atic lobe. It is connected to the main pancre-
atic parenchyma via an accessory duct. It has 
an association with gastric duplication cyst, 
wherein the aberrant duct communicates with 
the main pancreatic duct as well as the cyst 
[13].

2 Normal Anatomy and Anatomic Variations of the Pancreas
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a b
Fig. 2.10 Contrast- 
enhanced MR images: 
(a) arterial phase and (b) 
venous phase showing 
nodular lesion in the tail 
of the pancreas with 
enhancement 
characteristics similar to 
splenic parenchyma in a 
case of intrapancreatic 
accessory spleen

2.14  Variations of Pancreatic 
Contours

These contour variations occur because of the 
presence of fetal lobulations, which are nothing 
but protrusions from the head and neck of the 
pancreas. This protrusion should be more than 
1cm beyond the anterior superior pancreaticodu-
odenal artery or gastroduodenal artery [2]. These 
protrusions are of three types and are found in 
approximately 30% population: type I being the 
anterior protrusion; type II, i.e., posterior protru-
sion; and type III (horizontal) protrusion. From 
the pancreatic neck and body, an anterior or pos-
terior projection may be seen [2]. The tail of the 
pancreas may be lobulated, globular, tapering, or 
bifid in appearance [14].

2.15  Tuber Omentale

Sometimes, the pancreatic body may appear 
prominent along its anterior surface, which is seen 
in contact with the lesser omentum. This appear-
ance is called the omental tuberosity or tuber 
omentale. It should be differentiated from a mass 
or lymph node on a cross-sectional image [15].

2.16  Pancreatic Cleft

When there is invagination of peripancreatic fat 
into the pancreas, it gives rise to a cleft-like 
appearance. This can mimic a fractured pancreas, 

especially if the patient has a history of trauma. 
In the pancreatic cleft, the surrounding fat does 
not show haziness or stranding.

2.17  Intrapancreatic Accessory 
Spleen

Intrapancreatic accessory spleen (IPAS) is a 
rare entity. The most common location is in 
the pancreatic tail. Since normal attenuation 
of the spleen is higher than the normal pan-
creatic parenchyma density and so is the 
post-contrast enhancement, an intrapancre-
atic splenic tissue may simulate a hypervas-
cular mass on CT or MRI.  An IPAS has 
similar attenuation values and enhancement 
characteristics to those of the normal spleen 
(Fig. 2.10) [16].

2.18  Anomalous Pancreatobiliary 
Junction

It describes an abnormal fusion of the common 
bile duct and pancreatic duct outside the sphinc-
ter of Oddi, resulting in the formation of a long 
common channel of more than 15 mm (Fig. 2.11). 
As it is located outside the sphincter of Oddi, 
there may be reflux of pancreatic secretions into 
the biliary system, leading to the formation of a 
choledochal cyst, or reflux into the pancreatic 
duct, leading to recurrent episodes of acute pan-
creatitis [13].

S. Jha and B. Sureka
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Fig. 2.11 MRCP image showing an anomalous long 
common channel (dashed arrow) in a case of choledochal 
cyst (arrow)
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3Imaging in Hepatic Infections

Reettika Chanda, Kirthi Sathyakumar, 
and Anu Eapen

3.1  Introduction

A wide range of bacterial, parasitic, fungal, and 
viral infections can affect the liver, causing a 
spectrum of pyogenic and non-pyogenic 
abscesses, focal parenchymal lesions, cholangi-
tis, hepatitis, and granulomatous diseases [1–3].

Imaging plays a crucial role in the identifica-
tion, diagnosis, and management of hepatobiliary 
infections.

3.2  Imaging Modalities

3.2.1  Plain Radiographs

Although radiographs are not primarily used in 
the diagnosis of hepatobiliary infections, a focal 
bulge in liver contour, air in the liver, pneumobi-
lia, and portal venous air on abdominal X-rays 
provide clues toward the presence of hepatobili-
ary infections.

3.2.2  Ultrasound

Ultrasound is often used as the initial modality to 
identify and characterize liver abscesses and hyda-
tid cysts and to assess biliary involvement [2, 4].

3.2.3  Computed Tomography (CT)

CT helps in assessing the extent of liver involve-
ment, identifying complications as well as in 
evaluating a local or remote source of spread [1, 
2, 4].

3.2.4  Magnetic Resonance Imaging 
(MRI)

Specific signal characteristics, appearance, and 
enhancement pattern on MRI aid in differentiat-
ing liver infections from other conditions such as 
neoplasm [1, 2].

3.3  Bacterial Infections

3.3.1  Pyogenic Liver Abscess

Causative Organism(s): Most liver abscesses 
have polymicrobial growth. Among individual 
bacteria, Klebsiella pneumoniae is the most com-
mon cause of solitary abscesses, while 
Escherichia coli is most frequently identified 
from cholangitic abscesses [5, 6].

3.3.1.1  Mode of Transmission

While ascending cholangitis from infections of 
the biliary tree is the most well-known mecha-
nism through which hepatic infections occur, R. Chanda · K. Sathyakumar · A. Eapen (*) 
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other routes include portal phlebitis due to gas-
trointestinal infections, hematogenous dissemi-
nation of systemic infections through the hepatic 
artery, direct extension from a local source, and 
traumatic inoculation of the pathogen [5–7]. The 
cause of liver abscess cannot be determined in 
about 20% [4, 6].

3.3.1.2  Imaging

Pyogenic abscesses less than 2  cm are called 
microabscesses, while those larger than 2  cm 
are termed macroabscesses (Fig. 3.1) [1]. While 
pyogenic liver abscesses are often solitary, liver 
involvement in disseminated infections and sep-
sis can lead to the formation of multiple 
abscesses. Clusters of microabscesses are com-
mon with ascending cholangitis; coliforms and 
enteric bacteria are the likely cause (Figs.  3.2 
and 3.3) [5, 7].

Ultrasound appearance of liver abscess is 
determined by its size and stage of liquefaction. 
Early in the disease, they either appear as round, 
solid hypoechoic lesions or an ill-defined area of 
altered hepatic parenchyma. Debris and anechoic 
liquefied components can be seen gradually [1, 
2]. Gas within the abscess appears as high- 
intensity echoes with dirty acoustic shadowing 
[8].

On CT, abscesses are hypodense with faint 
wall enhancement. The double target sign is used 
to describe the enhancing wall surrounded by a 
hypodense halo due to perilesional edema [1–3, 
9]. Gas within an abscess, though uncommon, is 
highly specific for a pyogenic cause, Klebsiella 
being the most common (Fig. 3.4). Widely scat-
tered microabscesses occur with staphylococcal 
infections and in septicemia.

On MRI, a pyogenic abscess is hypointense 
on T1w and hyperintense on T2w. Perilesional 
edema appears as confluent T2w hyperintensity 
in the adjacent parenchyma [1–3]. The wall 
shows early and persistent enhancement post- 
contrast. Multiple fine interrupted septa within 
an abscess form the “turquoise sign,” a feature 
commonly associated with K. pneumoniae [3, 
10].

3.3.1.3  Complications

Rupture of a liver abscess into the peritoneal or 
pleural cavity is a dreaded complication. 
Disseminated pyogenic infection and sepsis may 
also occur with untreated abscesses [2–4].

3.3.1.4  Management

Image-guided (USG/CT) catheter drainage acts 
as an accompaniment to medical management 
for large liver abscesses [2, 11–13]. For smaller 
abscesses, where catheter placement may not 
be possible, fine needle aspiration can be done 
for diagnostic as well as therapeutic purposes. 
Surgical drainage requires consideration when 
there are multiple pyogenic abscesses, locu-
lated abscess, underlying disease requiring sur-
gery, inadequate response to treatment, failed 
percutaneous  drainage, and in cases compli-
cated by perforation or fistula formation [2, 
11–14].

Fig. 3.1 Liver abscess. Contrast-enhanced CT shows a 
large, coalesced macroabscess in the liver (arrow)

Fig. 3.2 Cluster sign. Contrast-enhanced CT of the liver 
shows a cluster of multiple small abscesses in the central 
liver, the so-called cluster sign (arrow), described with 
pyogenic liver abscess

R. Chanda et al.
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a

b

c
Fig. 3.3 Cholangitic 
abscesses. Contrast- 
enhanced CT of the liver 
shows multiple small, 
scattered liver abscesses 
(arrow in a), a calculus 
in the distal CBD (arrow 
in b). On MRCP, the 
biliary tree is dilated (*), 
and the liver lesions 
appear round and 
hyperintense (arrow in 
c)

a b
Fig. 3.4 Pyogenic liver 
abscess. Ultrasound (a) 
and noncontrast CT (b) 
images show air within a 
large abscess in the right 
lobe of the liver, 
confirming the pyogenic 
origin of the abscess 
(arrows)

3.4  Parasitic Infections

3.4.1  Liver Parenchymal Infections

3.4.1.1  Amebic Liver Abscess

 Causative Organism

Entamoeba histolytica is a protozoan endemic to 
Southeast Asia, Africa, and Central and South 
America.

 Mode of Transmission

The liver is the most common site of extraintesti-
nal involvement in amebiasis. The organism 
gains entry into the liver from the colon via the 
portal venous circulation [2, 15].

 Pathology

Amebic liver abscesses have a shaggy wall with 
chocolate-colored content within, formed due to 
hemorrhage within the abscess.

 Imaging

Amebic liver abscess is often solitary and com-
monly affects the right lobe of the liver in a sub-
capsular location [1, 2]. Cysts are unilocular; a 
few septa may be present. The size of the cysts is 
variable.

On ultrasound, the abscess appears as a thin- 
walled, well-defined, round, homogeneous, 
hypoechoic lesion with low-level internal 
echoes and posterior acoustic enhancement 
(Fig. 3.5) [1–4].
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a b
Fig. 3.5 (a and b) 
Amoebic liver abscess. 
Ultrasound images of 
the liver abscess show a 
large solitary lesion 
located in the right lobe 
of the liver in a 
peripheral subcapsular 
location with low-level 
internal echoes

Fig. 3.6 Amoebic liver abscess. Contrast-enhanced CT 
of the liver shows a fluid attenuation lesion (*) with a 
thick enhancing wall (arrow) which shows double rim or 
target appearance and a peripheral zone of edema in the 
surrounding liver parenchyma

Table 3.1 Common differences between amebic and 
pyogenic liver abscesses (Ref. [1])

Characteristic
Amoebic liver 
abscess

Pyogenic liver 
abscess

Age Relatively 
younger

Middle aged

Symptoms Acute illness Acute illness/
clinically occult

Number Single Single/multiple
Location Right lobe, 

close to the 
capsule

Single lesion—
right lobe
Multiple lesions—
cluster sign

Intralesional 
air

Absent Present in 
gas-forming 
organism infection

On CT, similar to a pyogenic abscess, the wall 
of an amebic abscess may also show a double- 
enhancing rim or a target appearance (Fig. 3.6). 
Presence of intralesional air is unusual.

MRI features of intralesional T1w hypointen-
sity and T2w hyperintensity with perilesional 
edema are indistinguishable from a pyogenic 
abscess. Table  3.1 enlists common differences 
between pyogenic and amoebic liver abscesses 
[2, 3].

 Complications

Extrahepatic extension through capsular or dia-
phragmatic rupture is common and a hallmark of 
this disease [3, 16].

 Management

Treatment with oral metronidazole suffices in 
most patients with amebic liver abscess. Image- 
guided percutaneous drainage is reserved for 
large abscesses, those in whom metronidazole 
therapy fails, in suspected superadded bacterial 
infections, in impending rupture, or in pregnancy 
(Fig. 3.7) [4, 11, 12, 17–19].

3.4.1.2  Hydatid Liver

 Causative Organism(s)

Echinococcus granulosus—most common; 
Echinococcus alveolaris/multilocularis—rare

R. Chanda et al.
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Fig. 3.7 Ultrasound-guided drainage of liver abscess. 
Ultrasound shows an aspiration needle within a large 
abscess in the right lobe of the liver

Mode of transmission: feco-oral route
Definitive hosts: dogs, cats, and other carnivores.
Intermediate host: cattle, sheep, and goats
Accidental host: humans

 Pathology

The parasite resides in the gut of the definitive 
host and is shed in its feces. Ruminants grazing 
on this contaminated soil act as intermediate 
hosts and ingest the ova, which penetrate the gut 
wall and enter the liver through the portal venous 
circulation. The parasite can enter into systemic 
circulation through the liver and colonize other 
organs such as the lungs, brain, etc. In the infected 
organ, the liver being the most common, the 
ovum develops into a cyst gradually increasing in 
size. The parasitic cycle is completed when the 
definitive host feeds on the intermediate host.

There are three layers in a mature hydatid cyst. 
The innermost layer is the endocyst or germinal 
layer that is one cell layer thick and contains live 
tissue surrounding a central fluid-filled hydatid 
cavity. The intermediate layer is an acellular layer 
secreted by the germinal membrane and is called 
the ectocyst. It is a laminated layer that is 1–2 mm 
thick. The outermost layer or the pericyst is a thick 
fibrous capsule formed as a result of the host 
response to the hydatid [1, 2, 24, 25].

 Imaging

The spectrum of imaging appearances in hydatid 
cysts of the liver and the World Health 
Organization classification are described in 
Table 3.2.

 Ultrasound

A simple hydatid cyst is anechoic on ultrasound 
(Fig. 3.8a). The cyst wall is seen as a “trilaminar 
layer” or double echogenic line with a hypoechoic 
layer in between, on high-frequency ultrasound 
(Fig. 3.9).

Mobile hydatid sand appears as tiny low-level 
internal echoes known as snowflake or snow-
storm sign.

A “spoke-wheel pattern” is formed by multi-
ple daughter cysts within the mother cyst 
(Fig. 3.10).

The endocyst appears as a floating, undulating 
membrane as it matures and starts separating 
from the ectocyst, forming the “water lily sign” 
on complete separation. At a later transitional 
stage, daughter cysts are seen within a solid 
matrix (Fig. 3.11).

The wall begins to calcify on further matura-
tion, gradually progressing toward the center of 
the cyst [3, 20–24, 26].

On CT, simple cysts are round, with homoge-
neous fluid density and well-defined walls. 
Daughter cysts appear as multiple small, round, 
simple cysts within a larger mother cyst contain-
ing fluid of higher density, forming a “rosette- 
like” pattern. Detached, floating membranes of 
the endocyst appear as thin, wavy structures 
within the cysts. Hydatid calcification occurs as 
the cyst matures (Fig. 3.12) [3, 24].

 Magnetic Resonance Imaging

The trilaminar wall of the hydatid cyst can be 
seen on high resolution T2-weighted sequence. 
Simple cysts are well defined, round, T1w 
hypointense, and T2w hyperintense (Fig.  3.8b). 
The appearance of the detached floating endocyst 
membrane is described as “serpent sign” or 
“snake sign” [27, 28].
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a b

Fig. 3.8 Hydatid cyst liver, WHO grade CE 1. Unilocular 
hepatic hydatid cyst seen as a well-defined anechoic 
lesion with posterior acoustic enhancement on ultrasound 

(white asterisk in a) and a homogeneously T2w hyperin-
tense lesion with a hypointense rim on MRI (black aster-
isk in b)

Fig. 3.9 Hydatid cyst liver. Ultrasound shows the 
laminar wall or trilaminar membrane of a hydatid 
cyst on high- frequency ultrasound with double 
echogenic layers and an intervening hypoechoic 
layer (arrow)

a bFig. 3.10 Hydatid cyst 
liver, WHO grade CE 2. 
Ultrasound images show 
multiple daughter cysts 
within a large anechoic 
cyst (a). Spoke wheel 
pattern formed by the 
daughter cysts filling in 
the mother cyst (b)

a b
Fig. 3.11 Hydatid cyst 
liver, WHO grade CE 
3b. Ultrasound (a) and 
T2-weighted MRI (b) 
images show a hydatid 
cyst with multiple 
daughter cysts within a 
partly solid matrix, 
representing the 
transitional stage
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a b
Fig. 3.12 Hydatid cyst 
liver, WHO grade CE 4. 
Ultrasound (a) and CT 
(b) images show a 
well-defined lesion in 
the liver with a 
heterogeneous solid 
component intermixed 
with calcification

a b c

Fig. 3.13 Biliary rupture of hydatid cyst. Ultrasound 
of the liver shows a complex cyst with collapsed 
membranes and heterogeneous content with absent 
daughter cysts (a). Dilated CBD with stent in situ and 

extension of membranes seen as linear echogenic 
material within CBD (b). ERCP image shows the rup-
tured membranes appearing as filling defects within a 
dilated CBD (c)

 Complications of Liver Hydatid

Disintegration of the hydatid membrane with 
time or due to the rise in intra-cystic pressure can 
lead to the following forms of rupture [24, 27]:

 (i) Contained rupture—only the endocyst rup-
tures, while the ectocyst and pericyst remain 
intact.

 (ii) Communicating rupture—cyst ruptures into 
the biliary system (Fig. 3.13).

 (iii) Direct rupture—all three layers tear with 
spillage into the peritoneal and pleural cavi-
ties and adjacent organs (Fig. 3.14).

 Hepatic Hydatid Mimics [3]

Mucinous Cystic Neoplasm (MCN): These are 
uniloculated or multiloculated cystic lesions with 
enhancing internal septations on CT, unlike hyda-
tid contents which do not enhance (Fig. 3.15) [3]. 
Intralesional solid enhancing areas are present in 
invasive MCN (Fig. 3.16).

Liver Abscess: Cyst wall is trilaminar and can 
have focal calcifications in hydatid.

 Radiological Management

Image-guided PAIR (percutaneous puncture, 
aspiration, injection, and re-aspiration) proce-
dure can be done for CE 1 and CE 3A (WHO 
grading of cystic echinococcosis (CE) of the liver 
of size more than 5 cm) (Fig. 3.17).

The procedure involves USG-guided or occa-
sionally CT-guided puncture of the cyst, aspiration 
of cyst contents, followed by injection of scolici-
dal agent, and then re-aspiration of cyst contents 
after a 15-min wait. Traditionally, absolute alcohol 
has been used as a scolicidal agent. Other sub-
stances like chlorhexidine, betadine, hypertonic 
saline, formalin, and hydrogen peroxide have also 
shown promising results [21, 29–31].

Cyst fluid obtained with the initial aspiration 
is assessed for scolices and the presence of biliru-
bin. Bilirubin in hydatid fluid is confirmatory for 
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a b c

Fig. 3.14 Peritoneal hydatidosis. Ultrasound images 
show cystic lesions with internal echogenic content in 
the perihepatic spaces and in the pelvis (asterisk in a, 

b). (c) On CT, peritoneal complex cystic lesions show 
the presence of multiple internal smaller cysts or daugh-
ter cysts

Fig. 3.15 Mucinous cystic neoplasm. Contrast-
enhanced CT image shows a large multiloculated 
cystic lesion in the left lobe of the liver with 
internal septations, confirmed histologically to be a 
mucinous cystic neoplasm

a b

Fig. 3.16 Invasive mucinous cystic neoplasm. Contrast- 
enhanced CT of the liver shows a cystic lesion in the liver 
with intralesional solid, nodular enhancing areas (arrow in 

a). The solid component is of intermediate signal intensity 
on T2-weighted MRI (b). Lesion was confirmed on histol-
ogy to be an invasive mucinous cystic neoplasm of the liver

biliary communication. Injection of scolicidal 
agent is contraindicated in these cysts.

 Echinococcus multilocularis

This is a rare form of hydatid infection, also 
known as alveolar echinococcosis. The disease 
has a slow-growing course and an infiltrative pat-
tern of involvement, often mimicking 

 malignancies. The liver is the most commonly 
affected organ [32, 33].

3.4.1.3  Imaging

On Ultrasound there are single or multiple echo-
genic lesions with irregular necrotic areas within 
and microcalcification demonstrating a “hail-

3 Imaging in Hepatic Infections
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a b c

Fig. 3.17 PAIR procedure. Pre-procedure ultrasound 
appearance of a hepatic hydatid cyst containing low-level 
internal echoes (a). One week after PAIR, there is a mild 

reduction in the size of the cyst with an increase in non- 
enhancing debris within (b). Four months after the procedure, 
the cyst has shrunk, and fluid within it has disappeared (c)

storm,” “vesicular,” and “alveolar” patterns on 
ultrasound. Infiltration of the liver hilum can 
mimic the appearance of a tumor. Dead cysts 
have a heterogeneous, solid, tumor-like appear-
ance resembling a “ball of wool” with wall calci-
fication [32, 34].

On CT, hepatic lesions appear as multiple 
hypodense masses with a variable solid compo-
nent. Punctate or amorphous patterns of intrale-
sional as well as peripheral calcification are 
common. Larger lesions resemble “geographic 
maps.”

CT is an important tool for the assessment of 
biliary and vascular infiltration as well as for 
detecting direct infiltration of surrounding struc-
tures and distant spread [32, 34–36].

On MRI, infiltrative, necrotic liver lesions 
have irregular margins with variable, heteroge-
neous signal intensity of the internal contents on 
T1w and T2w images. An important feature that 
helps differentiate hepatic tumors is the absence 
of post-contrast enhancement in these lesions 
[32, 34–38].

 Management

There is no parasiticidal drug available for the 
treatment of E. alveolaris. Radical surgery is the 
treatment of choice for resectable lesions, while 
liver transplant is considered a last resort mea-
sure in the treatment of intractable, symptomatic 
biliary disease.

The role of image-guided procedures ranges 
from specimen collection for diagnosis, percuta-
neous liver abscess drainage, to symptomatic 

relief by percutaneous stenting of biliary and vas-
cular obstructions [32, 38, 39].

3.4.2  Hepatic Vascular Infections

3.4.2.1  Schistosomiasis

Causative Organism: Of the five species of 
trematode blood flukes infecting humans, 
Schistosoma mansoni and Schistosoma japoni-

cum are the most common that affect the liver [1, 
2, 40].

 Mode of Transmission and Pathology

The parasite enters the bloodstream by penetrating 
the skin and migrates to the mesenteric veins where 
it lays eggs. These eggs are carried to the hepatic 
venules through the portal circulation where they 
form granulomas. S. mansoni eggs, due to their size, 
lodge in the larger portal veins at the hilum, while S. 

japonicum eggs, being smaller in size, reach up to 
the peripheral branches. Schistosomiasis is a presi-
nusoidal cause of portal hypertension.

 Imaging

 Ultrasound

Periportal fibrosis appears as thick, hyperechoic 
bands along the portal vein and its branches on 
ultrasound. Central anechoic blood in the portal 
vein surrounded by hyperechoic wall fibrosis 
forms a bull’s eye appearance around the hilum 
in S. mansoni infection. A mosaic pattern of 
polygonal hyperechoic septa or a “fish scale 
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Table 3.3 Phases of Fasciola hepatica infection in the definitive host (Refs. [3, 4])

Hepatic phase Biliary phase
Mechanism Digests hepatocytes Enters the biliary ducts
Pathology Small necrotic cavities/abscess Migrate to the central & extrahepatic 

biliary ducts
Imaging Ill-defined linear or patchy subcapsular 

nodules on CT, extending toward the hilum
Filling defects in the bile duct
Duct wall thickening and dilatation

appearance” located peripherally in the liver can 
be seen with S. japonicum infection [1–4].

 CT and MRI

On CT, calcified septa perpendicular to the liver 
capsule, forming a “turtle-back” or “tortoise 
shell” appearance, are classically seen with S. 

japonicum infection. Periportal hypodense fibrous 
bands diffusely scattered throughout the liver are 
a common finding. These septa are T1w iso-to-
hypointense and T2w hyperintense and demon-
strate marked delayed contrast  enhancement. 
Features of chronic liver disease and portal hyper-
tension are often present along with an increased 
risk for the development of hepatocellular carci-
noma [1–4, 41].

 Management

Diagnosis is made by serology and by the visual-
ization of live eggs in stool. Anthelmintic drugs 
like praziquantel are used as the first line of 
treatment.

3.4.3  Billiary Infections

3.4.3.1  Fasciola hepatica

 Causative Organism

The trematode Fasciola hepatica is a fluke 
responsible for hepatobiliary fascioliasis.

 Mode of Transmission

Ingestion of freshwater plants contaminated with 
the metacercaria stage of the parasite

 Pathology

Infection in the definitive host is divided into two 
phases: The first is the hepatic or parenchymal 
phase, and the second is the biliary phase. In the 
first phase, the ingested juvenile larvae penetrate 

the intestinal wall, migrate through the peritoneal 
cavity, breach the liver capsule, and enter the 
liver parenchyma. This causes mechanical 
destruction and inflammation of the hepatic 
parenchyma along the tracks of the migrating 
larva. In the biliary phase, the larvae enter the 
biliary radicles where they mature into adults and 
lay eggs (Table 3.3) [3, 4, 42, 43].

 Imaging

 Ultrasound

Ultrasound in the parenchymal phase of infection 
shows clusters of multiple ill-defined hypoechoic 
nodules in a subcapsular location. In the biliary 
phase, mild intrahepatic biliary ductal dilatation, 
gallbladder, and common biliary duct wall thick-
ening due to inflammation are common. Live 
parasites may appear as 5–25-mm-long, mobile, 
curvilinear snail-like or leaf-like internal echoes 
within the gallbladder or common bile duct [3, 4, 
42].

 CT

On CT, linear hypodense subcapsular tracts are 
seen along with multiple small, confluent nod-
ules of 2–3 cm size converging from the subcap-
sular region toward the hilum along the portal 
triads (Fig. 3.18a, b). Perihepatic fluid and reac-
tive periportal lymph nodes are ancillary find-
ings. A rare complication is the presence of 
subhepatic hematoma, which could be life- 
threatening if ruptured [4, 32, 42].

 MRI Features

There are five distinct patterns of fascioliasis 
described on MRI:

 (i) Capsular inflammation or perihepatitis
 (ii) Ill-defined linear periportal tracts in a sub-

capsular location

3 Imaging in Hepatic Infections
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a b
Fig. 3.18 Fasciola 

hepatica infection. 
Contrast-enhanced CT 
of the liver shows 
serpentine (black arrow 
in a) and hypodense foci 
(white arrow in b), 
extending from 
periphery to center 
(tunnel and cave sign)

 (iii) Geographic borders of segmental hepatic 
inflammation

 (iv) Rim-enhancing abscesses
 (v) Post-inflammatory focal fibrosis

Active parenchymal inflammation, subcapsu-
lar tracts, and abscesses are hypointense on T1w 
and hyperintense on T2w and may show diffu-
sion restriction. Late fibrosis appears hypointense 
on both T1- and T2-weighted images. On MR 
cholangiography, the parasites in the distal bile 
duct or gallbladder may appear as ill-defined, 
elongated, hypointense filling defects [3, 4, 43].

3.4.3.2  Ascariasis

Causative Organism: Ascaris lumbricoides, 
also known as roundworm

 Mode of Transmission

On ingestion of food or water contaminated with 
ascaris eggs, the eggs reach the jejunum and 
hatch into larvae, which subsequently develop 
into adult worms. These worms can migrate into 
the biliary tree through the ampulla of Vater and 
cause mechanical obstruction [4].

 Imaging

 Ultrasound

The following signs have been described in bili-
ary ascariasis on sonography [44–47]:

Inner-tube sign: The adult worm can be directly 
visualized as a long tubular echogenic struc-
ture inside a dilated biliary tree with a central 

hypoechoic line representing its gastrointesti-
nal tract.

Strip sign: Thin tubular structure without an inner 
tube.

Spaghetti sign: Formed by the overlap of multi-
ple worms in the common bile duct.

Occasionally, an adult worm can migrate to 
the liver parenchyma, where superinfection fol-
lowing its death can lead to the formation of a 
hepatic abscess.

ERCP, CT, and MRI
On ERCP, CT, and MRI, the adult worm can 

appear as a filling defect within a dilated bile 
duct. The worm may swallow contrast in the bili-
ary tree which then outlines its gut (Fig. 3.19) [4, 
45, 48, 49].

3.4.3.3  Clonorchiasis

Causative Organism: Clonorchis sinensis

 Mode of Transmission

Ingestion of infected raw fish and snails, which 
are intermediate hosts. Humans, dogs, and cats 
are definitive hosts.

 Pathology

On ingestion, action by gastric acids releases the 
eggs. Larvae travel through the ampulla of Vater 
to the second-order and smaller biliary ducts, 
where they reside until maturity. The adult worms 
migrate to the larger hepatic and biliary ducts to 
lay eggs. The presence of these flukes in the bili-
ary system elicits an inflammatory response with 
subsequent development of adenomatous hyper-
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Fig. 3.19 Ascariasis. ERCP shows a linear, elongated 
filling defect in the CBD which has a central linear density 
within it, representing the gut outlined by contrast ingested 
by a roundworm

plasia, duct wall thickening, periductal fibrosis, 
and strictures.

 Imaging

Peripheral mild diffuse intrahepatic biliary radicle 
dilatation with wall thickening, focal strictures, 
and sparing of the extrahepatic bile ducts is a clas-
sic feature of clonorchiasis, seen on ultrasound, 
CT, and MRI. Adult flukes may appear as cres-
cent- or stilleto-shaped echogenic structures 
within the bile ducts on ultrasound and as small 
crescentic or ellipsoid filling defects on 
MRI. Peribiliary inflammation occurs as enhanced 
biliary walls on CT and MRI. Superadded infec-
tion can lead to the formation of hepatic abscesses 
[4, 50–53].

3.5  Hepatobiliary Tuberculosis

3.5.1  Introduction

Abdominal tuberculosis comprises 3.5% of 
extrapulmonary TB; isolated hepatic involve-
ment occuring in less than 1% of cases [54]. It is 
usually a part of disseminated infection associ-
ated with miliary tuberculosis or secondary to 
tuberculosis of the lungs or gastrointestinal tract. 
Hematogenous dissemination via the hepatic 
artery predisposes to a military pattern of disease, 
while infection via the portal vein causes focal 
liver TB.  Lymphatic spread is a less common 
pathway [55]. Concomitant splenic involvement 
and HIV infection are common in these patients.

Clinical Features: Patients may present with 
right upper quadrant pain, jaundice, and hepato-
splenomegaly with other systemic symptoms 
such as fever, anorexia, malaise, and weight loss 
[55].

Imaging The imaging patterns include miliary 
TB, macronodular TB, serohepatic TB, and 
tubercular cholangitis [56].

 (a) Miliary tuberculosis: It is the most common 
pattern resulting from hematogenous spread, 
forming multiple granulomas. It manifests as 
multiple random lesions measuring 0.5–2 cm 
in the liver parenchyma. These lesions are 
hypoechoic-isoechoic on sonography and 
appear cystic or nodular on CT and 
MRI. Peripheral rim enhancement indicative 
of microabscesses can be seen. Calcification 
is seen in chronic or healing stages. The 
other diagnostic considerations would 
include opportunistic fungal infections, 
Pneumocystis jiroveci infection, sarcoidosis, 
metastases, and lymphoma [54, 56].

 (b) Macronodular tuberculosis: These lesions are 
more than 2 cm in size, manifesting either as 
solitary or multiple hepatic masses. 
Sonographic appearance is nonspecific, rang-
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ing from purely hypoechoic or hyperechoic to 
mixed echogenicity lesions. On CT, noncase-
ating granulomas appear as hypodense lesions 
with variable rim enhancement (Fig.  3.20a). 
Caseating granulomas result in tubercular 
abscesses with central or multifocal liquefac-
tion. Depending on the pattern of liquefaction, 
they can appear “honeycomb” like with mul-
tiple septations or as a cluster of conglomerat-
ing lesions. On MRI, the lesions are T1w 
hypointense with a hypointense rim and iso-to-
hyperintense on T2w with a less hyperintense 
rim. Alternatively, the T2w signal may be 
hypointense in a caseating granuloma without 
liquefaction. Post-contrast rim/septal enhance-
ment and restricted diffusion are other fea-
tures. Large abscesses may rupture, forming 
perihepatic and peritoneal collections [54, 56].

 (c) Serohepatic tuberculosis: This rare presenta-
tion results from tuberculous involvement of 
the subserosal plane and Glisson capsule. 
Peripheral coalescing lesions causing thick-
ening of the liver capsule and subcapsular 
plane have been described as “frosted liver/
sugar-coating” appearance [56].

 (d) Tubercular cholangitis: Biliary involvement 
can be secondary to hematogenous spread, 
ascending infection from the bowel, or contigu-
ous spread from hepatic lesions. Both the large 

and small calibre ducts can be involved, form-
ing biliary strictures with bile duct wall thick-
ening and dilatations (Fig. 3.20b). The strictures 
are multifocal and associated with segmental 
parenchymal atrophy. Miliary calcifications 
along the bile ducts are a characteristic finding. 
MRCP clearly depicts the multifocal strictures 
noninvasively, while ERCP is preferred for tis-
sue sampling and placement of biliary stents. 
Imaging differential diagnoses in these cases 
include sclerosing cholangitis and cholangio-
carcinoma [54, 56].

Concurrent splenic, lymph nodal, and pulmo-
nary involvement helps in narrowing the differ-
ential diagnosis. Portal hypertension is an 
uncommon complication. Healing phase or scar-
ring of multiple tubercles can result in tubercu-
lous pseudocirrhosis [55].

Diagnosis and Treatment: A total of 75% of 
patients may show abnormality on the chest radio-
graph. Deranged liver function tests can be seen in 
30–80% of cases. As the imaging patterns vary, 
histopathological/microbiological  confirmation is 
usually required. Hepatobiliary TB is treated with 
the same regimen as any other extrapulmonary 
lesion using quadruple therapy with antitubercu-
lous drugs, and the prognosis is good [55].

a b

Fig. 3.20 Hepatic and biliary tuberculosis. Contrast- 
enhanced CT of the liver shows multiple ill-defined 
hypodense lesions with variable rim enhancement 
(black arrow in a) and intrahepatic biliary dilatation in 

the left lobe (white arrow in b). The MRCP image 
shows a dilated CBD due to a tuberculous stricture of 
the lower CBD.  TB of the liver was confirmed on 
histology
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3.6  Fungal Infections

Fungal infections of the liver occur typically in 
immunocompromised individuals or those with 
hematological malignancies, most commonly 
leukaemia [1, 57]. Infection reaches the liver via 
the portal venous system. The most common 
organism is Candida albicans. Some of the other 
less common organisms implicated are C. neo-

formans and H. capsulatum [58].

 Imaging

Fungal infections, typically hepatic candidiasis, 
most commonly present as hepatic microab-
scesses usually less than 10 mm [2, 58].

There are four ultrasound patterns described 
in hepatic candidiasis.

The “bull’s-eye” appearance, seen in patients 
with active infection and normal white cell count, 
comprises a central echogenic focus with a 

peripheral hypoechoic rim. The “wheel-within-a 
wheel” appearance describes a central hypoechoic 
area surrounded by an echogenic zone of inflam-
matory cells and a peripheral hypoechoic rim of 
fibrosis. The other patterns are a uniformly 
hypoechoic nodule, which is the most common 
appearance, and a lesion with varying echo-
genicity, seen in later stages of the infection 
(Figs. 3.21 and 3.22a) [1, 2].

On CT, microabscesses are seen as multiple, 
discrete, round, low attenuation lesions which 
usually enhance centrally (Fig. 3.22b). Peripheral 
enhancement may also be seen in some lesions 
[1, 57].

On MRI, these lesions are mildly hypointense 
on T1-weighted images, markedly hyperintense 
on T2-weighted images with a peripheral dark 
ring on all sequences.
Treatment is with appropriate antifungal 
therapy.

Fig. 3.21 Candida 
infection of the liver. 
Ultrasound images of 
the liver in a 52-year-old 
male with acute myeloid 
leukemia, on 
chemotherapy and 
febrile neutropenia with 
Candida microabscesses 
seen as ill-defined 
hypoechoic lesions in 
the liver

a b
Fig. 3.22 Candida 
infection of the liver. 
Ultrasound shows multiple 
well-defined, hypoechoic 
lesions in a 19-year-old 
lady with acute leukemia 
and sepsis from Candida 
(a). CT images show 
discrete low attenuation 
lesions (b). Candida was 
confirmed on liver biopsy
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3.7  Viral Hepatitis

 Etiopathogenesis

Acute viral hepatitis is caused by the hepatitis 
viruses A, B, C, D (HBV-associated delta agent), 
and E. Histological features of acute viral hepati-
tis include necrosis of random isolated cells or 
clusters of cells, diffuse liver cell injury, reactive 
Kupfer cell changes, and regeneration of hepato-
cytes during recovery. In severe acute hepatitis, 
bridging necrosis involving portal tracts or cen-
tral veins may be seen [1]. Persistence of inflam-
mation and necrosis for at least 6 months is seen 
in chronic hepatitis. In mild chronic hepatitis, 
inflammation is confined to portal tracts; how-
ever, with more severe disease, piecemeal necro-
sis extends from portal tracts to liver parenchyma 
with hepatocyte necrosis. This further leads to 
fibrous septae formation, hepatocyte regenera-
tion, and cirrhosis [1].

 Imaging

The imaging appearances in acute hepatitis are 
nonspecific.

Ultrasound shows hepatomegaly with diffuse 
decrease in parenchymal echogenicity causing por-
tal vein radicles to appear relatively hyperechoic, 
the so-called “starry night ” appearance [1, 2].

On CT, hepatomegaly with heterogeneous 
parenchymal enhancement, well-defined areas 
of low attenuation, and hypoattenuation around 
portal radicles representing edema, may be 
seen.

On MRI, there are nonspecific findings such as 
hepatomegaly and periportal T2w hyperintense 
areas, representing edema. Other findings include 
GB wall edema and ascites [1, 59].

3.8  Melioidosis

Melioidosis is caused by a gram-negative bacte-
rium, Burkholderia pseudomallei, found in soil 
and surface water. It is endemic in Southeast Asia 
and northern Australia [60].

Route of Transmission: The organism infects 
humans usually via percutaneous inoculation. 
Other routes of transmission are via inhalation 
and ingestion. There is a higher risk of infection 
among diabetics. Clinical presentation is often 
varied, ranging from subclinical infection to ful-
minating illness and septic shock [60].

 Imaging

Melioidosis can affect several organs, the most 
common being the lungs, skin and subcutaneous 
tissues, liver, and spleen. The second most com-
mon solid organ affected is the liver. On imaging, 
lesions appear as multiple discrete lesions which 
are clustered or coalesce into multiple small 
abscesses. A typical “honeycomb” appearance on 
CT due to rim enhancement of these lesions may 
be seen [60, 61]. This is usually accompanied by 
lesions in other organs such as the spleen. 
Imaging findings are often nonspecific, but the 
pattern of distribution in multiple organs should 
arouse suspicion of melioidosis (Fig. 3.23) [60].

Treatment includes drainage of large abscesses 
and appropriate antibiotic therapy [60, 61].

Imaging has a significant role to play in the 
evaluation of hepatic infections. Several infec-
tions have classic imaging appearances, while 
others have nonspecific findings. Early diagnosis 
facilitates early medical and other therapeutic 
interventions.

a b

Fig. 3.23 Melioidosis. (a and b) CT images show multi-
ple clustered, coalescing small abscesses with a honey-
comb appearance in the liver (white arrow) with a splenic 

abscess (black arrow) and multiple lower lobe of lung 
consolidations with areas of breakdown (dashed white 
arrow)
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4Approach to Benign Liver Tumours
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4.1  Introduction

Benign liver tumours are commonly encoun-

tered in day-to-day clinical practice. Most cases 

are asymptomatic and often incidentally 

detected. Although some have typical imaging 

appearances posing no diagnostic difficulty, 

atypical appearances and uncommon benign 

tumours can be of diagnostic challenge. 

Furthermore, there is significant overlap in 

imaging features of various benign and malig-

nant liver tumours. Imaging plays a crucial role 

in the detection and characterisation of focal 

liver lesions. Moreover, imaging has a vital role 

in the detection of complications and in the sur-

veillance of some benign liver tumours. Hence, 

it is very important for radiologists to be aware 

of the typical and atypical imaging features of 

both common and uncommon benign liver 

tumours.

This chapter addresses the imaging features of 

benign liver tumours. At the end, important dif-

ferential diagnoses on imaging are briefly 

discussed.

4.2  Classification of Benign Liver 
Tumours

Classification of benign liver tumours is accord-

ing to their cell of origin [1, 2]. These include 

tumours of hepatocellular, mesenchymal and 

cholangiocellular origin (Table  4.1). The 

tumours of hepatocellular origin include hepatic 

adenoma, focal nodular hyperplasia, hepatocel-

lular nodules in cirrhosis and nodular regenera-

tive hyperplasia. Biliary cystadenoma and bile 

duct adenoma are a spectrum of benign tumours 

of cholangiocellular origin. Hepatic cysts 

(including simple cyst, polycystic liver disease, 

foregut cyst, peribiliary cyst and biliary hamar-

tomas) are developmental lesions rather than 

true neoplasms [1]. The mesenchymal benign 

tumours include haemangioma, angiomyoli-

poma, lipoma, paraganglioma, lymphangioma, 

leiomyoma, fibroma and inflammatory pseudo-

tumour. Mesenchymal hamartoma and infantile 

haemangioma (previously called infantile hae-

mangioendothelioma) are benign liver tumours 

of mesenchymal origin found predominantly in 

the pediatric population. Peliosis hepatis is a 

rare benign disorder characterised by multiple 

blood-filled lacunar spaces within the liver [3]. 

Apart from these, heterotopic tissues (adrenal 

and pancreatic) can be found within the liver 

parenchyma, giving rise to adrenal rest tumour 

and pancreatic heterotopia which are extremely 

rare [2]. Overall, hepatic haemangioma is the 
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Table 4.1 Classification of benign liver tumours

Cell of origin Tumours

A Tumour-like conditions Hepatic cyst

Polycystic liver disease

Ciliated hepatic foregut cyst

Peribiliary cyst

Biliary hamartomas

Peliosis hepatis

B Hepatocellular origin Hepatic adenoma

Focal nodular hyperplasia (FNH)

Nodular regenerative hyperplasia (NRH)

Hepatocellular nodules in cirrhosis

C Mesenchymal origin Haemangioma

Mesenchymal hamartoma

Infantile haemangioma

Angiomyolipoma/lipoma/myelolipoma

Inflammatory pseudotumour

Paraganglioma

Leiomyoma

Fibroma

Lymphangioma

D Cholangiocellular origin Hepatic cysts (simple cysts, polycystic disease)

Bile duct adenoma

Biliary cystadenoma

E Heterotopic origin Adrenal rest

Pancreatic rest

most common benign liver tumour which has a 

fairly characteristic imaging appearance in most 

of the cases [4].

4.3  Role of Imaging 
and Diagnostic Approach

Accurate diagnosis of a benign liver tumour is 

crucial to avoid unnecessary interventions and 

surgeries, for timely treatment of premalignant 

conditions and appropriate surveillance. A com-

bination of imaging techniques along with clini-

cal information is often needed for arriving at a 

diagnosis [5]. A comprehensive evaluation of 

comorbidities and biochemical analysis is some-

times needed. Lesions with typical imaging fea-

tures require no further diagnostic work-up or 

only a short-term follow-up. For indeterminate 

lesions, multiple cross-sectional imaging tech-

niques can be employed which can suggest the 

diagnosis; however, if, still, the diagnosis 

dilemma persists, histological diagnosis is 

needed. The approach has to be individualised on 

a case-by-case basis (Fig. 4.1).

4.3.1  Ultrasound (US)

Abdominal US is the first-line imaging modality 

for the evaluation of liver diseases. It possesses 

the advantage of being radiation-free, easily 

accessible, cost-effective and non-invasive with 

inherent soft tissue contrast. Both grayscale and 

Doppler US (colour and spectral Doppler) are 

useful for the identification and characterisation 

of liver lesions. Internal features (solid versus 

cystic lesions, vascularity pattern), capsule and 

relationship to surrounding structures can be 

demonstrated [7]. However, it is a subjective and 

operator-dependent modality. Moreover, most of 

the benign liver tumours have a wide range of 

sonographic appearances, and there is significant 

overlap between various lesions on US. Hence, 

cross-sectional imaging is usually needed for fur-

ther characterisation.
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Fig. 4.1 Imaging 

approach to benign liver 

tumours

4.3.2  Contrast-Enhanced 
Ultrasound (CEUS)

There is a growing role of contrast-enhanced 

US for characterisation and evaluation of focal 

liver lesions [8–10]. Apart from the morpho-

logical assessment, the microcirculation and 

vascular enhancement pattern of the lesion are 

demonstrated on administration of intravenous 

US contrast agent. In addition to the advantages 

of grayscale ultrasound, it is particularly useful 

in patients with deranged renal function in 

whom contrast-enhanced cross-sectional imag-

ing cannot be performed. It can also be used for 

long- term surveillance of certain liver lesions, 

being a radiation-free modality. SonoVue (sul-

fur hexafluoride in phospholipid shell) is a 

second- generation US contrast agent which has 

purely intravascular distribution and is widely 

available [11]. Due to the dual vascular supply 

of the liver, multiple enhancement phases are 

obtained for up to 5 min after contrast adminis-

tration to study the continuous intralesional 

haemodynamic changes [12]. With the use of a 

US contrast agent, diagnostic accuracy is sig-

nificantly increased for the identification as 

well as characterisation of the liver lesions 

compared to grayscale US [13].

4.3.3  Computed Tomography (CT)

Multidetector CT remains the most frequently 

used imaging technique for evaluation of liver 

lesions [14]. Apart from being objective in nature, 

it is more accurate and delineates the morphol-

ogy, vascularity and relationship of the lesion 

with adjacent structures.  With recent advances, 

substantial anatomical coverage can be achieved 

in a short scan time along with multiplanar and 

volumetric reconstructions. A multiphasic acqui-

sition is needed to provide detailed morphologi-

cal and haemodynamic information. A 

non-contrast-enhanced phase is added to detect 

calcification, fat, necrosis and intralesional haem-

orrhage. In the presence of dual energy CT, a vir-

tual non-contrast image can be generated, with 

which the non- contrast enhanced phase can be 

omitted [15]. After contrast administration (non-

ionic extracellular contrast agents), multiple 

post-contrast phases are obtained depending on 

the diagnostic task. An early arterial phase 

(10–20  s, after contrast administration) is 

acquired for the generation of an arterial vascular 

road map to see the arterial supply of the lesion 

and to plan intervention. A late arterial phase 

(25–30  s, after contrast administration) demon-

strates the hypervascular lesions in the back-

4 Approach to Benign Liver Tumours



36

ground of hypoattenuating liver parenchyma. 

Portal venous (60–70 s, after contrast administra-

tion) and delayed (2–3 min, after contrast admin-

istration) phases are obtained to study the 

intralesional haemodynamics and the lesion 

attenuation in relation to the adjacent liver paren-

chyma [16].

4.3.4  Magnetic Resonance Imaging 
(MRI)

MRI is a comprehensive imaging modality for 

morphological and functional characterisation of 

liver lesions [17]. Use of higher magnetic field 

strength (1.5–3  Tesla), dedicated phased array 

body coil and technical advancements in imaging 

sequences, including respiratory-triggered 3D 

data acquisition, have further expanded its role 

[18]. The standard MRI sequences for evaluation 

of the liver lesions include a pre-contrast 

T2-weighted (T2-W) sequence (single-shot fast- 

spin echo sequence, balanced steady-state free 

precession sequence), T1-weighted sequence 

(T1-W), chemical shift imaging and multiphasic 

dynamic 3D-spoiled gradient echo sequence per-

formed till 3–4 min after contrast administration 

[19]. In addition, diffusion-weighted imaging 

and MRCP can be added depending on the clini-

cal scenario. Non-specific gadolinium-based 

extracellular MRI contrast agents are commonly 

employed for post-contrast imaging, which fol-

low the same haemodynamic principle as iodin-

ated CT contrast. Hepatocyte-specific contrast 

agents (gadoxetic acid disodium, gadobenate 

diglumine) are partially excreted by the biliary 

system. This allows the combination of multiple 

contrast phases of extracellular non-specific 

agents along with a hepatocyte-specific excretory 

phase to the contrast-enhanced liver imaging pro-

tocol [20]. Use of these agents has been found to 

be better for liver lesion evaluation, especially 

differentiating hepatic adenoma versus focal 

nodular hyperplasia, which remains a diagnostic 

challenge [21]. Superparamagnetic iron oxide 

particles (SPIOs) are taken up by reticuloendo-

thelial cells of the liver (Kupffer cells) which are 

present in variable amounts in various liver 

lesions. This property can be used for lesion 

detection and characterisation using T2* gradient 

echo sequences [22].

4.3.5  Nuclear Medicine

Due to widespread advances in cross-sectional 

imaging modalities, there has been a declining 

role of conventional scintigraphy techniques in 

the characterisation of liver lesions. FDG-PET/

CT also has a limited role in the evaluation of 

benign liver tumours.

Despite technical advances and a multitude of 

imaging modalities available, histopathological 

confirmation of diagnosis may also be required.

4.4  Benign Tumour-Like 
Conditions

4.4.1  Hepatic Cysts

Hepatic cysts are developmental lesions rather 

than true tumours. There is a slight predominance 

of females [2]. They vary in size and number.

4.4.1.1  Pathology

Hepatic cysts are thought to be of biliary tract ori-

gin arising due to deranged development of bile 

ducts. The wall of the cyst is lined by cuboidal 

biliary epithelium; however, they do not commu-

nicate with the biliary tree [23].

4.4.1.2  Clinical Features

Most of the hepatic cysts are incidentally discov-

ered at routine imaging. However, large cysts can 

cause compression of adjacent structures leading 

to symptoms.

4.4.1.3  Imaging Features

 US

On grayscale US, they are round to oval anechoic 

lesions with a thin imperceptible wall (Fig. 4.2a). 

Posterior wall enhancement is seen with increased 

through-transmission. In case of complication 

(mostly due to haemorrhage or infection),  internal 
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a b c

Fig. 4.2 Hepatic cysts. Grayscale US image (a) shows an 

oval, anechoic lesion with a thin imperceptible wall and 

posterior acoustic enhancement (arrow), characteristic of 

a simple hepatic cyst. Colour Doppler US image (b) 

shows a unilocular hepatic cyst with fine echoes within 

and no internal vascularity, suggesting a complicated cyst. 

Post contrast CT (venous phase), axial image (c) shows 

multiple small non-enhancing hypodense homogenous 

lesions scattered in both lobes consistent with simple 

hepatic cysts

debris, thick septation or nodularity can be noted 

(Fig. 4.2b) [23].

 CT

Simple hepatic cysts are typically well demar-

cated with a homogenous appearance. The atten-

uation varies from 10–15 HU (Fig.  4.2c). 

Characteristically, contrast enhancement is 

absent except in cases of complication [24].

 MRI

Hepatic cysts typically have a fluid signal inten-

sity, appearing homogenously hyperintense on 

T2-W and hypointense on T1-W images. No dif-

fusion restriction or post-contrast enhancement is 

seen (Fig.  4.3). In case of intracystic haemor-

rhage, high signal intensity on T1-W images can 

be seen.

4.4.2  Polycystic Liver Disease

Polycystic liver disease is a rare autosomal- 

dominant fibropolycystic disease manifesting 

with multiple simple hepatic cysts. Around 50% 

have associated autosomal-dominant polycystic 

kidney disease [25].

4.4.2.1  Pathology

Polycystic liver disease arises due to ductal plate 

malformation affecting small intrahepatic biliary 

ducts. It can be associated with other disorders 

characterised by ductal plate malformation such 

as Caroli’s disease and biliary hamartomas. 

Histologically, it contains two types of cysts: 

simple hepatic cysts (lined by cuboidal biliary 

epithelium) and peribiliary cysts (dilated peribili-

ary glands) [25].

4.4.2.2  Clinical Features

There is an increase in the number and size of 

cysts after puberty, with symptoms appearing as 

the disease progresses. Common complications 

include rupture, haemorrhage and super-added 

infection [25].

4.4.2.3  Imaging Features

Imaging appearance is typically similar to hepatic 

cysts ranging in size from a few millimetres to 

80mm. Complications are better depicted on 

MRI/CT as compared to US (Fig. 4.4) [26].

4.4.3  Ciliated Hepatic Foregut Cyst

Ciliated hepatic foregut duplication cyst is a 

rare congenital lesion. They are mostly benign; 

however, rare cases of malignant transforma-

tion to squamous cell carcinoma have been 

reported [27].

4.4.3.1  Pathology

Ciliated hepatic foregut cysts are thought to arise 

from the embryonic foregut with histology 

4 Approach to Benign Liver Tumours



38

a b

c d

Fig. 4.3 Hepatic cyst 

on MRI. Axial T2-W (a) 

and T1-W (b) MRI 

images depict a 

circumscribed 

homogenous T2-W 

hyperintense and T1-W 

hypointense lesion 

(arrow), with fluid signal 

intensity. There is no 

diffusion restriction 

(DWI-b800, (c) with T2 

shine- through on the 

corresponding ADC map 

(d)

a b c

Fig. 4.4 Polycystic liver disease in a patient with autoso-

mal dominant polycystic kidney disease (ADPKD). Axial 

CT images show multiple cysts of varying sizes in both 

lobes of the liver (a and b). Bilateral kidneys are enlarged 

and show numerous cysts, some of which show haemor-

rhagic changes (c)

 similar to bronchogenic and oesophageal dupli-

cation cysts and are lined by pseudostratified 

columnar epithelium.

4.4.3.2  Clinical Features

The vast majority of patients are asymptomatic, 

discovered incidentally during imaging for other 

causes. However, portal hypertension or jaundice 

can occur rarely due to mass effect from the 

lesion [28].

4.4.3.3  Imaging Features

A ciliated hepatic foregut duplication cyst is typi-

cally a solitary lesion, measuring <3 cm, and is 

most commonly located in the subcapsular loca-

tion. On US, they appear as anechoic or 

hypoechoic depending on the internal content. 

CT/MRI appearance also varies depending on the 

cyst content, whether it is serous or mucinous. 

Diffusion restriction or post-contrast enhance-

ment is typically absent. In cases of cysts larger 

than 4 cm, with a solid enhancing component and 

thick irregular septations, malignant transforma-

tion should be ruled out [25, 29].

4.4.4  Peribiliary Cyst

Peribiliary cysts are a rare benign disorder, 

occurring in patients with cirrhosis, especially 

in the setting of portal hypertension. These 

represent cystic dilatation of the peribiliary 
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a cb

Fig. 4.5 Peribiliary cysts. Axial T2-weighted MRI image 

shows multiple cystic lesions of varying sizes in the left 

lobe of the liver (a), which are seen along the portal tracts, 

on either side of the portal vein branches (b). The peribili-

ary distribution of these lesions is better appreciated on 

the coronal MRCP image (c)

glands in the bile duct wall. They vary in size 

and number and are often detected inciden-

tally. On US, well- marginated homogenous 

anechoic cysts are seen along the portal tracts, 

along both sides of the portal vein branches. 

This is in contrast to biliary radical dilatation, 

which is seen on one side. Moreover, the pres-

ence of thin septa within can help differentiate 

them from biliary radicle dilatation. On CT/

MRI, hilar distribution is better appreciated 

with simple fluid attenuation/signal intensity 

(Fig. 4.5) [30, 31].

4.4.5  Biliary Hamartomas (von 
Meyenburg Complex)

Biliary hamartomas, also known as von 

Meyenberg complexes, are congenital cystic 

hamartomatous lesions, originating from 

embryonic bile ducts that fail to involute. They 

are more common in females as compared to 

males [25].

4.4.5.1  Pathology

Biliary hamartomas occur due to ductal plate 

malformation with deficient remodelling of 

the primitive ductal plate. They consist of 

dilated small bile ducts surrounded by fibrous 

stroma and do not communicate with the bili-

ary tree [2].

4.4.5.2  Clinical Features

Biliary hamartomas are less commonly detected 

on imaging due to their small size. They are 

asymptomatic, requiring no treatment.

4.4.5.3  Imaging Features

 US

On US, multiple, small (<15  mm), round or 

irregular scattered cysts are seen diffusely dis-

tributed in the liver parenchyma, with a predilec-

tion for the subcapsular region. Due to the small 

size, they can appear as anechoic, hypoechoic or 

hyperechoic, with closely placed lesions demon-

strating reverberation artefacts [32].

 CT

CT features of biliary hamartomas are similar to 

small simple cyst, showing no post-contrast 

enhancement.

 MRI

Markedly T2-W hyperintense/T1-W hypointense 

small cysts are seen diffusely scattered in both 

lobes of the liver, with occasional rim enhance-

ment due to adjacent compressed liver paren-

chyma (Fig.  4.6). In a subset of cysts, a small 

mural nodule composed of fibrocollagenous tis-

sue can be seen showing post-contrast enhance-

ment and T2-W intermediate signal intensity [33].
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Fig. 4.6 Biliary 

hamartomas. (a) Axial 

T2-weighted MRI image 

shows small 

hyperintense cysts in 

both lobes of the liver 

(arrows). These appear 

hypointense on 

T1-weighted image (b) 

and show subtle rim 

enhancement in the 

arterial phase (c) with no 

washout in the delayed 

phase (d)

4.4.6  Peliosis Hepatis

Peliosis hepatis is a rare benign vascular disorder 

characterised by sinusoidal dilatation and multiple 

blood-filled lacunar spaces within the liver paren-

chyma. There may be involvement of other organs 

also such as the spleen and bone marrow [3].

4.4.6.1  Pathology

The exact etiopathogenesis of peliosis hepatis 

remains unclear. Several causes attributable to the 

development of this vascular condition include 

drugs (anabolic steroids, tamoxifen, oral contracep-

tive pills, azathioprine), toxins (polyvinyl chloride, 

arsenic) and chronic wasting diseases (tuberculosis, 

leprosy, acquired immune deficiency 

disorder(AIDS) and various malignancies, particu-

larly hepatocellular cancer). The proposed primary 

event could be obstruction of hepatic outflow at the 

sinusoidal level with subsequent venous dilatation 

and cavity formation secondary to hepatocellular 

necrosis. The dilated sinusoids contain red blood 

cells and are bound by cords of liver cells [34].

4.4.6.2  Clinical Features

Hepatomegaly, ascites, portal hypertension and 

hepatic failure are common clinical presenta-

tions. However, symptoms are often absent or 

nonspecific. Rupture and intraperitoneal haemor-

rhage are potential complications [35].

4.4.6.3  Imaging Features

 US

The US appearance of peliosis hepatis is variable 

depending on the echogenicity of the background 

liver parenchyma. The lesions appear as hypoechoic 

in the background of hepatic steatosis, hyperechoic 

in normal liver and heterogenous in cases of haem-

orrhage. On colour Doppler, perinodular and intra-

nodular vascularity can be seen [3].

 CT

The CT appearance depends on the presence of 

haemorrhage and thrombosis and the size of the 

lesion. They usually appear as multiple areas of 

low attenuation with interspersed high-density 

areas corresponding to haemorrhage. 

Calcification may be present. On post-contrast 

administration, early globular enhancement fol-

lowed by progressive centrifugal enhancement is 

seen. In the delayed phase, diffuse homogenous 

enhancement is seen due to contrast pooling in 

the sinusoidal cavities [36].

 MRI

There is a variable appearance of peliosis hepatis 

on MRI which is largely dependent on age and 

status of the blood component. On T2-W images, 

the lesion is usually heterogenously hyperin-

tense, while on T1-W images, it can appear 
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hypointense to hyperintense. A similar enhance-

ment pattern is seen after contrast administration 

as on CT [37].

4.5  Benign Liver Tumours 
of Hepatocellular Origin

4.5.1  Hepatic Adenoma/
Hepatocellular Adenoma

Hepatic adenomas are benign liver tumours of 

hepatocellular origin which are a heterogenous 

group of tumours with specific genetic and path-

ological abnormalities [38, 39]. They are more 

common in young women (90%) with predispos-

ing factors including oral contraceptive intake, 

anabolic steroid use and glycogen storage disor-

ders. A total of 80% are solitary with multiple 

adenomas encountered in patients with adenoma-

tosis, glycogen storage disorders (Type 1A) and 

von-Gierke’s disease [40]. Complications include 

risk of spontaneous haemorrhage and degenera-

tion into hepatocellular carcinoma which depends 

on the subtype of hepatic adenomas [41, 42].

4.5.1.1  Pathology

Hepatic adenomas arise from the differentiated 

hepatocytes which are larger than normal hepato-

cytes and are arranged in cords. They typically 

lack bile ducts or portal triads, which is a key dis-

tinguishing feature between focal nodular hyper-

plasia and adenoma on histology [43].

Currently, hepatic adenomas are classified 

into three subtypes with each having distinct 

pathological and genetic alteration (genotype- 

phenotype classification)—inflammatory hepato-

cellular adenoma, hepatocyte nuclear factor 

1α-mutated hepatocellular adenoma (HNF-1α) 

and beta-catenin-mutated hepatocellular ade-

noma. Few hepatic adenomas (around 10%) are 

without any specific genetic and pathological 

alterations and are labelled as unclassified hepatic 

adenomas. Each subtype has distinct histopatho-

logical and imaging features, although consider-

able overlap does exist [44]. It is important to 

subtype the hepatocellular adenomas due to dif-

ferent management strategies.

4.5.1.2  Inflammatory Hepatocellular 

Adenomas

Inflammatory hepatocellular adenomas are the 

most common subtype accounting for 40–50% of 

all adenomas. They typically occur in young 

females, on oral contraceptives and in obese 

patients [44]. The proposed pathogeneses are 

mutations in the interleukin-6 signal transducer 

gene (IL6ST) and overexpression of wild-type 

glycoprotein 130, which leads to activation of the 

JAK-STAT (Janus kinase-signal transducer and 

activator of transcription) pathway [45, 46]. 

Inflammatory adenomas have intense polymor-

phous inflammatory infiltrates, dilatation of sinu-

soids, haemorrhage and thick-walled arteries 

[47]. Of all the subtypes, the inflammatory sub-

type has the highest chances of bleeding which 

can occur in 30% of the cases. About 10% show 

an increased risk of malignancy transformation 

[38, 39].

4.5.1.3  HNF-1α-Mutated 

Hepatocellular Adenoma

HNF-1α-mutated hepatocellular adenomas are 

the second most common subtype which account 

for 30–35% of all cases. They occur exclusively 

in young women with a history of oral contracep-

tive pill intake. They are multiple in 50% of cases 

[44]. It occurs due to inactivating mutations of 

the HNF-1α gene, which is a tumour suppressor 

gene located at chromosome 12 [48]. There is 

impairment of fatty acid metabolism in the liver 

with intracellular fat deposition, with characteris-

tic intratumoural lipid accumulation within the 

hepatocytes and lack of liver fatty acid–binding 

protein at immunochemical analysis [49]. 

Macroscopic fat is demonstrated in about 7% of 

cases, while microscopic fat is seen in 35–77% of 

cases [44]. They are the least aggressive type 

with minimal risk of bleeding and no risk for 

degeneration into malignancy.

4.5.1.4  Beta-Catenin-Mutated 

Hepatocellular Adenoma

Beta-catenin-mutated hepatocellular adenoma 

constitutes 10–15% of all cases of hepatocellular 

adenoma. They occur more commonly in men, 

with risk factors including anabolic steroids, gly-
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cogen storage disorder and familial adenomatosis 

polyposis [44]. Proposed etiopathogenesis 

includes activating mutations in the beta-catenin 

protein, an important regulator of the Wnt/beta- 

catenin pathway, which results in uncontrolled 

proliferation of hepatocytes [50]. Histologically, 

they are characterised by cellular proliferation 

with a higher nuclear-cytoplasmic ratio and 

nuclear atypia and are sometimes difficult to dif-

ferentiate from well-differentiated hepatocellular 

carcinoma [51]. Overall, they carry the worst 

prognosis of all the hepatic adenomas, with the 

highest risk of malignant transformation [44].

4.5.1.5  Clinical Features

Most hepatic adenomas are asymptomatic and 

incidentally detected. Some may present with 

right upper quadrant pain and fullness. Acute 

abdomen with hypotensive emergency can occur 

in cases of spontaneous rupture. Patients with 

inflammatory hepatic adenoma can present with 

signs of systemic illness along with elevated 

inflammatory markers including leucocytosis, 

elevated C-reactive protein and serum amyloid-

A [52].

4.5.1.6  Imaging

 US

Hepatic adenomas are generally circumscribed 

lesions with heterogenous echopattern depending 

on the degree of haemorrhage, necrosis, fat, 

fibrosis and liquefaction. A hypoechoic periph-

eral rim may be present in some cases. On colour 

Doppler, internal vascularity is present with a few 

intralesional arteries. On CE-USG, they are 

hyper-enhancing in the arterial phase, with a cen-

tripetal pattern of enhancement and diffuse sus-

tained enhancement in the venous and delayed 

phases. However, about 30% of adenomas can 

show weak washout in the delayed phase [53].

 CT

In the non-contrast phase, the hepatic adenomas 

are of heterogenous attenuation with areas of 

high density corresponding to bleeding and low 

density corresponding to intralesional fat. After 

contrast administration, moderate and rapid 

enhancement is seen in the arterial phase, typi-

cally showing washout and becoming isodense to 

the adjacent liver parenchyma in the venous and 

delayed phases (Fig. 4.7). A hyperdense rim may 

be seen in some cases in the delayed phase [54, 

55].

 MRI

MRI is the imaging modality of choice for sub-

type characterisation of hepatocellular adeno-

mas. Most are typically of high or equal signal 

intensity on T1-W and T2-W images, with 

intense arterial enhancement, becoming isoin-

tense in the venous phase on post- contrast 

sequences (Fig. 4.8). They may show restricted 

diffusion. There is a lack of uptake of hepatocyte-

specific MRI contrast agents. While adenomas 

with microscopic fat show a characteristic signal 

drop on opposed-phase images, lipid- poor ade-

nomas retain the signal intensity with no signal 

drop. Certain MRI features have been described, 

suggesting a particular subtype of hepatic ade-

noma, although histopathological and immuno-

histochemical analysis is often needed for 

a b c

Fig. 4.7 Hepatic adenoma on CT.  Axial images of a 

dynamic contrast CT show a lesion in segment IV (arrow), 

which is hyperenhancing on the arterial phase (a), and 

becomes isodense to the liver parenchyma in the venous 

(b) and delayed (c) phases
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Fig. 4.8 Hepatic adenoma on MRI.  Contrast-enhanced 

MRI shows a circumscribed lesion in segment IV of the liver 

(arrow), which is mildly hyperintense on T2-W sequence (a). 

On T1-W in-phase (b) and opposed-phase (c) sequences, 

there is a mild drop in signal intensity in the opposed phase 

indicating microscopic fat (arrows). The lesion is hyperen-

hancing in the arterial phase (d) and is isointense to the liver 

parenchyma in the venous (e) and delayed (f) phases

Table 4.2 MRI features of different subtypes of hepatic adenoma

Subtype of 

hepatocellular 

adenoma T2-W sequence T1-W sequence

Chemical shift 

imaging Post-contrast T1-W sequence

Inflammatory 

hepatocellular 

adenoma

Diffusely hyperintense 

with higher signal 

intensity along the 

periphery

Isointense-mildly 

hyperintense

Minimal or no 

signal drop

Intense enhancement in the 

arterial phase, with 

persistent enhancement in 

the venous and delayed 

phases

HNF-1α-mutated 

hepatocellular 

adenoma

Isointense- 

hyperintense

Isointense- 

hyperintense

Diffuse signal 

drop on 

opposed-phase 

images

Moderate arterial 

enhancement, with no 

persistence enhancement in 

the venous and delayed 

phases

Beta-catenin- 

mutated 

hepatocellular 

adenoma

Homogenous/

heterogenous 

hyperintense

Homogenous/

heterogenous 

hyperintense

No drop in 

signal

Strong arterial enhancement 

that can or may not persist in 

the venous and delayed 

phases

complete characterisation and diagnosis of dif-

ferent subtypes of hepatic adenoma. The MRI 

appearances of different subtypes of hepatic ade-

nomas are summarised in Table  4.2 [40, 44, 

56–59].

4.5.2  Focal Nodular Hyperplasia

Focal nodular hyperplasia (FNH) is the most 

common benign liver tumour of hepatocellular 

origin and, overall, the second most common 

benign liver tumour after haemangioma [60]. It is 

considered a regenerative hyperplastic lesion 

rather than a true neoplastic lesion. They can 

occur in patients of all age groups and genders, 

although they are much more common in young 

women. They are solitary in 80% of cases and 

multiple in 20% of cases [61].

4.5.2.1  Pathology

An underlying vascular malformation or vascular 

injury is the proposed etiological factor for the 

development of FNH, leading to hepatocyte pro-
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liferation secondary to increased arterial flow. 

The lesion is composed of hepatocytes, fibrous 

tissue and a variable amount of Kupffer cells and 

bile ductules, which do not show communication 

with the adjacent biliary tree. One or more cen-

tral scars containing malformed vascular struc-

tures are present in most of the cases [62]. FNHs 

are classified into classical (80%) and non- 

classical types (which comprise 20% of all 

cases). The classical FNH is characterised by the 

presence of an abnormal nodular architecture, 

malformed vessels and cholangiolar prolifera-

tion. The non-classical type is further divided 

into three subtypes: a) telangiectatic FNH (dilated 

sinusoids with hypertrophied arteries), b) FNH 

with cytological atypia and c) mixed hyperplastic 

and adenomatous FNH (resembles adenoma). 

Bile duct proliferation is present in all types of 

FNH; however, atypical FNH has certain features 

corresponding to its nomenclature [61, 63].

4.5.2.2  Clinical Features

Like hepatic adenoma, most patients with FNH 

are asymptomatic, and the lesion is incidentally 

detected. Larger lesions can cause vague abdomi-

nal symptoms due to mass effect.

4.5.2.3  Imaging

 US

FNHs have a nonspecific appearance and are usu-

ally seen as isoechoic homogenous lesions, with 

surrounding mass effect. The grayscale US find-

ings can be subtle, even in larger lesions. Some 

lesions can have a hypoechoic halo around the 

lesion due to compressed adjacent liver paren-

chyma. On colour Doppler, a central vessel may 

be present within a solid mass, radiating from the 

central scar into the surrounding lesion [64, 65]. 

On CE-US, it is hyperenhancing in the arterial 

phase, with a spoke-wheel or centrifugal filling 

pattern, showing sustained enhancement on 

venous and delayed phase images [66].

 CT

FNHs are often not visualised on non-contrast CT 

as they are isodense to slightly hypodense to the 

adjacent liver parenchyma. On contrast adminis-

a b

c d

Fig. 4.9 Focal nodular hyperplasia (FNH) on CT.  Axial 

sections of dynamic-contrast CT depicting a circumscribed 

homogenous arterial-enhancing lesion in segment VII (a and 

b), showing washout in venous (c) and delayed (d) phase 

images with a central scar (arrow). The central scar is hypoat-

tenuating in the early arterial phase, with delayed enhance-

ment in later phases, characteristic of FNH. Note the tortuous 

feeding vessels (arrowhead), commonly seen in FNH
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tration, they are lobulated homogenously enhanc-

ing lesions in the arterial phase with some washout 

in the venous phase, becoming isoattenuating on 

delayed phase. Large feeding arteries and drain-

ing veins may be seen. They always drain into the 

hepatic veins. Portal venous supply is absent. A 

central scar is present in about 60% of cases on 

CT. The scar is hypoattenuating in the early arte-

rial phase with fill-in on later phases showing 

delayed enhancement (Fig. 4.9) [67, 68].

 MRI

FNHs are isointense to hypointense on T1-W 

images and isointense to mildly hyperintense on 

T2-W images. The scar is seen in 78% of cases 

and appears hyperintense on T2-W images. The 

imaging characteristics on post-contrast MRI 

sequences are similar to those of CT.  There is 

persistent and delayed enhancement of the cen-

tral scar (Fig.  4.10) [69]. Although FNH is the 

most common tumour with a central scar, it can 

be seen in some other liver lesions as well 

(Table  4.3). With hepatocyte-specific contrast 

agents, there is prolonged and excessive uptake 

of contrast by the tumour, with the absence of 

secretion within the biliary system [21]. 

Moreover, due to the presence of Kupffer cells, 

there is uptake of SPIO contrast agent within the 

lesion, manifesting as signal drop on T2-W GRE 

sequences [70].

The non-classical FNH can have different and 

variable imaging appearances ranging from less 

intense enhancement, atypical appearance of 

central scar, higher signal intensity on T2-W 

images and pseudocapsular enhancement on 

delayed phases. In such cases, hepatocyte- 

specific agents can be of help, where there is 

uptake of contrast by the lesion [62].

Since FNH has a benign clinical course, 

while hepatic adenomas have more chances of 

complications, differentiation is important. A 

more homogenous appearance, a central scar 

and persistent uptake with hepatocyte-specific 

contrast agents on MRI are more suggestive of 

FNH, while T1-W heterogenicity and absent or 

minimal uptake of hepatocyte-specific contrast 

agents are more suggestive of hepatic adenoma 

[1, 2].

a b

c d

Fig. 4.10 FNH on 

dynamic contrast- 

enhanced MRI. Axial 

T2-weighted image (a) 

shows a well-defined, 

mildly hyperintense 

lesion in segment II 

(arrow). The lesion 

shows homogenous 

enhancement in the 

arterial phase (b) with a 

non-enhancing central 

scar. The lesion shows 

mild washout in the 

venous phase (c) and is 

almost isointense in the 

delayed phase, with 

delayed enhancement of 

the central scar (d)
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Table 4.3 Focal hepatic lesions with central scar [62]

Lesion Imaging feature of the scar

Focal nodular hyperplasia Usually <2 cm, T2-W hyperintense with delayed enhancement. Calcification is rare

Fibrolamellar hepatocellular 

carcinoma

Larger, T2-W hypointense with no enhancement. Calcification is common

Haemangioma Larger and brighter on T2-W images

a b

c d

Fig. 4.11 Regenerative 

nodules on 

MRI. Multiple 

well-defined, 

hypointense nodules are 

seen on the T2-weighted 

image (a), which are 

iso- to slightly 

hyperintense on the 

T1-weighted image (b). 

These nodules show no 

enhancement in the 

arterial phase (c) and 

show mild homogenous 

enhancement in the 

delayed phase (d). Note 

is made of an incidental 

liver cyst in segment 

VIII

4.5.3  Nodular Regenerative 
Hyperplasia (NRH)

NRH is a hepatocyte proliferative disorder 

characterised by multiple nodules within the 

liver in the absence of fibrosis. It is a rare dis-

ease, occurring usually in adults or children 

with portal hypertension with no gender predi-

lection [71].

4.5.3.1  Pathology

Although exact etiopathogenesis remains unclear, 

an association with various myeloproliferative 

disorders, collagen vascular diseases and chemo-

therapeutic drugs has been found [72].

4.5.3.2  Imaging

 US

The US appearance can vary from being nor-

mal to multiple hypoechoic to isoechoic nod-

ules showing internal vascularity on colour 

Doppler.

 CT

Multiple hepatic nodules of varying sizes can be 

seen on CT which show homogenous arterial 

phase enhancement, becoming isodense on 

venous and delayed phase images. The nodules 

with central haemorrhage can have heterogenous 

attenuation. However, the liver can appear nor-

mal in cases of very small nodules [1].

 MRI

The nodules in NRH are typically isointense on 

T1-W and T2-W images, with foci of T1-W 

hyperintensity showing homogenous arterial 

post-contrast enhancement. However, imaging 

appearances may be variable. There is diffuse 

uptake of hepatocyte-specific and SPIO MRI 

contrast agents [73].

4.5.4  Hepatocellular Nodules 
in Cirrhosis

The nodules encountered in cirrhosis are classi-

fied as regenerative nodules, dysplastic nodules 
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(low grade and high grade) and malignant nod-

ules (hepatocellular carcinoma). These may pose 

a diagnostic dilemma. In current clinical practice, 

in the presence of cirrhosis in an appropriate clin-

ical setting, the LIRADS lexicon is applied for 

describing the lesions. The regenerative nodules 

show isointense signal intensity on T1-W and 

T2-W images with foci of dysplasia manifesting 

as high signal intensity on T2-W images. Some 

of the regenerative nodules show high T1 signal 

intensity due to the presence of metal-binding 

proteins, proteins or lipids (Fig. 4.11). The dys-

plastic nodules can have arterial phase enhance-

ment on both CT and MRI [1, 6, 74].

4.6  Benign Liver Tumours 
of Mesenchymal Origin

4.6.1  Haemangioma

Liver haemangiomas are the most common 

benign liver tumours with a prevalence of 1–20% 

in the general population [75]. They occur in any 

age group with female predominance. Multiple 

haemangiomas are encountered in 10% of all 

cases and are associated with syndromes like 

Klippel-Trenaunay syndrome, 

 Osler-Rendu- Weber disease and von Hippel-

Landau syndrome [1].

4.6.1.1  Pathology

Pathologically, haemangiomas are characterised 

by endothelial-lined large, blood-filled vascular 

channels separated by fibrous septa. Depending 

on the size of the vascular channels, haemangio-

mas can be classified as cavernous or capillary 

type. Multiple large vascular spaces with varying 

degrees of haemorrhage, thrombosis and fibrosis 

can be seen [76].

4.6.1.2  Clinical Features

Most of the liver haemangiomas are asymptom-

atic and uncommonly present with abdominal 

pain. Rare, but clinically significant complica-

tions include spontaneous haemorrhage (intratu-

moural and peritoneal) and Kasabach-Merrit 

syndrome (consumption coagulopathy) [77].

4.6.1.3  Imaging Features

 US

The classical haemangiomas are typically small in 

size (<3 cm), circumscribed, homogenous, hyper-

echoic lesions with posterior acoustic enhance-

ment (Fig.  4.12a). Some appear as relatively 

hypoechoic to isoechoic lesions with an echogenic 

rim. In the presence of background diffuse liver 

disease, including hepatic steatosis and fibrosis, 

the echo pattern of haemangioma can be variable 

[78, 79]. On CE-US, a centripetal pattern of 

enhancement is seen with peripheral discontinu-

ous nodular enhancement in the arterial phase, 

a b c d

Fig. 4.12 Hepatic haemangioma. (a) On US, there is a 

circumscribed hyperechoic liver lesion with posterior 

acoustic enhancement (arrow). Axial section of dynamic 

contrast CT depicts a circumscribed lesion in segment 

VIII, showing peripheral nodular discontinuous enhance-

ment in the arterial phase (b), with progressive, centripetal 

filling in the venous (c) and delayed (d) phases. The atten-

uation of the lesion is almost the same as that of the aorta 

in all phases of dynamic CT, characteristic of 

haemangioma
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with progressive enhancement in the venous and 

delayed phases, filling the lesion partially or com-

pletely [12].

 CT

Haemangiomas appear as hypoattenuating 

lesions on the non-contrast phase. After contrast 

administration, they show early, peripheral, nod-

ular and discontinuous enhancement, with atten-

uation of the enhancing nodules equivalent to 

that of the aorta (Fig. 4.12b). In the venous and 

delayed phases, there is gradual, progressive, 

centripetal filling, with persistent homogenous 

enhancement on delayed phase images 

(Fig. 4.12c, d). This enhancement pattern is spe-

cific to haemangioma and differentiates it from 

vascular metastasis which usually have a com-

plete rim of arterial enhancement [80, 81].

 MRI

On MRI, haemangiomas are typically well cir-

cumscribed with homogenous high signal inten-

sity on T2-W images and low signal intensity on 

T1-W images. No diffusion restriction is seen, 

and lesions retain high signal intensity on DWI 

and ADC maps. The imaging features on dynamic 

post-contrast-T1-W images are similar to those 

of CT. The reported sensitivity and specificity to 

diagnose classical haemangiomas with dynamic 

contrast-enhanced MRI and T2-W images are 

98% with an accuracy of 99% (Fig. 4.13) [82–84].

4.6.1.4  Common Atypical 

Haemangiomas

 Large/Giant Haemangioma

The definition of large/giant haemangioma is 

variably described in the literature. Some 

authors use a cut-off of 4 cm in diameter, while 

some define it as being greater than 6  cm or 

12 cm in diameter [83]. Due to the larger size, 

the lesions undergo changes such as necrosis, 

haemorrhage, fibrosis and thrombosis, which 

are responsible for their heterogenous imaging 

appearance. They are of heterogenous echotex-

ture on US.  On non- contrast CT, the lesions 

with haemorrhage can be of higher attenuation. 

The MRI findings include a sharply marginated 

high signal intensity lesion on T2-W and low 

signal intensity lesion on T1-W images, with 

central T2-W higher signal intensity cleft-like 

areas and a few internal T2-W hypointense 

septa. On post-contrast CT/MRI sequences, 

there is non-uniform enhancement with non- 

a b c d

e f g h

Fig. 4.13 Hepatic haemangioma on MRI. A circum-

scribed lesion is seen in segment VIII which is 

homogenously hyperintense on T2-W (a) and hypoin-

tense on T1-W (b) sequence, showing no diffusion 

restriction (c, DWI b-8000; d, ADC). The dynamic 

post-contrast MRI sequence (e–h) demonstrates the 

characteristic enhancement pattern of haemangioma; 

early peripheral discontinuous enhancement is fol-

lowed by progressive, centripetal filling in the later 

phases
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a b

c d

Fig. 4.14 Giant 

haemangioma. A 

well-defined lobulated 

lesion (arrow) measuring 

8 × 6 cm is seen in 

segment VI of the liver, 

which is hyperintense on 

the T2-weighted image 

with fine T2-hypointense 

internal septa (a). On 

dynamic post-contrast 

MRI, the lesion shows 

areas of nodular 

peripheral enhancement 

in the arterial phase (b), 

with non-uniform, 

progressive 

enhancement and 

centripetal filling in the 

venous (c) and delayed 

(d) phases

enhancing components and centripetal filling in 

delayed phase images (Fig.  4.14) [84]. 

Radionuclide RBC scintigraphy is a valuable 

tool when there is a diagnostic dilemma with 

haemangiomas showing decreased activity on 

initial dynamic images followed by increased 

activity on delayed, blood pool images.

 Rapidly Filling/Flash Haemangiomas

Rapidly filling haemangiomas are smaller in size 

(<1 cm) and account for 16% of all haemangio-

mas [75]. On ultrasound, they are typically 

hyperechoic with some showing unusual arterial 

flow on colour Doppler. They demonstrate a par-

ticular enhancement pattern on CT and MRI, 

with immediate homogenous complete enhance-

ment in the arterial phase, which persists on 

venous and delayed phase images. The early arte-

rial enhancement matches that of the aorta, and 

the lesion remains hyperattenuating/hyperintense 

on delayed phase images (Fig. 4.15) [85].

Other atypical imaging patterns in haemangi-

oma including calcification, intralesional fat, 

hyalinisation and fluid-fluid levels are rare. A 

particular calcific pattern described is of multiple 

spotty calcifications within the lesion, which 

likely corresponds to phleboliths [75, 86]. 

Hyalinised haemangiomas do not show high sig-

nal intensity on T2-W images and often lack the 

early enhancement typical of classical haeman-

giomas [87]. Fluid-fluid level is seen in haeman-

giomas secondary to haemorrhage and is not 

specific as it can be seen in other benign and 

malignant vascular lesions as well.

4.6.2  Angiomyolipoma

Hepatic angiomyolipomas are rare mesenchymal 

liver tumours which can occur sporadically or in 

patients with tuberous sclerosis.

4.6.2.1  Pathology

They have varying amounts of smooth muscles, 

blood vessels and adipose tissue which account 

for their typical imaging appearance. They are 

characterised by HMB-45 positivity on immuno-

histochemical staining [88].

4.6.2.2  Imaging

 US

The lesions are typically circumscribed and non-

encapsulated, with intralesional macroscopic fat 

which accounts for a hyperechoic echo pattern.
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a b

c d

Fig. 4.15 Flash 

haemangioma on 

MRI. Axial T2-weighted 

image (a) shows a 

well-defined lobulated, 

hyperintense lesion in 

segment VII (arrow). 

This lesion shows 

immediate homogenous 

complete enhancement 

in the arterial phase (b), 

which persists in the 

venous (c) and delayed 

(d) phases. The 

enhancement matches 

that of the aorta in all 

phases, and the lesion 

remains hyperintense in 

the delayed phase

a b c

Fig. 4.16 Hepatic lipoma. Axial T2-W image (a) depicts 

a small T2 hyperintense lesion in segment III, adjacent to 

the ligamentum venosum. On T1-W water-suppressed 

sequence (b), the lesion is hyperintense, with a drop in 

signal on fat-suppressed sequence (c), suggestive of mac-

roscopic fat

 CT

There is variable enhancement with central ves-

sels and areas of interspersed macroscopic fat 

seen depending on the composition.

 MRI

The lesion typically has high signal intensity on 

T1-W and T2-W images with suppression of sig-

nal on fat-suppressed sequences. Microscopic fat 

can be demonstrated using chemical shift imag-

ing. However, 50% of hepatic angiomyolipomas 

lack considerable fat content making differentia-

tion from other vascular lesions of the liver diffi-

cult [89].

4.6.3  Lipoma

Hepatic lipomas are uncommon benign hepatic 

tumours characterised by intralesional fat. They 

have a non-specific imaging appearance on ultra-

sound and appear hyperechoic. Cross-sectional 

imaging features are diagnostic, like lipomas 

elsewhere in the body. They are homogenous cir-

cumscribed lesions with fat attenuation on CT 

showing no post-contrast enhancement. On MRI, 

there is high signal intensity on non-fat sup-

pressed T1-W and T2-W images with signal drop 

on fat suppressed sequences (Fig. 4.16) [90].
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4.6.4  Inflammatory Pseudotumour

Inflammatory pseudotumours are rare lesions 

composed of inflammatory cells and fibrous 

stroma. The exact etiopathogenesis remains 

unclear, although they have been speculated to 

occur secondary to hepatic infections [91]. 

Imaging features are nonspecific. They can be 

hypoechoic or hyperechoic on US with increased 

posterior acoustic enhancement and have multi-

ple septa. On CT, the lesions are hypoattenuating 

with a varied degree of enhancement after con-

trast administration. On MRI, they are usually 

hyperintense on T2-W images and hypointense 

on T1-W images with a variable enhancement 

pattern [92].

4.6.5  Paragangliomas

The majority of paragangliomas are benign, typi-

cally occurring along the sympathetic chains due 

to their neural crest cell as a cell of origin. 

Intrahepatic paragangliomas have been described, 

although their imaging appearance is nonspe-

cific. They are usually well circumscribed with 

areas of cystic changes. They typically have high 

signal intensity on T2-W images and show avid 

post-contrast enhancement [93].

4.6.6  Leiomyoma

Leiomyoma of the liver is an extremely rare 

lesion associated with human immunodeficiency 

virus infection. The imaging features are nonspe-

cific. Post-contrast enhancement is present and 

can be in the form of rim enhancement or homog-

enous intense enhancement [94].

4.6.7  Fibromas

Fibromas are rare tumours composed of spin-

dle cells and collagen which occur on the sur-

face of the liver. No specific imaging pattern 

exists.

4.6.8  Lymphangioma

Hepatic lymphangioma is composed of multiple 

dilated lymphatic channels, usually associated with 

lymphatic malformation elsewhere in the body.

4.7  Mesenchymal Benign Liver 
Tumours of the Paediatric 
Population

4.7.1  Mesenchymal Hamartomas

Mesenchymal hamartoma is a benign cystic 

tumour of the liver seen in children younger than 

2  years of age. It is more common in boys as 

compared to girls and is usually solitary [95].

4.7.1.1  Pathology

They are predominantly cystic lesions with a 

fibrous solid component composed of fibroblast- 

like mesenchymal cells, bile ducts and liver paren-

chyma. There is gelatinous mesenchymal tissue 

with remnants of normal liver parenchyma [96].

4.7.1.2  Clinical Features

Slow, progressive, painless abdominal distension 

is the typical imaging feature. Systemic symp-

toms develop when the lesion reaches a consider-

able size.

4.7.1.3  Imaging

On US, a well-circumscribed unilocular or multi-

locular cystic lesion is seen with internal septa-

tions of variable thickness. On CT and MRI, the 

imaging appearance is predominantly cystic with 

enhancement of the internal septa. The solid 

component appears as hypointense on T1-W and 

T2-W images. No calcification or haemorrhage is 

seen [1, 95].

4.7.2  Infantile Haemangioma

Infantile haemangiomas are the most common 

benign hepatic tumours of infants occurring more 

commonly in females as compared to males. It is 
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usually diffuse with multiple lesions throughout 

the liver parenchyma. Focal and multifocal are 

other uncommon types [97].

4.7.2.1  Pathology

Infantile haemangiomas are composed of multi-

ple vascular channels lined by endothelial cells 

with areas of haemorrhage, necrosis, thrombosis 

and calcification. Immature pleomorphic cells 

can be encountered in lesions with malignant 

potential [98].

4.7.2.2  Clinical Features

Typically, infants present with a palpable abdom-

inal mass with features of congestive heart failure 

due to large arteriovenous shunting.

4.7.2.3  Imaging

Multiple variable-sized lesions are seen with 

imaging appearances like adult haemangiomas. 

However, calcifications are common (40–50% of 

cases), and there is characteristic narrowing of 

the abdominal aorta below the origin of the celiac 

axis with dilated celiac axis, common hepatic 

artery and prominent draining veins [99].

4.8  Benign Liver Tumours 
of Cholangiocellular Origin

4.8.1  Biliary Cystadenoma

Biliary cystadenomas are rare benign cystic neo-

plasms of biliary origin. They are typically 

encountered in women of the middle-aged group. 

They are premalignant tumours, with conversion 

to biliary cystadenocarcinoma, a well-recognised 

complication. They are usually solitary, with 

multifocality being rare [100].

4.8.1.1  Pathology

Biliary cystadenomas are cystic masses with the 

locules containing clear fluid or mucinous fluid, 

although serous, haemorrhagic and biliary con-

tents can also be present. In 80% of cases, there 

can be ovarian stroma on histology [26].

4.8.1.2  Clinical Features

Clinical features are often non-specific. There 

can be jaundice in case of biliary system 

compression.

a b

c d

Fig. 4.17 Biliary 

cystadenoma. Axial 

T2-weighted MRI image 

shows a multilocular 

cystic lesion (arrow) in 

segment VII (a), with 

thin internal septations. 

The lesion is 

homogenously 

hypointense on the 

T1-weighted image (b). 

The septations show 

enhancement on arterial 

(c) and delayed (d) 

post-contrast images. No 

mural nodules are seen
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4.8.1.3  Imaging

 US

Biliary cystadenomas are circumscribed, multi-

loculated cystic lesions with thin internal septa-

tions. Vascularity can be seen within the septa on 

colour Doppler with enhancement of the septa on 

CE US [12].

 CT

On CT, biliary cystadenoma appears as a well- 

defined hypodense multilocular lesion. Depending 

on the cystic content (mucinous or proteinaceous), 

the attenuation can vary. There is post-contrast 

enhancement of the internal septa and wall. 

Calcification is uncommonly seen along the septa. 

The presence of mural nodules, solid component 

and coarse calcification is more commonly associ-

ated with cystadenocarcinoma [101].

 MRI

MRI signal intensity depends on the content of 

the cyst. However, predominantly, there is high 

signal intensity on T2-W and low-mixed signal 

intensity on T1-W images. There is enhancement 

of the septa on post-contrast administration 

(Fig. 4.17) [102].

4.8.2  Bile Duct Adenoma

It is a rare benign epithelial tumour derived from 

bile duct cells. Pathologically, there is a prolifera-

tion of ductules and fibrous stroma. On imaging, 

they are usually small (<1  cm) circumscribed 

lesions showing intense post-contrast enhance-

ment which persists in the venous and delayed 

phases [76].

4.9  Conclusion

Benign hepatic lesions are of multiple etiologies. 

They may be incidentally detected and may have 

nonspecific clinical features. Imaging plays a 

crucial role in diagnosing and suggesting a rea-

sonable differential diagnosis. However, due to 

atypical features of common lesions and the 

occurrence of uncommon hepatic tumours, diag-

nosis can be challenging. Patient history, relevant 

clinical data and a combination of various imag-

ing modalities are often needed for arriving at the 

final diagnosis.
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5.1  Introduction

Hepatic malignancies are the sixth most common 

cancer worldwide and the third leading cause of 

cancer-related mortality [1]. The ever-increasing 

incidence combined with the high associated 

morbidity and mortality makes malignant hepatic 

tumours a global health challenge that needs to 

be tackled at all levels of medical care, from pre-

vention to diagnosis and treatment. Imaging of 

these tumours is critical in their management as 

they assist in the detection, characterisation, stag-

ing, assessing treatment response and identifying 

recurrence of these malignancies. The modalities 

available include ultrasonography (US) including 

elastography and contrast-enhanced ultrasonog-

raphy (CEUS), computed tomography (CT), 

magnetic resonance imaging (MRI) and positron 

emission tomography–CT (PET-CT).

5.2  Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the most 

common primary hepatic malignancy, account-

ing for 90% of all diagnosed liver tumours [2]. 

Over the past decade, the incidence of HCC has 

been steadily increasing in the higher socio- 

economic index countries like the USA, Canada, 

Australia and many European countries along 

with a decline in traditionally higher incidence 

countries like China and sub-Saharan Africa, 

mainly due to the increase in the incidence of 

non-alcoholic fatty liver disease (NAFLD)–asso-

ciated cirrhosis.

The incidence of HCC increases with 

advanced age and male sex. The presence of 

cirrhosis due to hepatitis B, hepatitis C, 

chronic alcohol intake and NAFLD is an 

important risk factor for HCC development. 

Other less common etiologies include heredi-

tary hemochromatosis, glycogen storage dis-

ease, alpha-1-antitrypsin deficiency, primary 

biliary cirrhosis and autoimmune hepatitis. 

While all the aforementioned causes of cirrho-

sis may result in tumour development, the risk 

is higher for viral hepatitis. Chronic inflam-

mation in the absence of cirrhosis in cases of 

hepatitis B, hepatitis C and non-alcoholic ste-

atohepatitis (NASH) can also lead to the 

development of HCC, although at a much 

lower rate. Chronic contamination of food 

grains with aflatoxin (due to Aspergillus sp.) 

is also an important risk factor for the devel-

opment of HCC, especially in tropical areas 

like sub-Saharan Africa.
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5.3  Hepatocarcinogenesis

Mature hepatocytes are generally considered to be 

the cells of origin for HCC. Hepatocarcinogenesis 

is a complex multistep process during which the 

accumulation of molecular alterations and conse-

quent histological changes occur which often 

have specific imaging correlates [3]. Chronic 

hepatic injury results in the development of fibro-

sis and multiple non-neoplastic nodules called 

regenerative nodules (RNs). RNs are histologi-

cally similar to the surrounding liver parenchyma. 

As the insult continues, progressive molecular 

alterations occur in the RNs promoting their 

unchecked cell proliferation. This leads to the 

development of low-grade dysplastic nodules 

(LGDNs) which further progress to high-grade 

dysplastic nodules (HGDNs) and early HCC. The 

final step in this pathway is the development of 

progressed HCC (Fig. 5.1).

A few important molecular and histological 

changes occur during carcinogenesis, which 

form the basis of imaging features in these 

cases.

 1. Loss of cell transporter function: Hepatocytes 

contain an uptake transporter, the organic 

anion transporting polypeptide 1B3 

(OATP1B3) along the sinusoidal aspect. The 

OATP1B3 is responsible for the extraction of 

substances from the portal blood. These sub-

strates after metabolism are subsequently 

excreted into the biliary canaliculi via multi-

drug resistance protein 1 (MDR1). There is a 

progressive reduction in the expression of the 

organic anion transporting polypeptide 

(OATP) during the process of hepatocarcino-

genesis. This is reflected as reduced or a lack 

of uptake of hepatobiliary contrast agent in 

the hepatobiliary phase MRI [4].

Fig. 5.1 Process of hepatocarcinogenesis. Cirrhotic or 

regenerative nodules transform into dysplastic nodules 

which then ultimately progress to HCC. During this multi-

step hepatocarcinogenesis, OATP expression decreases pro-

gressively as malignant transformation occurs. Intralesional 

blood flow initially decreases as portal triads are lost, fol-

lowed by an increase in arterial flow in progressed HCC due 

to unpaired arteries. HCC hepatocellular carcinoma, HGDN 

high-grade dysplastic nodule, LGDN low-grade dysplastic 

nodule, OATP organic anion transporting polypeptide
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 2. Increased cell density: As the process pro-

gresses, the size of cells decreases with an 

associated increase in the number and density 

of cells within lesions. This causes restriction 

of diffusion of lesions on diffusion-weighted 

imaging (DWI).

 3. Neoangiogenesis: During the phase of early 

carcinogenesis, there is a reduction in the 

number of portal triads leading to a decrease in 

arterial and portal venous flow in dysplastic 

nodules and early HCC which appear hypoen-

hancing compared to adjacent hepatic paren-

chyma. As the lesion becomes progressively 

more malignant, the development of new 

unpaired arteries occurs due to angiogenic fac-

tors which leads to increased arterial flow seen 

in progressed HCCs. This is shown as arterial 

phase hyperenhancement of the lesions [5].

 4. Capsule formation: As lesions transform into 

overt malignancy, i.e. progressed HCC, they 

cause compression of the adjacent host paren-

chyma leading to the development of a cap-

sule by hepatic mesenchymal cells. This 

capsule interferes with the invasion of HCC 

further into the hepatic parenchyma.

 5. Iron accumulation: During early carcinogen-

esis, lesions (LGDN, HGDN) tend to accumu-

late iron due to the upregulation of transferrin 

receptors and appear as hypointense on both 

T1W and T2W images. This is later followed 

by iron loss or iron resistance in early and pro-

gressed HCCs as receptor expression 

decreases. Hence, loss of iron from a previ-

ously siderotic nodule may be a sign of malig-

nant transformation. The phenomenon 

appears as the ‘nodule within nodule’ sign—

the presence of isointense areas within a 

hypointense siderotic nodule on T2-weighted 

MRI, which is strongly suggestive of the pres-

ence of early HCC in a siderotic nodule [6].

 6. Fat accumulation: Dysplastic nodules and 

early HCCs may accumulate fat, followed by 

fat loss as lesions transform into overt 

malignancy.

Key Point: Loss of intralesional iron in a previ-

ously siderotic nodules—sign of malignant 

transformation.

5.4  Ultrasound (US)

According to the current recommendations, US is 

an integral part of the 6-monthly screenings (along 

with tumour markers) in cirrhotics and patients at 

high risk of HCC. Operator dependence, inability 

to detect lesions <1 cm and lower ability to charac-

terize lesions limit the usage of US. In high-risk 

patients undergoing screening for HCC on US, the 

identification of a lesion >10  mm in size, not 

benign in appearance, or the development of a new 

portal vein thrombus is an indication for multipha-

sic contrast-enhanced CT or MRI.

5.5  Contrast-Enhanced 
Ultrasound (CEUS)

CEUS may be performed as the second-line 

diagnostic investigation for the characterisation 

of indeterminate focal hepatic lesions detected 

on conventional US.  Currently, second-genera-

tion microbubble contrast agents comprising sul-

fur hexafluoride gas stabilised by a shell of 

albumin, surfactant or phospholipid are used. 

Different dynamic phases are acquired after 

rapid intravenous administration of 2.4  ml of 

contrast agent followed by 5 ml of saline flush. 

The arterial phase starts at 10–20 s and lasts for 

35–40 s after injection. The portal venous phase 

begins at 60 s and persists for ~2 min after injec-

tion. Enhancement and washout patterns during 

these phases help categorise lesions as either 

benign or malignant and ascertain the nature of 

malignancy, if present.

5.6  Multiphase Computed 
Tomography (MPCT)

MPCT and MRI are the recommended modalities 

of choice for the characterisation of hepatic 

lesions. A multi-detector CT system with ≥8 

rows is recommended for scanning. Scans are 

acquired in multiple phases after administration 

of iodinated contrast agent (1.5–2  ml/kg body 

weight) at 4–5  ml/s followed by a 20–30  ml 

saline flush. Three essential phases are acquired 
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as part of the HCC protocol: late arterial, portal 

venous and delayed phases.

The late arterial phase is optimal for the detec-

tion of hypervascular hepatic lesions like HCC. It 

is obtained at approximately 25–30 s after contrast 

injection or 15–20 s after bolus detection using the 

bolus tracking technique. This phase shows good 

enhancement of the hepatic artery and mild 

enhancement of the portal vein with minimally 

enhancing hepatic parenchyma and no enhance-

ment of hepatic veins. It is extremely important to 

detect the presence of arterial enhancement which 

may be missed on the early arterial phase. The por-

tal venous phase is acquired at 60–70 s after con-

trast injection and demonstrates the presence or 

absence of washout of contrast within hepatic 

lesions. It is characterised by the enhancement of 

the portal and hepatic veins along with the hepatic 

parenchyma. The delayed phase is acquired at 

180  s after the contrast administration and may 

demonstrate washout in certain lesions. The cap-

sule, when present, can be seen either in the portal 

venous phase or the delayed phase.

The early arterial phase is generally omitted as 

it frequently fails to demonstrate arterial enhance-

ment in smaller HCCs. Similarly, a non-contrast 

scan also has no significant role in the HCC pro-

tocol, except in previously treated lesions (e.g. 

post-chemoembolization). Moreover, newer 

dual-energy CT scanners can produce virtual 

non-contrast images eliminating the need for a 

non-contrast scan.

Key Point: The late arterial phase is the most 

important phase during dynamic scanning for 

HCC detection.

5.7  Contrast-Enhanced MRI 
(CEMRI)

CEMRI is performed using gadolinium-based 

extracellular contrast or hepatobiliary contrast 

agents. Extracellular gadolinium–based contrast 

(like gadobutrol, gadoterate meglumine, gadodi-

amide) behaves like CT contrast, and hence, in 

such cases, MRI protocol consists of the late arte-

rial, portal venous and delayed phases.

Hepatobiliary contrast agents are selectively 

taken up by hepatocytes using the OATP1B1 

receptors and excreted into the biliary system via 

multidrug resistance (MDR) transporters. Two 

such agents are gadobenate dimeglumine 

(MultiHance; 3–5% excretion by the liver) and 

gadoxetate disodium (Eovist; 50% excretion by 

the liver), the latter not being available in India. 

The late arterial and portal venous phases for 

both are similar to those of extracellular contrast 

agents. With gadoxetate disodium, the hepato-

cyte uptake starts during the first pass through the 

liver leading to combined intracellular and extra-

cellular components of enhancement at the 3–5- 

min delayed scan. Hence, gadoxetate does not 

provide a conventional delayed phase, and this 

phase of transition from an extracellular domi-

nant to intracellular dominant enhancement is 

called a transitional phase. It is important to dis-

tinguish true washout (seen in the portal venous 

phase/delayed phase of extracellular agents) 

from pseudo-washout (seen only in the transi-

tional phase, not in the portal venous phase) 

which may be due to hyperenhancement of 

hepatic parenchyma relative to the lesion during 

the transitional phase. The hepatobiliary phase is 

acquired at 20 min for Eovist and 60–90 min for 

MultiHance. As the uptake of gadobenate 

dimeglumine (MultiHance) by hepatocytes 

occurs late, there is no overlap between the 

delayed and hepatobiliary phases, with no resul-

tant transitional phase. Lesions which lack hepa-

tocytes or have OATP1B3 downregulation do not 

show uptake of these hepatobiliary agents and 

appear hypointense within the normal enhancing 

hepatic parenchyma. Multiple ancillary criteria 

are also described which can help upgrade or 

downgrade the Liver Imaging Reporting and 

Data System (LI-RADS) category.

5.8  Positron Emission 
Tomography and Computed 
Tomography (PET-CT)

While whole-body 18-fluoro-2-deoxyglu-

cose (FDG) PET-CT plays an important role 

in oncology, it has a limited role in the 
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imaging of primary hepatic malignancies 

due to the excellent sensitivity and specific-

ity of CT and MRI. PET-CT may help in the 

differentiation between malignant and 

benign hepatic mass lesions. Generally, pri-

mary and secondary hepatic malignancies 

show high uptake on FDG-PET scans, while 

benign lesions generally show decreased 

uptake on FDG-PET.  As FDG uptake is 

higher for poorly differentiated HCCs com-

pared to well and moderately differentiated 

tumours, PET can help assess the degree of 

differentiation of tumours. Avid uptake on 

FDG-PET also serves as an independent 

poor prognostic marker in hepatic malig-

nancies. One of the most important roles of 

FDG-PET is to rule out extrahepatic disease 

in HCC due to its high sensitivity for recog-

nition of nodal involvement and extrahe-

patic metastases.

5.9  Liver Imaging Reporting 
and Data System (LI-RADS)

LI-RADS is a reporting system which stan-

dardises terminology, technique, interpretation 

and reporting of imaging in patients with HCC or 

at risk of development of HCC. It was developed 

by the American College of Radiology (ACR) in 

2011 with the latest update in 2024 and is a part 

of the AASLD clinical practice guidelines. The 

criteria are not applicable to patients <18 years of 

age and those with cirrhosis due to congenital 

hepatic fibrosis or vascular disorders.

LI-RADS consists of four major criteria: non- 

rim arterial phase hyperenhancement (APHE), 

washout in the venous/delayed phase, enhancing 

capsule and threshold growth which when com-

bined with lesion size helps assign a LI-RADS 

category (LR1 to LR5, LR-M, LR-TIV) to the 

lesions (Table 5.1). Non-rim APHE is described 

Table 5.1 LI-RADS categories—observation definitions and management options

LI-RADS 

category Definition Examples Management

LR-NC Non-categorizable due 

to image omission/

degradation

Repeat diagnostic imaging/

alternative imaging, 

usually ≤3 months

LR-1 Definitely benign Cyst, hemangioma, perfusion alteration, 

focal fat deposition/sparing, confluent 

hepatic fibrosis, hypertrophic pseudomass

Routine surveillance

LR-2 Probably benign Routine surveillance

LR-3 Intermediate probability 

of malignancy

Repeat imaging in 

3–6 months

LR-4 Probably HCC MDD—Biopsy/treatment/

alternative imaging 

≤3 months

LR-5 Definitely HCC MDD—Staging and 

treatment

Biopsy not needed to 

confirm diagnosis

LR-M Probably or definitely 

malignant, but not 

HCC-specific

iCCA, cHCC-CCA, metastasis, lymphoma MDD—Staging and 

treatment

Biopsy for determining the 

type of malignancy

LR-TIV Definite tumour in the 

vein

HCC, iCCA, cHCC-CCA MDD—Staging and 

treatment

Biopsy for determining the 

type of malignancy

Note: cHCC-CCA combined HCC Cholangiocarcinoma, HCC hepatocellular carcinoma, iCCA intrahepatic cholangio-

carcinoma, MDD multidisciplinary discussion

5 Hepatocellular Carcinoma and Other Malignant Hepatic Tumours



62

as arterial enhancement unequivocally greater 

than the surrounding hepatic parenchyma. 

Washout is described as the temporal reduction in 

the enhancement relative to the adjacent paren-

chyma on the venous or delayed phase. According 

to LI-RADS, an intrahepatic lesion ≥2 cm with 

APHE, venous washout and capsule formation 

on CT or MRI is categorised as an LR-5 lesion 

which is the sine qua non of a progressed HCC 

and does not require a histopathological diagno-

sis. Multiple ancillary criteria are also present 

which can help upgrade or downgrade the 

LI-RADS category.

5.10  Imaging Appearance

5.10.1  Regenerative Nodules (RNs)

RNs are similar to the adjacent cirrhotic paren-

chyma both in terms of molecular and pathologi-

cal profile, and this also reflects in their imaging 

appearances. RNs typically range from 5 to 10 mm 

in size. Most lesions are isoechoic to adjacent cir-

rhotic liver parenchyma and show no focal abnor-

mality on US, except for coarsened underlying 

hepatic echotexture and surface nodularity. Certain 

larger RNs may also appear hypoechoic with a 

surrounding thin, slightly echogenic rim compared 

to the adjacent hepatic parenchyma. On CEUS, 

these nodules are iso- enhancing to the adjacent 

hepatic parenchyma in all the phases. Lesions usu-

ally appear isodense on plain CT and are isoin-

tense on T2-weighted MRI with no APHE or 

venous/delayed phase washout (Fig.  5.2). The 

lesions show no diffusion restriction or hepatobili-

ary phase hypointensity (Fig. 5.3). RNs may also 

appear mildly hyperintense on the hepatobiliary 

phase relative to adjacent fibrotic hepatic scars 

which appear hypointense.

5.10.2  Low-Grade Dysplastic 
Nodules (LGDNs)

LGDN may be visualised as discrete hypo- 

hyperechoic nodular lesions in a cirrhotic liver 

(depending on the extent of fat in them). On 

CEUS, these lesions may show transient 

 hypoenhancement with respect to the adjacent 

liver in the arterial phase (due to a decrease in 

arterial supply during early hepatocarcinogene-

sis), with iso-enhancement in the delayed phase. 

These nodules are generally isodense or 

hypodense to adjacent hepatic parenchyma on 

plain CT with no APHE or venous/delayed wash-

out. Lesions appear hyperintense on T1-weighted 

MRI, likely due to the accumulation of paramag-

netic substances, and iso-hypointense on 

T2-weighted MRI.  T2 hyperintensity, diffusion 

restriction and hepatobiliary hypointensity—fea-

tures that serve as ancillary features of malig-

nancy—are generally not seen. Lesions also do 

not show any APHE or venous washout.

Deposition of a high amount of iron may 

occur within these nodules leading to the devel-

opment of ‘siderotic’ nodules which appear 

markedly hypointense on T2-weighted MRI. Due 

to the resistance of malignant cells to iron, loss of 

iron in a previously siderotic nodule or  appearance 

of an iron-poor nodule in a siderotic nodule may 

signify malignant transformation.

a b c

Fig. 5.2 A 38-year-old female with regenerative nod-

ules. (a–c) Axial late arterial phase CT image (a) 

showed cirrhotic liver with a nodular outline and multi-

ple isodense nodules scattered throughout the liver 

which remain isodense on both venous (b) and delayed 

(c) phase CT images, suggestive of regenerative nod-

ules. Bilateral mild pleural effusion and ascites were 

also noted
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a b

c d

Fig. 5.3 A 45-year-old 

male with regenerative 

nodules. (a, b) Axial 

T1-weighted MRI (a) 

showed multiple 

iso-hyperintense nodules 

scattered in the liver 

which are iso- 

hypointense on 

T2-weighted MRI (b). 

(c) Axial high-b value 

(b-800) diffusion- 

weighted MRI showed 

no diffusion restriction 

in the nodules. (d) Axial 

post-contrast 

T1-weighted MRI did 

not show any arterial 

enhancement or washout 

of the nodules

5.10.3  High-Grade Dysplastic 
Nodules (HGDNs) 
and Early HCC

HGDN and early HCC are difficult to distinguish 

from each other on imaging, the difference 

mainly being the presence of stromal invasion on 

histopathology.

HGDN may be identified on US as hypoechoic 

nodules. These lesions generally do not show 

APHE on CEUS and become iso-enhancing in 

the delayed phase. They generally show iso- 

hyperintensity on T1-weighted MRI and iso- 

intensity on T2-weighted MRI with no diffusion 

restriction. Intralesional steatosis, seen as signal 

loss on opposed-phase T1-weighted MRI, may 

be present in HGDNs and early HCC.  A few 

lesions may show APHE without any washout in 

the venous/delayed phase. The loss of the OATP 

receptor occurs early during the process of hepa-

tocarcinogenesis, and thus, hepatobiliary phase 

hypointensity may be seen in HGDNs before the 

appearance of APHE (Fig. 5.4).

Early HCCs are defined as small (<2  cm), 

vaguely nodular lesions with no definite capsule 

formation. These lesions have little tendency to 

invade vessels or metastasise. On CEUS, these 

lesions may show APHE but without washout in 

the portal venous/delayed phase. These lesions 

show most of the ancillary features of malig-

nancy on MRI—T2 hyperintensity, diffusion 

restriction and intralesional fat along with hepa-

tobiliary phase hypointensity. APHE may also be 

seen in these lesions due to neoangiogenesis with 

or without venous phase washout (Fig. 5.5).

The nodule-in-nodule appearance is defined 

as the presence of an arterially enhancing nodule 

developing within a previously benign iso- 

enhancing nodule. This appearance is pathogno-

monic of an HCC.

Key Point: Hepatobiliary hypointensity is an 

early marker of malignant transformation of 

hepatic nodules.

5.10.4  Progressed HCC

These lesions are overtly malignant with a ten-

dency to invade vessels and metastasise. 

Morphologically, they may appear as a 

 well- defined nodule with a capsule or a diffusely 

infiltrating mass.

On CEUS, progressed HCCs show APHE 

with gradual washout (after 60  s) in the portal 

venous/late phase (c.f. rapid washout in <60 s in 
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a b c

Fig. 5.4 A 25-year-old female with a high-grade dysplas-

tic nodule in the liver. (a–c) Axial late arterial phase CT 

image (a) showed a hyperenhancing nodule in segment 

IVb of the liver (arrow) which becomes isodense to the 

adjacent parenchyma in the venous (b) and delayed (c) 

phase CT images (arrow)

a b c

d e f

Fig. 5.5 A 27-year-old female with a high-grade dys-

plastic nodule/early HCC. (a) Axial T2-weighted MRI 

showed a hyperintense nodule in segment VI of the liver 

(arrow). (b, c) Axial high b-value (b-800) diffusion-

weighted MRI (b) showed a hyperintense signal of the 

nodule with corresponding hypointensity on the ADC 

image (c) suggestive of true diffusion restriction 

(arrow). (d–f) Axial post-contrast late arterial phase 

T1-weighted MRI (d) showed non-rim arterial phase 

hyperenhancement (arrow) with the persistence of 

enhancement in venous (e) and delayed (f) phase images 

(arrow)

intrahepatic cholangiocarcinoma and hypervas-

cular metastasis) (Fig.  5.6). Progressed HCCs 

appear hypodense on plain CT, iso-hypointense 

on T1-weighted MRI and moderately hyperin-

tense on T2-weighted MRI with restricted diffu-

sion on diffusion-weighted images (DWIs).

Dynamic contrast enhancement on CT/MRI 

exhibits non-rim APHE with venous/delayed 

phase washout and capsule formation. A combi-

nation of non-rim APHE with washout has 100% 

specificity for the diagnosis of HCC > 20 mm and 

90% specificity for HCC between 10 and 19 mm 

in patients with cirrhosis and other risk factors 

for HCC. The presence of a capsule is also a fea-

ture of progressed HCC. This capsule should be 

visualised as a uniform smooth rim of hyperen-

hancement on the portal venous or delayed phase 

(Fig. 5.7). A ‘mosaic appearance’ is also seen in 

advanced HCC which is characterised by the 

presence of multiple compartments of heteroge-

neous signal intensity with septations and 

 surrounded by an enhancing capsule (Fig.  5.8). 

Extracapsular extension, seen in the form of sat-

ellite nodules, is also frequently seen. These 

occur in the same venous drainage area as the pri-

mary tumour (within 2  cm), and each lesion, 

although small, can metastasise and invade ves-

sels. Multifocal HCC may be seen in up to 74% 
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a b c

Fig. 5.6 A 40-year-old male with hepatocellular carci-

noma. (a–c) Ultrasonography image of the liver (a) 

showed a well-defined echogenic lesion in the liver 

(arrow). The background liver shows coarse echotexture. 

On contrast-enhanced ultrasound (b), the lesion showed 

hyperenhancement (arrow) compared to the surrounding 

liver parenchyma with washout in the venous phase (c, 

arrow). This suggests a LI-RADS-5 lesion

a b c

Fig. 5.7 A 56-year-old male with hepatocellular carcinoma. 

(a) Axial late arterial phase CT image showed cirrhotic liver 

with a non-rim arterial phase hyperenhancing lesion in the 

liver (arrow) with washout in the venous phase (b) and cap-

sule formation in the delayed phase (c) images (arrow). 

These findings are suggestive of a LI-RADS-5 lesion

of patients with cirrhosis and are either multiple 

tumours of multicentric origin or multiple intra-

hepatic metastases from a single HCC (Fig. 5.9).

The portal vein (PV) is a common site of inva-

sion by HCC and may be seen in 44–62% of 

cases [7]. The presence of a malignant PV throm-

bosis confers a poorer prognosis, with an 

increased risk of metastatic disease and acts as a 

contraindication to surgery and locoregional 

therapy. Consequently, it becomes essential to 

differentiate a malignant from a bland PV throm-

bus, a commonly seen entity in cirrhotic patients 

(5–20% depending on the severity of cirrhosis) 

[8]. Imaging appearance and differentiating fea-

tures between malignant and bland thrombus are 

described in Table 5.2.

Infrequently, HCC may be associated with 

thrombosis of the hepatic veins which may 

extend to the inferior vena cava and the right 

atrium (1.4–4.9%) [9]. Invasion into the hepatic 

veins is a very poor prognostic marker, and a 

majority of the patients demonstrate metastatic 

disease to other organs. The presence of macro-

vascular invasion automatically upgrades these 

lesions into Barcelona Clinic Liver Cancer 

(BCLC) Stage C.

The infiltrative variety of HCC shows a dif-

fuse, cirrhomimetic appearance with permeative 

margins without a dominant tumour nodule and 

may be difficult to differentiate from the underly-

ing cirrhotic liver. It shows minimal APHE with 

variable washout patterns on dynamic contrast 

imaging. The lesion may show mild hyperinten-

sity to the adjacent hepatic parenchyma on 

T2-weighted MRI and DWI. Frequently, the only 

clue to the diagnosis of infiltrative HCC is the 
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a b c

d e f

Fig. 5.8 A 72-year-old male with hepatocellular carci-

noma (arrow). (a) Axial T2-weighted MRI showed a large 

heterogeneous hyperintense mass in the right lobe of the 

liver. (b) Axial high b-value (b-800) diffusion-weighted 

MRI showed a hyperintense signal of the mass with cor-

responding hypointensity on the ADC image (c) sugges-

tive of true diffusion restriction. (d) Axial late arterial 

phase T1-weighted MRI showed non-rim arterial phase 

hyperenhancement with a mosaic pattern. (e) Axial 

delayed phase T1-weighted MRI showed washout and 

capsule. (f) Axial T1-weighted hepatobiliary phase MRI 

showed a hypointense signal of the lesion

a b c

d e f

Fig. 5.9 A 22-year-old male with multifocal hepatocel-

lular carcinoma. (a) Axial T1-weighted MRI showed mul-

tiple hyperintense nodules in the liver. (b) Axial high 

b-value (b-800) diffusion-weighted MRI showed hyperin-

tense signal of the nodules with corresponding hypointen-

sity on the ADC image (c) suggestive of true diffusion 

restriction. (d) Axial late arterial phase T1-weighted MRI 

showed non-rim arterial phase hyperenhancement with 

washout and capsule formation in venous (e) and delayed 

(f) phase images

presence of a malignant portal vein thrombus 

(Fig. 5.10).

The propensity to metastasise increases with 

the presence of vascular invasion. This can be 

macrovascular, seen in the form of an enhancing 

tumour in the vein or microvascular invasion. 

One of the most important determinants of prog-

nosis is the presence of microvascular invasion 

(MVI) seen as perilesional enhancement on the 

arterial phase (corona enhancement), perilesional 
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Table 5.2 Imaging differences between malignant and bland portal vein thrombus

Malignant PV thrombus Bland PV thrombus

Incidence Seen in 44–62% of HCC cases 5–20%, depending on the severity of 

cirrhosis

Conventional 

ultrasound

Echogenic soft tissue in the lumen

Dilatation of main PV > 23 mm

Hypoechoic (acute) or echogenic 

(chronic) intraluminal soft tissue

Main PV diameter < 20 mm

US Doppler Internal vascularity with arterial spectral trace No internal vascularity

CEUS Enhancement of thrombus in the arterial phase with 

or without washout in the venous phase

No enhancement of the thrombus

CECT Enhancing soft tissue within dilated PV may or may 

not show continuity with hepatic mass

‘Thread and streak pattern’ of enhancement in the 

arterial phase

Associated transient hepatic attenuation difference 

(THAD)

Non-opacification of the PV

Hypo/non-enhancing thrombus

Associated transient hepatic attenuation 

difference (THAD)

MRI T2 hyperintense content within normal PV flow 

void

PV diameter > 23 mm

Associated transient hepatic intensity difference 

(THID)

Diffusion restriction +

Dynamic enhancement—Similar to that seen in 

CECT

T2 hyperintense content within normal 

PV flow void

PV diameter < 20 mm

May be associated with THID

Diffusion restriction—In acute 

thrombus

Dynamic enhancement—absent or 

minimal

PET-CT Moderate to high 18FDG avidity No or slight 18FDG avidity

Note: CECT contrast-enhanced computed tomography, CEUS contrast-enhanced ultrasound, MRI magnetic resonance 

imaging, PET-CT positron emission tomography-CT, PV portal vein, US ultrasonography

a b c

d e f

Fig. 5.10 A 43-year-old male with an infiltrative type of 

hepatocellular carcinoma. (a) Axial T2-weighted MRI 

showed an ill-defined hyperintense area in the right lobe 

of the liver (arrow) with extension along the portal vein 

(arrowheads). There is a nodular outline of the liver and 

mild perihepatic free fluid. (b, c) Axial high b-value 

(b-800) DWI (b) and ADC images (c) showed diffusion 

restriction in the lesion (arrow) and within the portal vein 

(arrowheads). (d) Axial late arterial phase T1-weighted 

MRI showed subtle heterogeneous enhancement of the 

lesion (arrow) with a ‘thread and streak’ pattern of 

enhancement in the portal vein (arrowheads) suggesting 

malignant tumour thrombus (tumour in vein). (e, f) The 

lesion showed heterogeneous enhancement in the venous 

(e) and delayed (f) phases, with tumour in the vein show-

ing washout
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hepatobiliary phase hypointensity, irregular 

tumour margins and a disrupted capsule.

HCC infrequently invades the bile duct, with 

an incidence between 0.53% and 12.9%, and is 

considered a poor prognostic marker due to the 

infiltrative nature of these malignancies [10]. 

HCCs may also extend up to the capsular surface 

and undergo spontaneous rupture in approxi-

mately 3–26% of cases with associated hemo-

peritoneum and resultant shock. Mortality occurs 

in 25–75% of these cases according to different 

studies [11].

Table 5.3 demonstrates MRI features that can 

help differentiate various nodules seen in a cir-

rhotic liver.

Key Point: Microvascular invasion is a poor 

prognostic marker, seen as perilesional enhance-

ment in the arterial phase (corona enhancement), 

perilesional hepatobiliary phase hypointensity, 

irregular tumour margins and a disrupted 

capsule.

5.10.5  HCC Subtypes

Presently, lesions described as LR-5 on CT or 

MRI imaging in at-risk patients are unequivo-

cally considered to be HCC, and there is no 

requirement for biopsy. However, up to 43% of 

LRM lesions turn out to be HCCs and have an 

atypical imaging appearance. As research is 

progressing, multiple molecular subtypes of 

HCC have been discovered, all of which por-

tend different prognostic implications and may 

be identified due to atypical imaging 

appearance.

The 2019 fifth edition of the WHO classifica-

tion states that almost 35% of all HCCs can be 

categorised into eight subtypes based on patho-

molecular characteristics—steatohepatitic, clear 

cell, macrotrabecular-massive, scirrhous, chro-

mophobe, fibrolamellar, neutrophil-rich and 

lymphocyte- rich. The remaining 65% of HCCs 

are classified as not-otherwise-specified HCC 

(NOS-HCC) [12]. A few imaging characteristics 

of the important HCC subtypes have been 

described below:

 1. Steatohepatitic HCC: This is the most com-

mon subtype comprising ~5–20% of all 

HCCs. They generally occur in the presence 

of underlying NAFLD and NASH and are 

associated with a favourable prognosis. 

Lesions are generally smaller in size com-

pared to other HCCs and show APHE, venous 

washout and intralesional fat in the back-

ground of a fatty liver. Intralesional fat can be 

recognised as areas of signal drop on opposed- 

phase T1-weighted MRI.  Intralesional fat is 

also a common feature of early HCCs as inad-

equate tumour neoangiogenesis leads to 

hypoxia and consequent fatty metamorphosis. 

Progressed HCCs generally do not show any 

intralesional fat (Fig.  5.11). Thus, a lesion 

resembling a progressed HCC on dynamic 

contrast-enhanced imaging but showing intra-

lesional fat and background features of 

NAFLD/NASH should raise suspicion of a 

steatohepatitic HCC.

 2. Macrotrabecular-massive HCC: This patho-

logical subtype comprises only 5% of all 

HCCs and is associated with a poor progno-

sis. Serum alpha-fetoprotein (AFP) levels are 

more than those seen in NOS-

HCC. Histopathology requires at least 50% of 

the tumour area to be composed of a macro-

trabecular pattern (cords >6 cells thick). 

Additionally, these lesions are also associated 

with an increase in hypoxia-related gene 

expression. On imaging, these lesions appear 

large with increased frequency of tumour in 

the vein along with large areas of intra-

tumoural necrosis (>20%).

 3. Scirrhous HCC: Pathologically characterised 

by dense fibrous stroma comprising >50% of 

the tumour, scirrhous HCCs represent only 

4% of all HCCs. These lesions are positive for 

stem cell markers like cytokeratin-19 and 

show a worse prognosis than conventional 

HCC. The imaging characteristics follow the 

histology of the tumours, with central hypoin-

tensity on T2-weighted MRI, peripheral 

APHE with progressive central enhancement 

and targetoid appearance on DWI and hepato-

biliary phase. The main imaging mimic is 

intrahepatic cholangiocarcinoma. However, 
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a b c

d e

Fig. 5.11 A 69-year-old male with steatohepatitic 

variant of hepatocellular carcinoma. (a, b) Axial 

T1-weighted in- phase MRI (a) showed a well-defined 

mass in the right lobe of the liver with central hyper-

intensity (arrow), which showed loss of signal on 

opposed-phase T1-weighted MRI (b) suggestive of 

microscopic fat within the lesion. (c) Axial 

T2-weighted MRI showed a large heterogeneously 

hyperintense mass (arrowhead) with a central hyper-

intense scar. (d, e) Axial late arterial phase 

T1-weighted MRI (d) showed non-rim arterial phase 

hyperenhancement with washout and capsule forma-

tion in the delayed phase (e) (arrowhead) with 

enhancement of the central scar

the presence of a capsule, internal septa and 

central hypointensity suggests a diagnosis of 

HCC.

 4. Fibrolamellar HCC: This is a rare HCC sub-

type (1%) typically seen in young patients in 

the absence of liver disease. It is associated 

with low levels of serum AFP.  On imaging, 

they are well-defined lesions appearing 

hypointense on T1-weighted MRI and hyper-

intense on T2-weighted MRI with a central 

hypointense scar and calcification. On post- 

contrast images, it shows heterogeneous 

APHE with iso-hypointensity on the venous/

delayed phases and a typically hypoenhanc-

ing central scar (Figs. 5.12 and 5.13). Lesions 

generally appear hypointense in the hepatobi-

liary phase. Appearance may mimic focal 

nodular hyperplasia (FNH). However, FNH 

generally shows iso-hyperintensity on the 

hepatobiliary phase with scars generally 

appearing hyperintense on T2-weighted MRI 

with enhancement on the delayed phase.

5.10.6  Treatment

The Barcelona Clinic Liver Cancer (BCLC) clas-

sification [13] (Fig. 5.14) is the most commonly 

used staging system for HCC which links tumour 

burden, liver function and patient performance 

status with prognosis and management.

In patients with preserved liver function and 

good performance status (0–1), very early 

stage (0) HCC is defined as a solitary 

HCC  ≤  2  cm with no vascular invasion or 

extrahepatic spread. In patients who are poten-

tial candidates for transplant, surgical resec-

tion may be considered the first option (in the 

absence of clinically significant portal hyper-

tension (CSPH)) or liver transplant (LT) 
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a b

Fig. 5.12 A 72-year-old male with fibrolamellar carci-

noma. (a) Axial late arterial phase CT image showed a 

non-cirrhotic liver with a well-defined non-rim arterial 

phase hyperenhancing lesion in the right lobe (arrow) with 

intralesional vascularity and central non-enhancing scar 

(arrowhead). (b) Axial venous phase CT image showed 

washout, with the lesion (arrow) becoming hypodense 

compared to the surrounding liver parenchyma

a b c

d e f

Fig. 5.13 A 26-year-old female with fibrolamellar 

carcinoma. (a, b) Axial T2-weighted MRI showed a 

well- defined lobulated heterogeneously hyperintense 

lesion (arrow) with a central hypointense scar in the 

liver with similar appearing soft tissue deposits along 

the hepatic surface; both the lesion and deposits 

showed diffusion restriction on diffusion-weighted 

MRI (b). (c–e) The lesions showed heterogeneous 

non-rim arterial hyperenhancement in the late arterial 

phase (c) and appeared iso- enhancing to the hepatic 

parenchyma in the venous (d) and delayed phases (e). 

(f) Axial T1-weighted hepatobiliary phase MRI 

showed a hypointense signal of the lesion (arrow) and 

the deposits (arrowhead)

depending on pathological features of increased 

recurrence risk. If a transplant is not feasible, 

ablation therapies comprising mainly radiofre-

quency ablation (RFA) or microwave ablation 

(MWA) are the preferred options. Transarterial 

chemoembolization (TACE) may be performed 

in cases of recurrence after ablation as a part of 

‘Tumour stage migration’.

Early stage (A) comprises solitary HCC irre-

spective of size or multifocal HCC up to 3 in num-

ber (none ≥3  cm) without vascular invasion, 

extrahepatic spread or cancer-related symptoms 

and with a preserved liver function. In solitary 

lesions ≤3 cm in size, ablation and resection show 

similar results in terms of survival. Thus, ablation 

may be chosen as it is minimally invasive and 
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cheaper. In solitary lesions >3 cm, resection (with-

out CSPH) or LT may be considered. Multifocal 

disease within Milan criteria (up to 3 lesions, each 

≤3 cm) should undergo LT. If LT is not feasible, 

either ablation or TACE may be considered.

Intermediate stage HCC (BCLC-B) comprises 

patients with preserved liver function and perfor-

mance status with large or multifocal HCC (> 

three tumours of any size, two to three tumours 

>3 cm in maximum dimension or a single tumour 

>5 cm) without macrovascular invasion or extra-

hepatic spread. These patients may be candidates 

for LT if they meet the institutional ‘Extended 

Liver Transplant Criteria’. Patients who are not 

amenable to LT but have preserved portal flow 

and selective access to feeding arteries are candi-

dates for TACE. If patients meet none of the cri-

teria or present with diffuse infiltrative HCC, 

systemic chemotherapy may be started upfront.

The advanced stage (BCLC-C) is defined as 

patients with vascular invasion or extrahepatic 

spread with preserved liver function and perfor-

mance status. This group of patients should be 

evaluated for the institution of systemic therapy 

at offset.

End-stage (BCLC-D) disease comprises 

patients with poor performance status (PS  >  2) 

with or without deranged liver function who are 

not candidates for a LT. In such cases, symptom-

atic management and best supportive care must 

be provided.

5.10.7  Post-Treatment Changes 
and Detection of Recurrence

Follow-up imaging is essential to assess for treat-

ment response after locoregional therapies for 

HCC like thermal ablation (radiofrequency abla-

tion/microwave ablation), TACE, transarterial 

radioembolization (TARE) and stereotactic beam 

radiation therapy (SBRT).

Initial contrast-enhanced computed tomogra-

phy/contrast-enhanced MRI (CECT/CE-MRI) is 

done at 3–4 weeks after thermal ablation or TACE 

to evaluate for treatment response, followed by 

3-monthly imaging for the next 2 years to assess 

for tumour recurrence. Tumour size may not 

decrease after locoregional therapy, leading to 

overdiagnosis of lesions as a stable or progressive 

disease when using the usual response evaluation 

criteria in solid tumours (RECIST). The mRE-

CIST (modified RECIST) compares the longest 

diameter of any remaining post-treatment arteri-

ally enhancing component within lesions to assess 

for response. The LI-RADS tumour response 

(LI-RADS TR) criteria are also used to assess for 

response in these cases.

After thermal ablation or TACE, non-viable 

tumours typically appear hypoenhancing to the 

adjacent hepatic parenchyma. A thin, uniform 

enhancing peripheral rim may be seen. Viable 

tumours may appear as peripheral nodular areas 

of arterial enhancement, a thick, irregular tumour 

rim or any disruption in the smooth, thin enhanc-

ing rim that is expected after treatment. Lesions 

generally appear hypointense on both T1- and 

T2-weighted MRI, but internal T1 hyperintensity 

may be seen in cases of intralesional haemor-

rhage or proteinaceous debris [14].

It is important to note that tumour size may 

paradoxically increase after TARE or SBRT due 

to oedema. Additionally, persistent solid APHE 

may also be seen after these therapies, generally 

up to 3 months for TARE and about 1 year for 

SBRT.  Hence, unlike other locoregional thera-

pies, the initial scan to detect tumour response to 

TARE/SBRT is done after 3  months. Temporal 

reduction in size and arterial enhancement serve 

as important markers of tumour response in these 

cases. Any increase in size or any new/increasing 

APHE within a lesion should be treated as local 

recurrence in these cases.

Key Point: Persistent arterial enhancement is 

commonly seen after locoregional therapy 

involving radiation (TARE/SBRT) and should 

not be confused with viable tumour.

5.11  Intrahepatic 
Cholangiocarcinoma (ICC)

Intrahepatic cholangiocarcinoma (ICC) is the sec-

ond most common primary malignant hepatic 

mass lesion after HCC. Cholangiocarcinoma can 
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a b c

Fig. 5.15 A 35-year-old male with intrahepatic mass- 

forming cholangiocarcinoma. (a) Axial late arterial phase 

CT image showed a rim-arterial enhancing mass in the 

liver (arrow). The lesion (arrow) showed centripetal pro-

gressive enhancement in the venous (b) and delayed 

phases (c), with adjacent capsular retraction (arrowhead)

be categorised either based on location (intrahe-

patic, perihilar or extrahepatic distal) or gross mor-

phology (mass-forming, periductal infiltrating, 

intraductal). ICC is defined as a tumour arising 

from the biliary epithelium of intrahepatic biliary 

radicals beyond the secondary confluence and 

constitutes only 10% of all cholangiocarcinoma 

[15]. The majority of ICC are of the mass- forming 

type on gross morphology (78%) followed by the 

periductal infiltrating type (16%) and intraductal 

growing (6%). Most lesions are well-differentiated 

adenocarcinomas with variable degrees of stromal 

fibrosis on histopathology.

Several risk factors are associated with the 

development of ICC-like infection with liver 

flukes or viral hepatitis, primary sclerosing chol-

angitis, hepatolithiasis, biliary cystic disease, 

alcohol abuse and tobacco use. Like HCC, 

chronic liver disease and cirrhosis are also risk 

factors for the development of ICC [16].

On US, mass-forming ICC appears as a well- 

defined hypoechoic mass which may be associ-

ated with adjacent biliary ductal dilatation. 

Periductal infiltrating and intraductal forms may 

not have any obvious abnormality on US except 

for focal biliary radical dilatation. On CEUS, 

ICCs may show heterogeneous or rim arterial 

phase hyperenhancement with rapid washout 

during the portal venous phase (<60  s). CECT 

and CE-MRI are the mainstays for the characteri-

sation and assessment of the resectability of ICC.

Typically, mass-forming ICC appears 

hypodense on unenhanced CT with a thick, irreg-

ular rim APHE and progressive, centripetal 

enhancement during the venous and delayed 

phases (Fig. 5.15). They show irregular but well- 

defined margins associated with adjacent capsu-

lar retraction and peripheral ductal dilatation. 

Periductal infiltrating lesions show hyperen-

hancement compared to the adjacent hepatic 

parenchyma with associated irregular narrowing 

of biliary radicals and proximal ductal dilatation. 

Intraductal growing ICC appears as papillary/

polypoidal lesions within a dilated bile duct with 

faint contrast enhancement compared to adjacent 

hepatic parenchyma [17].

On MRI, ICC appear as a well-defined, hypoin-

tense mass on T1-weighted images. Peripheral 

hyperintensity and areas of central hypointensity 

are seen on T2-weighted images which correspond 

to peripheral viable tumour cells and central 

fibrous stroma. A similar targetoid appearance is 

also seen on high b-value DWI. The arterial phase 

shows thick rim enhancement with progressive 

wash-in during the portal venous/delayed phase 

with no obvious capsule formation. ICCs lack 

OATP expression leading to a hypointense appear-

ance on the hepatobiliary phase images (Fig. 5.16). 

However, some amount of contrast pooling may 

occur centrally in lesions with a large quantity of 

central fibrous stroma giving a ‘targetoid appear-

ance’ on the hepatobiliary phase. Large lesions 
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a b

c d

e f

Fig. 5.16 A 35-year-old male with intrahepatic cholan-

giocarcinoma. (a, b) Axial T2-weighted MRI (a) showed 

a well-defined, heterogeneous hyperintense mass in the 

liver (arrow) with diffusion restriction on high b-value 

(b-800) DWI (b). Overlying capsular retraction is seen. 

(c–f) Axial late arterial T1-weighted MRI (c) showed 

peripheral enhancement of the lesion with progressive 

centripetal enhancement in subsequent venous (d) and 

delayed phases (e) and with targetoid appearance in the 

hepatobiliary phase (f)

frequently show portal vein invasion and adjacent 

satellite nodules. The ‘targetoid’ appearance on 

T2, DWI, late arterial phase and hepatobiliary 

phase when present is an important sign of distin-

guishing mass-forming ICC from HCC, especially 

in small (≤3 cm) hepatic lesions.

Periductal infiltrating lesions appear as ill- 

defined, T2 hyperintensity along the biliary 

radicles with associated ductal irregularity and 

narrowing. This soft tissue shows hyperen-

hancement compared to the adjacent hepatic 

parenchyma on the arterial and venous phases. 

Intraductal ICC appear as T2 hypointense pap-

illary lesions within the dilated hyperintense 

biliary radicals, showing faint contrast 

enhancement.

ICC may exhibit atypical appearances, espe-

cially in cirrhotic livers where they frequently 

show homogeneous hyperenhancement in the 

arterial phase, particularly lesions <3  cm in 

size. The absence of venous phase washout in 

these cases is important as it helps distinguish 
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them from HCCs. Moreover, small scirrhous 

HCCs may also show stromal fibrosis and a 

resultant targetoid appearance on DWI, similar 

to ICC [18].

Most observations that are categorised as 

LR-M under LI-RADS are ICC. As a result, the 

‘targetoid’ appearance of an observation on 

dynamic contrast-enhanced scans, DWI or hepa-

tobiliary phase is one of the criteria for its cate-

gorisation as LR-M.

Complete surgical resection is the only avail-

able curative treatment. The presence of exten-

sive local involvement, vascular invasion, 

non-satellite hepatic metastasis, nodal disease 

beyond the porta, celiac axis or peripancreatic 

location and distant organ metastasis preclude 

resectability. Poor patient performance status 

and inadequate residual liver volume (<30% 

future liver remnant in patients with normal 

liver parenchyma) are also contraindications to 

surgical resection. In such cases, most patients 

present at a later stage with unresectable dis-

ease, only suitable for palliative therapy with a 

dismal prognosis.

Key Point: ‘Targetoid’ appearance on T2W, 

DWI or the arterial phase of dynamic contrast is 

highly suggestive of ICC.

5.11.1  Combined Hepatocellular- 
Cholangiocarcinoma 
(cHCC-CCA)

Combined hepatocellular-cholangiocarcinoma is 

a rare primary hepatic tumour with a ‘bipheno-

typic’ appearance on histology and features of 

hepatocytic and cholangiocytic differentiation. 

The incidence ranges from 0.4% to 14.2% with 

chronic viral hepatitis and cirrhosis being the 

major risk factors [19, 20]. The developmental 

pathophysiology of cHCC-CCA has evolved, and 

the conventionally accepted theory of them being 

collision tumours is outdated. Hepatic progenitor 

cells (HPCs) have been identified which reside in 

the canals of Herring, which may by the process 

of ‘transdifferentiation’ lead to the development 

of cHCC-CCA.

cHCC-CCAs frequently show mixed imaging 

features of both HCC and ICC. Dynamic contrast 

characteristics of any one component may be pre-

dominant with the ICC pattern being more preva-

lent. Lesions may show arterial phase 

enhancement and venous washout (HCC mim-

icker) or rim arterial enhancement with delayed 

progressive enhancement (ICC mimickers) 

(Fig. 5.17) [21]. A concordant high level of both 

AFP and CA-19-9 can improve diagnostic confi-

dence. A diagnosis of cHCC-CCAs may also be 

sought if AFP or CA-19-9 levels are discordant 

with imaging findings. The majority of cHCC- 

CCAs are expected to fall into the LR-M cate-

gory of LI-RADS with a ‘targetoid’ appearance 

having the maximum sensitivity for detection of 

these lesions since most of them are ‘ICC 

mimickers’.

Surgery is the preferred option in patients with 

resectable disease. The risk of recurrence is 

higher in these patients compared to other liver 

tumours like HCC leading to poor prognosis. 

Unresectable cases may be treated with locore-

gional therapy like TACE or chemotherapy, the 

efficacy of both being debatable due to the dual 

nature of cancer cells [22].

5.11.2  Primary Hepatic Lymphoma 
(PHL)

Hepatic lymphoma is considered primary when 

the lymphoproliferative tissue is confined to the 

hepatic parenchyma without the involvement of 

other lymphoid tissue (distant nodes, spleen and 

bone marrow) for at least 6 months. PHL is rare 

and comprises only 0.4% of all extranodal non- 

Hodgkin’s lymphoma, the majority being diffuse 

large B-cell lymphoma [23]. It affects middle- 

aged adults with a male-to-female ratio of 1.7:1. 

The incidence of PHL appears to be increased in 

patients with hepatitis C, hepatitis B, Epstein- 

Barr virus (EBV) and human immunodeficiency 

virus (HIV) [24].

PHL frequently presents as a solitary intrahe-

patic lesion without any mass effect on the adja-

cent biliary and portal radicles, described as an 

‘insinuating’ appearance. Multiple nodules 
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a b

c d

e f

Fig. 5.17 A 62-year-old male with hepatocholangio-

carcinoma. (a) Axial T2-weighted MRI showed a well- 

defined, heterogeneous mass in the liver (arrow). (b, c) 

Axial high b-value (b-800) DWI (b) showed a hyperin-

tense signal in the lesion with corresponding hypointen-

sity on the ADC image (c). (d) Axial late arterial phase 

T1-weighted MRI showed heterogeneous enhancement 

of the lesion (arrow). (e) Axial venous phase 

T1-weighted MRI showed washout in the hepatocellular 

component of the tumour (arrow). Note the associated 

malignant thrombosis of the left portal vein branch 

(arrowhead). (f) Axial delayed phase T1-weighted MRI 

showed filling in of contrast in the cholangiocarcinoma 

component (arrow)

(Fig. 5.18) and a diffuse infiltrative growth pat-

tern may also be seen, but these appearances are 

more common in secondary hepatic lymphoma. 

US may show a large, hypoechoic mass without 

significant mass effect on the adjacent intrahe-

patic structures. Infrequently, multiple 

hypoechoic variable-sized lesions may be seen. 

Plain CT demonstrates a dominant, hypoattenu-

ating lesion, which shows hypoenhancement 

compared to adjacent parenchyma after contrast 
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a b c

d e f

Fig. 5.19 A 32-year-old female with primary hepatic lym-

phoma. (a) Axial T2-weighted MRI showed a well- defined 

hyperintense mass in the liver (arrow). (b, c) Axial high 

b-value (b-800) diffusion-weighted image (b) showed 

hyperintense signal of the mass, predominantly along the 

periphery with corresponding hypointensity on the ADC 

image (c) suggestive of true diffusion restriction. (d–f) Axial 

T1-weighted contrast-enhanced dynamic MRI showed no 

arterial phase enhancement (d) with progressive heteroge-

neous enhancement in the venous (e) and delayed (f) phases

a b

Fig. 5.18 A 43-year-old male with primary hepatic lym-

phoma. (a, b) Axial (a) and coronal (b) contrast-enhanced 

CT images in the venous phase showed multiple hypoen-

hancing solid lesions in both lobes of the liver. On biopsy, 

these lesions were confirmed as non-Hodgkin’s 

lymphoma

administration. Lymphoma usually appears 

homogeneously hypointense on T1-weighted 

MRI and hyperintense on T2-weighted 

MRI. Central areas of heterogeneity may be pres-

ent due to necrosis. On dynamic contrast- 

enhanced images, lesions generally appear 

hypoenhancing to the hepatic parenchyma in all 

phases. A ‘targetoid’ rim peripheral enhancement 

has also been described in some cases (Fig. 5.19) 

[25, 26]. Diffusion restriction plays an important 

role in establishing the diagnosis as the lesions 

show low apparent diffusion coefficient (ADC) 

values compared to other benign and malignant 

hepatic lesions likely due to the hypercellular 

nature of the tumour [27]. Biopsy is however nec-

essary for confirmation.

The absence of mass effect and arterial 

enhancement along with low serum AFP levels 

can help differentiate these lesions from HCC on 

imaging. Targetoid appearance may be similar to 

ICC; however, there is no associated capsular 

retraction or biliary radical dilatation. Secondary 

hepatic lymphomas are generally multifocal with 

homogeneous appearing lesions showing no 
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areas of necrosis before chemotherapy along 

with associated enlarged nodes, splenomegaly or 

bowel involvement. PHL is chemosensitive, and 

chemotherapy is the treatment of choice.

Key Point: An ‘insinuating’ appearance with 

absence of mass effect on adjacent hepatic vascu-

lature is characteristically seen in primary hepatic 

lymphoma.

5.11.3  Mucinous Cystic Neoplasms 
of the Liver (MCN-L)

Mucinous cystic neoplasms of the liver, previ-

ously known as biliary cystadenoma and cystad-

enocarcinoma, are a rare group of cystic hepatic 

neoplasms. The fifth edition of the WHO classifi-

cation describes MCN-L as a cystic epithelial 

neoplasm lined with mucin-producing  epithelium 

over a subepithelial layer of ovarian-like stroma 

and no associated biliary communication [28]. 

Most lesions are benign (90%) with invasive car-

cinoma seen in only 3–6% of cases. They are 

almost always seen in middle-aged females. 

Patients are generally symptomatic with a non- 

specific presentation of abdominal pain and 

fullness.

On US, MCN-L appears as a solitary, multi-

loculated cystic lesion, often in the left lobe of 

the liver. They may contain low-level echoes 

due to proteinaceous content, multiple septa-

tions and foci of calcification along them. 

Invasive forms may show mural nodules with 

wall thickening and nodularity. On CT, the 

lesion is multiloculated with hypodense fluid 

attenuation, well- defined margins and enhanc-

ing septations with or without calcification and 

mural nodules.

MCN-L may show variable signal intensity on 

T1-weighted MRI depending on proteinaceous 

content and debris. Lesions are hyperintense on 

T2-weighted MRI with hypointense septa with or 

without solid components. Post-contrast images 

show enhancement of septa and mural nodules, if 

any (Fig. 5.20) [29].

a b c

d e

Fig. 5.20 A 50-year-old female with hepatic mucinous 

cystic neoplasm (biliary cystadenoma). (a, b) Axial 

T2-weighted MRI (a) showed a well-defined lobulated 

hyperintense lesion in the liver (arrow), appearing 

hypointense on T1-weighted MRI (b), with multiple 

hypointense septations. (c, d) Axial T1-weighted con-

trast-enhanced images showed peripheral and septal 

enhancement. (e) Thick slab coronal MRCP did not 

show any communication of the lesion with the biliary 

system
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Cystic intraductal papillary neoplasm of the bile 

duct (IPNB) is an important differential. The pres-

ence of an intraductal mass, biliary communication 

and biliary dilatation are important features distin-

guishing a cystic IPMB from an MCN-L.  Other 

cystic hepatic lesions like simple hepatic cysts, cys-

tic metastasis, amoebic or pyogenic liver abscess 

and hydatid cysts may also mimic this lesion [30].

The presence of enhancing mural nodules or 

solid components >1  cm, wall enhancement and 

calcification points towards an invasive subtype of 

MCN. However, it remains difficult to confidently 

distinguish benign from malignant subtypes. 

Invasive components of the lesion may be missed in 

cases of percutaneous biopsy. Hence, complete sur-

gical excision is the treatment of choice which is 

associated with a very low risk of recurrence [31].

5.12  Epithelioid 
Hemangioendothelioma

Epithelioid hemangioendothelioma (EHE) is a 

rare, low-intermediate grade, locally aggressive 

malignant vascular neoplasm. The liver is the 

most frequent site of involvement of 

EHE.  Imaging appearance parallels the disease 

progression, with early disease consisting of mul-

tiple discrete nodules in the peripheral hepatic 

parenchyma, which later coalesce to form larger 

masses that may invade hepatic vasculature. EHE 

consists of a central fibrotic stroma surrounded 

by a zone of cellular proliferation and a periph-

eral thin avascular zone due to the occlusion of 

tiny vessels by the tumour [32].

On US, EHE often appears as multifocal, dis-

crete, hypoechoic nodules in the periphery of the 

liver. Subcapsular lesions may be associated with 

focal capsular retraction. In cases of diffuse dis-

ease, focal lesions may not be identified on US, 

and only altered hepatic echotexture may be seen 

in areas of involvement. On unenhanced CT, they 

appear iso-hypodense, with or without associated 

calcification. On contrast CT, they appear as mul-

tiple hypoenhancing nodules or large confluent 

hypoenhancing areas in peripheral distribution. 

The nodules show peripheral enhancement (halo 

or target pattern) frequently in the arterial and 

venous phases with centripetal enhancement in 

the delayed phase.

On MRI, EHE appears hypointense on 

T1-weighted images and heterogeneously hyper-

intense on T2-weighted images. The multi- 

layered histopathological appearance is visualised 

in the form of a concentric ‘target sign’ on 

T2-weighted (central hyperintensity surrounded 

by a thin rim hypointensity, with a bright halo 

around it) or post-contrast images (hypointense 

centre surrounded with an enhancing rim and thin 

zone of hypoenhancement) (Fig. 5.21). The ‘lol-

lipop’ sign is the presence of a well- defined mass 

(candy) with an adjacent occluded vessel (stick) 

terminating just at the edge of the lesion [33].

Extrahepatic tumour extension beyond portal 

nodes, presence of metastasis, older age and male 

gender are poor prognostic markers. Surgery is 

the mainstay of treatment (resection vs transplant 

based on tumour burden).

Key Point: Epithelioid hemangioendotheliomas 

frequently appear as multiple peripheral lesions 

with associated capsular retraction and show 

‘target’ sign on T2-weighted and post-contrast 

MRI and ‘lollipop’ sign on post-contrast images.
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a b c

d e f

Fig. 5.21 A 26-year-old female with hepatic epithelioid 

hemangioendothelioma. (a) Axial T1-weighted MRI 

showed a geographic area of hypointensity in the right lobe 

of the liver (arrow). (b) Axial T2-weighted MRI showed 

multiple hyperintense lesions with a hypointense rim in the 

periphery of the right lobe of the liver (arrow). (c–e) Axial 

dynamic contrast-enhanced T1-weighted MRI showed 

peripheral enhancement in the late arterial phase (c) with 

progressive enhancement in the venous (d) and delayed (e) 

phases, giving a target appearance. (f) Axial T1-weighted 

hepatobiliary phase MRI shows no contrast uptake in the 

lesions. Note a smaller subcapsular lesion in segment 4A

5.13  Hepatic Angiosarcoma

Primary hepatic angiosarcoma is the most 

common malignant mesenchymal tumour 

involving the liver, but it only accounts for 2% 

of all hepatic malignancies. The lesions occur 

in the sixth–seventh decade with a distinct 

male predominance. Exposure to environmen-

tal toxins like thorotrast, vinyl chloride and 

anabolic steroids is an established risk factor 

for their development. However, a majority 

occur sporadically in the absence of any known 

risk factor [34].

Four morphological patterns have been recog-

nised on imaging: multinodular, dominant mass, 

a combination of dominant mass with multiple 

nodules and diffuse infiltrative. Lesions appear 

predominantly hypodense on unenhanced CT 

with scattered areas of hyperdensity due to haem-

orrhage. Dynamic contrast enhancement shows 

the arterial phase ring enhancement with progres-

sive centripetal fill-in.

On MRI, angiosarcoma appears predomi-

nantly hypointense on T1-weighted images 

with scattered areas of hyperintensity due to 

haemorrhage. On T2-weighted images, they 

appear heterogeneous and may be associated 

with blood fluid levels. Similar to CT, dynamic 

contrast MRI shows heterogeneous enhance-

ment in the arterial and venous phases with 

progressive fill-in during the delayed phase 

(Fig. 5.22) [35, 36].

Common differentials include hypervascular 

hepatic masses like haemangioma, HCC and 

hypervascular metastasis. Unlike haemangio-

mas, these lesions are generally multifocal, do 

not follow the blood pool or show discontinu-

ous nodular arterial enhancement. The lack of 

washout in the portal venous and delayed 

phases may help differentiate them from HCC 

and metastasis.

Tumour usually metastasizes to the spleen, 

lung or bones. The final diagnosis is confirmed 

on histopathology. Haemorrhage and rupture 

are common complications associated with 

image- guided biopsy in these cases. Surgical 

resection may be possible in cases with limited 

disease, but the prognosis is poor as a large per-

centage of patients have metastatic disease at 

the time of presentation.
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a b

c d

Fig. 5.22 A 51-year-old 

male with hepatic 

angiosarcoma. (a) Axial 

T2-weighted MRI 

showed multiple 

well-defined 

hyperintense lesions in 

the liver and spleen. (b) 

Axial late arterial phase 

T1-weighted MRI 

showed rim 

enhancement of the 

hepatic and splenic 

lesions. (c, d) 

Progressive 

enhancement of the 

lesions is seen on the 

axial T1-weighted 

venous (c) and delayed 

(d) phases

5.14  Malignant Mesenchymal 
Tumours

These are rare primary hepatic tumours which 

frequently present as a diagnostic dilemma. The 

list includes malignant fibrous histiocytoma, 

rhabdomyosarcoma, leiomyosarcoma, localised 

malignant mesothelioma and Kaposi sarcoma. 

Imaging appearances are variable, ranging from a 

non-specific appearance to typical findings which 

may predict pathological diagnosis. However, 

histopathology is crucial to establishing a final 

diagnosis in most of the cases.

5.15  Metastasis

Metastatic lesions are the most common malig-

nant neoplasms involving the liver, occurring at a 

much greater incidence than primary hepatic 

tumours. The liver is also the most common site 

of metastasis, with most primaries being adeno-

carcinomas arising from the colorectum, pan-

creas and breast. The hepatic parenchyma is a 

dominant site of metastasis due to its rich blood 

supply from both the hepatic artery and the portal 

vein. Additionally, the fenestra of the sinusoidal 

epithelium provides a pathway for the extension 

of metastatic cells into the parenchyma. Primary 

tumours may also secrete certain liver trophic 

exosomes which help develop a ‘premetastatic 

niche’ leading to organ-specific metastasis.

The detection and characterisation of hepatic 

metastasis are essential for establishing a defini-

tive treatment plan. Differentiation of these 

lesions from primary hepatic malignancies like 

HCC, identification of an unknown primary and 

detection of small metastatic foci and incidental 

lesions with a known primary are the current 

challenges that are faced in imaging.

Conventional US has low sensitivity (approxi-

mately ~69%) for the identification of hepatic 

metastasis due to poor spatial resolution and poor 

visualisation of small lesions, lesions in difficult 

locations and lesions in obese patients [37]. On 

grayscale US, metastatic lesions may show 

hypoechoic (most common), isoechoic or hyper-

echoic (mucinous adenocarcinoma, hypervascu-

lar) appearance. Frequently, lesions are multiple 

with well-defined margins and hypoechoic 

S. Gupta et al.



83

appearance. Isoechoic metastasis may be difficult 

to identify especially in the absence of mass 

effect. A ‘target’ or ‘bull’s eye’ appearance com-

prising an echogenic centre surrounded by a 

hypoechoic halo is also a common imaging 

appearance in adenocarcinoma of the colon and 

lung.

CEUS improves the sensitivity (80–90%) of 

detection of metastasis, with rates comparable to 

those of CECT [38]. Majority of hepatic metasta-

ses are hypovascular (adenocarcinomas from 

colon, stomach, breast, lung; squamous cell car-

cinomas). They appear hypoechoic with a thin 

rim of enhancement in the arterial phase and 

appear hypoechoic in the venous/delayed phase. 

Hypervascular hepatic metastasis (neuroendo-

crine tumours, melanomas, sarcomas and renal, 

breast and thyroid neoplasms) show enhance-

ment in the arterial phase with rapid washout (c.f. 

more delayed washout in HCC, typically >60 s) 

(Fig. 5.23) [39].

CECT shows a sensitivity of ~82% for the 

detection of hepatic metastasis. Acquisition of 

only the portal venous phase is generally consid-

ered sufficient for the evaluation of metastatic dis-

ease. The arterial phase may be acquired in cases 

with hypervascular primary tumours (Fig. 5.24). 

The majority of hypovascular metastases appear 

as well-circumscribed hypodense lesions with 

peritumoural enhancement in the arterial and por-

tal venous phases (Fig. 5.25). Lesions generally 

become iso-dense in the delayed phase, providing 

no diagnostic information. The unenhanced phase 

may be useful in cases in which primary lesions 

contain calcifications. Virtual non-contrast images 

may be recreated from the dataset acquired on 

dual-energy CT.

MRI is currently considered the most sensitive 

modality (~93.1%) for the detection of hepatic 

metastasis, especially for lesions <10  mm. 

Lesions typically appear hypointense on 

T1-weighted images and hyperintense on 

a b

c d

Fig. 5.23 A 54-year-old 

male with cystic hepatic 

metastasis from a 

pancreatic 

neuroendocrine tumour. 

(a, b) Grayscale 

ultrasound images 

showed multiple solid 

and cystic lesions 

(arrows) in both lobes of 

the liver. (c, d) 

Contrast-enhanced 

ultrasonography showed 

hypoenhancement of the 

lesions, with 

enhancement of the solid 

component in one of the 

lesions (arrow in c)
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a bFig. 5.24 A 62-year-old 

female with metastatic 

neuroendocrine tumour 

of the pancreas. (a, b) 

Axial late arterial phase 

CT image (a) showed a 

non-cirrhotic liver with 

multiple enhancing 

lesions, which showed 

washout in the venous 

phase (b), consistent 

with hypervascular 

metastases

a b

c d

Fig. 5.25 A 55-year-old 

female with 

hypovascular metastasis 

from colon cancer. (a, b) 

Axial contrast-enhanced 

CT images (venous 

phase) showed multiple, 

irregular peripherally 

enhancing lesions in the 

liver. (c, d) Axial 18FDG 

PET-CT images show 

avid uptake in the liver 

lesions. The primary 

malignancy is seen in 

the splenic flexure as 

circumferential wall 

thickening (arrowhead 

in b) with avid FDG 

uptake (arrowhead in d)

T2-weighted images. Hypovascular metastasis 

may also show peripheral T2 hypointensity with 

central hyperintensity (‘target’ appearance). The 

addition of DWI and the use of hepatobiliary 

phase (HBP) contrast agents have improved the 

sensitivity for the detection of hepatic metastasis 

(82.2% for only DWI, 91.2% for HBP imaging 

and 95% for combined DWI with HBP imaging) 

[40]. Metastatic lesions show restricted diffusion 

with low ADC values due to their hypercellular 

nature. Since there is the absence of hepatocytes 

in these metastatic tumours, they appear as 

hypointense areas in the hepatobiliary phase.

The imaging appearance of metastatic 

lesions often follows that of the primary malig-

nancy. Hypervascular metastasis from hyper-

vascular primaries shows arterial phase 

enhancement with washout in the delayed 

phase. The absence of underlying cirrhosis 

along with the presence of a primary tumour 

may help differentiate them from HCC. Cystic 

appearance of metastasis may be due to necro-

sis within lesions (neuroendocrine tumour, 

gastrointestinal stromal tumour, sarcoma, 

squamous cell carcinoma), primary tumour 

with cystic component (intraductal papillary 

mucinous carcinoma of pancreas, ovarian 

serous/mucinous carcinoma) and histological 

nature of primary (mucinous adenocarcinoma 

colon, ovary, endometrial carcinoma). These 

lesions show a fluid signal on T2-weighted 

images with irregular and nodular contrast 
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enhancement of their wall. T1 hyperintensity 

may be due to the presence of melanin (e.g. 

malignant melanoma), haemorrhage or protein 

content. Metastasis from pancreatic adenocar-

cinoma may appear as isolated arterioportal 

shunts, signifying metastasis even in the 

absence of an obvious nodular lesion [41].

The sensitivity of PET-CT for hepatic metas-

tasis is lower than that of DWI/CEMRI, espe-

cially for small lesions. However, PET-CT 

shows improved sensitivity for the detection of 

extrahepatic metastatic burden compared to 

conventional imaging which may upstage 

tumours.

Table 5.4 concisely demonstrates the salient 

imaging features of common primary hepatic 

malignancies and of hepatic metastasis discussed 

above.
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5.16  Conclusion

The liver is a frequently involved site in both pri-

mary and secondary malignancies. As advances 

continue in all aspects of the management of 

these malignancies, from diagnostic to therapeu-

tic, most cases require multidisciplinary team-

work for comprehensive treatment. The 

radiologist stands at the forefront, leading the 

way for early identification and characterisation 

of lesions and guiding the treating physician/sur-

geon regarding treatment options, especially as 

evidence for endovascular and percutaneous 

interventional procedures increases.
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6Diffuse Liver Diseases

Mohit Gupta, Dhawal Arora, Vijay Chidambaram, 
Ashok Katti, and Ankur Arora

6.1  Diffuse Liver Diseases

Diffuse liver disorders can be broadly classified 
into storage, vascular, inflammatory/infectious or 
neoplastic disorders. The pathophysiology is fre-
quently a metabolic or a haemodynamic cause 
affecting liver parenchyma and causing hepato-
cyte injury, resulting in liver fibrosis which if 
untreated progresses to cirrhosis and its compli-
cations [1–5]. Imaging plays an important role in 
the assessment of these disorders, with different 

imaging modalities aiding in providing morpho-
logical and functional characteristics of the 
underlying disorders [1, 2]. Moreover, imaging 
can help in detecting and quantifying chronic 
fibrotic changes which are the end result of all the 
diffuse liver disorders leading to cirrhosis [4]. 
Although on its own, imaging may not always be 
diagnostic, nevertheless, in many disorders, the 
specific radiological features on CT or MR can 
be sufficient to clinch the diagnosis, thereby 
avoiding the need for histologic confirmation.

6.2  Storage Diseases

6.2.1  Fatty Liver Disease

Fatty liver encompasses a spectrum of disorders 
that result from triglyceride accumulation within 
hepatocytes. Population-wide studies in different 
countries have indicated the prevalence of fatty 
liver at around 25%; there is no sex predilection 
[6, 7]. The major risk factors for developing a 
fatty liver are alcohol use, diabetes mellitus, alco-
hol intake, obesity and medications. Over the 
recent past, non-alcoholic fatty liver disease 
(NAFLD) has emerged as the commonest cause 
of hepatic steatosis—it is associated with obesity 
and/or metabolic syndrome [7, 8].

Hepatic steatosis has become one of the com-
mon radiological findings seen on cross-sectional 
imaging in today’s world. In most cases, fatty 
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liver is asymptomatic and is diagnosed inciden-
tally on radiological examination. In a minority, it 
may present with non-specific symptoms such as 
abdominal fullness and right upper quadrant pain.

The heterogeneous nature of fat distribution 
within the liver makes histology less specific for 
the diagnosis of fatty liver [8]. Imaging, there-
fore, helps in the non-invasive diagnosis and 
management of hepatic steatosis [9].

US, owing to its easy accessibility and cost- 
effectiveness, is often used as an initial screening 
tool. The lipid droplets within hepatocytes cause 
an increased scatter of the US beam. This results 
in the liver parenchyma appearing more echo-
genic relative to the renal cortex or spleen 
(Fig. 6.1) [10]. Increased scatter also reduces the 
transmission of the US beam, and as a result, the 
diaphragm and intrahepatic vessels appear poorly 
delineated. However, unfortunately, increased 
echogenicity of the liver is non-specific and can 
be seen in other metabolic or storage disorders. 
US is also not able to accurately quantify fatty 
changes and distinguish fibrosis from steatosis.

An unenhanced CT scan is used for the detec-
tion of fatty liver. There are usually two accepted 
criteria to diagnose fatty liver. The first criterion is 
to ascertain the average attenuation of the liver. 
The normal liver usually has an average 60–70 HU 
attenuation value, whereas in the underlying stea-
totic liver, the attenuation decreases to less than 
40 HU. Another criterion is to compare the atten-
uating properties of the liver and spleen. The 
attenuation of the liver should be 10HU less than 
the spleen [10, 11]. Reduction in hepatic attenua-
tion results in the intrahepatic vessels appearing 
brighter than the background liver (Fig. 6.2).

Contrast-enhanced CT has poor sensitivity in 
diagnosing fatty liver. The time of acquisition of 
scan, contrast volume and cardiac perfusion all 
affect the attenuation of the liver and spleen. 
Therefore, the comparison between attenuation 
values of spleen and liver cannot be reliably used 
for the diagnosis of fatty liver [11, 12]. Few studies 
have shown that the difference in attenuation val-
ues of the liver and spleen of more than 18 to 25 
can be considered as a sensitive marker for the 
underlying fatty liver [12]. Newer techniques such 
as dual-energy CT (DECT) are also being used for 
better characterization of fat distribution [13].

MR is the most useful and specific imaging 
tool to diagnose fatty liver [10, 11, 13]. Different 
techniques are used to determine underlying ste-
atosis; they include chemical shift imaging, gra-
dient echo with fat suppression, frequency 
selective imaging and MR spectroscopy. The 
Dixon chemical shift method exploits the physi-
cal properties of water and fat under the magnetic 
field to assess fatty infiltration. The method uses 
the precession frequency differences between 
water and fat molecules in in-and-out-of phases. 
In the normal liver, there is no difference in 
images in both phases. However, in a fatty liver, 
the affected liver shows a signal drop on out-of- 
phase imaging (Fig. 6.3). This helps in easy qual-
itative measurement of hepatic fat. The sequence 
unfortunately is easily affected by the presence of 
iron and other paramagnetic substances which 
can limit its diagnostic accuracy.

The most common appearance of fatty liver 
is diffuse hepatic involvement. Localized, het-
erogeneous or multifocal fatty lesions can be 
seen sometimes (Fig.  6.4). They may give a 

a b
Fig. 6.1 (a) Normal 
liver (L) appears 
isoechoic to the right 
kidney cortex (K) with 
clear visualization of the 
diaphragm (arrow). (b) 
Liver appearing brighter 
than the right kidney due 
to diffuse steatosis, with 
suboptimal visualization 
of the diaphragm 
(arrow)
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a b

Fig. 6.2 (a and b) Unenhanced CT demonstrating a 
hypodense fatty liver. Intrahepatic vessels (arrow) 
appear brighter than the background liver due to dif-

fuse background steatosis. The liver attenuation (28 
HU) was significantly lower than that of the spleen 
(51 HU)

a b
Fig. 6.3 (a and b) 
In-phase and opposed- 
phase images of the liver 
demonstrating marked 
signal drop on the latter 
suggestive of diffuse 
(homogeneous) hepatic 
steatosis

a

b

Fig. 6.4 (a and b) In-phase and opposed-phase images of the liver demonstrating heterogeneous signal drop on the 
opposed-phase in keeping with heterogeneous steatosis
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false impression of mass lesion(s). In these 
cases, MRI with a gradient echo sequence is 
extremely helpful for confirming fatty infiltra-
tion and excluding masses.

MR spectroscopy gives a more accurate 
assessment of liver fat [11]. In MR spectroscopy, 
the strength of proton signals from different tis-
sue types at precession frequency is measured, 
and the values are reported as peaks. In a normal 
liver, there is only a single peak of water, but in 
the case of fatty liver, the hydrogen molecules 
generate two different peaks. The heights of fat 
peaks give a quantitative assessment of fat con-
tent within the liver. The patient should be fasted 
at the time of MR spectroscopy to avoid the effect 
of food in the stomach cavity.

6.2.2  Haemochromatosis

Haemochromatosis is an iron overload disor-
der causing abnormal absorption of iron from 
the gut, leading to a progressive increase in the 
body’s iron stores. Although the liver is the 
most frequently affected organ, it is not uncom-
mon to see clinical and imaging features in the 
heart, pancreas, skin, endocrine glands and 
bones [1, 2].

Since haemochromatosis is a multi-organ 
disorder, the patient may present with varying 
clinical presentations, such as hepatomegaly 
(90%), hyperpigmented skin (90%), arthralgia 
(50%), diabetes (30%) and heart failure or 
arrhythmia (15%). In addition, there is an 
increased risk of malignancy in these patients 
with hepatocellular carcinoma recognized as a 
documented complication for advanced cases of 
haemochromatosis [14].

Raised serum ferritin and transferring satura-
tion index are reliable markers for the diagnosis 
of haemochromatosis [14]. However, these tests 
have low sensitivity and specificity. False- 
positive results can be seen in alcohol excess and 
false-negative results in young individuals with 
haemochromatosis.

The key imaging features of hepatic iron over-
load are increased organ density on CT and 
reduced signal intensity on MRI [1, 2]. Non- 

contrast CT features suggest a marked homoge-
neous increase in liver density (up to or more 
than 72  HU) with apparent low attenuation of 
intrahepatic portal vessels and hepatic veins rela-
tive to hepatic parenchyma. Colluding factors 
such as associated fat deposition causing a 
decrease in hepatic attenuation reduce the sensi-
tivity of CT [14]. Additionally, the minimal 
threshold for hepatic iron accumulation is 5 times 
the normal hepatic iron for its detection on CT, 
further compromising its sensitivity. Similarly, 
Wilson’s disease, gold deposition, type IV glyco-
gen storage or long-term amiodarone therapy 
causing an increase in hepatic attenuation 
decrease the specificity of the modality. Non- 
contrast CT is really important because iron 
accumulation cannot be satisfactorily demon-
strated in the background of enhancing hepatic 
parenchyma [1, 2]. Dual-energy CT can help in 
the quantification of iron overload.

MRI is the modality of choice for the diagnosis 
of iron overload with high sensitivity and specific-
ity [1–5, 14–16]. Although hepatic biopsy is the 
gold standard, MRI is emerging as a non- invasive 
alternative for the evaluation of iron overload, 
determination of the severity of disease and moni-
toring of therapy. The superparamagnetic effect of 
iron ions results in shortening of relaxation time 
on T1, T2 and T2* sequences. This presents as a 
loss of signal which is proportional to iron deposi-
tion. Hepatic iron concentration can be estimated 
using gradient in-and-out-of-phase sequences 
(Fig. 6.5). These demonstrate loss of signal on the 
in-phase sequence as compared to the out-of-
phase sequence (reverse of what is seen in fat 
deposition) [5, 14].

The key differentiating feature is the iron 
deposition pattern. Predominant liver involve-
ment is consistent with non-RES deposition and 
is suggestive of primary haemochromatosis. 
Predominant spleen and bone marrow involve-
ment with lesser extent of liver involvement is 
consistent with RES deposition which is sugges-
tive of secondary haemochromatosis.

There are two methods which have been suc-
cessfully implemented in the quantification of 
hepatic iron overload. One is the signal intensity 
ratio method which measures the signal intensity 
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a b
Fig. 6.5 (a) In-phase 
and (b) opposed-phase 
images in a 48-year-old 
patient with iron 
overload due to 
haemochromatosis. The 
liver shows signal loss 
on the in-phase

of the liver and another tissue and gives the pro-
portion of these to quantify hepatic iron overload. 
The other one is the relaxometry method which 
measures the signal intensity of the liver across 
multiple echo times and calculates T2 or T2* val-
ues. T2 and T2* values are inversely related to 
iron concentration. Therefore, R or R* (1000/T2 
or T2*) values are directly related and increase 
linearly with hepatic iron concentration. These 
are of great importance in the evaluation of 
hepatic iron overload. A T2* value less than 18 
ms is considered consistent with iron overload. A 
recent study suggested that an R2* value cutoff 
of 147.1 Hz/T2* value of 6.8 ms can help in the 
determination of moderate and severe iron over-
load from absent and mild iron overload [15]. 
The GRE sequence with T2* weighting and pro-
gressively longer echo times is particularly sensi-
tive in identifying and evaluating mild to 
moderate iron overload. It is detected as a lower 
signal intensity of the iron-loaded hepatic paren-
chyma than the paraspinal musculature in con-
trast to the higher signal of normal hepatic 
parenchyma than paraspinal musculature. This 
proves to be an excellent internal control (3). A 
recent study has successfully evaluated the cor-
relation between liver-to-muscle (L/M) signal 
intensity and hepatic iron concentration. It has 
been suggested that a highly weighted GRE 
sequence has a high sensitivity of 89% and a 
specificity of 80% in the validation group, with 
an L/M ratio less than 0.88. This technique 
allowed them to detect an iron overload greater 
than 60  micromol/g (normal value 
<36 micromol/g) [16].

In the clinical setting, either a vendor software 
platform or a manual assessment can be done. 
There are multiple freely available softwares to 
help the radiologist in calculating the liver iron 
concentrations. The most common of these is the 
MRQuantif from the group from Rennes (https://
imagemed.univ- rennes1.fr/en). A periodic audit 
with patients who have also had a biopsy would 
give an indication of the degree of accuracy of the 
results.

US is not a suitable modality for the diagnosis 
of hepatic iron overload but is useful to determine 
long-term features such as cirrhosis or portal 
hypertension caused by haemochromatosis [15]. 
Hepatocellular carcinoma is a complication of 
advanced haemochromatosis in almost 35% of 
patients. US is also widely used for surveillance 
and HCC detection (Fig. 6.6) [1].

6.2.3  Amyloidosis

Amyloidosis is an umbrella term used for dis-
eases in which tissue damage occurs secondary 
to extracellular deposition of abnormally folded 
fibrillar proteins called amyloid. Hepatic involve-
ment in amyloidosis is uncommon, wherein the 
abnormal extracellular proteins cause tissue 
 damage by local mass effect on the hepatocytes 
and their resultant destruction [1].

Hepatic amyloidosis is usually asymptomatic 
[1]. Patients may have non-specific symptoms of 
abdominal pain due to liver enlargement, whilst 
others may present with deranged liver enzymes. 
Imaging findings are non-specific. As amyloido-
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a b dc

Fig. 6.6 (a) In-phase and (b) opposed-phase images in a 
29-year-old patient with hepatic iron overload. (c) A focal 
hypoechoic lesion was picked up on US surveillance. (d) 

On post-contrast MRI, this exhibited arterial hyperen-
hancement favouring an HCC

Fig. 6.7 Coronal CT demonstrating an enlarged, slightly 
heterogeneous liver in a 77-year-old lady, a known case of 
multi-organ amyloidosis, who presented with spontane-
ous atraumatic splenic rupture (asterisk)

sis is an infiltrative disorder, hepatomegaly is a 
common finding seen in almost all patients with 
amyloidosis [1, 5]. The liver often shows hetero-
geneous appearances on US, CT and 
MRI. Splenomegaly is commonly present along 
with hepatomegaly (Fig. 6.7) [17, 18].

On CT, the liver parenchyma may have lower 
attenuation, giving the appearance of fatty liver. 
On MRI, the liver is diffusely involved and shows 

low signal change on both T1- and T2-weighted 
images with no signal drop on opposed-phase 
chemical shift imaging, thus aiding differentia-
tion from fatty liver or haemochromatosis [17, 
18]. The liver can progressively develop an irreg-
ular outline and may show triangular hypertro-
phy, i.e. apex towards the falciform ligament.

6.2.4  Wilson’s Disease

Wilson’s disease, aka hepatolenticular degenera-
tion, is a rare autosomal recessive disorder char-
acterized by increased intestinal uptake of copper, 
leading to accumulation of its toxic levels in the 
liver, cornea and brain [1].

Within the liver, copper predominantly accu-
mulates in the periportal region and along the 
hepatic sinusoids. This eventually results in the 
inflammatory reaction leading to acute hepatitis 
with steatosis. This is followed by the 
 development of chronic hepatitis leading to 
hepatic fibrosis and macronodular cirrhosis as 
end-stage [19]. Very rarely, malignant transfor-
mation into hepatocellular carcinoma may occur 
[20]. Liver manifestations are more common in 
the younger age group, often in individuals pre-
senting in the first and second decades of life. 
Presentation with neurological symptoms usually 
occurs in the third decade of life, but these indi-
viduals have usually developed hepatic disease as 
well by the time of presentation [20].
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a b c

Fig. 6.8 (a) Coronal T1W MRI demonstrating massive 
hepatomegaly in a 16-year-old girl with type IB GSD. (b 
and c) Pre- and post-contrast T1W images demonstrating 

an enhancing adenoma (arrow), picked up on one of the 
annual surveillance scans

US, CT and MRI findings usually represent 
non-specific features such as fatty infiltration, 
hepatomegaly, features of acute or chronic hepa-
titis and, in advanced cases, cirrhosis. Hepatic 
attenuation may be increased secondary to the 
accumulation of copper, resulting in a hyper-
dense liver on an unenhanced CT scan. However, 
in patients with concurrent steatosis, the cancel-
ling effect of fat and copper may result in no 
change in attenuation [12]. There are no specific 
MRI findings, although early disease may be 
characterized by the presence of multiple hepatic 
nodules that are T2 hypointense and T1 hyperin-
tense. This is secondary to the paramagnetic 
effect of ionic copper [21]. The role of imaging is 
primarily for the monitoring and surveillance of 
liver cirrhosis rather than for diagnosing Wilson’s 
disease.

6.2.5  Glycogen Storage Diseases

Glycogen storage disorders are inherited as auto-
somal recessive genetic diseases, characterized 
by a deficiency of one of the enzymes responsible 
for the synthesis, metabolism or storage of glyco-
gen. The most common glycogen storage dis-
eases are type I and type II with an overall 
incidence of 1  in 100,000 and 1  in 40,000 live 
births (in the United States) [22, 23].

Glycogen storage diseases have hepatomegaly 
as one of the cardinal features. Diagnosis of gly-
cogen storage disorder should be excluded in 

children presenting with hepatomegaly and asso-
ciated hypoglycaemia, growth retardation or dis-
proportionate distribution of body fat [12].

On imaging, the deposition of glycogen in 
hepatocytes is seen as increased echogenicity on 
ultrasound and increased hepatic attenuation on 
CT.  On MRI, it is seen as a homogeneously 
increased signal intensity relative to bone mar-
row on the T1W sequence [21]. Patients are at 
risk for developing hepatic adenoma/adenomato-
sis (multiple adenomas), cirrhosis and hepatocel-
lular carcinoma. Imaging plays a more important 
role in screening for these changes rather than in 
diagnosing glycogen storage disorders (Fig. 6.8).

6.3  Infectious/Inflammatory 
Diseases

A variety of inflammatory and infectious diseases 
can lead to diffuse liver involvement. The major-
ity demonstrate overlapping features ranging 
from hepatomegaly to multiple small liver lesions 
in the form of granulomas or abscesses [1].

The most prevalent of these are viral infec-
tions [2]. They can present with acute hepatitis, 
but they can also present with liver fibrosis/cir-
rhosis and may go on to develop HCC. Less com-
mon conditions include fungal infections, 
especially candidiasis, which leads to multiple 
micro-abscesses in the liver. Granulomatous dis-
eases such as tuberculosis, sarcoidosis and histo-
plasmosis can cause hepatomegaly or small 
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granuloma/tuberculoma formations, which 
appear as small hypodense lesions with variable 
enhancement. Calcifications can be seen in 
healed tuberculosis and histoplasmosis. Parasitic 
infections, especially schistosomiasis, lead to 
periportal fibrosis and characteristic calcified 
septa lying perpendicular to the liver capsule, 
described as the ‘turtleback’ appearance. 
Bacterial infections such as pyogenic and amoe-
bic liver abscesses usually present as focal liver 
abscesses which combined with clinical symp-
toms make the diagnosis straightforward.

6.3.1  Viral Hepatitis

Acute viral hepatitis is the most common cause 
of acute liver disease. Most of the viral  hepatitides 
are caused by hepatotropic viruses: A, B, C, E 
and G. Other viruses like herpes virus, adenovi-
rus and coxsackievirus can also cause acute hepa-
titis in immunosuppressed individuals. Viral 
hepatitis is usually diagnosed with clinical fea-
tures, biochemistry and serologic positivity. 
Imaging findings are non-specific and are mainly 
used for ruling out other differentials which can 
present with a similar clinical picture.

The most common imaging manifestation is 
hepatomegaly accompanied by periportal oedema 
and gallbladder wall oedema (Fig. 6.9). Periportal 
lymphadenopathy can be seen. Liver parenchy-
mal attenuation and enhancement are generally 
heterogeneous on CT.  MRI also shows non- 
specific findings of hepatomegaly and enhance-
ment of the liver capsule, often accompanied by 
periportal oedema tracking along portal channels 
on T2-weighted images [24, 25].

Other diseases such as TB, candidiasis, histo-
plasmosis and some inflammatory disorders like 
sarcoidosis can also show diffuse involvement of 
the liver. These disorders also present with non- 
specific hepatomegaly. These diseases have been 
discussed elsewhere in the book.

6.3.2  Hepatic Fibrosis and Liver 
Cirrhosis

Chronic inflammatory changes/hepatitis can 
progress to the early stage of reversible hepatic 
fibrosis and eventually the advanced stage of 
fibrosis if untreated. Hepatic fibrosis is seen as 
coarse parenchymal echogenicity on ultrasound. 
Sonographic appearance of early fibrosis is non- 
specific; however, the sensitivity improves in the 
advanced stage of fibrosis which shows paren-
chymal heterogeneity and surface nodularity. 
Portal hypertension is an associated finding. 
Elastography techniques such as point shear 
wave elastography (pSWE), shear wave elastog-
raphy (SWE) and vibration-controlled transient 
elastography (VCTE) are highly accurate in 
detecting hepatic fibrosis [26] but unfortunately 
are operator-dependent.

On CT, fibrosis/cirrhosis can be seen as a het-
erogeneous, irregular/nodular hepatic surface, 
widened fissures, segmental atrophy with com-
pensatory hypertrophy and associated features of 
portal hypertension. It can be helpful in the eval-
uation of complications such as oesophageal 
varices, ascites or hepatocellular carcinoma. The 
sensitivity and specificity of the CT scan for 
diagnosing hepatic cirrhosis are 77.1–84.3% and 
52.9–67.6%, respectively.

a b
Fig. 6.9 (a and b) Axial 
CT images 
demonstrating florid 
periportal oedema and 
oedematous gallbladder 
in a 19-year-old female 
presenting with acute 
severe viral hepatitis
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Conventional MRI is more accurate than the 
CT scan for diagnosing early fibrosis. Newer 
techniques such as susceptibility weighted imag-
ing (SWI), diffusion-weighted imaging (DWI), 
perfusion imaging, texture analysis, hepatocel-
lular function imaging, t1-p imaging and MR 
elastography (MRE) are showing an increasing 
role in the evaluation of hepatic fibrosis [27, 28]. 
MRE shows high sensitivity and specificity of 
98% and 99%, respectively, in the detection of 
hepatic fibrosis and differentiating NAFLD or 
NASH prior to the development of hepatic fibro-
sis. Hepatic stiffness increases with advancing 
stages of fibrosis and can be easily differentiated 
from normal stiffness, i.e <2.5 kPa. Studies have 
suggested that it is not influenced by associated 
features of cirrhosis such as ascites, obesity or 
hepatic steatosis. It can however prove unreli-
able in patients with iron deposition disorders. 
Upcoming MRI techniques like magnetic trans-
fer ratio (MTR), T1ρ imaging and texture analy-
sis are being developed as supplementary tools 
in these patients.

A major complication of chronic liver fibrosis 
or cirrhosis is hepatocellular carcinoma. Imaging 
surveillance is key for its timely detection and 
optimal treatment and also for following up 
patients post-treatment (Fig. 6.10).

6.3.3  Sarcoidosis

Hepatic involvement in sarcoidosis, a systemic 
autoimmune (granulomatous) disorder, is not 
uncommon and has been reported in 11–80% of 
patients with sarcoidosis, but progression to 
chronic hepatitis and cirrhosis is relatively 
uncommon [29, 30]. Diagnosis of hepatic sar-
coidosis is challenging and often dependent on a 
combination of biochemical, imaging and histo-
logical findings [29].

The most common imaging manifestations on 
CT or MRI are hepatomegaly followed by multi-
ple hypodense hepatic nodules ranging up to 
2 cm, often accompanied by splenic granulomas, 
splenomegaly and abdominal adenopathy [1, 5]. 

a

d e f

b c

Fig. 6.10 (a) Axial CT demonstrating a dysmorphic liver 
with an undulating contour and enlarged caudate lobe. (b 
and c) In- and opposed-phase MRI shows diffuse steatosis 
and micronodular change. (d) US surveillance detected a 

new hypoechoic nodule (short arrow). (e) MRI demon-
strates arterial hyperenhancement (long arrow) and washout 
(not shown) in keeping with HCC. (f) Post-microwave-
ablation CT ensures there’s no residual disease
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Fig. 6.11 (a and b) Axial abdominal CT in a 66-year-old 
male showing numerous randomly scattered hepato-
splenic hypodense nodules (sarcoid granulomas). (b) CT 

thorax performed a year prior shows typical changes of 
pulmonary sarcoidosis (bilateral peri-fissural and peri-
bronchovascular nodules)

The presence of classical perilymphatic nodular 
change in the lungs, the most common organ 
involved in sarcoidosis, can be a helpful diagnos-
tic clue (Fig. 6.11). However, one has to be wary 
of lymphoma, metastases and candidiasis which 
can have overlapping imaging manifestations.

Once the disease has progressed to chronic 
liver disease, the presence of large central regen-
erative nodules accompanied by wedge-shaped 
subcapsular areas of parenchymal loss on MRI 
has been shown to be helpful in suggesting the 
diagnosis [31].

6.4  Vascular Disorders

Disease processes that lead to abnormal hepatic 
perfusion can also manifest as diffuse liver dis-
ease [2, 5].

6.4.1  Congestive Hepatopathy

Chronic cardiovascular conditions leading to 
heart failure create a state of elevated central 
venous pressure. This leads to passive conges-
tion within the liver parenchyma with elevated 
hepatic venous pressure. This chronically ele-
vated hepatic pressure state is also termed as 
congestive hepatopathy (CH) and has a ten-
dency to cause hepatic fibrosis and cirrhosis in 
the long term [5, 32].

Persistently raised hepatic venous pressure 
leads to dilatation of hepatic sinusoids, perisinu-
soidal oedema and haemorrhage. This leads to 
hepatocyte atrophy with subsequent development 
of fibrosis. Liver dysfunction does not happen till 
late in CH; therefore, imaging plays an important 
role in the early recognition of CH [32].

US shows hepatomegaly along with dilation 
of the inferior vena cava (IVC) and hepatic veins. 
There is a loss of respiratory variations in IVC 
with loss of the normal triphasic pattern of flow 
in hepatic veins on Doppler. This is due to 
increased resistance in the flow towards the heart 
[32, 33]. On CT and MRI, hepatomegaly, con-
trast reflux into distended IVC and hepatic veins 
and mosaic liver parenchymal enhancement are 
features that suggest CH (Fig.  6.12). Phase-
contrast MRI can be used to determine the vascu-
lar flow and the direction of the flow.

In long-standing CH, hepatic to hepatic shunts 
can develop (Fig. 6.13). Extrahepatic features of 
cardiac findings like cardiomegaly, effusion or 
restrictive cardiomyopathy are generally helpful 
in confirming the diagnosis.

6.4.2  Budd-Chiari Syndrome

Budd-Chiari syndrome is characterized by 
hepatic venous outflow obstruction leading to 
portal hypertension, ascites and progressive liver 
failure [2]. It has both acute and chronic presenta-

M. Gupta et al.



99
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Fig. 6.12 (a and b) Arterial and PV axial CT images 
demonstrating contrast reflux into IVC-hepatic veins and 
mosaic parenchymal enhancement in a 77-year-old lady 

with longstanding cardiac disease. (c) Patient progressed 
to cardiac cirrhosis at age 80, note dysmorphic liver with 
mosaic enhancement on CT

a b c

Fig. 6.13 (a) Coronal MPR demonstrating distended 
IVC-hepatic veins (arrowheads) in a 73-year-old 
lady with CH. (b and c) Coronal MIP shows an intra-

hepatic veno-venous shunt (asterisk) connecting the 
right hepatic vein (dotted arrow) with the right PV 
(arrow)

tions [5]. The classic triad of clinical manifesta-
tions includes hepatomegaly, ascites and 
abdominal pain.

Ultrasound shows hepatomegaly, thrombosis 
of the hepatic veins/IVC and associated features 
of portal hypertension. Colour Doppler shows 
absent or reversal flow in the hepatic veins.

On CT and MRI, there is a classic ‘mottled’ 
appearance of the liver (Fig. 6.14). Post-contrast 
CT also shows the classic ‘flip-flop’ phenomenon 
of enhancement characterized by delayed 
enhancement of the peripheral liver [34]. Chronic 
disease presents with (caudate lobe enlargement) 
and atrophy of the peripheral liver and features of 
portal hypertension. Hepatic veins are non- 
visualized/constricted with multiple intrahepatic 

collaterals seen appearing as enhancing ‘comma- 
shaped’ structures.

6.4.3  Arteriovenous Malformation

Hepatic arterio-venous (AV) malformations are 
rare. These may be caused either iatrogenically or in 
hereditary conditions such as haemorrhagic telangi-
ectasia (HHT) [2]. HHT is characterized by AV 
malformations between the hepatic artery and the 
hepatic vein or the hepatic artery and the portal-
venous system and can diffusely involve the liver.

HHT presents as multiple asterisk-like vascular 
abnormalities (telangiectasias) distributed through-
out the hepatic parenchyma. There is enlargement 
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a b
Fig. 6.14 (a) Axial CT 
and coronal MPR 
images demonstrating 
classical ‘mottled’ liver 
in a 30-year-old lady 
with Budd-Chiari 
syndrome. (b) There are 
signs of portal 
hypertension as 
evidenced by splenic 
enlargement and ascites

a b

Fig. 6.15 (a) Coronal MPR demonstrating innumerable 
hepatic telangiectasias (arrowheads) in a 55-year-old lady 
with HHT.  The hepatic artery is unusually dilated and 

ectatic (arrow). (b) Axial CT shows opacification of the 
hepatic veins (dotted arrows) on the arterial phase scan 
suggestive of AV shunting (arrow)

of the hepatic artery and an increased number of 
tortuous vessels at the hepatic hilum. Early opacifi-
cation of the HV or PV on arterial phase scan sug-
gests underlying AV malformations (Fig. 6.15) [35].

Increased arterial perfusion leads to secondary 
nodular hypertrophy which may mimic a malig-
nant hepatic lesion. However, these nodules do 
not show any washout and become isodense to 
background liver parenchyma on the portal- 
venous and equilibrium phases. In cases where 
doubt persists, the use of hepatobiliary contrast 
can solve the query as these (FNH-like) nodules 
retain contrast on delayed images [35].

6.5  Neoplastic Disorders

6.5.1  Metastatic Disease

Metastases are the most common malignant 
hepatic lesions and can sometimes diffusely 
infiltrate the liver [1]. Diffuse metastatic infiltra-

tion is most frequently seen secondary to malig-
nant neuroendocrine cancers, pancreatic 
carcinoma, colonic adenocarcinoma and breast 
carcinoma [36].

On US, CT and MR imaging, the appearances 
can be varied with conglomerate/coalescent 
(Fig.  6.16), infiltrative, cystic and occasionally 
calcified appearances. They are typically hypo-
vascular and show ring/peripheral enhancement 
in the arterial phase, followed by progressive 
thick rind enhancement in the venous phase. 
Hypervascular metastases show diffuse enhance-
ment on the arterial phase and are typically seen 
with neuroendocrine tumours, renal cell carci-
noma, thyroid carcinoma, melanoma, etc.

Diffuse metastatic infiltration can be subtle at 
initial presentation and may not be readily dis-
cernible, but the presence of subtle parenchymal 
heterogeneity and/or architectural, contour or 
vascular distortion should prompt further assess-
ment with MRI.  Diffusion-weighted imaging is 
of paramount importance [36].
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a b c

Fig. 6.16 (a and b) Arterial and PV axial CT slices dem-
onstrating extensive diffuse metastatic infiltration of the 
liver in a 50-year-old male with a pancreatic tail neuroen-

docrine cancer (asterisk). (c) DOTATAE Gallium PET-CT 
confirming bilobar liver metastases

a

d e f

b c

Fig. 6.17 (a) Liver US in a 25-year-old male showing a 
heterogeneous left liver lobe, but with no discrete lesion 
shown. (b and c) Axial arterial and PV CT showing a mass 
permeating the left liver lobe with no discernible arterial 
enhancement, but there is a washout appearance on the PV 

phase. Of note is an expansile PV thrombus (arrow). (d) 
Axial T2W MRI shows the thrombus to be of similar sig-
nal intensity to the neighbouring mass. Additional lesions 
are seen in the right lobe (asterisk). (e and f) The thrombus 
enhances similar to the left lobe infiltrative HCC (arrow)

6.5.2  Primary Liver Tumours

Primary hepatic malignancies such as hepatocel-
lular carcinoma (HCC) can rarely present with 
diffuse involvement of the liver either in the form 
of multicentric HCC nodules or as an infiltrative 
HCC.  Infiltrative HCC is a unique variety of 
HCC, wherein innumerable tiny tumour nodules 
infiltrate multiple hepatic segments, the entire 
lobe or the whole of the liver [37].

The tumour is often not easy to distinguish 
from the background heterogeneous cirrhotic 
liver, particularly on US and CT. Moreover, the 
typical arterial phase enhancement is often lack-
ing, although it may show vague washout appear-
ances on the venous phase (Fig. 6.17). The most 
helpful imaging finding is the presence of an 
expansile thrombus within the intra- and extrahe-
patic PV branches, seen in 68–100%. On CT and 
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a bFig. 6.18 (a and b) 
Coronal and axial T2W 
MRI in a 56-year-old 
female with non- 
Hodgkin lymphoma 
demonstrating an 
enlarged liver with 
multifocal nodular 
lesions (arrows). Note 
the massively enlarged 
spleen (asterisk) and 
enlarged retroperitoneal 
nodes (arrowhead)

MRI, the thrombus often shows heterogeneous 
enhancement similar to the adjacent tumour [37].

6.5.3  Lymphoma

Hepatic involvement is mostly secondary, with 
primary liver lymphoma being a rare disease. The 
imaging manifestations are largely non-specific, 
ranging from nodular lesions, diffuse infiltration 
to a mixed infiltrative and nodular pattern 
(Fig. 6.18). In an appropriate clinical setting, the 
presence of ancillary findings such as spleno-
megaly, lymphadenopathy or periportal mass can 
serve as helpful diagnostic clues [1, 38].

6.6  Drug-Induced Diffuse Liver 
Disease

A variety of drugs and toxins have been impli-
cated in causing diffuse liver injury. Although 
less common, it remains a significant concern 
which needs proper monitoring and surveillance 
to prevent liver failure in these patients [39, 40].

The list of drugs that can cause liver damage is 
wide and long. Anesthetics (halothane, enflu-
rane), anticonvulsants (phenytoin), analgesics 
(acetaminophen), hormonal derivatives (dan-
azol), antidepressant or antianxiety drugs (ami-
triptyline, amineptine), antimicrobials (isoniazid, 
amoxicillin, sulfamethoxazole-trimethoprim), 
hypolipidemic agents (nicotinic acid, gemfibro-
zil), drugs for inflammatory bowel disease (sul-

fasalazine), combined antiretroviral therapy 
(cART), cardiovascular drugs (quinidine, amiod-
arone) and various classes of chemotherapy drugs 
(methotrexate, cisplatin, gemcitabine, etc.) have 
all been associated with parenchymal liver 
 disease. The common mechanisms of liver injury 
are hepatic steatosis, cholestatic injury, vascular 
injury in the form of Budd-Chiari syndrome and 
sinusoidal obstruction syndrome [39].

6.6.1  Amiodarone Hepatotoxicity

Amiodarone is commonly used for acute and 
chronic dysrhythmias and is known to deposit in 
the reticuloendothelial system, mostly in the liver 
but also in the spleen. Amiodarone and its toxic 
metabolite ‘desethylamiodarone’ cause hepato-
cyte damage.

Hepatotoxicity is a major concern while initi-
ating amiodarone therapy. Studies have sug-
gested that there is an increased risk of 
hepatotoxicity with high-dose usage and long- 
term treatments. In most of the patients, hepato-
toxicity is detected incidentally during routine 
testing of hepatic function tests [40].

An increase in average CT (HU) density is the 
most common finding (Fig.  6.19). Studies have 
suggested that there is a significant correlation 
between blood desethylamiodarone and hepatic 
hyperattenuation. Hence, amiodarone should be 
considered a differential possibility in cases with 
hepatic hyperattenuation. The only definitive 
treatment is discontinuation of drugs.
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Fig. 6.19 Axial unenhanced CT in a 70-year-old lady 
demonstrating hyperattenuating liver secondary to amio-
darone. The average liver attenuation was 92.8 HU (nor-
mally 55 HU)

6.7  Conclusion

With the growing incidence and detection of liver 
diseases globally, awareness of the diagnostic 
imaging features of common and uncommon 
aetiologies of diffuse liver diseases is critical for 
their timely detection and treatment. If untreated, 
chronic liver injury can evolve into cirrhosis, thus 
putting the patient at risk of liver cancer and other 
cirrhosis-related complications. Imaging not only 
plays an essential role in the diagnostic pathway 
but also in disease monitoring, particularly to 
screen for malignancy.
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7Imaging and Interventions 
in Budd-Chiari Syndrome

Sreedhara Bettadahally Chaluvashetty, 
Prabhjyot Singh Chowhan, and Naveen Kalra

7.1  Introduction

Budd-Chiari syndrome (BCS) is defined as the 

obstruction of the outflow of the hepatic venous 

system which may occur at any level between the 

hepatic venules and the inferior vena cava 

(IVC)—right atrium junction, irrespective of the 

cause of obstruction. Outflow obstruction caused 

by cardiac disorders and veno-occlusive disease 

of the liver is not included in this definition [1]. 

As far as pathophysiology is concerned, obstruc-

tion of the venous outflow from the liver leads to 

congestion and stasis, causing elevation of pres-

sure within the sinusoids and a resultant hypoxic 

damage to hepatocytes and the sinusoidal endo-

thelium. Hepatocyte necrosis then ensues along 

with gradually increasing centrilobular fibrosis, 

nodular regenerative hyperplasia and finally cir-

rhosis [2, 3]. However, liver function can be pre-

served if the pressure within the sinusoids is 

brought down by re-establishing the outflow sys-

tem, forming a portosystemic shunt or by the for-

mation of venous collaterals. Therefore, it is 

important to understand the underlying causative 

factors, clinical features and baseline liver func-

tion for choosing the best management plan for 

patients which may vary from conservative ther-

apy to endovascular management to liver 

transplantation.

Radiological evaluation plays a key role in 

diagnosing and classifying BCS. It may be par-

ticularly important in patients with non-specific 

clinical features, wherein it may provide the ini-

tial clues to the underlying disease. In addition, 

imaging is also an integral part of the routine 

follow-up of BCS patients.

7.2  Hepatic Venous System: 
Normal Anatomy 
and Doppler Study

By convention, there are three major hepatic 

veins (HVs) that drain into the IVC. The middle 

hepatic vein (MHV) is responsible for draining 

segments IVa, IVb, V and VIII. The largest of the 

three HVs—the right hepatic vein (RHV)—is 

responsible for the drainage of segments V, VI 

and VII, while segments II and III are drained by 

the left hepatic vein (LHV). In approximately 

65–85% of the population, the LHV and MHV 

merge prior to joining the IVC [4, 5].

Hepatic venous anatomy variations may be 

observed in around 16–33% of the population 

[6]. Accessory HVs that drain independently into 

the IVC constitute the commonest variant. The 

inferior right HV (that drains segment VI of the 

liver) is the commonest accessory HV and is seen 

in 18% of people [7]. This information is of vital 
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Fig. 7.1 Normal spectral Doppler waveform of hepatic 

veins with its four components

importance prior to planning any endovascular or 

surgical procedure.

There are four components of a normal HV 

waveform—the A wave, an antegrade S wave, a 

V wave and an antegrade D wave (Fig. 7.1) [8]. 

The retrograde A wave occurs due to the contrac-

tion of the atrium. During the S wave (which cor-

responds to ventricular contraction), the tricuspid 

valve annulus moves towards the apex, causing 

the blood to flow from the liver to the right atrium 

due to the creation of negative pressure. In 

patients with a healthy heart, this is the phase 

during which there is the greatest amount of ante-

grade flow.

The V wave is associated with atrial overfill-

ing. The tricuspid valve starts returning to its 

natural position once the ventricular contraction 

starts decreasing in intensity, resulting in a 

decrease in velocity of the blood flow towards the 

heart. The V wave’s peak may lie below, at or 

above the baseline, based on whether there is 

transient retrograde flow, transient equilibrium 

with no flow or antegrade flow throughout, 

respectively.

The D wave starts with the opening of the tri-

cuspid valve. During diastole, blood flows pas-

sively in an antegrade fashion from the liver to 

the right atrium. In healthy patients, the velocity 

of this flow is less than that during the S wave.

Patient factors play a key role in the HV spec-

tral Doppler waveform appearance, and one must 

always take the Doppler tracings during end 

inspiration or quiet respiration.

This is because during these two states, the 

venous return to the heart is good, and it produces 

a normal waveform. When performing a Valsalva 

manoeuvre and during end-expiration, nearly 

monophasic waveforms are generated because of 

lesser blood return to the right heart, resulting in 

blunted waveforms.

7.3  Epidemiology 
and Classification of BCS

Worldwide, BCS is not a very common liver dis-

ease. Two Asian and four European epidemio-

logical studies were included in a recent 

meta-analysis that revealed a prevalence and 

incidence of around 2.40–33.10 per million and 

0.168–4.09 per million every year, respectively 

[9]. Notably, well-designed epidemiological 

studies are lacking from India and China, and 

the two Asian studies included in the meta-anal-

ysis were conducted in Japan [10] and South 

Korea [11], respectively. However, China and 

India probably have a greater number of BCS 

patients, taking into view that single-centre 

studies from these two nations frequently 

involve hundreds of BCS cases [12, 13]. 

Furthermore, inadequate knowledge and low-

quality diagnostic equipment may be responsi-

ble for the underdiagnosis of BCS in some parts 

of Asian countries. This often leads to missed or 

delayed diagnosis of BCS, thereby resulting in 

inaccurate epidemiological data. Therefore, 

establishing a high index of suspicion is impor-

tant based on the patient demographics, history, 

clinical signs and symptoms and biochemical 

parameters.

As far as classification is concerned, BCS 

may be classified based on the underlying 

cause, the level of obstruction and/or the dura-

tion of symptoms. Based on the aetiology, it 

may be classified into primary (obstruction due 

to a primary venous thrombosis, stenosis or 

web) and secondary types. Hematologic abnor-

malities (e.g. myeloproliferative disorders 

(MPDs), inherited  deficiencies of protein C, 
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protein S and antithrombin III, etc.) account 

for most of the cases of BCS. The other caus-

ative factors include consumption of oral con-

traceptive pills, pregnancy and the immediate 

postpartum period. Secondary BCS occurs due 

to space-occupying lesions that may exert 

extraluminal compression or due to malignant 

tumours that invade the vessels. In some 

patients, it is tough to work out the aetiology, 

and in some, multiple factors are involved in 

the development of the outflow occlusion. In 

the West, HV thrombosis is the commonest 

type of obstruction with MPDs being the most 

common cause. However, in the Asian coun-

tries, there are significant regional variations 

that are reported in the clinical features, type 

and cause of obstruction.

Depending on the site of obstruction, BCS 

may be classified into three types (Table  7.1) 

[14].

Depending on the acuteness of venous 

obstruction, its extent and also on whether or not 

collateral circulation has formed, patients with 

BCS can have a fulminant, acute, subacute or 

chronic presentation. The hallmark features 

include abdominal pain, ascites, hepatomegaly 

and dilated superficial abdominal wall vessels. In 

the East, the majority of patients have a chronic 

presentation, while in the West, acute presenta-

tion is more common, and patients come with 

abdominal pain, hepatomegaly, ascites and jaun-

dice. Liver transaminases may be significantly 

elevated, reaching up to five to ten times the nor-

mal values. Around 15% of the patients do not 

have the typical symptoms and are diagnosed 

while getting evaluated for abnormal liver func-

tion tests [15, 16]. When all three HVs are 

blocked acutely, BCS may present as a fulminant 

liver failure.

7.4  Radiological Features of BCS

Doppler ultrasonography, due to its wide avail-

ability, is usually the initial diagnostic test to be 

performed. It also carries the advantage of being 

a non-invasive modality with sensitivity and 

specificity rates of >80% for identifying BCS 

[17]. However, the one disadvantage of Doppler 

is that its accuracy relies on the patient’s body 

habitus as well as the observer’s experience. 

Cross-sectional imaging is reliable in establish-

ing both direct and indirect evidence of BCS and 

may be conducted for confirmation and also to 

facilitate multidisciplinary discussions. MRI 

gives the benefit of being radiation-free and, 

hence, is preferable in the young and in patients 

who require repeated imaging. The gold standard 

test for evaluating the HVs is still direct venogra-

phy [18]. It is, however, not usually performed as 

the first test due to its invasive nature and may be 

performed when non-diagnostic results are 

obtained with non-invasive imaging. Venography 

also allows one to carry out a transjugular liver 

biopsy in the same sitting in case of patency of 

one of the HVs and also precisely delineates the 

anatomy prior to the treatment. In the subsequent 

sections, we shall be discussing the imaging fea-

tures of BCS based on the duration of the disease 

under the subheadings of parenchymal and vas-

cular changes.

7.5  Acute BCS

7.5.1  Parenchymal Changes

An acute obstruction of HV outflow leads to an 

increase in pressure within the sinusoids with 

slowing or reversal of the inflow from the portal 

vein (PV). Since venous collaterals do not 

develop in the acute form, hepatocyte necrosis 

occurs rather quickly. The liver turns heteroge-

neous and shows delayed peripheral enhance-

ment on contrast-enhanced cross-sectional 

imaging. On the arterial phase imaging, the 

peripheral areas of the liver appear hypodense on 

CECT and hypointense on contrast-enhanced 

MRI (Fig. 7.2). In addition, in comparison with 

Table 7.1 Classification of BCS based on the site of 

obstruction

Type 1 Obstruction of the IVC with or without 

secondary HV occlusion

Type 2 Obstruction of major HVs

Type 3 Obstruction of small centrilobular venules
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the rest of the liver, the caudate lobe shows 

greater enhancement. This phenomenon is 

explained by the caudate lobe’s independent 

drainage directly into the IVC.  In the portal 

venous phase, a ‘flip-flop’ pattern may be 

observed, in which the central liver shows lower 

attenuation (as a result of washout), while the 

peripheral portion of the liver shows gradually 

rising attenuation due to accumulation of contrast 

from capsular veins.

7.5.2  Vascular Changes

An acute thrombus will appear hypoechoic on 

ultrasonography and will cause luminal expan-

sion. On Doppler, it will not show any flow. After 

some days, it becomes echogenic and is associ-

ated with retraction of the involved HV lumen. 

On cross-sectional imaging, the thrombus may be 

seen as hypointensity (on MRI) or hypodensity 

(on CT) within the HVs. Doppler ultrasonogra-

phy is usually the best modality to pick up steno-

sis since it permits evaluation of haemodynamic 

effects which may be seen as colour aliasing and 

a focal rise in flow velocity. In a study conducted 

by Rossi et al., it was seen that contrast-enhanced 

ultrasound was better than both grayscale and 

Doppler for picking up and characterizing HV 

thrombosis [19]. IVC webs may be visualized on 

ultrasound as hyperreflective linear foci that are 

best seen in deep inspiration. On direct venogra-

phy and MR venography, these may be seen as 

thin dome-shaped linear filling defects.

During evaluation for suspected BCS patients, 

it is also important to assess the inferior right 

hepatic and caudate veins. The inferior right HV 

is the main vessel draining segment VI of the 

liver. In patients with an occluded RHV, this vein 

enlarges and starts acting as the main outflow of 

the right lobe. A caudate vein size ≥3 mm should 

raise a possibility of BCS in the appropriate clini-

cal setting (Fig. 7.3) [20].

The portal venous flow is also altered in BCS 

and is typically slowed. Reversal of flow in the 

main portal vein may be seen as a result of the 

simultaneous occlusion of all three main HVs. In 

such scenarios, the PV acts as the liver’s outflow 

vein, and on Doppler, hepatofugal flow may be 

appreciated.

Fig. 7.2 Post-contrast arterial phase axial T1-weighted 

MR image in a known case of Budd-Chiari syndrome 

showing hypointense signal in the periphery of the liver as 

compared to the central portion

a b

Fig. 7.3 (a) Axial portal venous phase CECT image in a 

17-year-old known case of chronic BCS showing enlarged 

caudate vein. (b) Axial section at a higher level showing a 

significantly attenuated IVC (yellow arrow). Note the 

nodular outline and heterogeneous attenuation of the liver
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7.6  Subacute BCS

Having an insidious onset, this form could take 

around 3–4 months to become symptomatic.

Volume redistribution and collateral develop-

ment are the important imaging features in this 

form of BCS. The radiological features overlap 

with those of chronic BCS, and therefore, clinical 

presentation needs consideration in order to make 

this differentiation [21].

7.7  Chronic BCS

7.7.1  Parenchymal Changes

Histologically, this form shows bridging fibrosis 

between the HVs and portal tracts, and radiologi-

cally, one can appreciate contour irregularities, 

right lobe atrophy with hypertrophy of the cau-

date and left lobe (Fig. 7.4) along with the devel-

opment of regenerative nodules. Parenchymal 

oedema is usually not a feature of this form of 

BCS.  Furthermore, the ‘flip-flop’ enhancement 

pattern becomes more subtle. Collateral vessels 

and some amount of ascites are other findings 

that may be picked up in chronic BCS. Although 

non-visualization of HVs is considered a charac-

teristic feature of BCS, patent HVs may some-

times not get visualized in the background of a 

cirrhotic parenchyma. Therefore, when perform-

ing ultrasonography in cases with severe paren-

chymal changes, Doppler is useful for detecting 

flow within the HVs that are otherwise not visu-

alized on grayscale.

As aforementioned, the development of regen-

erative nodules is a typical feature of chronic 

BCS. These nodules are often multiple and vary 

in size from 5 mm to 4 cm. In chronic BCS, there 

are areas of insufficient blood supply that become 

atrophic. As a result, compensatory nodular 

hyperplasia ensues in the regions with adequate 

blood supply. These regenerative nodules have a 

predominant arterial supply and, thus, show 

marked arterial hyperenhancement. 

Hepatocellular carcinoma (HCC) may arise in 

the setting of chronic BCS and accounts for 

around 0.7% of all HCCs [22]. Radiological dif-

ferentiation of HCC from regenerative nodules 

can become difficult at times. However, regener-

ative nodules tend to be multiple and smaller in 

size (usually <4  cm) and are disseminated 

throughout the liver with normal serum alpha- 

fetoprotein (AFP) levels.

7.7.2  Vascular Changes

Thrombosis of the HVs is not quite directly 

appreciable in chronic BCS. The hallmark of this 

phase is the formation of small, bridging intra- 

and extrahepatic veno-venous collaterals. The 

intrahepatic ones (Figs.  7.5 and 7.6) bridge the 

non-occluded segments of the HVs with either a 

normal vein, an accessory vein or with the cau-

date lobe vein. These vessels have typical appear-

ances, e.g. ‘hockey-stick’, ‘comma’, ‘undulated’, 

‘h-shaped’ or ‘inverted U-shaped’, and can be 

identified on both grayscale and Doppler ultraso-

nography. On spectral analysis, these collaterals 

show flat waveforms.

The extrahepatic collaterals in BCS develop 

mainly in the retroperitoneum, and the sites are 

different from those seen in cirrhosis. These col-

laterals can be assessed in four groups. The most 

frequently collateralized routes are the left renal–

hemiazygous pathway (Fig.  7.7) and the verte-

brolumbar azygous pathway (Fig. 7.8). The other 

commonly seen collaterals are the inferior 

Fig. 7.4 Axial T2-weighted MR image of a 33-year-old 

chronic BCS patient showing marked caudate lobe 

hypertrophy
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phrenic-pericardiophrenic collaterals and super-

ficial abdominal wall collaterals between the 

superior and inferior epigastric veins (Fig. 7.9).

Features of portal hypertension may also be 

seen in patients with chronic BCS. The portal and 

splenic veins will commonly be dilated and may 

show reduced or hepatofugal flow. Multiple col-

laterals may be seen in the periportal and peri-

pancreatic locations and also near the splenic 

hilum. Oesophageal and rectal varices may also 

be seen.

Fig. 7.5 Axial CECT image of a patient with BCS show-

ing intrahepatic veno-venous collaterals

a b
Fig. 7.6 Grayscale and 

Doppler images of 

another BCS patient 

showing characteristic 

‘U-shaped’ intrahepatic 

collaterals. Note the flat 

waveform on spectral 

analysis of the 

intrahepatic collateral 

vessel

ba

Fig. 7.7 Coronal reformatted images of CECT abdomen 

showing left renal hemiazygous pathway. A collateral is 

seen arising from the left renal vein (red arrow in (a)) and 

draining into an enlarged hemiazygous vein (yellow arrow 

in (b)). Also note the gross splenomegaly
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Fig. 7.8 Axial CECT 

abdomen images 

displaying 

vertebrolumbar azygous 

pathway. (a) Dilated and 

tortuous lumbar veins 

are seen (yellow arrows) 

draining into the 

azygous and 

hemiazygous veins. (b) 

Hemiazygous vein seen 

draining into the 

azygous vein (red arrow)

Fig. 7.9 Coronal maximum-intensity projection (MIP) 

image of CECT abdomen in a known case of chronic BCS 

displaying anterior abdominal wall collaterals. 

Communications of superior and inferior epigastric veins 

and superficial epigastric veins are seen

7.8  Nodules in BCS

One of the important complications of chronic 

BCS is the formation of focal hepatic lesions. 

Morphologically, these lesions represent a spec-

trum of entities ranging from benign to malignant 

nodules. The etiopathogenesis of these nodules is 

quite different from each other. However, the 

diagnosis of such nodules remains challenging 

due to considerable overlap in radiological fea-

tures, and thus, patients may end up requiring tis-

sue sampling in the form of biopsies.

7.9  Large Regenerative Nodules 
(LRNs)

The commonest nodules found in BCS patients 

are benign regenerative nodules. Different names 

have been given in literature to depict these nod-

ules including adenomatous hyperplastic nod-

ules, regenerative macronodules and FNH-like 

lesions. The pathogenesis of these nodules is not 

very clear. Alterations in the hepatic microcircu-

lation and hepatocellular growth factors may 

contribute to their formation. Portocaval shunts 

created surgically may also contribute to the 

pathogenesis of these nodules. As described ear-

lier, such regenerative nodules are often >10  in 

number, small (<4  cm) and hypervascular. On 

MRI (Fig. 7.10), LRNs show iso- to hypointense 

signal on T2-weighted images and appear hyper-

intense on T1-weighted images. On dynamic 

contrast imaging using the subtraction software, 

these nodules show intense arterial phase 

enhancement due to their increased arterial sup-

ply. These nodules increase in number progres-

sively during the successive phases of dynamic 

MRI.  Furthermore, the enhancement of these 

nodules persists until the late venous phase.
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Fig. 7.10 Axial MR 

images of a patient with 

BCS showing a 

regenerative nodule. (a) 

T1-weighted image 

showing a small 

hyperintense nodule in 

segment VIII of the 

liver. (b) On 

T2-weighted imaging, 

the nodule shows 

hypointense signal. (c) 

The nodule shows 

hyperintense signal on 

post-contrast arterial 

phase images and (d) the 

enhancement persists 

into the portal venous 

phase

7.10  Hepatocellular Adenomas 
(HCAs)

These are benign hepatocellular proliferative 

lesions that are classically seen in normal livers 

of young women receiving oral contraceptive 

pills. Their late recognition may be because of 

issues in terminology, since, for a long time, a 

diagnosis of HCA has required a normal back-

ground liver. In a multi-centric collaborative 

study of 32 BCS cases, adenomas were noted in 

seven patients, mostly associated with LRNs and 

FNH-like nodules [23]. Ibarolla et  al. [24] also 

reported 24 nodules in a series of four BCS 

patients which included six cases of hepatocellu-

lar adenomas diagnosed in two patients, in asso-

ciation with LRNs.

7.11  Hepatocellular Carcinomas

When compared with other vascular diseases of 

the liver, BCS patients are at a higher risk of 

developing HCC, with combined prevalence 

reaching up to 15.4% [25]. Studies have shown 

that HCCs occurring in BCS patients are usually 

greater in size than regenerative nodules with a 

median size of >4 cm [26, 27]. Just like LRNs, 

HCC forms in a background of extensive fibrosis 

(Fig. 7.11) and can also be multifocal. It is criti-

cal to note that an incorrect diagnosis of HCC 

may lead to unnecessary liver transplantation. 

Therefore, accurate tissue analysis is needed, 

including additional staining (reticulin) and 

immunophenotypical markers suggestive of 

malignancy, such as glypican-3.

It has been shown that in the imaging workup 

for HCCs, the typical features of arterial phase 

hyperenhancement and washout on portal phase 

are less valuable in the setting of BCS [28]. In a 

study that analyzed 49 BCS patients with 253 

focal liver lesions (12 HCCs and 241 benign 

lesions), washout was seen in approximately 2/3 

and 1/3 of benign and malignant lesions, respec-

tively [29]. In such cases, AFP levels have been 

shown to perform well for discriminating LRN 

from HCC [26, 27, 29]. In addition, MR signal 

characteristics may also help in the differentia-

tion. HCCs will appear hypointense on 

T1-weighted images and hyperintense on 

T2-weighted images as opposed to the appear-

ance of benign nodules. Furthermore, diffusion 

restriction is usually a feature of malignant liver 

nodules.
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Fig. 7.11 HCCs in a known case of BCS. (a) Axial arte-

rial phase maximum-intensity projection (MIP) image 

showing two hypervascular lesions in segments IV and 

VII of the liver. (b) Corresponding venous phase images 

showing washout of contrast from the two lesions. Also 

note the hypertrophied caudate lobe and dilated caudate 

lobe vein

7.12  Role of Venography in BCS

Inferior venocavography and hepatic venography 

are the gold standard diagnostic tests for BCS. At 

present, these tests are usually conducted to guide 

therapeutic interventional procedures. Multiple 

factors may alter the efficacy of these veno-

graphic tests, including the type of access, cath-

eter site, amount of contrast administered, 

direction of flow in the IVC and the presence (or 

absence) of collaterals. As a result, there could be 

a significant disparity between the patient’s 

actual haemodynamics and the information gath-

ered from the venographic images. Thus, one 

must always perform a Doppler to complement 

the venography findings.

Venography shows the site and extent of the 

obstruction in the HVs and/or the IVC and also 

allows one to measure the intraluminal pressure 

necessary to assess the effects of treatment. It 

also provides the option of performing a simulta-

neous liver biopsy via the transvenous approach. 

A characteristic ‘spider web appearance’ has 

been described in chronic HV occlusion. This 

appearance arises because of the innumerable 

collateral vessels that are interconnected with 

each other. Due to caudate lobe hypertrophy, the 

IVC may be compressed in its retrohepatic seg-

ment. Inhomogeneous prolonged intense hepato-

gram with fine mottling may also be seen.

There are, however, certain limitations of 

direct venography that cannot be ignored [30]. 

Firstly, a technical failure leading to non- 

cannulation of the HVs may incorrectly be inter-

preted as HV occlusion, thus leading to an 

overdiagnosis of thrombosis/stenosis. Secondly, 

it is not possible to visualize the portion of the 

IVC that is distal to the site of obstruction due to 

diversion of contrast into the collaterals. Thus, a 

double catheter study may be required to assess 

the IVC below and above the level of obstruction. 

Lastly, the small intrahepatic collaterals may not 

be well detected with IVC graphy on multiple 

occasions.

Recently, MR venography has shown great 

potential in overcoming many of the limitations 

of IVC graphy. It can accurately depict the site 

and cause of obstruction with clear delineation of 

the IVC both above and below the obstruction. 

MR also performs excellently for the detection of 

both intra- and extrahepatic collaterals, PV 

obstruction and detection of tumour thrombi 

within the HVs and the IVC.

7.13  Interventions in Budd-Chiari 
Syndrome

7.13.1  Principles of Management

The current recommended therapeutic strategies 

for BCS are largely based on retrospective stud-

ies, expert guidelines and a few prospective stud-

ies [15, 31, 32]. Large randomized controlled 
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trials to evaluate the different therapeutic strate-

gies are lacking due to low incidence and varied 

stages of presentation. Goals of management 

include treatment of the underlying disease, cor-

rection of hepatic venous outflow tract obstruc-

tion and management of portal hypertension 

complications, taking into consideration the clin-

ical stage of presentation. Thus, an individualized 

multidisciplinary stepwise strategy based on the 

invasiveness of intervention is proposed to 

achieve good long-term results [33, 34]. Initial 

medical therapy is aimed at treating the underly-

ing prothrombotic disorder with anticoagulation 

and managing the complications of portal hyper-

tension medically. The second line of manage-

ment is to treat hepatic outflow tract obstruction 

with interventional radiology procedures like 

angioplasty, stenting and derivative techniques 

like transjugular intrahepatic portosystemic shunt 

(TIPS). Surgical decompressive techniques like 

mesoatrial and mesocaval shunts are considered 

when TIPS is not feasible. Liver transplantation 

is indicated in patients who fail to respond to the 

aforementioned treatment modalities and/or 

those who present with acute or fulminant liver 

failure. Several prognostic indices have been 

developed to assess the severity of disease, iden-

tify patients at risk of disease progression and 

predict mortality or outcome (Clichy score, New 

Clichy score, Child-Pugh score, MELD, 

Rotterdam score, BCS-TIPS score and AIIMS- 

HVOTO score). However, due to the unpredict-

able accuracy of these scores, there are currently 

no recommendations for universal usage of these 

indices [33, 35].

7.13.2  Medical Management

Anticoagulation is the first line of management 

once the diagnosis of BCS is made and is indi-

cated in all patients irrespective of the underlying 

disease, even in patients who are initially asymp-

tomatic [33–35]. It is aimed at achieving recana-

lization of thrombosed veins and preventing 

further thrombus formation or progression. Since 

there is a lack of a BCS-specific anticoagulation 

scheme, the current recommendation follows the 

anticoagulation regimen used in the treatment of 

deep vein thrombosis. Unfractionated heparin or 

low molecular weight heparin (LMWH) for the 

first 5–7 days in the acute setting and vitamin K 

agonists (VKAs) for lifelong administration are 

recommended, aimed at maintaining the interna-

tional normalized ratio (INR) between 2 and 3. 

LMWH is preferred in pregnant patients. 

Currently, data on direct-acting oral anticoagula-

tion (DAOC) is sparse with retrospective cohort 

studies identifying its safety, suggesting that it 

can be considered in those with maintained liver 

function. However, these drugs are not yet regis-

tered for the management of BCS, and hence, 

cautious usage is advised, especially in patients 

with associated renal failure [34]. The presence 

of gastroesophageal varices is not a contraindica-

tion to anticoagulation and should be considered 

after primary and secondary prophylaxis to man-

age variceal bleed as indicated [33].

In addition to anticoagulation, targeted thera-

pies should also be considered for underlying 

prothrombotic disorders like myeloproliferative 

disorders and paroxysmal nocturnal haemoglo-

binuria. Haematological consultation is advised 

for the evaluation and management of underlying 

prothrombotic disorders [33]. The portal hyper-

tension complications like ascites, variceal bleed-

ing and other complications are managed like in 

cirrhotic patients.

7.13.3  Thrombolysis

There is currently limited experience with throm-

bolysis in BCS, with best results noted in those 

with recent and incomplete thrombosis, and man-

aged by local and early infusion in combination 

with interventional procedures like angioplasty 

and stenting to restore venous outflow as evi-

denced by Sharma et  al. [36]. Thrombolysis of 

the involved HVs can be performed by adminis-

tering thrombolytic agents directly into HVs or 

mechanically by using balloon catheters. The 

technique for thrombolysis depends on the age of 

the thrombus, with pharmacological thromboly-

sis preferred in hyper-acute thrombus and com-

bined pharmaco-mechanical thrombolysis 
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reserved for those with long-standing older 

thrombi. Since there is a significant risk of major 

bleeding in the background of universal antico-

agulation in BCS, thrombolysis should be 

attempted in selected cases [35].

7.13.4  Angioplasty and Stenting

A subset of BCS is due to segmental stenosis of 

HVs/IVC and membranous occlusion of the IVC, 

especially in Asian cohorts which can be man-

aged by percutaneous angioplasty alone, thus 

restoring normal physiological hepatic outflow. 

Long-term favourable outcomes after angioplasty 

recanalization have been reported from large 

series [37, 38] with a recent meta-analysis reveal-

ing an 88.6% 5-year survival rate after recanali-

zation [39]. However, frequent restenosis 

following angioplasty is well known, reported in 

up to 50% of patients within 1 year [40]. A recent 

RCT that compared angioplasty alone with rou-

tine stenting at the initial procedure reported a 

significantly reduced restenosis in patients who 

underwent routine stenting, without severe stent- 

related complications [41]. Stenting is associated 

with minimal risk of fracture and misplacement 

but can make future TIPS or liver transplantation 

more challenging. Hence, an individualized case- 

based approach with a stepwise management 

strategy based on the location and length of ste-

nosis is recommended [42].

7.13.5  Technique of Angioplasty 
and Stenting

Transjugular, transfemoral and/or percutaneous 

transhepatic access routes are used based on the 

location and severity of stenosis. For membra-

nous occlusion of the vena cava (MOVC) or seg-

mental IVC stenosis, angioplasty is performed 

either through jugular or femoral venous access 

(Fig. 7.12), while a combined approach is used in 

resistant cases. Wide-bore, long sheaths (9–12Fr, 

30–65  cm in length) are preferred for venous 

access as these provide a long, straight and stable 

pathway with better coaxial catheter control and 

manipulation. Initial recanalization attempts are 

made with standard 0.035-inch hydrophilic 

guidewires with angled and straight tips. In resis-

tant cases, combined transfemoral and transjugu-

lar access is used for sharp recanalization with a 

TIPS puncture needle and a stiffening cannula.

For HV recanalization, the transjugular 

approach is preferred due to the favourable obtuse 

angle between the IVC and HVs. In our practice, 

we use a stepwise approach of transjugular access 

with an attempt at recanalization by using smooth 

tip guidewires followed by sharp recanalization 

using a TIPS puncture needle under ultrasound 

and fluoroscopy guidance to target the normal 

lumen of the HVs. In case of failure, percutane-

ous transhepatic access under ultrasound guid-

ance is attempted (Fig.  7.13), and a balloon 

within the IVC can be used as a marker for sharp 

recanalization through the percutaneous route. 

Whenever a percutaneous approach is attempted, 

false tracking into the pericardial recess or capsu-

lar puncture should always be kept in mind, and 

cone beam CT may be used to confirm the loca-

tion of the guidewire before balloon dilatation of 

the tract (Fig. 7.14). Once the occlusion or ste-

nosed segment is crossed, the guidewire is snared 

across from the transjugular route, and further 

interventions are carried out through this route. If 

snaring is not successful, angioplasty is carried 

out through the transhepatic route; however, the 

access tract needs to be embolized with gel foam 

or coils to avoid the risk of haemoperitoneum. 

For accessory hepatic vein or collateral vein 

recanalization, the approach is chosen based on 

the angle of confluence with the IVC [35].

Most of the studies and expert consensus 

guidelines suggest a stepwise approach, with pri-

mary angioplasty followed by stenting as a bail- 

out technique in case of residual stenosis or 

significant pressure gradient across the stenosed 

segments. Primary stenting is recommended in 

cases of occlusion rather than stenosis, and in 

cases of long-segment stenosis where the re- 

stenosis rate is high. The stent should always 

extend at least 1  cm beyond the margins of 

occluded/stenosed segments both proximally and 

distally. In a recent RCT by Wang et  al. [41], 

patients were randomly divided into two 
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Fig. 7.12 Transfemoral 

venoplasty in a case of 

membranous occlusion 

of vena cava (MOVC). 

(a) DSA image showing 

stenosis of the 

retrohepatic IVC with a 

shelf-like filling defect 

suggestive of IVC web. 

(b) Venoplasty across 

the site of narrowing; 

note the formation of 

waist at the level of the 

IVC web. (c) Fluoro 

spot showing complete 

inflation of the balloon 

with effacement of the 

waist. (d) Post plasty 

venogram showing 

luminal gain with 

disappearance of the 

circumferential stenosis

groups—an angioplasty-only group (n = 45) and 

an angioplasty-plus-routine-stenting group 

(n = 43). During the median follow-up period of 

27 months, the primary stenting group had a sig-

nificantly higher proportion of patients free of 

restenosis (42 of 43 patients) compared to the 

angioplasty-only group (27 of 45 patients; 

p < 0.0001). In a retrospective study by Huang 

et al. [43], the long-term outcome of endovascu-

lar management for MOVC and segmental 

obstruction of the vena cava (SOVC) was com-

pared. They concluded that balloon angioplasty 

alone could be sufficient for those with 

MOVC.  However, for those with segmental 

obstruction, stenting was strongly recommended. 

Yang et al. [44], in their study of 38 BCS cases 

with MOVC, reported a successful outcome after 

balloon angioplasty without stent placement in 

all patients except one over a follow-up period of 

8 years.

7.13.6  Follow-Up and Assessment 
of Treatment Response

Since BCS is associated with prothrombotic dis-

orders, lifelong anticoagulation is advised, and 

INR should be maintained in the range of 2–3. 

Immediately after stenting or angioplasty, these 

patients should be started on LMWH, bridging 

with warfarin and lifelong anticoagulation there-

after. Post-intervention short-term follow-up is 

recommended at 1, 3 and 6  months with ultra-

sound and Doppler evaluation and every 6 months 

S. B. Chaluvashetty et al.



117

a b c d e

f g h i j

Fig. 7.13 RHV stenting in chronic BCS. (a–c) Axial 

CECT and USG image shows short segment RHV steno-

sis with intrahepatic veno-venous collateral. (d) Shows 

unsuccessful transjugular attempt to cannulate RHV. (e) 

Shows USG guided percutaneous access to RHV with 

complete occlusion and collaterals. (f–h) Crossing the 

occlusion through percutaneous approach with residual 

stenosis and collaterals after balloon angioplasty. (i) Post 

stenting run shows adequate dilatation. (j) USG-Doppler 

image 2 months post procedure shows good flow across 

the stent with reduced collaterals

a b c d e
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Fig. 7.14 A case of chronic BCS with short segment 

complete occlusion of right hepatic vein. (a) IVC gram 

showing narrowing of the retrohepatic segment secondary 

to extrinsic compression by the enlarged caudate lobe. No 

obvious collaterals were seen. Multiple attempts were 

made to cannulate the RHV via the transjugular route. 

However, these were unsuccessful. (b) Percutaneous 

access taken into one of the tributaries of the MHV. (c, d) 

Inadvertent intra-pericardial entry. As the course of guide-

wire was not along the IVC, the wire was withdrawn and 

contrast injected which showed spillage into the pericar-

dial space. Cone beam CT confirmed the same. (e–h) 

RHV was finally cannulated using sharp recanalization 

via the transjugular route. (i) Angioplasty performed 

across the occluded segment followed by deployment of a 

self-expanding bare metallic stent. (j) Final run showing 

good luminal gain with establishment of forward flow 

across the RHV and resolution of collaterals
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thereafter. In case of an inconclusive Doppler 

study, cross-sectional imaging is suggested, and 

venography is limited to symptomatic patients 

with features of re-occlusion or outflow obstruc-

tion on Doppler studies.

A good clinical response to intervention is 

defined by restoration of adequate blood flow 

across the occluded/stenosed segments and 

improvement in clinical symptoms as well as bio-

chemical parameters (liver function tests includ-

ing resolution of ascites and variceal bleed). 

Clinical improvement after interventions usually 

occurs within 2–4  weeks, whereas it takes 

1–2 months in patients treated with anticoagula-

tion alone for various reasons, and response may 

be delayed up to 5 months in 30% of patients who 

are slow responders [45, 46].

In case of restenosis or thrombosis of stents, 

recanalization should be attempted with throm-

bolysis and angioplasty based on the chronicity 

of presentation. However, persisting symptoms, 

failure to discontinue diuretics and no improve-

ment in liver function tests are indicators of treat-

ment failure and derivative techniques like TIPS/

direct intrahepatic portosystemic shunt (DIPS) 

and surgical shunts should be considered in such 

patients. Liver transplantation is the last resort 

when all the above options fail.

7.13.7  TIPS

In comparison to surgical shunts, TIPS is a less 

invasive treatment of portal decompression and 

has shown very good long-term results, reducing 

the requirement for surgical shunts and liver 

transplantation [38, 47]. In a prospective multi-

centre study of 157 BCS patients by Seijo et al., 

62 underwent TIPS, and only four cases needed 

liver transplantation, while just 2% underwent 

surgical shunting [32]. However, TIPS may not 

be technically feasible in a subset of BCS patients 

with complete HV obstruction, in which case a 

direct intrahepatic portosystemic shunt (DIPS) 

connecting the PV and the IVC is an acceptable 

alternative. A meta-analysis of 29 retrospective 

studies on 2255 BCS cases managed by endovas-

cular techniques evaluated the outcomes of 

recanalization procedures and 

TIPS.  Recanalization procedures had a success 

rate of 93.1% with a 5-year survival of 88.6%, 

while TIPS had a success rate of 96.4% and 

5-year survival of 72.1% [39].

7.13.8  Indications and Technique 
of TIPS

As the current recommendations suggest a step-

wise approach based on invasiveness of the inter-

vention, TIPS is indicated in those patients who 

fail to respond to the first line of medical therapy 

and the second line of interventions like angio-

plasty and stenting. TIPS is also indicated in 

cases with progressive liver failure and in those 

with blockade of all three HVs. Some authors 

indicate early TIPS for BCS with the rationale of 

reducing chronic ischaemic insult that would oth-

erwise lead to hepatic fibrosis and liver failure 

eventually [48, 49]. However, this approach has 

not been validated yet by other comparative stud-

ies and hence has not been adopted universally. 

Other authors propose early TIPS only in cases 

that develop signs of portal hypertension and rec-

ommend that medical management as sole treat-

ment should be reserved only for asymptomatic 

or mildly symptomatic patients, as compensation 

by intrahepatic collateral vessels is adequate [50, 

51]. Jaundice or prior history of encephalopathy 

is not a contraindication for TIPS.  Right heart 

failure and severe pulmonary hypertension 

remain absolute contraindications for TIPS irre-

spective of underlying disease.

Preprocedural evaluation for TIPS includes 

prothrombotic disease work-up, assessment of 

coagulation, liver and renal function tests and 

cross-sectional imaging to evaluate liver paren-

chyma and venous anatomy. For patients with 

pre-existing coagulopathy, a recommended 

threshold of platelet count >30 × 109/L and INR 

of <2.5 is suggested. Patients on anticoagulation 

need to withhold their medications before the 

procedure, as TIPS is a high-bleeding-risk proce-

dure [52]. In patients with massive hydrothorax 

or ascites, fluid may need to be drained as it com-

promises respiratory function and may distort the 
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anatomy of the cavo-atrial junction. Care should 

be taken to avoid reactionary pulmonary oedema, 

circulatory or renal impairment associated with 

large volume paracentesis, and albumin replace-

ment or gradual drainage should be considered.

In patients with BCS, due to blockage of HVs, 

performing TIPS is more challenging and 

requires expertise. If cannulation of HVs is 

unsuccessful, then portal vein access is done 

directly from the IVC using a TIPS puncture nee-

dle, an approach known as DIPS (direct intrahe-

patic portosystemic shunt) (Fig. 7.15). The ideal 

puncture of the IVC is done at the level of HVs or 

within 6  cm of the cavo-atrial junction. 

Transabdominal ultrasound and fluoroscopic 

guidance are used to gain portal vein access, with 

technical modifications in difficult cases by using 

wires or snares within the PV as a target. Recent 

advances like intravascular ultrasound (IVUS) 

and intracardiac echocardiography are also used 

for guidance. In case of co-existing IVC stenosis 

or occlusion, IVC stenting should be considered 

first followed by TIPS stent through the inter-

stices of the IVC stent. For TIPS, covered stents 

are preferred over bare metal stents owing to 

increased stent patency and reduced incidence of 

shunt thrombosis or failure, as reported by mul-

tiple studies. A 10-mm stent is recommended for 

TIPS, aimed at reducing the portosystemic gradi-

ent to less than 12 mm Hg with reduced risk of 

hepatic encephalopathy or decompensation [35].

7.13.9  Complications, 
Anticoagulation, and Post- 
Procedure Follow-Up

Acute complications include vascular injuries, liver 

laceration, intraparenchymal or subcapsular hae-

matoma and haemoperitoneum, and most of them 

can be managed conservatively with a low inci-

dence of mortality due to TIPS. Long-term compli-

cations include hepatic encephalopathy (<25%), 

shunt dysfunction (in up to 40%) and post-TIPS 

liver failure in rare instances due to portal flow 

diversion, causing a reduction of liver perfusion 

with possible progression of liver failure. BCS is 

associated with thrombosis of TIPS stents, and 

hence, it is suggested to start anticoagulation with 

LMWH 6–12 h after the  procedure and conversion 
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Fig. 7.15 Type II chronic BCS in a 32-year-old lady. (a) 

T2W axial image shows intrahepatic veno-venous collat-

eral with non-visualized hepatic veins and changes of 

chronic BCS.  IVC is normal. (b–f) DSA images show 

transjugular approach to left branch of portal vein with 

balloon plasty of the tract and stent graft placement, with 

good flow across the graft
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to long-term anticoagulation with VKAs. Patients 

are regularly followed up with a colour Doppler 

study for stent patency at 1, 3 and 6 months and at 

6–12 months interval thereafter [35].

Liver stiffness measurement (LSM) using 

ultrasound elastography is one of the promising 

tools to assess response to interventions in 

BCS. LSM reflects liver fibrosis as well as liver 

congestion and is correlated with HVPG in 

chronic liver disease [53]. Few studies have dem-

onstrated the utility of LSM in assessing response 

to interventions wherein the values reduced fol-

lowing interventions suggesting good response 

[54, 55]. However, further studies are required to 

determine the efficacy of LSM in predicting 

long-term outcome following interventions.

7.13.10  Liver Transplantation

Liver transplantation (LT) is indicated as a pri-

mary intervention in patients with BCS present-

ing with acute liver failure or advanced 

decompensated liver cirrhosis and as a last thera-

peutic approach in patients who do not respond to 

medical management or interventions like TIPS 

and stenting of HVs and the IVC. In the setting of 

BCS with acute liver failure, TIPS may still be 

attempted while the patient is waiting for a trans-

plant or when a transplant is not feasible. The 

BCS-TIPS Prognostic Index score is a TIPS- 

specific score to identify patients of BCS who 

could have a poor outcome following TIPS with 

very low 1-year survival [12]. Based on this 

study, patients with a BCS-TIPS PI score of >7 

may be considered for liver transplantation. 

However, this has not been validated, and no 

clear consensus exists on its usefulness. The 

5-year survival following LT is estimated to be 

around 71% in a large European study [56], 

which is similar to TIPS (78% without requiring 

liver transplant), reinforcing the benefit of a step-

wise approach and saving organs for other indi-

cations of LT [47]. Since most often the patients 

of BCS have underlying prothrombotic disorders 

and the incidence of HV thrombosis following 

LT is in the range of 20%, long-term anticoagula-

tion therapy is suggested.

7.14  Conclusion

Imaging plays an important role in the diagnosis 

of BCS, whereas radiological interventions 

remain the mainstay in the management of 

BCS. While the vascular changes are well seen 

on Doppler ultrasonography, cross-sectional 

imaging, especially MRI, is required for the 

evaluation of the liver parenchyma and the vari-

ous nodules seen in BCS. Radiological interven-

tions like angioplasty and stenting help to 

achieve anatomical recanalization of the hepatic 

outflow vein. TIPS is indicated in patients who 

fail to respond to these interventions, with good 

overall survival similar to LT. Hence, a stepwise 

approach from less invasive (anticoagulation) to 

more invasive (liver transplant) therapy is 

recommended.
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Abbreviations

2-OADC 2-Oxo-acid dehydrogenase 

complex

AIH Autoimmune hepatitis

AILD Autoimmune liver disease

ANA Antinuclear

Anti SLA Anti-soluble liver antigen

ASC Autoimmune sclerosing 

cholangitis

ASMA Anti-smooth muscles antibodies

AZA Azathioprine

BCOADC-E2 Branched-chain 2-OADC E2

subunit

ERCP Endoscopic retrograde 

cholangiopancreatography

FXR Farnesoid X receptor

OGDC-E2 2-Oxoglutaric acid dehydroge-

nase complex E2 subunit

PBC Primary biliary cholangitis

PDC-E2 Pyruvate dehydrogenase com-

plex E2 subunit

PPAR-α Peroxisome proliferator acti-

vated receptor-α
PSC Primary sclerosing cholangitis

UDCA Ursodeoxycholic acid

8.1  Introduction

The autoimmune liver disease comprises broadly 

three diseases confined to the liver: autoimmune 

hepatitis (AIH), primary biliary cholangitis 

(PBC) and primary sclerosing cholangitis (PSC) 

[1]. These diseases may affect people of all ages 

and usually have a chronic course and will require 

life-long follow-up [1]. Autoimmune hepatitis is 

characterised by chronic hypergammaglobu-

linemia, the presence of autoantibodies and ele-

vated IgG [2]. Primary biliary cholangitis is a 

disease of small intrahepatic bile ducts, charac-

terised by the presence of antimitochondrial anti-

bodies (AMAs), and is usually a disease of 

middle-aged females [3]. Primary sclerosing 

cholangitis is a chronic inflammatory cholangi-

opathy, which usually affects males and is associ-

ated with inflammatory bowel disease in up to 

80% of patients [4]. It is associated with the 

structuring and destruction of medium and small 

intrahepatic bile ducts. Similarly, in the paediat-

ric population, autoimmune diseases of the liver 

include autoimmune hepatitis and autoimmune 

sclerosing cholangitis. Autoimmune sclerosing 

cholangitis is an immune-mediated destruction of 

bile ducts, characteristically seen in older males 

at prepubertal age [5].Y. Patidar (*)
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8.2  Pathogenesis

There is a genetic predisposition to autoimmunity, 

which, in combination with the environmental 

factors, leads to an immune response and hepatic/

biliary injury [6]. The immune response to injury, 

the response of hepatic and biliary epithelia and 

the effect of cholestasis determine the outcome in 

AIH, PSC and PBC. HLA DR8 in PBC, HLA-B * 

08 in PSC and DRB1 * 03-DRB1 * 04 in AIH are 

the risk-conferring HLA haplotype in different 

autoimmune liver diseases [7]. The environment 

also influences the outcome in autoimmune liver 

disease, such as nitrofurantoin and minocycline, 

which trigger autoimmune hepatitis [8]. Some 

bacteria, such as E. coli, have an overlap with 

mitochondrial proteins and may contribute to 

pathogenesis in PBC [9]. Xenobiotics such as 

dyes and chemicals have been implicated as 

pathogenic in inciting the injury [10]. T-cell-

mediated destruction is central to the pathogene-

sis of AIH.  This may be secondary to loss of 

central tolerance which may explain the increased 

prevalence of AIH in AIRE deficiency and auto-

immune polyendocrinopathy- candidiasis- 

ectodermal dystrophy [11]. In PBC, loss of 

tolerance to mitochondrial antigen directed 

against the lipoic acid residue triggers the biliary 

destruction. Xenobiotic-induced modification of 

the lipoic acid residue of pyruvate dehydrogenase 

E2 complex plays a role in PBC [12]. Similarly, in 

PSC, there is a clear T-cell infiltrate; however, no 

specific auto-antigen has been identified. 

Recruitment of Th-1 and Th-17 cells into the 

hepatic sinusoids is mechanistically important 

[13]. All autoimmune liver diseases (AILDs) are 

linked to abnormalities in the Th-17 pathway. A 

higher proportion of Th-17 cells and proinflam-

matory cytokines linked to it (IL-17 and TNF-α) 

are increased correspondingly. IL-12 and IL-23 

are produced by antigen-presenting cells and are 

key parts of the Th-17 pathway [14]. Bile ducts, 

apart from being a victim of the immune-medi-

ated injury, also have a role in disease progres-

sion. Cholangiocyte with altered apoptosis may 

act as a self-antigen, and increased senescence 

may be noted instead of undergoing apoptosis, 

which may lead to increased chemokine synthesis 

(CX3CL1 and CXCL8), resulting in immune cell 

recruitment [15]. Cholangiocytes also express 

toll-like receptor which recruits the inflammatory 

cells such as NK cells, T cells and macrophages, 

resulting in the disruption of the tight junction 

between cholangiocytes [16]. Lymphocytes from 

the gut are activated and recruited to the liver with 

the help of an expression molecule via VAP-1 

which recruits lymphocytes to the area of inflam-

mation [17]. These diseases are a result of com-

plex interaction between the genetic and 

environmental exposure, leading to biliary and 

chronic inflammation of hepatobiliary cells.

We will be discussing in brief the disease 

aforementioned.

8.3  Autoimmune Hepatitis

AIH occurs in all age groups and ethnic groups, 

with Alaskan natives having a high prevalence of 

icteric hepatitis [18] and African Americans hav-

ing accelerated progression and a higher rate of 

recurrence following liver transplant [19]. Female 

predominance is noted in adults and children 

with a bimodal age of presentation (10–30 years 

and 40–60  years of age). Diagnosis of AIH is 

characterised by interface hepatitis, elevated 

aspartate and alanine transaminases, presence of 

autoantibodies and elevated immunoglobulin G 

levels [20]. Viral hepatitis, drug-induced liver 

injury and Wilson’s disease may mimic autoim-

mune hepatitis.

It is broadly classified into two types: In type I, 

antinuclear antibodies (ANAs) and anti-smooth 

muscle antibodies (ASMAs) are noted, while in 

type II, anti-liver-kidney microsome (LKM) anti-

bodies are noted. These autoantibodies are nega-

tive in up to 20% of cases, i.e. seronegative AIH 

[21]. In acute stage, autoantibodies may be nega-

tive. In AIH, ANAs are the most common anti-

body seen in up to 80% of patients, ASMAs can 

be seen in up to 63%, and anti-LKM is seen in 3% 

of the adult population [21]. A total of 49% of 

patients have ANA/ASMA/anti-LKM as an iso-

lated antibody, while 51% may have a combina-

tion of the antibodies. Anti-soluble liver antigen 

(anti-SLA) can be seen in 7–22% of patients with 
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type I AIH; however, it has the highest specificity 

for the diagnosis of AIH.  The presence of anti-

SLA is usually associated with severe disease and 

relapse following withdrawal of medicine [22].

8.4  Histology

The histological hallmark is interface hepatitis, 

which is followed by plasma cell infiltration 

(66%), lobular inflammation (47%) and centri-

lobular necrosis in around 29% of patients [23]. 

Rosetting can be seen in around 33% of patients, 

while emperipolesis is also commonly noted. 

Non-alcoholic steatohepatitis can be seen in up to 

17–30% of patients, which needs to be identified 

as an increased risk of liver-related mortality [24].

AIH-acute liver failure (ALF) usually affects 

the centrilobular zone. Central perivenulitis 

(65%), plasma cell inflammatory infiltrate and 

hepatic necrosis may be noted [25].

8.5  Clinical Features

Easy fatiguability is the most common presenta-

tion seen in around 85% of patients. Other fea-

tures of chronic liver disease may be present. 

Acute AIH or AIH-ALF may present as hepatic 

encephalopathy in 3–6% of patients [26].

Concurrent autoimmune disease may be seen 

alongside AIH.  Autoimmune thyroiditis can be 

seen in up to 10–18% of patients with type I AIH, 

while thyroid disorders, diabetes and alopecia 

can be seen in type II AIH.

8.6  Radiological Features

The role of imaging is to rule out other causes of 

chronic hepatitis and to evaluate complications of 

cirrhosis and autoimmune involvement of other 

organs. On USG and CT scan, imaging findings 

are non-specific and may range from hepatomeg-

aly to cirrhosis. Hence, MRI is the imaging of 

choice.

In early disease, patchy areas of hyperinten-

sity are seen in T2W MRI sequences (Fig. 8.1a). 

Early enhancement is also seen in these areas. 

The findings suggest active inflammation, which 

is transient and non-specific [27].

As the disease further progresses, areas of 

confluent hepatic fibrosis may develop with asso-

ciated capsular retraction and surface nodularity 

(Fig. 8.1b). Areas of fibrosis appear hypointense 

on all MRI sequences and show delayed 

enhancement.

End-stage disease is characterised by global 

cirrhosis with a shrunken liver. Unlike other 

causes of cirrhosis, there is atrophy of the cau-

date lobe. Regenerative and dysplastic nodules 

may develop in the cirrhotic liver; however, the 

development of hepatocellular carcinoma is a 

rare event [28].

a b

Fig. 8.1 Imaging findings in biopsy-proven cases of 

AIH. (a): Early inflammation is characterized by patchy 

reticular hyperintensities in T2-weighted sequences 

(white arrow) and hepatomegaly. No evidence of surface 

nodularity is seen. (b): A different patient in the later 

stages of the disease shows areas of confluent fibrosis 

(white block arrows) with subtle capsular retraction 

(white curved arrow). The liver appears cirrhotic

8 Autoimmune Liver Diseases: Clinical and Imaging Perspective



126

8.7  Treatment

The aim of the treatment is to control symptoms, 

slow down the progression of the disease, prevent 

fibrosis and cirrhosis and reduce hepatic inflam-

mation. Normalisation of aspartate aminotrans-

ferase/alanine aminotransferase (AST/ALT) and 

serum immunoglobulin G level is the ideal goal 

after the treatment [26].

Except for patients with inactive disease, all 

patients should receive treatment.

Prednisone or prednisolone (40–60  mg/d; 

1–2 mg/kg/d in children to a max. of 40–60 mg/d) 

in combination with azathioprine (AZA) is the 

mainstay of the treatment. Azathioprine is not 

recommended in decompensated cirrhotics, 

icteric AIH or severe acute hepatitis. Steroids are 

gradually tapered off to 5–10 mg/d in combina-

tion with the steroid-sparing agent to minimise 

the adverse events. Budesonide may be used in 

combination with AZA in patients with 

AIH. However, the use of budesonide is not rec-

ommended in cirrhotic patients, and no trials are 

available for AIH-ALF. It is used in a dosage of 

9  mg/d in combination with AZR, gradually 

tapered to 3–6 mg/d. Sustained normalisation of 

AST/ALT and IgG over 2 years may be an indi-

cation to stop treatment. Relapses are common 

and may be seen in up to 60–80% of cases, and 

histological remission at 2  years confirmed by 

liver biopsy reduces the relapse to 28% [22, 26].

Liver transplant may be indicated in 2–4% of 

AIH-related ALF/cirrhosis in Europe and up to 

5% in the USA. Recurrence post-transplant can 

be seen in up to 8–12% of cases in the first year 

and reaches 36%–68% after 5 years [29].

8.8  Primary Biliary Cholangitis

Previously known as primary biliary cirrhosis, it 

is a chronic cholestatic liver disease. PBC is 

characterised by anti-mitochondrial antibody 

which can be seen in 90% of patients [30]. 

These are the enzymes located on the inner 

membrane of the mitochondria: 2-oxo-acid 

dehydrogenase complex (2-OADC), which 

includes the pyruvate dehydrogenase complex 

E2 subunit (PDC-E2), the branched-chain 

2-OADC E2 subunit (BCOADC-E2), the 2-oxo-

glutaric acid dehydrogenase complex E2 sub-

unit (OGDC-E2) and dihydrolipoamide 

dehydrogenase-binding protein (E3BP). The 

most common variant of AMA is M-2 which is 

specific for the diagnosis [31].

Diagnosis of PBC is confirmed by the pres-

ence of autoantibodies, elevation of cholestatic 

liver enzymes and typical liver histology. 

However, a biopsy is not mandatory for the con-

firmation of diagnosis. Antinuclear antibodies 

such as sp100 and gp210 are detectable in patients 

with AMA-negative PBC [12].

Histologically, it is a disease of intrahepatic 

small and medium-sized bile ducts. Infiltration 

around the small interlobular bile ducts, known 

as chronic non-suppurative cholangitis, and gran-

uloma are seen in histology. Nakanuma’s classifi-

cation is used for staging and grading the disease 

[32].

In a large fraction of the population, it is usu-

ally asymptomatic. Fatigue (70%) and pruritus 

(20–70%) are the most common symptoms, fol-

lowed by jaundice. Sicca syndrome, osteopenia 

and osteoporosis, hyperlipidemia and metabolic 

syndrome are the most common manifestations 

[33].

8.9  Radiological Features

Inflammation involving the interlobular bile 

ducts seen in the early stages manifests as 

hyperintensity in T2-weighted sequences and 

hypointensity in T1-weighted sequences. These 

changes are seen surrounding the intrahepatic 

portal vein branches (along the portal triads) 

[34] (Fig. 8.2a).

Periportal inflammation is a non-specific find-

ing and may be seen in varied aetiologies. 

Abdominal lymphadenopathy (periportal, porto-

caval), however, is a more specific imaging find-

ing [35].

In later stages of the disease, there is the devel-

opment of periportal fibrosis with hepatocellular 

depletion. Multiple small (5–10  mm) nodules 

with low signal in both T1W and T2W sequences 
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a b

Fig. 8.2 Imaging findings in biopsy-proven cases of pri-

mary biliary cholangitis. (a): Periportal hyperintensity 

(white block arrow) is seen in T2-weighted sequences 

suggestive of periportal inflammation. (b): A different 

patient showing the more classic ‘periportal halo sign’ 

with non-enhancing hypodense nodules seen in the peri-

portal region

are seen along the portal triads. This produces the 

more specific ‘periportal halo sign’ [36] 

(Fig. 8.2b).

8.10  Treatment

Ursodeoxycholic acid (UDCA) is the mainstay of 

treatment of PBC. UDCA is given at a dosage of 

13–15  mg/kg body weight, and with elevated 

liver enzymes, it is recommended. A total of 

20–30% may have an incomplete response to 

UDCA and usually have a poor prognosis. 

Multiple criteria have been proposed to assess the 

response to UDCA [12]. In patients who are non- 

responsive to UDCA, obetocholic acid is the 

farnesoid X receptor (FXR) agonist. OCA has 

been proposed as a second therapy for the man-

agement of PBC [37]. Other drugs that can be 

used are fibrates, which are peroxisome prolifera-

tor–activated receptor-α (PPAR-α) agonists, 

resulting in bile acid synthesis and upregulation 

of bile acid transporters. Benzafibrates in combi-

nation with UDCA have been shown to decrease 

the ALP levels and increase the expected LT-free 

survival.

Female sex, young age and anti-gp210 posi-

tivity are associated with poor prognosis. 

Intractable pruritus and decompensated liver dis-

ease are the common indications for transplant. 

AMA is positive after liver transplant, and recur-

rence can be seen up to 25% 5 years following 

transplant [38].

8.11  Primary Sclerosing 
Cholangitis

It is a chronic cholestatic disease characterised 

by intra- and extrahepatic bile duct injury. There 

is inflammatory bile duct destruction and fibrosis 

resulting in bile duct stricturing, cholestasis and 

leading to biliary cirrhosis [4]. Median survival 

from diagnosis to liver transplant or death is usu-

ally around 10 years.

It is closely associated with inflammatory 

bowel disease which can be seen in up to 2/3 of 

the patients [39]. Typical presentation is in a 

young male in the 3rd–fourth decade of life with 

a history of ulcerative colitis or Crohn’s disease 

and abnormal liver function test. Genome-based 

wide association studies have reported 23 risk 

loci key to the pathogenesis of the disease [40].

8.11.1  Clinical Presentation

Diagnosis of PSC requires the exclusion of other 

causes of secondary cholangitis. Magnetic reso-

nance cholangiopancreatography (MRCP) helps 

in making a diagnosis with a sensitivity and spec-

ificity of 0.86 and 0.94, respectively [41].
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It is important to distinguish between the PSC 

and autoimmune pancreatitis which is character-

ised by elevated IgG4 levels, pancreatic findings, 

involvement of other organs, bile duct or ampul-

lary biopsy with an IgG4 level of more than 10 

per high power field.

Small duct PSC in presence of normal 

MRCP, while the clinical features are sugges-

tive of the same. It is usually confirmed by 

biopsy [42].

The Ludwig score is used for the prognosis, 

and poor survival is associated with an increased 

Ludwig score.

Approximately 50% of the patients report 

having symptoms, with fatigue, pruritus and pain 

being the most common ones. Poor quality of life 

from recurrent cholangitis and pruritus may be an 

indication for liver transplant.

Bile cultures in patients with PSC show a wide 

range of bacteria, with or without intervention. 

Prophylactic antibiotics should be administered 

before any procedure. In advanced disease or 

recurrent cholangitis, rotational antibiotics may 

be indicated [43].

8.12  Dominant Stricture

Clinically significant stenosis is detected at the 

time of endoscopic retrograde cholangiopancrea-

tography (ERCP). It is defined as ≤1.5 mm in the 

common bile duct or ≤ 1 mm in the hepatic duct 

within 2 cm of the hilum [44]. The same defini-

tion is not valid for MRCP.

8.13  Radiological Features

Initial inflammation produces irregular nodular 

enhancing wall thickening and mural irregulari-

ties involving the CBD and intrahepatic ducts. 

The duct wall inflammation appears echogenic 

on USG and hyperintense on T2-weighted 

sequences in MRI.  On CT, soft tissue density 

thickening or an intraluminal mass may be seen.

In later stages, with the development of fibro-

sis, there is narrowing of the biliary tree. Since 

there is non-uniform involvement of the biliary 

tree, a ‘beaded appearance’ is classically 

described with alternate areas of narrowing and 

mild dilatation seen along the biliary tree 

(Fig.  8.3). Ductal diverticulae as well as intra-

ductal webs may develop. Cholangiogram is the 

investigation of choice; however, it is an invasive 

procedure. MRCP is a non-invasive and efficient 

modality to depict these changes [45].

In advanced stages, the strictures may cause 

complete obliteration of intrahepatic biliary radi-

cles, leading to a pruned tree appearance 

(Fig.  8.3). Since there is more pronounced 

involvement of the intrahepatic biliary duct bifur-

cations, there is development of obtuse angula-

tion between the central and peripheral ducts.

Biliary duct stricture leads to cholestasis and 

the development of a number of complications 

like cholangitis, cholelithiasis, choledocholithia-

sis and carcinoma gallbladder. Hence, an annual 

survey is essential in these patients. Gall bladder 

polyps seen on USG in the setting of PSC have to 

be considered malignant.

Fig. 8.3 Imaging findings in a biopsy-proven case of pri-

mary sclerosing cholangitis. Thick slab MRCP images 

depicting multiple short segment narrowing (white block 

arrows) involving both intrahepatic and extrahepatic bili-

ary tree with a characteristic ‘beaded appearance’. There 

is peripheral tapering of the intrahepatic biliary radicals 

(white arrows) with ‘pruned tree’ appearance. A ‘domi-

nant’ stricture as seen involving the left hepatic duct 

(white curved arrow) should always raise a suspicion of 

underlying cholangiocarcinoma
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Long-standing cholestasis may lead to the 

development of secondary biliary cirrhosis and 

portal hypertension. USG and CT may be used to 

evaluate the changes associated with cirrhosis 

and portal hypertension. There is marked caudate 

lobe hypertrophy which appears more hyper-

dense on CT as compared to the rest of the atro-

phied segments. Left lobe atrophy is an odd 

finding seen in cirrhosis associated with PSC 

which helps differentiate it from other causes of 

cirrhosis.

8.14  Medical Management

UDCA is the most common drug used in PSC. It 

is used in the dosage of 13–15  mg/kg/d and is 

associated with a reduction of liver enzymes but 

with no change in time to death, progression to 

mortality or death. Other drugs that may be used 

but still do not have a defined role are obeticholic 

acid (OCA) and cilofexor, a non-steroidal FXR 

receptor agonist. ERCP and stenting may help in 

the management of dominant strictures. Short 

duration of stenting is preferred over long 

stenting.

8.15  Cholangiocarcinoma in PSC

It usually complicates PSC.  Rapid onset of 

weight loss, jaundice and abdominal pain may be 

the symptoms suggestive of complicated cholan-

giocarcinoma (CCA) on the background of 

PSC. Histology, Ca19.9, brush cytology and his-

tology may help in the diagnosis of 

cholangiocarcinoma.

CCA is the most common malignancy noted 

in PSC. The annual incidence of cholangiocarci-

noma is 0.6% per year in PSC, and the cumula-

tive risk in patients with PSC is 16–20% [46]. 

Dominant strictures have a higher risk of devel-

oping CCA. CCA poses a higher risk of mortality 

with a median survival of 80% at 1 year. Resection 

or liver transplant is the curative option for the 

management of CCA complicating PSC. For the 

unresectable one, median survival is 5–12 months 

with or without chemotherapy [47].

8.16  Liver Transplant in PSC

Since PSC is a progressive disease, 40% of the 

patients will require a transplant. Decompensated 

cirrhosis and recurrent cholangitis are indications 

for liver transplant. Long-term outcome is usu-

ally good in PSC; however, 20% of the patients 

may have recurrence of disease post-transplant 

[48]. Active IBD confers a risk of post-transplant 

recurrence of the disease.

8.17  Autoimmune Sclerosing 
Cholangitis

Autoimmune sclerosing cholangitis (ASC) is 

characterised by inflammation of intrahepatic 

and extrahepatic bile ducts, bile duct dilatation 

and narrowing and obliteration, leading to bile 

duct damage and periductal fibrosis [49]. Small 

duct disease is diagnosed by features of histo-

logical features of cholangitis and normal 

MRCP. Features of sclerosing cholangitis resem-

ble those of AIH. It is characterised by positive 

ANA, ASMA and high immunoglobulin G level. 

It is usually predominant in females seen in up to 

79% of adults. Interface hepatitis along with peri-

ductal inflammation and onion duct fibrosis usu-

ally forms the histological hallmark of 

ASC.  Steroids and azathioprine along with 

UDCA form the management of PSC [50]. In the 

King’s College prospective study, biochemical 

response is seen with a combination of steroid 

and azathioprine; however, the disease pro-

gressed in 50% of patients owing to the progres-

sion of cholestatic disease. Liver transplantation 

may be indicated in decompensated chronic liver 

disease and recurrent cholangitis; however, a 

high probability of recurrence is noted in as high 

as 71% of patients.

8.18  Conclusion

Autoimmune liver diseases are a broad spectrum 

of diseases consisting of autoimmune hepatitis, 

primary biliary cholangitis, primary sclerosing 

cholangitis, AIH-PBC overlap, AIH-PSC overlap 

8 Autoimmune Liver Diseases: Clinical and Imaging Perspective
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and autoimmune sclerosing cholangitis. Genetic 

and environmental factors along with defects in 

central tolerance in immunity play a major role in 

the pathogenesis of autoimmune liver diseases. 

Serological markers and liver biopsy help in 

making an early diagnosis and management of 

the patient. Steroids, azathioprine and UDCA are 

the mainstay of the treatment in the management 

of these diseases. In refractory cases with AIH, 

an anti-CD20 depleting antibody such as ritux-

imab may be offered. OCA may be beneficial in 

UDCA-refractory PBC. Newer therapies such as 

faecal microbiota transplant may require further 

clinical trials.
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9Acute Biliary Conditions

Lorenzo Costa, Marco Gasparetto, 
and Giulia A. Zamboni

9.1  Introduction

Acute biliary pathologies are one of the most 

common causes of emergency department visits 

in the adult population. They commonly present 

with acute right upper quadrant pain, nausea or 

vomiting, and/or jaundice, resulting in significant 

morbidity and mortality. Etiologies include 

inflammation with or without infection and non-

inflammatory disorders.

Imaging plays an important role in the diagno-

sis of biliary disorders, identifying the underlying 

etiology, and evaluating the severity of the dis-

ease. In particular, complicated acute cholecysti-

tis and acute suppurative cholangitis often require 

an immediate surgical approach or an endoscopic/

percutaneous interventional approach.

Imaging of biliary disease often requires a 

multimodality imaging approach, including 

ultrasonography (US), color or power Doppler 

US, computed tomography (CT), and MR, 

including MR cholangiopancreatography.

Ultrasound (US) is the primary imaging 

modality used to evaluate acute right upper quad-

rant pain but may not always allow characteriza-

tion of the cause of biliary disease. Both magnetic 

resonance cholangiopancreatography (MRCP) 

and CT allow detailed evaluation of the biliary 

system. Endoscopic retrograde cholangiopancre-

atography (ERCP) is nowadays typically reserved 

for therapeutic intervention.

9.2  Cholelithiasis

9.2.1  Introduction

Cholelithiasis is caused by intermittent obstruc-

tion of the cystic duct or neck of the gallbladder 

by a gallstone.

It is estimated that approximately 10–20% of 

the population in Western societies is affected by 

cholelithiasis and that one-third of those with 

gallstones will develop related complications, 

such as cholecystitis.

The “5-F rule” helps to remember the princi-

pal risk factors of cholelithiasis: fair (prevalent in 

the Caucasian population) [1], fat (BMI >30 kg/

m2 and hyperlipidemia) [2], female (estrogen 

cause more cholesterol to be excreted into bile), 

fertile (women with one or more children), and 

forty (age ≥ 40 years).

Other risk factors include rapid weight loss 

(e.g., after bariatric surgery), parenteral nutrition, 

loss of bile salts (terminal ileitis or after ileal 

resection), and diabetes.
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Symptomatic cholelithiasis (biliary colic) typ-

ically presents with right upper quadrant abdomi-

nal pain that occurs after eating, nausea, and 

emesis. Any indication of possible biliary 

obstruction, enzyme elevation, or dilated com-

mon bile duct should prompt further work-up for 

choledocholithiasis.

Elective laparoscopic cholecystectomy is rec-

ommended only for symptomatic cholelithiasis.

9.3  Imaging

9.3.1  Ultrasound

Ultrasound (US) remains the method of choice 

for the detection of gallstones, with high sensitiv-

ity and accuracy (>95%) [3], depending on the 

experience of the ultrasound operator.

Patients need to fast before their ultrasound to 

ensure the best sensitivity.

There are different characteristic findings of 

gallstones at US; the most specific is the presence 

of posterior shadowing (Fig.  9.1a) [4]. Other 

important echographic signs are the highly reflec-

tive echo from the anterior surface of the gallstone 

and the mobility of the gallstone (helps to exclude 

other pathologies related to the gallbladder walls, 

such as tumors); dilatation of the biliary tree is an 

indirect sign suggesting the presence of a com-

mon bile duct (CBD) stone (choledocholithiasis).

9.3.2  Computed Tomography

Computed tomography (CT) is not routinely 

used. Calcified gallbladder stones are the only 

stones visualized on CT images (Fig. 9.1b). Pure 

cholesterol stones and other gallstones are 

isodense to the bile and not easily detectable.

However, CT is helpful when looking for 

complications, such as cholecystitis.

9.3.3  Magnetic Resonance 
Cholangiopancreatography

If there is a suspected stone in the common bile 

duct based on ultrasound results, magnetic reso-

nance cholangiopancreatography (MRCP) is the 

next step. Gallstones appear as filling defects in 

the gallbladder and duct system, with an associ-

ated dilated biliary tree proximal to the level of 

obstruction.

a b

Fig. 9.1 Abdominal ultrasound (US) and computed 

tomography (CT) of the same patient with a calcified gall-

stone. (a): Note the presence of the posterior shadowing 

(arrow) and the highly reflective echo from the anterior 

surface of the gallstone (arrowhead). (b): CT confirmed 

the presence of a large calcified gallbladder stone in the 

fundus of the gallbladder (arrow). CT visualizes only cal-

cified stones; pure cholesterol stones and other gallstones 

are isodense to bile and not clearly detectable

L. Costa et al.



135

9.4  Acute Cholecystitis

9.4.1  Intro

Acute cholecystitis (AC) is an acute inflamma-

tory disease of the gallbladder.

Obstruction of the cystic duct results in over-

distension of the gallbladder (GB) and an increase 

in intraluminal pressure. This increased pressure, 

bile breakdown products (lysolecithin), and pros-

taglandins create ischemic damage to the mucosa 

and lead to chemical cholecystitis with an accu-

mulation of inflammatory infiltrate and gallblad-

der wall edema. Albeit uncommon in the first 

48  h, the risk of bacterial infection tends to 

increase to 70% within the first week unless 

treated.

An estimated 90–95% of cases are caused by 

an obstruction in the cystic duct or gallbladder 

neck due to cholelithiasis. The mortality in 

patients with acute cholecystitis is 0–10% and 

tends to be higher in elderly patients [5].

Clinical findings may include acute severe 

right upper quadrant abdominal pain, positive 

Murphy’s sign, fever, nausea and emesis, and 

focal tenderness directly overlying the 

gallbladder.

Leukocytosis is the most common laboratory 

abnormality, seen in up to 60% of patients, and a 

positive bacterial culture has been reported in 

one-half to two-thirds of patients with AC. High 

total bilirubin and alkaline phosphatase levels are 

uncommon in patients with uncomplicated AC 

and should instead raise concerns for 

cholangitis.

Complications are more commonly seen in 

patients of advanced age, those with multiple 

comorbidities, and those with a delayed presen-

tation. Gangrenous cholecystitis with subse-

quent perforation is the most common 

complication. Other common complications 

include emphysematous cholecystitis, gallblad-

der empyema, hemorrhagic cholecystitis, peri-

cholecystic abscess, gallstone ileus, and Mirizzi 

syndrome.

9.4.2  Ultrasound

When AC is clinically suspected, ultrasound 

(US) tends to be the first choice imaging modal-

ity owing to its wide availability, speed, real-time 

imaging, absence of ionizing radiation, rapid 

identification of gallstones and biliary ductal dil-

atation, and ability to identify AC complications 

or alternative diagnoses. The sensitivity of sonog-

raphy for this condition ranges from 80% to 

100%, and the specificity ranges from 60% to 

100% [6]. The presence of one or more impacted 

stones in the GB neck or cystic duct (cholelithia-

sis) found in addition to a positive sonographic 

Murphy sign (maximal tenderness with trans-

ducer pressure over the GB) is the most specific 

sonographic finding of AC (Fig.  9.2). Other 

imaging findings include gallbladder wall thick-

ening (>3–5 mm), pericholecystic fluid, GB dis-

tension (>4 cm transverse and 10 cm in length), 

and echogenic bile (sludge) (Fig. 9.3).

9.4.3  Computed Tomography

Computed tomography (CT), commonly used to 

evaluate abdominal pain when diagnoses other 

than AC are contemplated, is also especially use-

ful for AC complication detection. Typical CT 

findings in AC include gallbladder distention, 

mural thickening, mucosal hyperenhancement, 

pericholecystic fat stranding, pericholecystic 

fluid, and gallstones with a sufficient attenuation 

difference from bile to be visualized. A signifi-

cant fraction of mixed cholesterol or pigment 

stones is so similar in attenuation to bile as not to 

be reliably identified. Even larger isodense gall-

stones may be invisible on CT.  Typically, an 

increased enhancement of the hepatic paren-

chyma of the gallbladder fossa (CT rim sign) is 

found. Gallbladder mural thickening—the most 

common but the least specific finding—may be 

seen in a variety of other conditions, such as hep-

atitis, hypoproteinemia, heart failure, and acute 

pyelonephritis [7].

9 Acute Biliary Conditions
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a b

Fig. 9.2 A 55-year-old woman with right upper quadrant 

abdominal pain. (a): Sagittal image of the gallbladder 

shows a distended GB with mild wall thickening and peri-

cholecystic free fluid (arrow). (b): Transverse oblique 

sonogram of the cystic duct shows an obstructing stone 

(arrowhead) with posterior shadowing. There was a posi-

tive sonographic “Murphy sign”

a bFig. 9.3 Oblique 

coronal US images show 

(a) a normal gallbladder 

(GB) and (b) a thickened 

GB wall with an 

impacted calculus in the 

neck of the GB (arrow) 

in a patient with acute 

cholecystitis

9.4.4  Magnetic Resonance

Although magnetic resonance imaging (MRI), 

like CT, is not a first-line imaging modality in 

the evaluation of right upper quadrant pain, the 

reported sensitivity and specificity for AC for 

MRI are similar to those of US. Despite the good 

diagnostic performance, the cost, scan times, 

and availability limit its use for this purpose. At 

the same time, MRI is recommended for patients 

with suspected biliary obstruction secondary to 

choledocholithiasis or Mirizzi syndrome [8]. 

Imaging findings are analogous to those observed 

on sonography and CT, including gallbladder 

wall thickening, mural or mucosal hyperen-

hancement, pericholecystic fluid, and adjacent 

soft tissue inflammatory changes, abnormally 

increased gallbladder distention, and cholelithia-

sis (hypointense intraluminal foci on 

T2-weighted imaging sequences) (Fig.  9.4). 

Hyperenhancement of adjacent liver paren-

chyma on contrast-enhanced fat-saturated 

T1-weighted images may be noted, similar to 

CT.  MR cholangiopancreatography (MRCP) 

may show an impacted stone in the gallbladder 

neck or cystic duct and can evaluate the extrahe-

patic bile ducts, which may not be optimally 

visualized sonographically in nonmobile or 

obese patients. MR is also preferred to CT in 

pregnant patients after an inconclusive US [9].

L. Costa et al.
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a b

Fig. 9.4 An 85-year-old man with acute cholecystitis 

caused by cystic duct obstruction due to an impacted cal-

culus. MR imaging was performed because the cause of 

the suspected acute cholecystitis could not be determined 

with US. a, b, Axial T2-weighted images show (a) diffuse 

hyperintense thickening of the gallbladder wall (arrow) 

with (b) multiple stones (arrowhead) in the gallbladder 

neck

Fig. 9.5 Acalculous cholecystitis in an intensive care unit 

patient with sepsis. Sagittal image of the GB shows a dis-

tended GB with wall thickening and bile sludge. No gall-

stones were visualized

9.5  Acalculous Cholecystitis

9.5.1  Intro

Up to 5–10% of patients with AC, especially 

those in critical care units, do not have stones in 

the gallbladder; inflammation of the gallbladder 

in this group of patients without any cystic duct 

obstruction is known as acute acalculous chole-

cystitis (AAC) and is associated with high mor-

bidity and mortality if not managed promptly 

[10]. This condition is traced back to a gradual 

increase in bile viscosity leading to the eventual 

functional obstruction of the cystic duct. AAC 

complications include gangrenous cholecystitis, 

perforation, and pericholecystic abscess.

Patients with AAC demonstrate a variable 

clinical presentation depending on the underlying 

predisposing conditions. Vague abdominal pain, 

leukocytosis, and unexplained fever with associ-

ated jaundice in a critically ill patient in the inten-

sive care unit should raise suspicion for AAC, 

and US should be performed immediately.

9.5.2  Ultrasound

The sonographic findings are nonspecific and 

include GB wall thickening, pericholecystic 

fluid, and GB distension (in the absence of gall-

stones) (Fig.  9.5). Sonographic Murphy sign is 

frequently hard to assess in patients with altered 

mental status or medicated or sedated due to 

underlying conditions.

9.5.3  Computed Tomography

CT may reveal similar imaging findings as well 

as pericholecystic inflammatory stranding with 

adjacent liver hyperemia. MRI is not commonly 

performed in patients with acalculous cholecysti-

tis, mostly due to the difficulty in performing 

MRI studies in critically ill patients.
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9.6  Acute Cholecystitis 
Complications

9.6.1  Gangrenous Cholecystitis

Gangrenous cholecystitis (GC) results from isch-

emia and necrosis of the GB wall due to increased 

intraluminal pressure and occurs in 2–29% of 

patients with acute calculous cholecystitis [11]. It 

is associated with higher morbidity and mortality 

rates than uncomplicated acute cholecystitis. 

Elderly patients and patients with a history of 

diabetes mellitus and white blood cell count 

>15,000 cells/mL are at an increased risk of hav-

ing gangrenous changes at presentation. 

Discriminating between acute uncomplicated 

cholecystitis and gangrenous cholecystitis, a 

potentially clinically difficult task, is key since 

the medical and surgical treatment in the two 

cases may differ. Imaging plays a significant part 

in the distinction.

GC is manifested sonographically by sloughed 

mucosal membranes, focal wall bulge, ulcer-

ation, and disruption. It is associated with an 

increased risk of GB perforation. Sonographic 

Murphy sign is negative in the majority of GC 

patients. Specific CT findings that suggest gan-

grenous cholecystitis include foci of gas within 

the gallbladder wall, intraluminal membranes, 

irregular mural enhancement or hypoenhance-

ment, focal mural defects, and pericholecystic 

abscesses (Fig. 9.6).

9.6.2  Emphysematous Cholecystitis

Emphysematous cholecystitis is determined by 

secondary infection of the gallbladder wall with 

gas-forming organisms. Affected patients are 

more frequently diabetic (30–50%), male, and in 

the 40–60 age group. Involved bacterial organ-

isms include Clostridium species, Escherichia 

coli, Staphylococcus aureus, and Streptococcus 

species.

Emphysematous cholecystitis can be first 

diagnosed through abdominal radiography. 

Radiographs showing curvilinear lucencies 

within the gallbladder wall or an air-fluid level 

within the gallbladder lumen are specific for this 

entity in the setting of suspected cholecystitis. 

Sonographically, gas in the GB lumen or wall 

appears as curvilinear echogenic reflectors, 

which may have dirty shadowing and ring-down 

artefacts. This appearance must be carefully dis-

tinguished from a gallbladder packed with 

stones or calcification in the gallbladder wall 

a b

Fig. 9.6 Gangrenous cholecystitis in a 79-year-old man 

with malaise, fever, and leukocytosis without right upper 

quadrant pain. (a): Sagittal contrast-enhanced CT image 

shows gallbladder wall thickening, pericholecystic inflam-

mation with focal mucosal defects (arrowhead) and 

hepatic abscess (arrow). (b): Coronal contrast-enhanced 

CT image shows intramural abscesses (arrow), a sign of 

gangrenous cholecystitis. The patient underwent urgent 

cholecystectomy, which confirmed gangrenous cholecys-

titis with mucosal ulcers and mural abscesses

L. Costa et al.



139

(porcelain gallbladder). In difficult cases, CT is 

most sensitive for confirming gas in the gall-

bladder wall or lumen (low-attenuation foci). It 

also allows distinction between gas and wall 

calcifications, as is seen with a porcelain gall-

bladder. Additional findings may be similar to 

those observed in acute uncomplicated chole-

cystitis. On MRI, areas of signal void within the 

gallbladder wall or lumen may be observed, cor-

responding to foci of intramural or intraluminal 

gas. Complications of emphysematous chole-

cystitis include gangrenous change, perforation, 

and pericholecystic abscess formation. Due to 

the risk of perforation, the treatment is chole-

cystectomy, although percutaneous cholecystos-

tomy can be used temporarily in patients too ill 

to undergo surgery.

9.6.3  Suppurative Cholecystitis

Empyema of the gallbladder is the most severe 

complication of acute cholecystitis. This condi-

tion ensues when purulent material fills and dis-

tends the gallbladder lumen, with an estimated 

incidence of 5 to 15% of AC patients. Patients 

with empyema of the gallbladder have symp-

toms similar to acute cholecystitis. Tenderness 

in the right upper quadrant and a positive 

Murphy sign are the predominant presenting 

symptoms. With the worsening of the disease, 

high fever, chills, and signs of systemic sepsis 

follow.

Imaging findings of suppurative cholecystitis 

are nonspecific and akin to those seen in acute 

uncomplicated cholecystitis. Echogenic (at 

sonography) or high-attenuation (at CT) mate-

rial consistent with pus is identified within the 

distended gallbladder lumen and is indistin-

guishable from sludge. MRI can help in distin-

guishing pus from sludge using heavily 

T2-weighted sequences, which may display a 

fluid-fluid level with a dependent layering of 

purulent bile [12].

Suppurative cholecystitis is a surgical emer-

gency that requires timely treatment with antibi-

otics and urgent aspiration/removal of the 

gallbladder to decrease septic shock risk.

9.6.4  Gallbladder Perforation

Gallbladder perforation is a severe complication 

of acute cholecystitis, potentially occurring in up 

to 10% of cases [13]. The associated mortality 

rate is 19–24%. Perforation has been classified 

into three types: type I, acute perforation into the 

free peritoneal cavity; type II, subacute perfora-

tion with abscess formation; and type III, chronic 

perforation with fistula formation between the 

gallbladder and another viscus. The most com-

mon site of perforation is the gallbladder fundus. 

Small areas of gallbladder perforation may be 

difficult to detect on imaging. A focal defect in 

the gallbladder wall may be visualized on sonog-

raphy, CT, or MRI (Fig.  9.7). An extraluminal 

gallstone is a specific imaging finding pointing to 

perforation. More frequently, findings of perfora-

tion are nonspecific and include pericholecystic 

fluid, gallbladder lumen collapse, and perichole-

cystic abscess.

Fig. 9.7 Perforated cholecystitis in a 64-year-old woman 

presenting with abdominal pain at the emergency depart-

ment Sagittal CT image shows gallbladder wall thicken-

ing with a wall defect in the fundus of the gallbladder and 

an abscess in the anterior abdominal wall (arrow)
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a b

Fig. 9.8 Hemorrhagic cholecystitis in a 69-year-old 

woman with right upper quadrant pain. (a): Axial unen-

hanced CT image shows abnormally high-attenuation 

material within an abnormally distended gallbladder 

lumen. Gallbladder wall edema is also present. (b): Axial 

contrast-enhanced CT image in arterial phase shows 

active bleeding in the gallbladder lumen (arrow). 

Hyperenhancement of the gallbladder fossa indicates 

transient reactive hyperemia of hepatic parenchyma (CT 

rim sign)

9.6.5  Pericholecystic Abscess

Acute cholecystitis is complicated with pericho-

lecystic abscess formation reportedly in 3–19% 

of cases. Abscesses take the form of intramural 

and pericholecystic rim-enhancing fluid collec-

tions. Extension of the pericholecystic abscess 

into the adjacent hepatic parenchyma will appear 

like a complex cystic lesion. Rim enhancement is 

typical, although not always present. Intralesional 

gas is not common.

9.6.6  Hemorrhagic Cholecystitis

Hemorrhagic cholecystitis, a rare entity with a 

high mortality rate, is the final stage of acalcu-

lous cholecystitis. In this condition, the forma-

tion of a pseudoaneurysm of the cystic artery 

and its consequent rupture leads to frank hemor-

rhage/acute bleeding into the gallbladder that 

may present clinically with an acute onset of 

biliary colic, jaundice, melena, and hemateme-

sis. Hemorrhagic cholecystitis typically appears 

on sonography and CT with imaging findings 

indicating acute cholecystitis. In addition, 

sonography may show echogenic material 

within the gallbladder lumen. On CT, high-

attenuation blood products are present within 

the gallbladder wall or lumen (Fig. 9.8). Cystic 

artery pseudoaneurysm is also occasionally 

seen. Complications of hemorrhagic cholecysti-

tis include gallbladder wall perforation and 

associated hemoperitoneum. Treatment typi-

cally involves cholecystectomy and IV antimi-

crobial therapy.

9.7  Mirizzi Syndrome

Mirizzi syndrome is determined by an impacted 

stone in the gallbladder neck or cystic duct (CD) 

causing biliary obstruction with dilatation of the 

intrahepatic bile ducts. A cholecystocholedochal 

fistula may form as a consequence of recurrent 

inflammation around the impacted gallstone in 

the cystic duct [14]. Obstructive jaundice 

observed in combination with abdominal pain 

and fever is the most common clinical presenta-

tion. There are no pathognomonic features on 

history and physical examination, further com-

plicating clinical diagnosis.

In 1989, Csendes et al. classified Mirizzi syn-

drome into four types:
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• Type I—obstruction of CD by stone impacted 

in the gallbladder neck or cystic duct (10% to 

51%).

• Type II—cholecystobiliary fistula with ero-

sion of less than 1/3 of the circumference of 

the CD (15% to 41%).

• Type III—erosion of up to 2/3 of the circum-

ference of the CD (3% to 44%).

• Type IV—complete destruction of the CD 

wall (1% to 4%).

In 2007, Csendes added one more type to his 

classifications, the Mirizzi type V, that corre-

sponds to any type of Mirizzi associated with bil-

ioenteric fistula with or without gallstone ileus. 

Type V could be present in up to 29%.

Sonography and CT in Mirizzi syndrome dis-

play a gallstone located within the gallbladder 

neck or cystic duct and dilatation of the intrahe-

patic bile ducts with a normal calibre common 

bile duct (CBD). MRI and MRCP can show an 

extrinsic compression of the common hepatic 

duct, a gallstone in the cystic duct, dilation of the 

intrahepatic ducts, and a common hepatic duct 

with a normal distal common bile duct. The 

added benefit of MRI/MRCP is that it can facili-

tate the distinction between Mirizzi syndrome 

and different gallbladder pathologies, including 

gallbladder malignancy [15].

9.8  Choledocholithiasis

Choledocholithiasis is defined as the presence of 

gallstones within the common bile duct.

The incidence of choledocholithiasis has been 

estimated as 5% to 20% in patients with choleli-

thiasis [16].

Bile duct stones can be broadly classified into 

two types according to the site of origin: primary 

and secondary. Primary ductal stones develop de 

novo in the intrahepatic ducts or common duct, 

typically in the setting of bile stasis resulting 

from conditions such as cystic fibrosis or periam-

pullary diverticula. Secondary ductal stones orig-

inate from the gallbladder and result from the 

passage of gallstones into the common bile duct. 

Choledocholithiasis is seen more commonly in 

its secondary form because of the existence of 

cholelithiasis.

Clinical symptoms are similar to those of cho-

lelithiasis, with right upper quadrant abdominal 

pain and nausea often accompanied by Jaundice. 

Stones in the common bile duct can also be the 

cause of different associated conditions, as acute 

gallstone pancreatitis and acute cholangitis. 

Sometimes patients could also have no symp-

toms, and the diagnosis is only suspected from 

laboratory values and imaging findings.

9.9  Imaging

9.9.1  Ultrasound (US)

The radiological diagnosis is very similar to that 

of cholelithiasis, with imaging showing a dilated 

biliary tree and the presence of stones in the 

CBD.

Ultrasound is the primary imaging modality 

and may demonstrate a dilated common bile duct 

(>6 mm).

9.9.2  Magnetic Resonance 
Cholangiopancreatography

Magnetic resonance cholangiopancreatography 

(MRCP), a second-level imaging study, has 

higher sensitivity and specificity than ultrasound 

and is often used as a confirmatory diagnostic test 

[17] (Fig. 9.9).

9.9.3  ERCP/PTC

Before MRI, the gold standard for identifying 

common duct stones was endoscopic retrograde 

cholangiopancreatogram (ERCP). ERCP still has 

a fundamental role in the management of cho-

ledocholithiasis for clearance of common bile 

duct stones followed by laparoscopic cholecys-

tectomy [18].

A percutaneous transhepatic cholangiogram 

(PTC) is normally used when ERCP is not 

possible.
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a b
Fig. 9.9 Coronal 

T2-HASTE MRI (a) and 

CPRM (b): dilation of 

the biliary tree and the 

main pancreatic duct 

caused by multiple 

calculi of variable 

shapes inside the CBD, 

one of them impacted at 

the Ampulla of Vater 

(arrow). Gallstones are 

not directly visualized; 

they appear rather as 

filling defects inside the 

CDB

9.10  Acute Cholangitis

Acute cholangitis is a bacterial infection of the 

biliary system caused by biliary obstruction.

The prevalence of this condition is strictly 

related to that of choledocholithiasis.

It is much more prevalent in native Americans 

(60%–70%) and Hispanics but less common in 

Asians and African Americans [19].

The most frequently isolated pathogens are 

Escherichia coli, Klebsiella species, Enterococcus 

species, and Enterobacter species.

The most common etiology is choledocholi-

thiasis [20]. Other causes of obstruction 

include benign or malignant stricture of the 

bile duct or hepatic ducts, such as pancreatic 

cancer, ampullary cancer, porta hepatis tumor, 

primary sclerosing cholangitis, Mirizzi syn-

drome, and strictured bilioenteric anastomoses 

[21]. Post-endoscopic retrograde cholangio-

pancreatography (ERCP) acute cholangitis can 

also occur in a minority of cases (about 2.5% 

of cases) [22].

The syndrome is characterized by fever, jaun-

dice, and abdominal pain (= Charcot’s triad, pres-

ent in 15–70% of patients), hypotension, and 

altered mental status (= Reynold’s pentad, pres-

ent in only 4–8% of patients).

Cholangitis is a life-threatening condition, 

and if not promptly treated, it can rapidly escalate 

into septic shock.

The treatment of cholangitis is based on resus-

citation, antibiotics, and biliary drainage. ERCP 

or percutaneous transhepatic biliary drainage 

should be urgently performed for biliary decom-

pression. For patients with choledocholithiasis, 

definitive management includes cholecystectomy 

to avoid recurrence.

9.10.1  Ultrasound

Sonography is a relatively inexpensive and 

widely available method of imaging, often used 

as the primary imaging modality. Ultrasound 

may demonstrate dilation of the biliary tree; nev-

ertheless, it is not always possible to recognize 

the cause of cholangitis. In fact, in the setting of 

acute cholangitis, the sensitivity for detecting 

choledocholithiasis is reduced.

9.10.2  Computed Tomography 
and Magnetic Resonance 
Cholangiopancreatography

CT, MRI, and MRCP are reliable modalities for 

the diagnosis, with the advantage of their nonin-

vasive nature. MRI does not use radiation and is 

normally preferred over CT for studying biliary 

ducts with the advantage of visualizing non- 

calcific gallstones causing acute cholangitis. 

MRCP can depict dilation of intra- and extrahe-

patic bile ducts, as well as the presence of gall-

stones (Figs. 9.10 and 9.11).

In 85% of the cases, there is associated wall 

thickening with enhancement of intrahepatic bili-

ary duct walls. This latter condition is best seen 

with gadolinium-enhanced delayed phase fat- 

suppressed sequences [23].
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MRI allows also the detection of related com-

plications, such as liver abscesses and portal vein 

thrombosis.

9.10.3  ERCP/PTC

ERCP is the gold standard for the diagnosis of 

cholangitis; it can easily detect dilatation of bile 

ducts, as well as the presence of calculi [24].

The other advantage of ERCP is that this tech-

nique may also be performed as a therapeutic 

procedure for biliary drainage in cholangitis [25]. 

When endoscopic decompression fails, percuta-

neous transhepatic cholangiography (PTC) is the 

preferred modality [26].

9.11  Gallstone Pancreatitis

Acute pancreatitis is an inflammatory condition of 

the pancreas characterized by abdominal pain and 

elevated levels of pancreatic enzymes in the blood.

Gallstones (including microlithiasis) are the 

most common cause of acute pancreatitis, 

accounting for 35–65% of cases worldwide [27].

The most common symptom of pancreatitis is 

severe epigastric abdominal pain radiating to the 

back. Laboratory values with elevated serum lev-

els of amylase and lipase are usually diagnostic.

All patients with acute pancreatitis should be 

managed with intravenous fluid resuscitation and 

bowel rest.

The management of gallstone pancreatitis 

includes ERCP and endoscopic sphincterotomy 

(ES) for removal of the obstructing stone and 

reestablishment of biliary drainage. Elective lap-

aroscopic cholecystectomy helps to avoid 

recurrences.

9.11.1  Ultrasound/Magnetic 
Resonance 
Cholangiopancreatography

The identification of gallstones and dilatation of 

the extrahepatic biliary tree on ultrasound or 

MRCP support the diagnosis of gallstone 

pancreatitis.

Fig. 9.10 CECT shows the classic signs of AC in this 

patient with a pancreatic adenocarcinoma: dilation of 

intrahepatic bile ducts with wall thickening and enhance-

ment of duct walls (arrow). Note the presence ad ascites 

surrounding the liver and the spleen

a b
Fig. 9.11 T2-HASTE 

coronal plane (a) and 

MRCP (b) showing 

dilation of intrahepatic 

bile ducts due to the 

presence of a mass 

inside the common 

hepatic duct 

(cholangiocarcinoma) 

(arrow). This patient 

presented with fever, 

jaundice, and abdominal 

pain; MRI findings 

confirmed the condition 

of acute cholangitis
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9.11.2  Computed Tomography

CT allows direct visualization of the pancreas 

and identification of pancreatic edema. This 

technique is also useful in the detection of com-

plications, including pseudocysts, abscesses, 

hemorrhage, and necrosis [28]. Pancreatic necro-

sis is detected on scans performed at least 

48–72 h after the onset of an attack of acute pan-

creatitis as a lack of parenchymal enhancement. 

However, CT is often less sensitive than transab-

dominal ultrasound in the identification of 

gallstones.

9.12  Gallstone Ileus

Gallstone ileus is a bowel obstruction due to an 

ectopic gallstone, a rare complication of chronic 

recurrent cholecystitis in which a fistulous tract is 

created between the biliary and enteric systems 

[29].

It occurs in 0.3% to 0.5% of patients with cho-

lelithiasis, especially elderly females [30].

Recurrent episodes of cholecystitis associ-

ated with cholelithiasis can cause inflamma-

tory changes of the gallbladder walls, which 

tend to become necrotic, developing a fistu-

lous tract from the gallbladder into the small 

bowel.

Stones greater than 2  cm can obstruct the 

small bowel at the ileocecal valve.

The most common site for bilio-enteric fistula 

is the duodenum because of its proximity to the 

gallbladder; small bowel and transverse colon 

have also been reported as involved.

The typical site of obstruction is at the termi-

nal ileum and the ileocecal valve because of their 

small intraluminal diameter.

An uncommon site of obstruction is the stom-

ach where the stone can migrate proximally caus-

ing a gastric outlet obstruction; this phenomenon 

is also known as Bouveret syndrome.

The diagnosis is difficult, as this condition 

usually presents with nonspecific signs. The 

symptoms normally indicate a small bowel 

obstruction, with nausea, emesis, constipation, 

and abdominal pain.

Laboratory values are nonspecific, with 

patients often severely dehydrated with electro-

lyte and metabolic alterations secondary to the 

obstruction.

Imaging is very useful for obtaining a correct 

diagnosis.

Computed tomography is the gold standard, 

showing signs of small bowel obstruction, pneu-

mobilia (due to the bilio-enteric fistula), and the 

presence of ectopic gallstones. Most commonly, 

surgery is required to relieve the obstruction by 

removing the impacted gallstone.

9.13  Imaging

9.13.1  Ultrasound

Ultrasound can show pneumobilia, cholelithiasis, 

or choledocholithiasis, but the distortion by 

bowel gas due to the bowel obstruction makes a 

diagnosis by ultrasound difficult.

9.13.2  Abdominal X-Ray

Abdominal radiographs are the primary imaging 

modality, showing Rigler’s triad (with sensitivity 

from 40% to 70%) consists of a partial or com-

plete intestinal obstruction, pneumobilia, and the 

direct visualization of the ectopic gallstone 

(Fig. 9.12a).

9.13.3  Computed Tomography

CT has the highest sensitivity, being the gold 

standard for diagnosis; for this reason, if there is 

a clinical suspicion but negative x-ray findings, a 

CT scan should be performed.

Different common signs can be detected, such 

as gallbladder wall thickening, pneumobilia, 

intestinal obstruction, and direct visualization of 

the obstructing gallstones (Fig. 9.12b).

Other diagnostic tests, such as hepatobiliary 

iminodiacetic acid (HIDA) scan, MRCP, and 

EGDS, may be necessary only in doubtful 

cases.
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a b

Fig. 9.12 Supine abdominal X-ray (A-XR) and contrast- 

enhanced computed tomography (CECT) in gallstone 

ileus with atypical localization of the impacted stone. (a): 

A calcified round gallstone is projected over the left flank 

(arrow) in combination with air seen in the biliary tree—

pneumobilia (arrowhead). (b): CECT shows a large calci-

fied gallstone (arrow) impacted in jejunal loops causing a 

dilation of the small bowel upstream. Note the presence of 

the pneumobilia (arrowhead)

9.14  Sphincter of Oddi 
Dysfunction

Sphincter of Oddi dysfunction (SOD) is a benign, 

non-calculus obstructive disease of the sphincter 

of Oddi.

Biliary SOD seems to be more prevalent in 

post-cholecystectomy patients. Among post- 

cholecystectomy patients, the prevalence of SOD 

has been reported to be up to 14% in symptom-

atic patients but only 1% overall.

Symptoms resemble pre-operative biliary 

pain, with right upper quadrant post-prandial 

pain, in the absence of evidence of gallstones or 

cholecystitis. The cause of this condition is 

thought to be elevated pressures of the sphincter 

of Oddi, causing emptying issues.

The diagnosis is by exclusion, as laboratory 

values and imaging studies are typically normal. 

Non-invasive testing for other possible etiologies 

should be considered initially to rule out more 

common conditions, such as musculoskeletal 

pain, functional abdominal pain, and peptic ulcer 

disease.

ERCP cholangiography with sphincter of 

Oddi manometry (SOM) is the gold standard for 

the diagnosis; a basal pressure greater than 

40 mmHg is diagnostic [31].

ERCP with sphincterotomy is also used as the 

standard care for the treatment of SOD.

Secretin-enhanced magnetic resonance chol-

angiopancreatography (S-MRCP) improves the 

visualization of the pancreaticobiliary ductal sys-

tem and is a good noninvasive option to ERCP.

Secretin is a gastrointestinal peptide that stim-

ulates pancreatic duct epithelial cells to produce 

a bicarbonate-rich fluid.

An initial breath-hold oblique coronal fat- 

suppressed heavily T2-weighted long-TE 

HASTE image encompassing the pancreas is 

acquired. After an IV dose of human secretin 

(normally 0.2  μg/kg) is administered, the same 

sequence study in the same plane is repeated 

(every 30 s to 1 min for the next 10 to 15 min).

The S-MRCP examination is considered 

abnormal when the main pancreatic duct diame-

ter on the final sequence remains dilated by 

greater than 1  mm compared with the baseline 

measurement [32].

HIDA scans allow following of the transit of a 

radioisotope as it passes from the hilum of the 

liver down the biliary tract to the duodenum. A 

delay in transit suggests sphincter of Oddi 

dysfunction.

Evaluation of the CBD by ultrasound mea-

surement after a fatty meal is also useful. The test 
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is positive when the CBD expands at least 2 mm 

from baseline fasting measurement.

9.15  Bile Leak/Biloma

A biloma is a well-demarcated collection of bile 

outside the biliary tree resulting from a bile leak 

due to an injury. Traumatic and iatrogenic inju-

ries are the usual causes.

Bile leaks are most commonly associated with 

hepatobiliary surgery or invasive procedures such 

as open or laparoscopic cholecystectomy (the 

most common, with an incidence of bile duct 

injuries in the range of 0.3%–0.6%0.8), hepatic 

resection, hepatic transplantation, liver biopsy, 

and percutaneous transhepatic cholangiography. 

Blunt abdominal trauma may result in the forma-

tion of bilomas days after the trauma.

The presenting symptoms of bile leaks/

bilomas are abdominal fullness and dull right 

upper quadrant abdominal discomfort, as most 

bilomas are intrahepatic or located in the right 

subphrenic or subhepatic region. These collec-

tions can evolve with a superimposed infection; 

in these cases, the patients can present with septic 

shock.

Laboratory studies may demonstrate leukocy-

tosis with neutrophilia, and liver function tests 

may suggest obstructive disease.

US is often the initial imaging modality used 

in the case of biloma, demonstrating a cystic 

lesion, but CT is normally required.

Smaller bilomas can often be conservatively 

managed with periodic monitoring, whereas 

larger bilomas often require intervention.

The therapy is based on drainage of the collec-

tion and endoscopic sphincterotomy, to decrease 

the tone of the sphincter of Oddi and divert the 

bile flow away from the leak site.

9.16  Imaging

9.16.1  Computed Tomography

CT is normally used as a first-line imaging 

modality in the setting of hepatic injury.

It may show a well-circumscribed, water- 

attenuation perihepatic or intraparenchymal fluid 

collection, suggestive of a biloma (Fig. 9.13).

9.16.2  Ultrasound

US has been advocated as a fast and convenient 

imaging modality, especially in liver trauma. 

Perihepatic and/or intrahepatic fluid collections 

may suggest a biliary leak.

9.16.3  Scintigraphy

Hepatobiliary scintigraphy with Tc99 diisopro-

pyl iminodiacetic acid (DISIDA) scan can help 

detect active bile leaks. Progressive accumulation 

a b
Fig. 9.13 Contrast- 

enhanced computed 

tomography (CECT) 

axial (a) and coronal (b) 

planes of a patient who 

underwent 

cholecystectomy. Note 

the presence of a 

water-attenuation 

intraparenchymal fluid 

collection consisting of 

a biloma (arrow) due to 

iatrogenic injury
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of the radiotracer in an intrahepatic or perihepatic 

collection is diagnostic [33].

9.16.4  MRI

The typical MRI finding is a well-circumscribed 

perihepatic or intrahepatic bilious collection with 

high signal intensity on T2-weighted imaging. 

This technique may become more sensitive after 

the administration of a hepatobiliary contrast 

agent. Hepatobiliary contrasts allow obtaining 

dynamic biliary imaging during the hepatobiliary 

phase. A delayed enhanced scan using one of 

these agents may confirm the bilious nature of an 

intrahepatic or perihepatic collection and increase 

the diagnostic accuracy in localizing the bile leak 

[34].
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10Approach to Cholangiopathies

Anu Eapen, Kirthi Sathyakumar, 
and D. Jayavelu Hariram Prasad

10.1  Cholangiopathies

The term ‘cholangiopathy’ refers to a chronic 
disorder which affects the ‘cholangiocytes’ or 
bile duct epithelial cells. The small cholangio-
cytes lining the intrahepatic bile ducts and the 
large cholangiocytes lining the extrahepatic bile 
ducts have varying functions, depending on their 
location in the biliary tree. These include produc-

tion and transport of bile, remodelling of bile 
duct epithelium and repair of liver cell damage 
[1]. An injury or insult to cholangiocytes may 
evoke a series of responses in cholangiocytes 
which can eventually lead to periportal fibrosis, 
ductopaenia and biliary cirrhosis [1, 2]. Table 10.1

Several of the cholangiopathies mentioned in 
Table  10.1 have distinct imaging findings, and 
these are discussed below.
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Table 10.1 Classification of cholangiopathies. (Adapted from Cheung et al. Ref. 3)

Congenital
Immune- 
mediated Idiopathic Infectious Malignant Other

Alagille’s 
syndrome

Allograft 
rejection 
(acute and 
chronic)

Biliary atresia AIDS cholangiopathy Cholangiocarcinoma Drug induced

Caroli 
syndrome

Graft versus 
host disease

Idiopathic 
ductopenia 
(child & 
adult)

Bacterial cholangitis 
(e.g. E. coli, Klebsiella)

Vascular/
ischaemic 
(post-transplant 
narrowing of 
hepatic artery/
vasculitis)

Cystic 
fibrosis

Primary 
biliary 
cholangitis

IgG4-related 
cholangitis

Parasitic cholangitis 
(e.g. Ascaris 

lumbricoides, 
Opisthorchis viverrini, 
Fasciola hepatica)

MDR3 
deficiency

Primary 
sclerosing 
cholangitis

Polycystic 
liver 
disease

Sarcoidosis

10.2  Idiopathic

10.2.1  Primary Sclerosing 
Cholangitis

Primary sclerosing cholangitis (PSC) is a chronic 
inflammatory disorder affecting biliary epithe-
lium which progresses to fibrosis and strictures 
of the intra- and extrahepatic bile ducts resulting 
in cholestasis and ultimately biliary cirrhosis [4].

10.2.2  Etiopathogenesis

It is a disorder of unknown aetiology. Some of 
the factors linked to the pathogenesis of PSC are 
complex immune-mediated response, genetic 
factors due to a strong association with HLA, 
environmental factors and impaired gut permea-
bility [2, 4, 5]. PSC is a rare disease with the 
highest prevalence in Northern Europe and the 
USA, where its incidence is approximately 
10/100,000, and is less common in Southern 
Europe and Asia [5, 6]. It occurs in adult males 
usually between 30 and 40 years and is twice as 
common in men as in women [6]. There is an 

association with inflammatory bowel disease, 
which has a prevalence of 70% in patients with 
PSC [5]. Of these, 87% of patients have ulcer-
ative colitis, and 13% have Crohn’s [6, 7].

10.2.3  Clinical Presentation

The onset of disease in PSC may be insidious; how-
ever, as the disease progresses, fever, jaundice, pruri-
tus and abdominal pain may be seen due to 
cholestasis. With progression to biliary cirrhosis, 
patients can present with ascites, variceal bleed or 
encephalopathy. Symptoms related to ongoing 
ulcerative colitis such as GI bleed may be seen [4, 5].

10.3  Imaging Modality

10.3.1  Bile Duct Imaging

Large duct PSC, which accounts for 90% of 
cases, is diagnosed by cholangiography which is 
the gold standard [8]. PSC commonly affects 
both intrahepatic and extrahepatic ducts. 
Intrahepatic ducts alone are involved in about 1/4 
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of cases. Involvement of only the extrahepatic 
duct is rare, in less than 5% of cases [7, 8]. 
Secondary causes of PSC should always be 
excluded before a diagnosis of PSC is made.

10.3.2  Magnetic Resonance 
Cholangiopancreaticography 
(MRCP)

It is the imaging modality of choice for the diag-
nosis of PSC. MRCP is ideally performed after a 
4-h period of fasting and prior to any stent place-
ment [9]. Heavily T2-weighted sequences with 
gradient echo balanced steady-state free preces-
sion are used with 3D-MRCP, which provides 
better resolution due to thinner sections [7, 9]. 
However, 2D-MRCP may be utilised in the set-
ting of inadequate breath holding or when respi-
ratory triggering cannot be done.

10.3.3  Early Disease

Typical cholangiographic features of large duct 
PSC are multifocal annular short segment stric-
tures of the extra- and intrahepatic bile ducts with 
only mild intervening segments of dilatation and 
a ‘beaded appearance’ of biliary radicles on 
MRCP [6, 10] (Fig. 10.1). Strictures occur at the 
bifurcation of the bile ducts.

10.3.4  Progressive Disease

With increasing fibrosis and worsening of stric-
tures, the peripheral ducts are not visualised on 
cholangiogram with a ‘pruned tree’ appearance 
on MRCP. As fibrosis and strictures increase, the 
acute angle between the peripheral and central 
bile ducts becomes more obtuse [11].

Biliary diverticula or outpouchings from bile 
ducts and webs, which are 1–2-mm-thick, incom-
plete, circumferential narrowing of bile ducts, 
have been described with PSC, although these are 
not specific for this disorder [10, 12]. Pigment 
stones of the bile duct may be seen in 30% of 
cases due to bile stasis [11]. These occur as signal 

voids or filling defects on MRCP and can predis-
pose to cholangitis.

10.3.5  Endoscopic Retrograde 
Cholangiopancreaticography 
(ERCP)

ERCP has been replaced by MRCP as the first- 
line modality to evaluate bile ducts, as it is less 
invasive, avoids radiation, is cheaper and, unlike 
ERCP, can provide information about bile ducts 
proximal to a tight stenosis [7, 11]. ERCP has a 
higher spatial resolution than MRCP, and thus, 
peripheral ductal abnormalities are better delin-
eated on ERCP. ERCP is useful to further evalu-
ate a tight stricture with brush cytology and also 
for therapeutic interventions such as dilatation of 
a stricture or stent placement [7].

10.3.6  Percutaneous Transhepatic 
Cholangiography (PTC)

This has a limited role in the evaluation of PSC. It 
delineates the biliary anatomy and is useful in 
draining obstructed systems and for stone removal.

Fig. 10.1 Primary sclerosing cholangitis (PSC). MRCP 
images show multifocal short segment strictures and mild 
intervening dilatations with a beaded appearance of the 
biliary tree

10 Approach to Cholangiopathies



152

a b
Fig. 10.2 Primary 
sclerosing cholangitis 
(PSC). MRCP (a) shows 
a beaded appearance of 
the biliary tree. 
Contrast-enhanced CT 
(b) through the upper 
abdomen shows mild, 
discontinuous and 
peripheral intrahepatic 
biliary dilatation (arrow) 
without an obvious mass

10.3.7  Ultrasound

Ultrasound can detect involvement of the extra-
hepatic bile ducts in PSC. The involved extrahe-
patic ducts show concentric, echogenic thickening 
and an echogenic portal triad. The resultant lumi-
nal narrowing usually causes only a mild proxi-
mal dilatation of intrahepatic radicles, which may 
or may not be visualised on ultrasound. 
Ultrasound has a limited role in evaluating biliary 
abnormality, particularly the involvement of the 
intrahepatic ducts in PSC [7].

10.3.8  CT

Bile duct abnormalities in PSC may be identified 
on CT as mild, discontinuous, segmental and 
peripheral intrahepatic biliary dilatation without 
an obvious mass (Fig. 10.2). Concentric soft tis-
sue thickening and enhancement of the involved 
extrahepatic bile ducts can be seen on CT with 
luminal narrowing [7].

10.4  Liver Parenchymal Imaging

CT and MRI can show liver parenchymal changes 
that occur in advanced PSC.  MRI has superior 
soft tissue resolution and is a better modality for 
evaluation of liver parenchyma [7]. MRI evalua-
tion of liver parenchyma should include T2, T1, 
fat-suppressed sequences and the use of contrast 

medium for a complete evaluation and for the 
detection of mass lesions. [9].

In advanced PSC, there is an onset of second-
ary biliary cirrhosis with altered liver morphol-
ogy which has some specific features that 
differentiate it from cirrhosis due to other causes. 
There is marked hypertrophy of the caudate lobe 
with atrophy of the lateral segment of the left 
lobe and the posterior segments of the right lobe 
of the liver. The relative sparing of the central 
portions of the liver and caudate lobe from the 
bile duct inflammation and cholestasis with com-
pensatory hypertrophy leads to marked caudate 
lobe enlargement [7, 13] (Fig. 10.3).

On T2-weighted images, peripheral wedge- 
shaped areas of hyperintensity and peripheral 
areas of reticular, heterogenous pattern due to 
segmental atrophy and may be seen [14] 
(Fig. 10.4). Portal oedema may also be seen with 
periportal hyperintensity.

On contrast imaging, enhancement patterns 
vary. Peripheral wedge-shaped areas which show 
a delayed enhancement pattern may be seen [7]. 
In about 56% of patients, peripheral areas of arte-
rial phase enhancement may be seen due to 
parenchymal inflammation and altered blood 
supply. In about 23% of patients, hyperintense 
areas on T1-weighted images can be seen [15].

Periportal lymphadenopathy is a common and 
nonspecific feature, seen in 77% of patients with 
PSC [15]. Splenomegaly, collateral vessels may 
be present when there is portal hypertension 
(Fig. 10.5).
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a b

Fig. 10.3 Primary sclerosing cholangitis (PSC). MRCP 
(a) shows a beaded appearance of the biliary tree. 
Contrast-enhanced CT (b) through the upper abdomen 

shows the onset of secondary biliary cirrhosis with marked 
caudate lobe hypertrophy (arrow), classically described in 
secondary biliary cirrhosis due to PSC

a b

Fig. 10.4 Primary sclerosing cholangitis (PSC). MRCP 
(a) shows a beaded appearance of the biliary tree. 
T2-weighted axial MR images through the liver (b) show 

peripheral wedge-shaped areas of liver parenchymal 
hyperintensity (dashed white arrow) and mild dilatation of 
intrahepatic biliary radicles, described in PSC

a b
Fig. 10.5 Primary 
sclerosing cholangitis 
(PSC). MRCP (a) shows 
a beaded appearance of 
the biliary tree. 
T2-weighted axial MR 
images (b) show 
cirrhotic morphology of 
the liver with marked 
splenomegaly (black 
arrow)
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10.4.1  Complications

 1. Cholangiocarcinoma
PSC is associated with the risk of hepatobili-

ary malignancy, the most common being cholan-
giocarcinoma, which occurs in 10–15% of 
patients with PSC [16]. The onset of cholangio-
carcinoma should be suspected when a patient 
develops worsening jaundice, pruritus and weight 
loss.

10.4.2  Imaging

The most common variety of cholangiocarci-
noma in PSC is the periductal infiltrating type, 
seen as periductal thickening with a core of 
fibrous tissue, in the absence of an obvious mass 
[7]. The lesion is hyperintense on T2-weighted 
images and shows delayed enhancement on con-
trast imaging [7, 17]. It is usually seen in com-
mon hepatic duct or its bifurcation, producing a 
high-grade stricture [11]. The presence of a dom-
inant stricture, defined as narrowing of the com-
mon duct ≤1.5 mm and/or ≤ 1 mm of a hepatic 
duct within 2  cm of bifurcation, should arouse 
suspicion of cholangiocarcinoma [8]. 
Cholangiographic findings of new onset of chol-
angiocarcinoma, in the setting of PSC, include 
rapid progression of strictures with marked prox-
imal biliary dilatation and intraductal polypoid 
mass. Screening for PSC is recommended every 
6–12 months by ultrasound or MRI and Ca 19–9 
[18].

10.5  Gall Bladder Calculi 
and Polyps

There is an increased incidence of gallstones and 
GB polyps in PSC. GB polyps, seen in 10–16% 
of patients with PSC, are largely benign with an 
increased risk of malignancy when they are 
larger than 10  mm [16]. Annual ultrasound 
screening of GB polyps is recommended in PSC 
and cholecystectomy, if the polyp size exceeds 
8 mm [17].

Small Duct PSC This variant occurs in 5% of 
cases of PSC with a normal cholangiographic 
appearance of bile ducts. The diagnosis is estab-
lished at histology which confirms involvement 
of small bile ducts with a typical periductal 
onion-skin fibrosis [4, 6, 17].

PSC with Autoimmune Hepatitis (AIH) 

Overlap This occurs in younger adults, adoles-
cents and children [4]. An overlap of PSC with 
autoimmune hepatitis can occur in up to 25% of 
patients with PSC. In a patient with AIH, MRCP 
should be performed when there is cholestasis or 
poor response to steroids to exclude overlap syn-
drome. MRCP shows multifocal bile duct stric-
tures with mild intervening dilatation, giving a 
beaded appearance as in PSC without overlap.

10.6  IgG4-Related Sclerosing 
Cholangitis

10.6.1  Introduction

IgG4-related sclerosing cholangitis (IgG4-SC) is 
a cholangiopathy which forms part of the spec-
trum of IgG4-related systemic inflammatory dis-
ease involving multiple organs [19]. It is a 
disorder of unknown aetiology [19]. IgG4-
related sclerosing cholangitis, like other mani-
festations of IgG4-related disease, is associated 
with elevated serum IgG4 levels, infiltration of 
IgG4- positive plasma cells, storiform fibrosis 
and obliterative phlebitis in the bile duct wall 
with good response to treatment with steroids 
[20].

IgG4-related disease can involve multiple 
organs, the commonest being Type 1 autoim-
mune pancreatitis (AIP) (60%), followed by sial-
adenitis (34%), tubulointerstitial nephritis (23%), 
dacryoadenitis (23%) and periaortitis (20%) [21] 
(Fig. 10.6).

IgG4-SC is commonly associated with Type 
1 autoimmune pancreatitis [22]. It may occa-
sionally occur along with IgG4-related sialade-
nitis/dacryoadenitis and retroperitoneal fibrosis 
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a b

c

Fig. 10.6 IgG4-related sclerosing cholangitis. MRCP (a) 
shows narrowing of the lower common bile duct (white 
arrow). Contrast-enhanced CT (b) through the upper 
abdomen shows associated autoimmune pancreatitis with 

a bulky pancreatic tail with a hypodense rim (white arrow 
in b). Ultrasound images of the same patient (c) reveal an 
enlarged right submandibular gland (black arrow) with 
increased vascularity due to sialadenitis

[19]. IgG4-SC of the lower duct is almost always 
associated with Type 1 AIP and is believed to be 
an extension of pancreatic inflammation rather 
than isolated IgG4-related sclerosing cholangi-
tis [21].

IgG4-SC involving the hilum and intrahepatic 
bile ducts can occur with AIP or alone. However, 
isolated IgG4-SC is very rare [21].

10.6.2  Pathologic Findings

Inflammatory infiltration with lymphocytes, 
plasma cells and also eosinophils and storiform 
fibrosis with an irregularly whorled pattern of 
collagen fibres occur around veins, leading to 
occlusion of veins or obliterative phlebitis. These 
changes occur in the submucosa of the bile duct 
wall with a normal epithelial layer. This helps 
differentiate from PSC, where inflammatory 
changes affect the epithelial layer [19, 23]. Cut- 
off values of more than 50 cells/hpf of IgG4- 
positive plasma cells in surgical specimens and 
more than 10 cells per hpf in biopsy samples with 
a ratio of IgG4-positive to total IgG-positive 
plasma cells of more than 40% are specific for 
IgG4-SC [21, 23].

10.6.3  Clinical Features

IgG4-SC occurs typically in elderly males. The 
majority of patients diagnosed with IgG4 disease 
are above the age of 60  years with a male-to- 
female ratio of 4:1. The usual presentation is with 
obstructive jaundice, especially when there is 
pancreatic involvement [21]. Occasionally, bili-
ary involvement in IgG4-related disease may be 
seen as an incidental finding.

10.6.4  Investigations

High serum IgG4 levels are seen in IgG4-SC, and 
at a cut-off of 140 mg/dl, sensitivity was 80% for 
IgG4 disease [21]. However, IgG4 levels may be 
elevated rarely in PSC and cholangiocarcinoma, 
hence with lower specificity. IgG4-SC can mimic 
cholangiocarcinoma on imaging. At a higher cut- 
off of 280 mg/dl, there is a higher specificity of 
90% for IgG4-SC but at a lower sensitivity of 
50% [21]. When serum IgG4 elevation is four 
times the upper limit of normal, there is 100% 
specificity for IgG4-SC [24]. A ratio of IgG4/IgG 
>0.10 or IgG4/IgG1  >  0.24 is also specific for 
IgG4-SC.
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10.7  Imaging

Ultrasound is often the baseline investigation in a 
patient with jaundice. Ultrasound shows cir-
cumferential thickening of the bile duct wall 
with proximal dilatation of intrahepatic ducts. 
However, there is low sensitivity and specificity 
for the diagnosis of IgG4 disease [23]. Other 
findings that may be seen in IgG4 disease are 
diffuse, hypoechoic GB wall thickening and a 
bulky pancreas in the setting of AIP [25].

Intraductal ultrasonography(IDUS) is useful to 
demonstrate the circumferential bile duct wall 
thickening, smooth inner and outer wall and 
narrow but visible lumen [21].

CT and MRI/MRCP help locate and study the 
extent of biliary strictures, the proximal bili-
ary dilatation, the degree of wall thickening 
and the enhancement pattern of thickened bile 
duct wall [21].

MRCP is the best noninvasive method to delin-
eate biliary abnormalities. CT/MRI helps 
delineate associated pancreatic abnormalities 
such as a diffusely bulky pancreas with a 
capsule- like rim around it and narrowing of 
the main pancreatic duct [21] (Fig.  10.7). 
Involvement of other organs such as the kid-
neys with cortical lesions and pelvic wall 
thickening may be seen.

ERCP is better than MRCP to delineate bile duct 
luminal abnormalities; however, it is more 
invasive [21, 26].

10.7.1  Bile Duct Abnormalities 
in IgG4-SC

Based on the location of strictures, these have 
been classified into four types as shown in 
Table 10.2.

a b c

Fig. 10.7 IgG4-related sclerosing cholangitis. MRCP (a) 
shows smooth tapered narrowing of the lower common 
bile duct. Contrast-enhanced CT (b) through the upper 
abdomen shows associated autoimmune pancreatitis with 

a bulky pancreatic body and tail with a hypodense capsule- 
like rim around it (dashed white arrow), seen as a T2 
hypointense rim (black arrow) on MRI (c)

Table 10.2 Classification of cholangiographic changes in IgG4-SC with AIP. (Nakazawa et al.). Adapted from Refs. 
19 and 26

Types Location of stricture Differential diagnosis
1 Distal CBD Pancreatic cancer, bile duct cancer, 

chronic pancreatitis
2 Stenosis of intrahepatic and proximal extrahepatic bile ducts Primary sclerosing cholangitis
2a Narrowing of intrahepatic ducts with prestenotic dilatation
2b Narrowing of intrahepatic bile ducts without prestenotic 

dilatation and reduced peripheral branches
3 Stenosis in the lesion in the hepatic hilum and lower CBD Cholangiocarcinoma
4 Stenosis in the lesion at the hepatic hilum Cholangiocarcinoma

IgG4-SC IgG4-related sclerosing cholangitis, AIP autoimmune pancreatitis
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Fig. 10.8 IgG4-related sclerosing cholangitis. MRCP (a) 
shows smooth tapered narrowing of the lower common 
bile duct (white arrow) which represents Type 1 cholan-
giographic changes of sclerosing cholangitis with AIP 

(classification by Nakazawa et al.). T2-weighted axial MR 
image (b) shows a bulky pancreas with a T2 hypointense 
rim (black arrow)

a b

Fig. 10.9 IgG4-related sclerosing cholangitis. MRCP (a) 
shows smooth tapered narrowing of the lower common 
bile duct with strictures of intrahepatic bile ducts (arrows). 
This represents Type 2a cholangiographic changes of 

sclerosing cholangitis with AIP (classification by 
Nakazawa et  al.). Contrast-enhanced CT (b) confirms 
autoimmune pancreatitis with a bulky pancreas and a 
hypodense rim (dashed white arrow)

Types 1 and 2 are demonstrated in Figs. 10.8 
and 10.9.

Thickening of the bile duct wall in IgG4-SC is 
symmetrical and circular, with smooth inner and 
outer margins and a homogenous internal echo 
on ultrasound and intraductal ultrasound. These 
changes are also seen on CT and MRI and may be 
seen in nonstenotic portions of the bile duct wall 
as well [19, 21].

10.8  Differential Diagnosis

10.8.1  IgG4-SC versus PSC

IgG4-SC is characterised by segmental strictures; 
long, continuous bile duct thickening;  single- layer 
duct wall thickness more than 2.5  mm; stricture 

involving the distal CBD and dilatation below the 
stricture at confluence. Associated diffuse GB wall 
thickening and absence of liver parenchymal 
changes are other features of IgG4-SC [19, 21, 27].

Features of PSC are band-like or short segment 
strictures (1–2  mm) alternating with normal or 
minimally dilated proximal bile ducts, giving a 
beaded appearance, pruned tree appearance due to 
decreased peripheral branches and diverticulum- 
like outpouchings of bile ducts [19, 27].

10.8.2  IgG4-SC versus 
Cholangiocarcinoma

In a study by Yata et al., a sensitivity of more than 
80% for the diagnosis of IgG4-related disease 
was concentric thickening of the wall of the bile 
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duct, pancreatic abnormality, unilayered contrast 
enhancement of the bile duct wall and homoge-
nous attenuation on delayed scan. A specificity of 
more than 80% was seen in lesions involving the 
intrapancreatic bile duct, smooth outer margins, 
narrow but preserved lumen, funnel-shaped prox-
imal bile ducts, skip lesions and pancreatic 
abnormality. High sensitivity and specificity for 
the diagnosis of IgG4 SC were seen in the pres-
ence of pancreatic abnormality [28].

10.9  Infectious Causes

10.9.1  Recurrent Pyogenic 
Cholangitis

10.9.1.1  Introduction

Recurrent pyogenic cholangitis (RPC) is an 
infectious cholangitis characterised by recurrent 
biliary infections, inflammatory bile duct stric-
tures and pigmented intraductal calculi. It is prev-
alent in the Asian population, although 
increasingly seen in Western countries. It is also 
known by the synonyms of Oriental cholangio-
hepatitis and Hong Kong disease [29].

10.9.1.2  Etiopathogenesis

RPC affects men and women equally, usually 
in the third and fourth decades of life. There is 
an association with low socioeconomic status 
[30].

Although the exact aetiology is not known, 
infestations with parasites such as Clonorchis 

sinensis, Ascaris lumbricoides, Fasciola hepatica 
and Opisthorchis species are thought to be the 
underlying cause for RPC with superimposed 
bacterial infections due to reduced host immune 
response. Several organisms such as Escherichia 

coli, Klebsiella, Pseudomonas, Proteus and 
anaerobes have been obtained from bile cultures. 
Recurrent or chronic inflammation and sepsis 
lead to fibrosis, stricture formation and intra-
ductal calculi due to stasis [29]. The left duct 
which has an acute angulation is prone to stasis, 
inflammation, stricture and stone formation. The 
stones lead to further stasis, sepsis and fibrosis 
with strictures [30].

10.9.1.3  Clinical Features

Patients with RPC commonly present with recur-
rent pain, fever and jaundice. Recurrent sepsis 
can cause abscesses in the liver and at distant 
sites. Portal vein thrombosis can occur. 
Cholangiocarcinoma is known to occur in 5% of 
patients with RPC, and this may be associated 
with weight loss [30].

10.9.1.4  Imaging

Ultrasound is often the initial imaging modality 
used for evaluation of a patient with RPC, as it is 
cheap and easily available. Ultrasound shows a 
disproportionate dilatation of the central intrahe-
patic and extrahepatic bile ducts with sparing of 
the peripheral bile ducts [30, 31]. The dilatation 
of central ducts is diffuse, irrespective of the 
presence of calculi, and has been attributed to 
loss of elasticity of the bile duct wall [31]. About 
90% of cases will have intraductal calculi, often 
obscured in the presence of pneumobilia [30]. 
Periductal inflammation and fibrosis can cause an 
increase in periportal echogenicity [29].

Ultrasound can identify complications such as 
liver abscess and biloma. Percutaneous drainage 
of abscesses can be performed under ultrasound 
guidance.

CT is a better modality than ultrasound, par-
ticularly to detect minimal intrahepatic biliary 
dilatation. The disproportionate dilatation of cen-
tral intrahepatic and extrahepatic ducts is well 
delineated on CT.  On unenhanced CT, 90% of 
biliary calculi are hyperdense to unenhanced 
liver parenchyma. The presence of pneumobilia, 
which may be seen, can be due to varied reasons 
such as therapeutic procedures, passage of stones 
through the ampulla or cholangitis with gas- 
forming organisms such as Klebsiella pneu-

moniae or Clostridium perfringens [30, 31].
Long-standing inflammation leads to paren-

chymal atrophy with bile duct dilatation and 
crowding. These changes typically involve the 
lateral segment of the left lobe followed by the 
posterior segment of the right lobe (Fig. 10.10). 
These changes can be seen also on MRI, where 
calculi appear as signal voids and atrophic seg-
ments are iso- to mildly hyperintense on 
T2-weighted images [31] (Fig. 10.11).
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b

Fig. 10.10 Recurrent 
pyogenic cholangitis. 
Contrast-enhanced CT 
(a, b) shows crowding 
and dilatation of 
intrahepatic biliary 
radicles in the left lateral 
segment and the 
posterior segment of the 
right lobe of the liver 
(dashed white arrows) 
with atrophy of involved 
liver segments. A 
radiodense calculus is 
seen in the posterior 
segment of the right 
lobe. MRCP (c) shows 
poorly visualised 
posterior segmental duct 
of the right lobe due to 
multiple calculi in the 
lumen (white arrow)

a b

Fig. 10.11 Recurrent pyogenic cholangitis. Contrast- 
enhanced CT (a) and T2-weighted axial MRI (b) through 
the upper abdomen show crowding and dilatation of intra-
hepatic biliary radicles typically involving the left lateral 

segment and the posterior segment of the right lobe of the 
liver with multiple intraductal calculi (dashed white arrow 
in (a) and white arrow in (b))

MRCP and ERCP are useful techniques to 
delineate biliary anatomy. The advantages of 
MRCP is its ability to delineate noncalcified cal-
culi, which are seen as signal voids, to accurately 
depict bile ducts proximal to tight stenosis and 
also the extrahepatic bile ducts (Fig. 10.12).

ERCP has better spatial resolution compared 
to MRCP, but it is more invasive.

Both MRCP and ERCP show disproportionate 
dilatation of central and extrahepatic ducts with 
abrupt narrowing of peripheral bile ducts [30, 
31]. A cholangiogram also demonstrates stric-
tures and the presence of calculi.

10.9.1.5  Complications

Abscess Liver abscess may be seen in 20% of 
patients with RPC. These occur most often in the 
right lobe, may be multiple, often multiseptated 
[30, 31]. The presence of a peripheral rim of 
enhancement helps differentiate from a biloma.

Portal vein thrombosis can occur.

Cholangiocarcinoma This is a rare complica-
tion, seen in 5% of patients, and affects the atro-
phied portions of the liver or portions of the liver 
with a large number of calculi. Biliary stasis, cal-
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b

Fig. 10.12 Recurrent 
pyogenic cholangitis. 
Contrast-enhanced CT 
(a) shows multiple 
radiodense intraductal 
calculi, which appear as 
signal voids on 
T2-weighted axial MRI 
(black arrows in (a, b). 
MRCP (c) demonstrates 
multiple signal voids in 
the lower common bile 
duct and in the left 
hepatic ducts (white 
arrows)

culi and chronic infection are some of the factors 
thought to predispose to the formation of calculi. 
CT shows abrupt narrowing of the involved duct 
with enhancing soft tissue thickening. Lesion 
may show restricted diffusion on diffusion- 
weighted MRI [31].

10.9.1.6  Management

Treatment consists of dilatation of strictures to 
facilitate biliary drainage and removal of 
stones.

This is done by ERCP or percutaneous tech-
niques. If these fail, surgical management 
includes biliary bypass procedures, segmental 
hepatic resection and liver transplantation.

10.10  AIDS-Related Cholangitis

Human immunodeficiency virus infection can 
affect the biliary tract in several ways, a spectrum 
known as AIDS cholangiopathy. It can cause 
acalculous cholecystitis, sclerosing cholangitis, 
papillary stenosis, lymphoma, Kaposi’s sarcoma 
and gallstones [32]. AIDS cholangiopathy usu-
ally affects severely immunocompromised indi-

viduals with a CD4 T lymphocyte count of less 
than 100/mm [29, 33].

Aetiology Opportunistic infections with 
Cryptosporidium and CMV are common causes 
of cholangitis, but it may also occur due to isch-
aemia, autonomic nerve damage or direct epithe-
lial invasion by HIV [29, 33].

Imaging There are four cholangiogram patterns 
which have been described: papillary stenosis 
with distal tapering of the CBD, sclerosing chol-
angitis with strictures and dilatations of intra- and 
extrahepatic ducts, combined papillary stenosis 
and sclerosing cholangitis and long strictures, 
more than 1 to 2 cm of the extrahepatic bile duct 
[33]. Thickening and enhancement of the bile 
duct wall may be seen on MRI [32] (Fig. 10.13).

Management HAART therapy remains the vital 
treatment, and antimicrobial therapy for opportu-
nistic pathogens is often not effective [34].

Sphincterotomy, balloon dilatation and stent-
ing of strictures may help relieve biliary obstruc-
tion [34].
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Fig. 10.13 AIDS-related cholangitis. MRCP (a) reveals 
narrowing of the terminal lower common bile duct with 
multiple intrahepatic bile duct strictures (white arrows) in 

a patient with HIV and worsening liver function tests. 
Contrast-enhanced CT (b) shows mild intrahepatic biliary 
dilatation

10.11  Vascular Causes

10.11.1  Portal Cavernoma 
Cholangiopathy

Portal cavernoma cholangiopathy (PCC) is 
known by various terminologies like portal bili-
opathy, portal hypertensive biliopathy, extrahe-
patic portal biliopathy, vascular biliopathy, portal 
ductopathy and portal cholangiopathy.

It is defined as the abnormalities caused by 
portal cavernoma in the extrahepatic bile duct, 
cystic duct and gall bladder with or without 
abnormalities in the first- and second-order bili-
ary ducts. All of the following criteria need to be 
fulfilled for establishing the diagnosis: (a) pres-
ence of portal cavernoma, (b) typical ERCP or 
MRCP changes and (c) absence of other causes 
like bile duct injury, cholangiocarcinoma, pri-
mary sclerosing cholangitis, etc. [35].

Clinical Features PCC most commonly occurs 
in non-cirrhotic patients with hypercoagulable 
states. The majority of patients are asymptomatic 
with only about 21% (5–50%) demonstrating 
symptoms. The patients may present with chronic 
cholestasis and biliary colic with or without chol-
angitis due to biliary calculi. Choledocholithiasis 
is seen in 5–20% due to stasis of bile. Bleeding 
from collaterals leading to haemobilia is rela-
tively rare. In the late stage, some patients may 
progress to secondary biliary cirrhosis [35, 36].

Pathogenesis The two main causes proposed 
for the biliary changes are compression by large 
collaterals and ischaemic injury due to chronic 
portal vein thrombosis (PVT) or long-standing 
compression. Both mechanisms can also co-
exist in a patient with PCC.  Porto-systemic 
shunt surgeries can potentially reverse collateral 
compression [37]. The collaterals are formed by 
engorgement of the paracholedochal veins of 
Petren and the epicholedochal venous plexus of 
Saint. Gallstone disease is frequently associ-
ated, presumed to be contributed by (a) stric-
tures causing stasis of bile, (b) increased 
lithogenicity of bile, (c) decreased gall bladder 
contractility due to collaterals in the wall and 
(d) liver parenchymal disease causing decreased 
bile flow [38].

10.11.2  Diagnosis

Ultrasonography with Colour Doppler This 
should be the initial imaging modality in sus-
pected PCC.  Attenuated or recanalised portal 
vein with dilated tortuous collaterals (cavernoma) 
at the porta hepatis can be visualised. In 95% of 
cases, there is extension of PVT into the SMV 
and splenic vein. A compensatory increase in 
hepatic artery flow may be seen. Pericholecystic 
and bile duct wall collaterals can be seen with 
thickened bile ducts and intrahepatic biliary dila-
tation [38].
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Fig. 10.14 Portal cavernoma cholangiopathy. Contrast- 
enhanced CT (a, b) shows a cavernoma at the porta, 
replacing the main portal vein. Dilated intrahepatic biliary 

radicles due to compression of the common bile duct at 
the porta by cavernoma (black arrow in (a, b))

Computed Tomography or Magnetic 

Resonance Imaging (MRI) CECT and MRI 
delineate the portal venous system well and 
assist in identifying the cause for portal venous 
thrombosis (Fig.  10.14). MR cholangiography 
(MRC) with MR portovenography is the modal-
ity of choice for mapping the biliary and vascu-
lar abnormalities in PCC. MRC is as accurate as 
ERC and clearly depicts the typical findings of 
biliopathy—shallow or deep extrinsic impres-
sions/indentations, irregular duct contour, stric-
ture, filling defects, bile duct angulation causing 
≤145° angle at the site of extrinsic impression, 
upstream dilatation and ectasia without any 
downstream obstruction. Kinking or tethering 
of the CBD at the superior portion of the pancre-
atic head is also a common finding due to 
 compression by the dilated pancreaticoduodenal 
veins. The angle of the CBD above the pancre-
atic head is more acute in the presence of PCC 
(averaging 110°) than in patients with portal 
vein thrombosis without cholangiopathy (128°) 
[38, 39].

MRI helps distinguish collaterals from bile duct 
stones. MRI also demonstrates the presence of 
shuntable vein and differentiates epicholedochal 
from paracholedochal collaterals and gall bladder 
varices. Epicholedochal collaterals are smaller, 
intramural dot-like signal voids/enhancing struc-
tures in the bile duct wall. The bile duct appears 
narrowed and thickened and is densely enhanc-
ing. Paracholedochal collaterals are larger, low 

signal intensity channels that compress and dis-
tort the bile duct [35].

Endoscopic Ultrasound (EUS) EUS is utilised 
when other imaging modalities are inconclusive 
in identifying the cause of biliary obstruction. It 
helps in delineating the type of choledochal col-
laterals (paracholedochal, epicholedochal, intra-
choledochal and subepithelial). This 
differentiation is relevant when endotherapy is 
being planned to avoid the risk of haemobilia 
[38].

Endoscopic Retrograde Cholangiography 

(ERC) ERC is considered the gold standard for 
defining the biliary changes of PCC.  However, 
currently, it has no diagnostic role, as it is an 
invasive procedure. ERC is now utilised in 
instances where therapeutic procedures are 
planned. The cholangiographic abnormalities are 
the same as described under MR cholangiogra-
phy [35, 36].

Natural Course of the Disease PCC develops 
early on in the event of acute PVT if recanalisa-
tion is not achieved. It is, however, a progressive 
condition, and symptoms may develop late in the 
course of portal hypertension. In addition, symp-
tomatic patients usually have advanced or severe 
changes of biliopathy (Fig.  10.15). Successful 
endoscopic biliary drainage and shunt surgery 
are beneficial in patients with symptoms [35, 37].
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Fig. 10.15 Portal cavernoma cholangiopathy. Contrast- 
enhanced CT (a) shows collaterals at the porta (black 
arrow in (a), replacing the main portal vein and around the 
gall bladder with portosystemic collaterals near the 
splenic hilum). These are seen as multiple signal voids 

(white arrow) on T2-weighted MRI (b). MRCP (c) dem-
onstrates narrowing of the proximal common hepatic duct 
by cavernoma and intrahepatic biliary dilatation. The 
common bile duct is of normal calibre

Management Relatively safe and effective pro-
cedures for PCC include biliary stent placement, 
sphincterotomy, stricture dilatation, lithotripsy 
and stone extraction. Porto-systemic decompres-
sive surgery can cause reversal of symptoms in 
the presence of a shuntable vein. In persistently 
symptomatic patients, second-stage surgical 
options like hepaticojejunostomy and choledo-
choduodenostomy may be considered. Secondary 
biliary cirrhosis in complicated PCC is the only 
indication for liver transplantation in these 
patients [35].

10.12  Ischaemic Cholangiopathy

This refers to bile duct damage that results from 
deficient blood supply to the biliary ducts (40). 
These ducts receive their blood supply entirely 
from the hepatic artery via the rich network of 
peribiliary plexus surrounding the bile ducts [1, 
40].

Aetiology Conditions causing ischaemic injury 
are thrombosis after liver transplantation, chemo-

embolisation, surgical procedures, hereditary 
haemorrhagic telangiectasia and polyarteritis 
nodosa [1, 6, 40].

Imaging The most common sites of ischaemic 
injury are the mid-third of the bile duct followed 
by the hepatic confluence. Ischaemic injury to the 
bile ducts can present in three ways [1]. In severe 
injury, there is focal necrosis of the bile duct wall 
resulting in intrahepatic collections or biloma. In 
less severe injury, there is epithelial desquamation 
which forms biliary casts that can cause biliary 
obstruction [1]. Biliary casts, like calculi, may be 
hyperintense on T1-weighted MRI but have a lin-
ear, branching pattern [1, 6]. In chronic injury, 
fibrosis can cause biliary strictures which can 
mimic PSC or cholangiocarcinoma. The presence 
of peripheral areas of narrowing in PSC and a 
periductal mass in cholangiocarcinoma may help 
differentiate from ischaemic cholangiopathy [40].

Management includes several measures such 
as restoration of arterial flow in transplants, 
removal of biliary casts, drainage of biloma and 
biliary bypass procedures [6].

10 Approach to Cholangiopathies



164

10.13  Immune-Mediated Causes

10.13.1  Primary Biliary Cholangitis

Primary biliary cholangitis (PBC) is an 
autoimmune- mediated, chronic inflammatory 
process affecting interlobular bile ducts with end- 
stage fibrosis, leading to cirrhosis [1]. This has a 
predilection for women between the fifth and 
seventh decades of life. The onset may be 
 insidious. Fever and pruritus progressing to jaun-
dice may be another presentation.

10.13.2  Etiopathogenesis

A combination of genetic and environmental fac-
tors has been implicated in the pathogenesis of 
PBC.  Histologically, nonsuppurative inflamma-
tion of the bile ducts leads to asymmetric destruc-
tion of ducts within portal triads which ultimately 
leads to cirrhosis [41].

10.13.3  Imaging

Findings on imaging are mild in early stages and 
may not contribute to making a diagnosis of 
PBC. Cholangiogram in the early stage may be 
normal, but later, there is narrowing of ducts 
without post-stenotic dilatation causing ductope-
nia [1, 41]. The extrahepatic duct is not involved. 
The periportal halo sign on MRI is unique for 
PBC, best seen on T2-weighted MRI. This repre-
sents a ring or halo of T2 hypointensity due to 
fibrosis around the central portal triad [42]. In 
advanced stages of disease, imaging shows the 
onset of cirrhosis with splenomegaly and portal 
hypertension.

10.14  Congenital Causes

Caroli Disease This condition, also known as 
communicating cavernous ectasia of the intrahe-
patic bile ducts, is a congenital disorder character-
ised by nonobstructive dilatation, either saccular 
or fusiform, of the intrahepatic bile ducts [43].

Caroli disease results from embryonic ductal 
plate malformation where there is failure of 
remodelling and partial involution of the embry-
onic ductal plate. This process of remodelling of 
embryonic ductal plate to form bile ducts normally 
occurs from the hilum to the periphery of the liver 
with the development of the large intrahepatic bile 
ducts first and the smallest peripheral ductules last 
[44, 45]. There are two types described.
 1. Type 1 or pure type: This is sporadic, nonhe-

reditary and confined to one hepatic lobe. This 
results from arrested remodelling of the ductal 
plates of larger intrahepatic bile ducts. 
Dilatation of segmental bile ducts results in 
calculi and recurrent cholangitis (Fig. 10.16).

 2. Type 2 or hereditary type: This type involves 
the entire liver and is usually associated with 
congenital hepatic fibrosis and portal hyper-
tension. Caroli syndrome, which refers to a 
combination of Caroli disease and congenital 
hepatic fibrosis, occurs when there is arrested 
remodelling of the entire intrahepatic biliary 
tree [45]. It may be associated with other con-
ditions such as choledochal cysts and ARPKD 
[43] (Fig. 10.17).

10.14.1  Imaging

Cholangiography shows the typical findings of 
saccular dilatation of intrahepatic bile ducts. 
These may contain calculi or sludge.

Fig. 10.16 Caroli disease Type 1. Contrast-enhanced CT 
shows cystic dilatation of intrahepatic biliary radicles 
confined to the right lobe
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Fig. 10.17 Caroli 
disease Type 2. MRCP 
(a) and T2-weighted 
axial MR images (b, c) 
show cystic dilatation of 
biliary radicles in both 
lobes of the liver with 
normal calibre of the 
extrahepatic bile duct on 
MRCP. There is 
associated autosomal 
recessive polycystic 
kidney disease seen in 
(c) as marked diffuse T2 
hyperintensity of both 
kidneys due to the 
presence of microcysts

Contrast-enhanced CT or MRI shows cysti-
cally dilated intrahepatic radicles communicat-
ing with the biliary tree. The central dot sign 
describes an enhancing fibrovascular bundle or 
portal vein branch within the centre of a cysti-
cally dilated radicle. The presence of communi-
cation of these cystic dilatations with the biliary 
tree  differentiates this condition from polycystic 
liver disease. Complications of Caroli disease, 
such as stone formation and abscess due to chol-
angitis, are seen on imaging [44]. In the pres-
ence of these, other differential diagnoses 
include recurrent pyogenic cholangitis, commu-
nicating liver abscesses, choledochal cysts, PSC 
and obstructive biliary dilatation [45, 46]. There 
is also an increased risk of 
cholangiocarcinoma.

In Caroli syndrome, there is mild focal nar-
rowing and only mild intervening dilatation of 
intrahepatic radicles. Calculi are usually absent. 
Associated findings of congenital hepatic fibro-
sis, such as shrunken liver, splenomegaly and 
varices, may be seen.

The association of Caroli disease with extra-
hepatic bile duct dilatation and choledochal cysts 
has also been described in the literature [45].

The salient imaging features of the cholangi-
opathies aforementioned are listed in Table 10.3.

Cholangiopathies, thus, represent a spectrum 
of disorders of varied aetiology, with often com-
mon clinical presentations such as fever and 
jaundice. Appropriate imaging can help in mak-
ing an accurate diagnosis and also help in the 
follow-up of these patients.
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Table 10.3 Salient imaging features of the common cholangiopathies

PSC Short segment strictures, mild intervening dilatation, beaded appearance
Intra- and extrahepatic ducts
Association—IBD

IgG4-SC Long segment strictures, symmetrical
Smooth inner and outer margins with visible lumen
Intra- and extrahepatic ducts

RPC Dilated central intrahepatic ducts, sparing of peripheral bile ducts
Intraductal calculi, lobar atrophy
Lateral segment of the left lobe, posterior segment of the right lobe

AIDS-related 
cholangitis

4 patterns
Papillary stenosis with narrowing of the distal CBD
Sclerosing cholangitis with strictures and dilatations of intra- and extrahepatic ducts
Combined papillary stenosis and sclerosing cholangitis
Long strictures of the extrahepatic bile duct

PCC Bile duct extrinsic indentations

Bile duct angulation causing a ≤ 145° angle at the site of extrinsic impression
Smooth strictures, upstream dilatation and ectasia, no downstream obstruction

Ischaemic 
cholangiopathy

3 patterns
Severe injury—Necrosis of the bile duct wall, intrahepatic collections or biloma
Less severe injury—Biliary casts by desquamated epithelium
Chronic injury—Fibrosis causing biliary stricture

Primary biliary 
cholangitis

Periportal halo sign—Ring of T2 hypointensity around the central portal triad

Caroli disease Type 1 (pure) nonhereditary, segmental cystic dilatation of intrahepatic bile ducts
Type 2 (hereditary) entire liver, associated with congenital hepatic fibrosis
Association—Autosomal recessive polycystic kidney disease, choledochal cysts

PSC primary sclerosing cholangitis, IgG4-SC IgG4- related sclerosing cholangitis, RPC recurrent pyogenic cholangitis, 
PCC portal cavernoma cholangiopathy
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11Gallbladder Carcinoma Imaging 
and Update: Including Surgeon’s 
Perspective

Kalpana Bansal

11.1  Introduction

Gallbladder carcinoma is the fifth most common 
malignancy of the gastrointestinal tract and the 
most common biliary tract malignancy in the 
world [1]. Recent advances in cross-sectional 
imaging techniques have increased the preopera-
tive detection of gallbladder carcinoma. 
Nevertheless, an accurate imaging diagnosis of 
gallbladder carcinoma at early stages still remains 
challenging. This is due to the vague or delayed 
clinical presentation and non-specific appearance 
of early gallbladder cancer (GBCA) [2]. In 
advanced GBCA, the preoperative imaging for 
tumor recognition and non-invasive staging is 
essential to triage patients to appropriate care and 
has become more reliable due to recent advances 
in CT, MRI, and positron emission tomography 
(PET) imaging.

Ultrasonography (US) is the primary imaging 
modality in evaluation of biliary tract disorders 
[3], though conventional US is unable to distin-
guish benign from early malignant disease [4]. 
Contrast-enhanced ultrasound (CEUS) is a recent 
and promising technique, but its role in GBCA is 
not well recognized [5]. The role of endoscopic 
ultrasound is also limited in detecting gallbladder 
carcinoma [6]. Multidetector computed tomogra-

phy (MDCT) is a comprehensive tool in preop-
erative detection as well as local staging of 
GBCA [7]. MDCT also allows mapping of vas-
cular anatomy in patients being planned for 
resection [8]. Magnetic resonance imaging (MRI) 
provides excellent soft tissue contrast resolution 
and non-invasive imaging of the gallbladder and 
biliary tree [9]. It also serves as a problem- solving 
tool to reach a conclusive diagnosis. Recent 
advances in MRI including diffusion-weighted 
imaging (DWI) and perfusion imaging may allow 
greater accuracy in detection of smaller lesions 
[10]. Positron emission tomography is primarily 
employed in detection of distant metastases and 
post-treatment detection of residual or recurrent 
disease [11].

11.2  Epidemiology, Pathogenesis, 
and Clinical Presentation

The pathogenesis of gallbladder cancer is likely 
multifactorial. Risk factors for gallbladder cancer 
are listed as follows:

 1. Ethnicity, Gender, and Age

Worldwide, gallbladder cancer has a low 
occurrence of <2 per 100,000 but has a wide vari-
ance. Gallbladder cancer is rare in developed 
countries. In the Unite States, it accounts for less 
than 5000 cases per year [12]. High rates of gall-
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bladder carcinoma are seen in South American 
countries, particularly Chile, Bolivia, and 
Ecuador, as well as some areas of India, Pakistan, 
Japan, and Korea. In Chile, mortality rates from 
gallbladder carcinoma are the highest in the 
world [13].

Sex Women are affected two to six times more 
often than men. Worldwide there is marked pre-
dominance of women over men, especially in 
northern India, in Pakistan, and in American 
Indian females [14].

Age Gallbladder cancer rates tend to increase 
with advancing age. In a Memorial Sloan- 
Kettering report of 435 gallbladder cancer 
patients, the median age at presentation was 67 
years [15].

 2. Cholelithiasis

Cholelithiasis is a well-established risk factor 
for the development of gallbladder carcinoma, 
and gallstones are present in approximately 85% 
of affected patients [13] (Fig. 11.1). Further, gall-
bladder cancer rates correlate well with the prev-
alence of gallstone disease. However the overall 
risk of gallbladder cancer in patients with chole-
lithiasis is low; less than 3% cases of cholelithia-
sis have gallbladder carcinoma [13]. The basis 
for this relationship likely resides in gallstones 
causing chronic irritation and inflammation of 
the gallbladder, perhaps aided by the local pro-
duction of carcinogens, which leads to mucosal 
dysplasia and subsequent carcinoma [16]. 

Gallstone characteristics further influence the 
frequency of gallbladder cancer. Increasing stone 
size augments the risk of gallbladder cancer; 
stones >3 cm have a tenfold increased risk [17]. 
The stone type may also matter; cholesterol gall-
stone disease is found to be associated with high 
incidence of gallbladder cancer in American 
Indians and other groups [18]. In support of this 
association, an inverse correlation exists between 
cholecystectomy for cholelithiasis and gallblad-
der cancer rates [16].

 3. Chronic Inflammation

Chronic inflammation is implacably linked to 
malignant transformation, being a major factor in 
carcinogenesis. Recurrent or chronic inflamma-
tory insults are detrimental, causing deoxyribo-
nucleic acid damage and release of inflammatory 
mediators and, thus, predisposing cells to onco-
genic transformation [13]. Hence, cholelithiasis 
with its attendant repeated trauma, resulting in 
chronic cholecystitis, might be the mechanism 
for cancer development after many years. 
Porcelain gallbladder is an uncommon condition 
(<1% of gallbladder specimens) with extensive 
wall calcification (Fig. 11.2), which may also be 
the result of chronic inflammation and appears to 
be associated with gallbladder carcinoma in 
12%–61% of patients [19].

 4. Infections

Chronic bacterial cholangitis constitutes a 
clear risk for biliary tract malignancy. The organ-

a bFig. 11.1 (a–b): A 
45-year-old female 
patient complaining of 
upper abdomen pain. 
Coronal T2W MR 
images show a large T2 
hypointense (thick black 
arrow) and multiple 
small (thin black arrow) 
intraluminal gallbladder 
calculi with eccentric 
polypoidal soft tissue 
mass in the fundal 
region (white arrow)
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a b

Fig. 11.2 Porcelain gallbladder with gallbladder carci-
noma. (a) Noncontrast and (b) contrast-enhanced axial 
scans reveal a contracted gallbladder with mural calcifica-

tion (white arrow), cholelithiasis (arrowhead), and 
hypodense mass infiltrating adjacent liver parenchyma in 
segment IVb (curved arrow)

isms most implicated are Salmonella and 
Helicobacter [20]. Some 6% of typhoid carriers 
develop gallbladder cancer, with a 12-fold 
increased risk.

 5. Primary Sclerosing Cholangitis

There is an increased frequency of gallbladder 
mass lesions in patients with primary sclerosing 
cholangitis, presumably related to the ongoing 
inflammation, facilitating a metaplasia- dysplasia- 
carcinoma sequence [21].

 6. Exposures

Various environmental exposures have been 
hypothesized to contribute to gallbladder cancer. 
Tobacco is a significant risk factor. Heavy metals, 
like nickel and cadmium, have been implicated 
including drugs like methyldopa and isoniazid 
[22]. Radon, an inhaled gas, has also been associ-
ated with cancer of the lung and gallbladder [23].

 7. Obesity

Obese people have an increased risk of devel-
oping gallbladder cancer. For each 5-point 
increase in BMI, the relative risk of developing 
gallbladder cancer increases by 1.59 for women 
and 1.09 for men [24].

 8. Gallbladder Polyps

Gallbladder polyps seen in almost 5% of 
adults are mostly pseudopolyps, without neoplas-
tic potential, as cholesterol polyps (~60% of all 
gallbladder polyps), adenomyosis (~25%), or 
inflammatory polyps (~10%) (Fig. 11.3a, b).

The features of polypoidal masses that indi-
cate malignancy include large polyps (>1  cm, 
25% being malignant), a solitary polyp, a sessile 
polyp, polyp growth, associated gallstones, and 
age over 50–60 years [25] (Fig. 11.3c, d).

 9. Anomalous Pancreaticobiliary Junction

This is a congenital malformation in which 
the pancreatic duct drains into the biliary tract 
outside the duodenal wall, potentially allowing 
pancreatic secretions to regurgitate into the bile 
ducts and gallbladder, leading to malignant 
changes in the mucosa [13]. Anomalous pancre-
aticobiliary junction malformation is found to be 
associated in 10% of patients with gallbladder 
cancer manifesting histologically as papillary 
carcinoma [14].

 10. Genetics

A family history of gallbladder disease 
increases the risk of developing gallbladder can-
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a b

c d

Fig. 11.3 Benign and 
malignant polyp. (a, b) 
Ultrasound depicting 
multiple small (<1 cm) 
echogenic polyps (white 
arrow) along the 
non-dependent wall of 
gallbladder—likely 
benign. (c, d) Another 
case displaying large 
irregular polypoidal soft 
tissue thickening in the 
gallbladder fundal 
region (white arrow) 
with cholelithiasis 
(black arrow) on 
US. Post- 
cholecystectomy 
histopathological 
examination revealed 
adenocarcinoma

cer, and the genetic background accounts for 
approximately 25% of the total gallstone disease 
risk [26].

11.2.1  Pathological Features

Gallbladder carcinomas are epithelial in origin 
and account for 98% of all gallbladder malignan-
cies. The remainders are sarcomas, lymphomas, 
carcinoid, metastases, and other unusual 
malignancies.

Adenocarcinoma is the most common histo-
logical type (approx. 90%) of gallbladder carci-
nomas and is characterized by glands lined by 
cuboidal or columnar cells, which may contain 
mucin (Fig. 11.4). They may be well, moderately, 
or poorly differentiated. There are several recog-
nized histologic variants of adenocarcinoma: 
papillary, intestinal, mucinous, signet-ring cell, 
and clear cell [27]. Many tumors contain more 
than one histologic variant.

11.2.2  Clinical Presentation

Gallbladder cancer is an incidental diagnosis in 
early stages, because of inflammatory symptoms 
related to coexistent cholelithiasis or cholecysti-
tis. About 1% of patients undergoing cholecys-
tectomy for cholelithiasis have an incidental 
gallbladder carcinoma [23]. The majority of 
patients with gallbladder carcinoma present with 
advanced disease. Chronic abdominal pain, 
anorexia, or weight loss are common initial 
symptoms [24]. Jaundice usually presents as a 
result of malignant obstruction of the biliary tree 
rather than hepatic metastasis or coexistent cho-
ledocholithiasis [25]. Physical examination may 
demonstrate a palpable mass, hepatomegaly, and 
jaundice. Elevated serum levels of alpha- 
fetoprotein and carcinoembryonic antigen have 
been reported in association with gallbladder car-
cinoma [28].
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a b

c d

Fig. 11.4 Contrast-enhanced CT and radical cholecys-
tectomy with lymph node dissection: (a, b) Coronal and 
axial CT images reveal cholelithiasis (black arrow) with 
annular mural thickening in the gallbladder neck region 
(white arrows) and periportal/peripancreatic, pre−/para- 
aortic lymphadenopathy (yellow arrows) (c). Photograph 

of the resected gallbladder (cut specimen) shows focal 
neoplastic mural thickening involving the body and neck 
region of the gallbladder (arrowhead) (d). Photomicrograph 
(10×; HE stain) revealed well-differentiated adenocarci-
noma of the gallbladder

11.3  Imaging Modalities

11.3.1  Ultrasonography

Conventional US is the first-line modality for 
evaluation of the gallbladder [3]. US has limited 
utility in differentiation of mural thickening due 
to chronic cholecystitis from that of GBCA [4]. 
Sometimes, the biliary sludge is motionless and 
simulates GBCA on US [5]. It also has a limited 
role to provide an accurate estimate of local inva-
sion of the gallbladder (GB) wall, adjacent liver 
infiltration, and nodal and peritoneal metastases 
[5]. GB polyps are better visualized on US 
(Fig.  11.3) and presence of color flow support 
malignancy; however, its absence does not 
exclude malignancy. US Doppler has a sensitivity 
and specificity of around 80% in diagnosis of 
GBCA.

High-resolution US has a higher diagnostic 
accuracy in distinguishing neoplastic polyps 

and staging GBCA compared to conventional 
US [29].

Contrast-enhanced US (CEUS) has been used 
successfully in the liver, kidney, and pancreas. 
However, the reports of usefulness of CEUS in 
GBCA have been conflicting. The pointers to 
malignancy are arterial tortuous tumoral vessels 
showing irregularly tortuous extensions [30].

11.3.1.1  Endoscopic US

Compared to conventional ultrasound and other 
cross-sectional imaging techniques, endoscopic 
US improves the characterization of local disease 
extent and involvement of regional lymph nodes 
in GBCA [31].

11.3.1.2  Multidetector Computed 

Tomography

MDCT is currently the work horse in investigat-
ing patients with suspected GBCA due to limita-
tions of US including CEUS.  It allows faster 
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imaging acquisition in multiple phases following 
intravenous injection of contrast agent and multi-
planar reconstructions (Fig. 11.4). It serves as a 
comprehensive tool in preoperative detection as 
well as local staging of GBCA [7] and allows 
vascular anatomy mapping in patients being 
planned for resection [8]. The common enhance-
ment patterns in GBCA are strongly enhancing 
thick inner wall layer during the arterial phase 
and weakly enhancing or non-enhancing outer 
layer (two-layer enhancement pattern) (Fig. 11.5) 
or heterogeneously enhancing thick inner wall 
layer during both phases (one-layer enhancement 

pattern) [32] (Fig.  11.6). In contrast, the most 
common enhancement pattern of chronic chole-
cystitis is isoattenuation of the thin inner wall 
layer during both phases. Despite this MDCT 
still has limitations in distinguishing inflamma-
tory disease from GBCA, particularly early-stage 
GBCA and low accuracy in detection of perito-
neal metastases and lymph node involvement.

11.3.1.3  Magnetic Resonance 

Imaging

Due to a higher soft tissue, contrast resolution 
MRI may prove superior to MDCT in detecting 

a b
Fig. 11.5 (a–b): A case 
of a gallbladder 
carcinoma. Contrast- 
enhanced axial scans 
showing diffuse mural 
thickening in the body 
and fundal region with a 
two-layer enhancement 
pattern (white arrow). 
Note is made of ascites

a b

c d

Fig. 11.6 A case of a 
gallbladder carcinoma: 
(a) Noncontrast and 
(b–d) triple-phase 
contrast-enhanced CT 
showing enhancing 
asymmetric mural 
thickening in the fundus 
and body region with a 
single-layer 
enhancement pattern 
(white arrow)
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a b

c d

Fig. 11.7 A case of 
advanced carcinoma of 
the gallbladder: (a, b) 
Coronal T2WI and 
thick-slab 2D MRCP 
images reveal a large 
mass replacing the 
gallbladder with 
surrounding hepatic 
infiltration (arrowhead) 
and extension to the 
hilar region (white 
arrow) with resultant 
hilar block and attendant 
moderate upstream 
biliary dilatation. (c, d) 
DWI and axial T2WI 
reveal hepatic and 
pulmonary metastases 
(black arrows)

early gallbladder malignancy with non-specific 
imaging appearance. GBCA typically appears 
hypointense on T1W and hyperintense on T2W 
images (Fig.  11.7a). Associated gallstones are 
also better demonstrated as filling defects com-
pared to MDCT9. Following gadolinium admin-
istration, GBCA shows heterogeneous arterial 
enhancement that persists in the venous phase. 
Adjacent liver invasion, bile duct invasion, lymph 
node metastases, and vascular invasion are better 
demonstrated on combining conventional MRI 
with magnetic resonance cholangiopancreatogra-
phy (MRCP) (Fig.  11.7b) and magnetic reso-
nance angiography. As GBCA represents a highly 
cellular lesion, it shows restricted diffusion [33], 
and apparent diffusion coefficient is a quantita-
tive marker of diffusion restriction. DWI also has 
a high sensitivity in detection of liver and lymph 
node metastases (Fig. 11.7c). However, the speci-
ficity for nodal metastases is poor.

11.3.1.4  FDG-Pet

Fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) has a high sensitivity and 
specificity in differentiating between benign and 
malignant diseases compared to conventional 
US, MDCT, and MRI at various sites in the 

body including gastrointestinal tract [34]. The 
efficacy of FDG-PET in diagnosing GBCA has 
also been reported [35] but mostly in advanced 
stage or bulky lesions [36]. PET is primarily 
employed in detection of distant metastases and 
post- treatment detection of residual or recurrent 
disease [11].

11.3.1.5  Image-Guided Fine Needle 

Aspiration Cytology

Several recent studies have established the effi-
cacy of ultrasound-guided fine needle aspiration 
cytology to reach adequate diagnosis with high 
rate of sensitivity and specificity [37].

11.4  Imaging Findings

For evaluation of suspected gallbladder diseases, 
sonography is often the first imaging modality 
because of its relatively low cost and widespread 
availability. Although sonography has a relatively 
high sensitivity for the detection of advanced 
tumors, it has limited sensitivity and specificity 
in the diagnosis of early disease and is unreliable 
for staging. Therefore, CT and, increasingly, 
MRI are more widely used modalities for further 
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characterization and preoperative evaluation of 
suspected malignant gallbladder lesions.

On imaging, gallbladder carcinoma may have 
any of the following morphological appearances: 
a mass completely occupying or replacing the 
gallbladder lumen, focal or diffuse asymmetric 
gallbladder wall thickening, or an intraluminal 
polypoid lesion [38].

11.4.1  Mass Occupying or Replacing 
the Gallbladder Lumen

The most common imaging appearance of GBCA 
is the presence of a large gallbladder mass that 
nearly fills or replaces the gallbladder lumen, 
often directly invading the surrounding liver 
parenchyma and may be present in 40–65% of 
patients at initial examination [38]. On sonogra-
phy, heterogeneous, predominantly hypoechoic 
mass partially or completely fills the gallbladder 
lumen (Fig.  11.8). Anechoic foci suggestive of 
trapped bile or necrosis may be present, as well 
as echogenic foci with posterior acoustic shad-
owing from gallstones (Fig.  11.8a), porcelain 
gallbladder, or tumor calcifications [39]. GBCA 
usually appears hypodense on noncontrast CT 
(Fig. 11.9a), and MRI shows hypo-to isointense 
signal on T1-weighted and moderately hyperin-
tense signal on T2-weighted images. Both CT 
and MRI depict intense irregular contrast 
enhancement at the periphery of the lesions dur-
ing the early arterial phase that may be retained 

in fibrous stromal components of GBCA during 
the portal venous and delayed phases (Fig. 11.9b–
d), aiding differentiating it from large central 
hepatocellular carcinomas, which 
 characteristically show washout of contrast [40] 
(Fig.  11.10). Non-enhancing hypodense areas 
may represent inspissated bile or necrotic tissue, 
and calcific component may represent gallstones, 
wall calcification, or tumor calcifications. 
18F-FDG-PET shows an increased uptake in the 
region of the gallbladder mass, although it lacks 
specificity in distinguishing primary gallbladder 
carcinoma from other malignant lesions [41].

The differential diagnosis of a mass replacing 
the gallbladder lumen includes malignancies of 
the liver that have invaded the gallbladder fossa, 
such as hepatocellular carcinoma (Fig.  11.10), 
cholangiocarcinoma (Fig. 11.11), and metastatic 
disease (Fig. 11.12).

11.4.2  Focal or Diffuse Asymmetric 
Wall Thickening

GBCA may present as focal or diffuse asymmet-
ric wall thickening in 20–30% of cases. 
Gallbladder wall thickening may be seen in many 
benign and inflammatory conditions, including 
acute and chronic cholecystitis (Fig. 11.13), xan-
thogranulomatous cholecystitis, and adenomyo-
matosis, as well as diffuse hepatic or systemic 
diseases such as acute hepatitis, portal hyperten-
sion, and congestive heart failure [42]. In 

a b
Fig. 11.8 (a–b): 
Ultrasound images 
showing a large poorly 
marginated 
heterogeneously 
hypoechoic mass lesion 
replacing the gallbladder 
(white arrow) with 
adjacent hepatic 
infiltration (arrowhead). 
Note echogenic focus 
with distal acoustic 
shadowing within the 
mass lesion suggestive 
of calculi (black arrow)
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a

c

b

d

Fig. 11.9 Mass forming 
a gallbladder carcinoma: 
(a) Noncontrast and 
(b–d) triple-phase 
contrast-enhanced axial 
CT scan reveals a large 
lobulated hypodense 
mass in the gallbladder 
fossa region infiltrating 
into segment IVb and V 
of the liver (white 
arrow). The mass shows 
peripheral arterial 
enhancement (b) 
persisting in the 
portovenous (c) and 
delayed phase (d)

a b c

d e f

Fig. 11.10 A case of hepatocellular carcinoma: (a–b) 
Plain and (d–f) dynamic contrast-enhanced MR abdomen 
scans reveal a well-defined (a) T1 iso-to hypointense, (b) 
T2 hyperintense mass lesion in segment IV and V of the 

liver displaying (d) arterial enhancement and washout on 
(e) portovenous and (f) delayed phase images with cap-
sule formation (white arrow)
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a C

b

Fig. 11.12 Contrast- 
enhanced (a–b) axial 
and (c) coronal 
reformatted CT scans 
reveal multiple varying 
sizes hypoenhancing 
lesions in both lobes of 
the liver suggestive of 
metastases. In addition 
the confluent mass in 
segment V is showing 
loss of fat planes with 
the gallbladder with 
associated mild wall 
thickening (white arrow) 
in keeping with primary 
gallbladder carcinoma

a

b

c
Fig. 11.11 (a, b) Axial 
contrast-enhanced CT 
and (c) coronal 
reformatted images 
reveal a lobulated 
heterogeneously 
enhancing mass lesion 
involving the left lobe of 
the liver (arrows) in 
close proximity to the 
gallbladder. Differentials 
include mass forming 
intrahepatic 
cholangiocarcinoma and 
gallbladder carcinoma 
with hepatic infiltration

contrast- enhanced CT and MR imaging, diffuse 
symmetric wall thickening suggests a nonneo-
plastic process, whereas asymmetric, irregular, or 
extensive mural thickening showing marked 
enhancement during the arterial phase that 
 persists or becomes isodense or isointense to the 
liver during the portal venous phase favors suspi-
cion of malignancy [40] (Fig. 11.14). Gallbladder 
carcinoma may also result in pre-existing back-
ground of chronic cholecystitis, which can 

obscure or delay the diagnosis of gallbladder can-
cer. FDG-PET may have a limited role because 
benign inflammatory lesions may also show 
uptake and result in false-positive results [41].

Xanthogranulomatous cholecystitis is a pseu-
dotumoral inflammatory condition of the gall-
bladder that radiologically simulates gallbladder 
carcinoma. The CT features of xanthogranulo-
matous cholecystitis and gallbladder carcinoma 
overlap substantially (Fig.  11.15); thus, these 
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a b

Fig. 11.13 Acute calculus cholecystitis. A 40-year-old 
lady complaining of severe abdominal pain: (a) Axial and 
(b) coronal T2W MR images reveal diffuse symmetric T2 

hyperintense gallbladder wall thickening (white arrows) 
with T2 hypointense intraluminal calculi (black arrow) 
and mild pericholecystic fat stranding

a c

b

Fig. 11.14 Contrast- 
enhanced (a–b) axial 
and (c) coronal CT scans 
reveal asymmetric 
extensive enhancing 
mural thickening in the 
gallbladder (white 
arrow) with adjacent 
hepatic infiltration and 
hepatic (curved arrow) 
and retroperitoneal 
lymph node metastases 
(arrowhead) with 
resultant obstructive 
biliopathy (vertical 
arrow)

entities cannot be reliably differentiated [43]. 
Both diseases may demonstrate gallbladder wall 
thickening, infiltration of the surrounding fat, 
hepatic involvement, and lymphadenopathy.

Adenomyomatosis is a common tumorlike 
lesion of the gallbladderwith no malignant poten-
tial. It may involve the gallbladder in a focal, seg-
mental, or diffuse form (Fig.  11.16). Its 
histological features include proliferation of epi-
thelial and mural elements, and Rokitansky- 
Aschoff sinuses are seen as prominent infoldings 
of the epithelium. At US, adenomyomatosis is 
characterized by focal or diffuse gallbladder wall 
thickening and anechoic or echogenic foci in the 
gallbladder wall [44]. These echogenic foci may 

produce a ring-down reverberation artifact. 
Rokitansky-Aschoff sinuses are best visualized 
with MR imaging performed with breath-hold 
technique and T2-weighted pulse sequences [45]; 
therefore, MR imaging can be useful for distin-
guishing this benign entity from gallbladder 
carcinoma.

11.4.3  Intraluminal Polyp

Gallbladder carcinoma may present as a polypoid 
lesion in 15–25% of cases. Malignant lesions are 
usually larger than 1  cm in diameter and may 
have a thickened implantation base [46] 

11 Gallbladder Carcinoma Imaging and Update: Including Surgeon’s Perspective



180

a b

Fig. 11.16 GB adenomyomatosis. (a) Axial contrast- 
enhanced CT images reveal diffuse gallbladder wall thick-
ening with intramural cystic spaces. Note is made of 
cirrhotic liver architecture with splenomegaly, multiple 

abdominal collaterals, and portal vein thrombosis. (b) 
Photomicrograph (40×; HE stain) shows glands in the 
muscle layer with stroma-adenomyomatous changes

a b

c d

Fig. 11.15 Xanthogranulomatous cholecystitis. (a) Axial 
contrast-enhanced CT and (b) axial post-contrast T1W 
MR images reveal heterogeneously enhancing lobulated 
gallbladder wall thickening (white arrows) with poorly 
enhancing intramural areas (black arrows). (c) Coronal 

MR images reveal attendant biliary dilatation (small white 
arrows). (d) High power view showing dense inflamma-
tion comprising of foamy macrophages, lymphocytes, 
neutrophils, and foreign body type of giant cells

(Figs. 11.17 and 11.18). The differential diagno-
sis includes adenomatous, hyperplastic, and cho-
lesterol polyps as well as uncommon tumors such 
as carcinoid or melanoma metastases. At ultraso-

nography, movement of a polypoid lesion with a 
change of the patient’s position suggests an alter-
nate diagnosis of pseudotumor of biliary sludge 
or clot [39].
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a b

Fig. 11.17 A 56-year-old lady presented with abdominal 
pain: (a) Ultrasonography revealed cholelithiasis (black 
arrow) with polypoidal soft tissue thickening in the gall-
bladder fundal region (white arrow). Subsequently MRI 

confirmed a polypoidal mass in the fundus of the gallblad-
der displaying T2 hyperintensity on coronal T2WI (b). 
Later cholecystectomy was performed, and histopatho-
logical examination revealed mucinous adenocarcinoma

a c

b

Fig. 11.18 A case of a 
gallbladder carcinoma: 
(a–b) Axial and (c) 
coronal noncontrast and 
contrast-enhanced CT 
scans reveal a large 
polypoidal isodense 
enhancing soft tissue 
mass in the gallbladder 
lumen (white arrow) 
with indistinct fat panes 
with adjacent segment V 
of the liver. Note is 
made of focal fatty 
infiltration in segment V
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11.5  Radiologic Evaluation 
of Tumor Extension

The gallbladder malignancy usually presents in 
an advanced stage. The various modes of the 
spread of gallbladder carcinoma to adjacent 
organs are as follows:

 1. Direct extension is the most common mode of 
spread as contiguous spread of tumor is facili-
tated by the thin gallbladder wall, which lacks 
a substantial lamina propria and has only a 

single muscular layer. In addition, the peri-
muscular connective tissue of the gallbladder 
is continuous with the interlobular connective 
tissue of the liver [47]. Thus, the liver is most 
frequently involved by direct contiguous 
spread (65% of cases), followed by the colon 
(15%) (Fig.  11.19), duodenum (15%) 
(Fig.  11.20a–b), and pancreas (6%) [48]. 
Infiltrative tumor may spread along the cystic 
duct to the extrahepatic bile duct, and intra-
ductal spread of tumor results in biliary dilata-
tion and obstruction (Fig. 11.20c–d).

a b

c d

Fig. 11.20 A case of a 
locally advanced 
carcinoma of the 
gallbladder: (a, b) 
Contrast-enhanced axial 
CT and (c,d) coronal 
T2W MR images reveal 
diffuse asymmetric 
circumferential mural 
thickening of the 
gallbladder (white 
arrows) with adjacent 
hepatic (arrowhead) and 
duodenal infiltration 
(white arrow) and 
contiguous extension 
along the cystic duct to 
involve the proximal 
third of the common 
duct (black arrow) and 
resultant upstream 
biliary dilatation

a b
Fig. 11.19 (a, b): Axial 
and coronal contrast- 
enhanced CT images 
showing a 
heterogeneously 
enhancing lobulated soft 
tissue mass lesion 
replacing the gallbladder 
with adjacent hepatic 
(white arrow) and 
colonic (hepatic flexure) 
infiltration (black 
arrow). In addition, 
moderate ascites is also 
noted
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 2. Lymphatic—The prevalence of lymphatic 
spread is high in gallbladder carcinoma. 
Lymphatic metastases progress from the gall-
bladder fossa through the hepatoduodenal 
ligament to nodal stations near the head of the 
pancreas. Three pathways of lymphatic drain-
age have been suggested [49]: (i) cholecys-
toretropancreatic pathway, (ii) 
cholecystoceliac pathway, and (iii) cholecys-
tomesenteric pathway.

The cystic and pericholedochal lymph nodes 
are the most commonly involved at surgery [50] 
and are a critical pathway to involvement of the 
celiac, superior mesenteric, and para-aortic 
lymph nodes (Fig. 11.21). The node of the fora-
men of Winslow, the superior pancreatoduode-
nal node, and the posterior pancreatoduodenal 

nodes are the most common nodes demonstrated 
by CT [51]. Positive lymph nodes are more 
likely to be greater than 10 mm in anteroposte-
rior dimension and have ring-like or heteroge-
neous contrast material enhancement [52] 
(Fig. 11.22).

 3. Vascular—Hematogenous metastases are 
most commonly seen in the liver [48] 
(Fig. 11.23a). Pulmonary (Fig. 11.23b), skel-
etal, cardiac, pancreatic, renal, adrenal, and 
cerebral metastases occur less frequently.

 4. Intraperitoneal—The peritoneal spread is 
also common in gallbladder malignancy and 
may present as ascites (Fig. 11.24), enhancing 
omental or peritoneal nodules (Fig.  11.25) 
and/or “drop” metastases (Krukenberg’s 
tumor) (Fig. 11.25).

a b

c d

Fig. 11.21 In a known 
case of cholelithiasis, 
ultrasound images reveal 
(a) a distended 
gallbladder with 
multiple intraluminal 
calculi (black arrow) and 
layering of sludge, (b) 
annular mural thickening 
in the neck region of the 
gallbladder (white 
arrow) with, (c) 
periportal and 
peripancreatic, and (d) 
pre-and para-aortic 
lymphadenopathy
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a b

Fig. 11.22 A case of a gallbladder carcinoma: contrast- 
enhanced (a) axial and (b) coronal sections of the abdo-
men reveal annular asymmetric mural thickening of the 
gallbladder with adjacent hepatic infiltration (white 

arrow) and characteristic enlarged (>10  mm), ring- 
enhancing pancreatoduodenal, para-aortic, and superior 
mesenteric lymph nodes (black arrows)

a b

Fig. 11.23 A case of a gallbladder carcinoma; contrast- 
enhanced axial sections of (a) the abdomen and (b) chest 
reveal annular asymmetric mural thickening of the gall-

bladder with adjacent hepatic infiltration (white arrow) 
and hepatic and pulmonary metastases (black arrows)
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Fig. 11.24 A coronal reformatted contrast-enhanced 
CT image reveals a heterogeneously enhancing mass 
in the gallbladder fossa region (white arrow) with 
surrounding mesenteric fat stranding in the subhepatic 
region and adjacent colonic infiltration (arrowhead) 
with moderate ascites and nodular enhancing 
peritoneal thickening (black arrows) in keeping with 
intraperitoneal spread of gallbladder carcinoma

a c d

b

Fig. 11.25 Contrast-enhanced (a–b) axial and (c–d) 
coronal/sagittal reformatted CT images reveal heteroge-
neously enhancing asymmetric mural thickening of the 

gallbladder (arrow head) with ascites, omental nodule 
(curved arrow), and bilateral ovarian drop metastases 
(star)
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11.6  Preoperative Evaluation 
and Staging

MDCT is now widely available; has robust 
modality to delineate hepatic and vascular 
invasion, lymphadenopathy, and distant metas-
tases; and thus has a reported accuracy of up to 
84% in determining the T stage and 85% in 
predicting resectability of primary gallbladder 
carcinoma [9]. It is performed as unenhanced 
and contrast- enhanced studies during the 
hepatic arterial and portal venous phases, from 
which multiplanar and 3D volume-rendered 
reconstruction images may be generated to 
provide a vascular road map and are useful for 
surgical planning [8]. Kim et al. suggest that an 
all-in-one protocol supplementing MRI with 
MRCP and contrast-enhanced arterial and por-
tal venous phase 3D angiographic (MR angiog-
raphy) images may be up to 100% sensitive for 
bile duct and vascular invasion; however sensi-
tivity falls to 67% for hepatic invasion and 
56% for lymph node metastases [53]. PET/CT 
has a promising role in the detection of distant 
metastases, which may alter staging and treat-
ment [54].

The National Comprehensive Cancer Network 
guideline, based on the American Joint Committee 

on Cancer, eighth edition introduced in 2018, 
provides the following tumor, node, and metasta-
sis (TNM) classification for gallbladder carci-
noma [55].

Primary gallbladder carcinoma can be classi-
fied as T1, confined to the lamina propria or the 
muscle layer of the gallbladder (T1a and T1b, 
respectively); T2, extending to the serosa; T3, 
perforating the serosa and/or directly invading 
the liver and/or one other adjacent structure 
(stomach, duodenum, colon, pancreas, omentum, 
extrahepatic bile ducts); or T4, invading the main 
portal vein, the hepatic artery, or multiple extra-
hepatic organs (Table 11.1). Lymphatic spread is 
present in more than 50% of patients at the time 
of diagnosis and initially involves cystic, peri-
choledochal, hilar, periduodenal, peripancreatic, 
and superior mesenteric nodes, which are consid-
ered regional nodes. Portacaval, interaortocaval, 
and more distant nodes are considered distant or 
M1 disease. Gallbladder carcinoma can also dis-
seminate via intraductal spread along the cystic 
duct, hematogenous and neural pathways, and 
intraperitoneal “drop” metastases [56].
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Table 11.1 According to the eight edition of American Joint Committee on Cancer staging manual for gallbladder 
carcinoma; TNM staging of Gallbladder carcinoma

Stage Definition
Note—AJCC = American joint committee on cancer

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades the lamina propria or muscle layer
T1a Tumor invades the lamina propria
T1b Tumor invades the muscle layer
T2 Tumor invades the perimuscular connective tissue on the peritoneal side without the 

involvement of the serosa (visceral peritoneum) OR tumor invades the perimuscular 
connective tissue on the hepatic side, with no extension into the liver

T2a Tumor invades the perimuscular connective tissue on the peritoneal side without the 
involvement of the serosa (visceral peritoneum)

T2b Tumor invades the perimuscular connective tissue on the hepatic side, with no extension 
into the liver

T3 Tumor perforates the serosa (visceral peritoneum) and/or directly invades the liver and/or 
one other adjacent organ or structure such as the stomach, duodenum, colon, pancreas, 
omentum, or extrahepatic bile ducts

T4 Tumor invades the main portal vein or hepatic artery or invades two or more extrahepatic 
organs or structures

Regional lymph nodes 
(N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastases to one to three regional lymph nodes
N2 Metastases to ≥4 or more regional lymph nodes
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis

American Joint Committee on Cancer Prognostic Groups

The following gallbladder carcinoma stages can be determined based on the TMN parameters:
• Stage 0: Tis; N0; M0
• Stage I: T1; N0; M0
• Stage II

 – IIA: T2a; N0; M0
 – IIB: T2b; N0; M0
• Stage III

 – IIIA: T3; N0; M0
 – IIIB: T1 to T3; N1; M0
• Stage IV

 – IVA: T4; N0 to N1; M0
 – IVB: Any T; N2; and M0 or any T; any N; and M1
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11.7  Treatment and Prognosis

Because small hepatic, peritoneal, and omental 
tumor implants can be missed at preoperative 
imaging, thorough laparoscopic or open explora-
tion should precede aggressive surgery, either at 
the same or at an earlier operation [56]. Patients 
with stage I gallbladder carcinoma who are surgi-
cal candidates may benefit from extended resec-
tion after cholecystectomy, which includes 
resection of hepatic margins bordering the gall-
bladder fossa and en bloc nodal dissection [55, 
56]. Patients with stage IIA or IIB disease may 
also undergo exploration and subsequent resec-
tion if metastasis is confined to minimal adjacent 
liver or choledochal nodes. The role of radical 
dissection for T3 and T4 lesions is controversial 
[55, 56].

In patients with negative resection margins, 
external beam radiation therapy and systemic 
chemotherapy have improved survival, whereas 
patients with positive microscopic margins or 
residual disease show no added benefit from che-
motherapy and are offered adjuvant radiation 
therapy only [57]. Although up to 60% of patients 
with gallbladder carcinoma who undergo 
extended resection may survive 5 years, the over-
all prognosis is only 13% [58, 59]. In patients 
with disseminated disease or medical contraindi-
cations to surgery, imaging-guided percutaneous 
biopsy for tissue confirmation can be performed 
before palliative therapy.

11.8  Summary

The clinical and radiologic detection of gallblad-
der carcinoma at an early stage remains challeng-
ing. It is imperative for radiologists to closely 
scrutinize the gallbladder, for subtle imaging 
findings that may indicate cancer, particularly in 
patients who are at increased risk of developing 
gallbladder carcinoma. MDCT is a comprehen-
sive tool in preoperative detection as well as local 
staging of gallbladder carcinoma and also allows 
mapping of vascular anatomy in surgical candi-
dates. MRI serves as a problem-solving tool to 
reach a conclusive diagnosis. PET is primarily 

employed in detection of distant metastases and 
post-treatment detection of residual or recurrent 
disease. Recognition of the characteristic imag-
ing appearances of primary gallbladder carci-
noma and understanding its pathways of spread 
and staging criteria help optimize patient triage 
to appropriate treatment regimens.

References

1. Roberts KW, Daugherty SF. Primary carcinoma of the 
gallbladder. Surg Clin North Am. 1986;66:743–9.

2. Ouchi K, Sugawara T, Ono H, et  al. Diagnostic 
capability and rational resectional surgery for 
early gallbladder cancer. Hepatogastroenterology. 
1999;46:1557–60.

3. Inui K, Yoshino J, Miyoshi H. Diagnosis of gallblad-
der tumors. Intern Med. 2011;50:1133–6.

4. Xie XH, Xu HX, Xie XY, et al. Differential diagnosis 
between benign and malignant gallbladder diseases 
with real-time contrast-enhanced ultrasound. Eur 
Radiol. 2010;20:239–48.

5. Liu L-N, Xu H-X, Lu M-D, et al. Contrast-enhanced 
ultrasound in the diagnosis of gallbladder diseases: a 
multi-center experience. PLoS One. 2012;10:e48371.

6. Sadamoto Y, Kubo H, Harada N, Tanaka M, Eguchi 
T, Nawata H.  Preoperative diagnosis and staging of 
gallbladder carcinoma by EUS. Gastrointest Endosc. 
2003;58:536–41.

7. Yoshimitsu K, Honda H, Shinozaki K, et al. Helical 
CT of the local spread of carcinoma of the gallblad-
der: evaluation according to the TNM system in 
patients who underwent surgical resection. AJR Am J 
Roentgenol. 2002;179:423–8.

8. Kalra N, Sudha S, Gupta R, et al. MDCT in the stag-
ing of gallbladder carcinoma. AJR Am J Roentgenol. 
2006;186:758–62.

9. Kim SJ, Lee JM, Lee JY, et  al. Accuracy of preop-
erative T-staging of gallbladder carcinoma using 
MDCT. AJR Am J Roentgenol. 2008;190:74–80.

10. Sugita R, Yamazaki T, Furuta A, Itoh K, Fujita N, 
Takahashi S.  High b value diffusion-weighted MRI 
for detecting gallbladder carcinoma: preliminary 
study and results. Eur Radiol. 2009;19:1794–8.

11. Lee SW, Kim HJ, Park JH, et al. Clinical usefulness 
of 18F-FDG PET-CT for patients with gallbladder 
cancer and cholangiocarcinoma. J Gastroenterol. 
2010;45:560–6.

12. Lazcano-Ponce EC, Miquel JF, Munoz N, et  al. 
Epidemiology and molecular pathology of gallblad-
der cancer. CA Cancer J Clin. 2001;51(6):349–64.

13. Hundal R, Shaffer EA. Gallbladder cancer: epidemi-
ology and outcome. Clin Epidemiol. 2014;6:99–109.

14. Randi G, Franceschi S, La Vecchia C.  Gallbladder 
cancer worldwide: geographical distribution and risk 
factors. Int J Cancer. 2006;118(7):1591–602.

K. Bansal



189

15. Duffy A, Capanu M, Abou-Alfa GK, et al. Gallbladder 
cancer (GBC): 10-year experience at Memorial Sloan- 
Kettering Cancer Centre (MSKCC). J Surg Oncol. 
2008;98(7):485–9.

16. Shaffer EA.  Gallbladder cancer: the basics. 
Gastroenterol Hepatol (NY). 2008;4(10):737–41.

17. Lowenfels AB, Walker AM, Althaus DP, Townsend G, 
Domellof L. Gallstone growth, size, and risk of gall-
bladder cancer: an interracial study. Int J Epidemiol. 
1989;18(1):50–4.

18. Shaffer EA.  Epidemiology of gallbladder stone 
disease. Best Pract Res Clin Gastroenterol. 
2006;20:981–96.

19. Stephen AE, Berger DL.  Carcinoma in the porce-
lain gallbladder: a relationship revisited. Surgery. 
2001;129(6):699–703.

20. Kumar S.  Infection as a risk factor for gallbladder 
cancer. J Surg Oncol. 2006;93(8):633–9.

21. Lewis JT, Talwalkar JA, Rosen CB, Smyrk 
TC. Prevalence and risk factors for gallbladder neo-
plasia in patients with primary sclerosing cholangi-
tis: evidence for a metaplasia-dysplasia-carcinoma 
sequence. Am J Surg Pathol. 2007;31(6):907–13.

22. Pandey M.  Environmental pollutants in gallbladder 
carcinogenesis. J Surg Oncol. 2006;93(8):640–3.

23. Darby SC, Whitley E, Howe GR, Hutchings SJ, 
Kusiak RA, Lubin JH, et  al. Radon and cancers 
other than lung cancer in underground miners: a 
collaborative analysis of 11 studies. J Cancer Inst. 
1995;87(5):378–84.

24. Wolin KY, Carson K, Colditz GA. Obesity and cancer. 
Oncologist. 2010;15(6):556–65.

25. Gallahan WC, Conway JD.  Diagnosis and manage-
ment of gallbladder polyps. Gastroenterol Hepatol. 
2010;39(2):359–67.

26. Stinton LM, Shaffer EA. Epidemiology of gallblad-
der disease: cholelithiasis and cancer. Gut Liver. 
2012;6(2):172–87.

27. Albores-Saavedra J, Henson DE, Sobin LH.  WHO 
histological typing of tumors of the gallbladder and 
extrahepatic bile ducts. Berlin: Springer-Verlag; 1991.

28. Brown JA, Roberts CS. Elevated serum alphafetopro-
tein levels in primary gallbladder carcinoma without 
hepatic involvement. Cancer. 1992;70:1838–40.

29. Kim JH, Lee JY, Baek JH, et  al. High-resolution 
sonography for distinguishing neoplastic gallblad-
der polyps and staging gallbladder cancer. AJR Am J 
Roentgenol. 2015;204:W150–9.

30. Hattori M, Inui K, Yoshino J, et  al. Usefulness of 
contrast-enhanced ultrasonography in the differen-
tial diagnosis of polypoid gallbladder lesions. Nihon 
Shokakibyo Gakkai Zasshi. 2007;104:790–8. [in 
Japanese]

31. Fujita N, Noda Y, Kobayashi G, Kimura K, Yago 
A.  Diagnosis of the depth of invasion of gall-
bladder carcinoma by EUS.  Gastrointest Endosc. 
1999;50:659–63.

32. Kim SJ, Lee JM, Lee JY, et al. Analysis of enhance-
ment pattern of flat gallbladder wall thickening on 

MDCT to differentiate gallbladder cancer from cho-
lecystitis. AJR Am J Roentgenol. 2008;191:765–71.

33. Le Bihan D, Breton E, Lallemand D, et  al. 
Separation of diffusion and perfusion in intra-
voxel incoherent motion MR imaging. Radiology. 
1988;168:497–505.

34. Rodriguez-Fernandez A, Gomez-Rio M, Llamas- 
Elvira JM, et al. Positron-emission tomography with 
fluorine-18-fluoro-2-deoxy-D-glucose for gallbladder 
cancer diagnosis. Am J Surg. 2004;188:171–5.

35. Ai O, Joji K, Torii K, et  al. Distinguishing benign 
from malignant gallbladder wall thickening using 
FDG-PET. Ann Nucl Med. 2006;20:699–703.

36. Kim J, Ryu KJ, Kim C, Paeng JC, Kim YT. Is there 
any role of positron emission tomography computed 
tomography for predicting resectability of gallbladder 
cancer? J Korean Med Sci. 2014;29:680–4.

37. Iqbal M, Gondal KM, Qureshi AU, Tayyab 
M.  Comparative study of ultrasound guided fine 
needle aspiration cytology with open/laparoscopic 
biopsy for diagnosis of carcinoma gallbladder. J Coll 
Physicians Surg Pak. 2009;19:17–9.

38. Levy AD, Murakata LA, Rohrmann CA. Gallbladder 
carcinoma: radiologic–pathologic correlation. 
Radiographics. 2001;21:295–314.

39. Tsuchiya Y. Early carcinoma of the gallbladder: mac-
roscopic features and sonography findings. Radiology. 
1991;179:171–5.

40. Yoshimitsu K, Honda H, Kaneko K, et al. Dynamic 
MRI of the gallbladder lesions: differentiation of 
benign from malignant. J Magn Reson Imaging. 
1997;7:696–701.

41. Koh T, Taniguchi H, Yamaguchi A, Kunishima S, 
Yamagishi H.  Differential diagnosis of gallbladder 
cancer using positron emission tomography with 
fluorine- 18-labeled fluoro-deoxyglucose (FDG-PET). 
J Surg Oncol. 2003;84:74–81.

42. Van Breda Vriesman AC, Engelbrecht MR, Smithuis 
RH, Puylaert JB. Diffuse gallbladder wall thickening: 
differential diagnosis. AJR. 2007;188:495–501.

43. Chun KA, Ha HK, Yu ES, et al. Xanthogranulomatous 
cholecystitis: CT features with emphasis on differ-
entiation from gallbladder carcinoma. Radiology. 
1997;203:93–7.

44. Fowler RC, Reid WA. Ultrasound diagnosis of adeno-
myomatosis of the gall-bladder: ultrasonic and patho-
logical correlation. Clin Radiol. 1988;39:402–6.

45. Yoshimitsu K, Honda H, Jimi M, et al. MR diagno-
sis of adenomyomatosis of the gallbladder and dif-
ferentiation from gallbladder carcinoma: importance 
of showing Rokitansky-Aschoff sinuses. AJR Am J 
Roentgenol. 1999;172:1535–40.

46. Rodríguez-Fernádez A, Gómez-Río M, Medina- 
Benitez A, et  al. Application of modern imaging 
methods in diagnosis of gallbladder cancer. J Surg 
Oncol. 2006;93:650–64.

47. Henson DE, Albores-Saavedra J, Corle D. Carcinoma 
of the gallbladder: histologic types, stage of disease, 
grade, and survival rates. Cancer. 1992;70:1493–7.

11 Gallbladder Carcinoma Imaging and Update: Including Surgeon’s Perspective



190

48. Sons HU, Borchard F, Joel BS. Carcinoma of the gall-
bladder: autopsy findings in 287 cases and review of 
the literature. J Surg Oncol. 1985;28:199–206.

49. Ito M, Mishima Y, Sato T. An anatomical study of the 
lymphatic drainage of the gallbladder. Surg Radiol 
Anat. 1991;13:89–104.

50. Tsukada K, Kurosaki I, Uchida K, et al. Lymph node 
spread from carcinoma of the gallbladder. Cancer. 
1997;80:661–7.

51. Engels JT, Balfe DM, Lee JK.  Biliary carcinoma: 
CT evaluation of extrahepatic spread. Radiology. 
1989;172:35–40.

52. Ohtani T, Shirai Y, Tsukada K, Hatakeyama K, Muto 
T.  Carcinoma of the gallbladder: CT evaluation of 
lymphatic spread. Radiology. 1993;189:875–80.

53. Kim JH, Kim TK, Kim BS, et al. Preoperative evalu-
ation of gallbladder carcinoma: efficacy of com-
bined use of MR imaging, MR cholangiography, 
and contrast-enhanced dual-phase three- dimensional 
MR angiography. J Magn Reson Imaging. 
2002;16:676–84.

54. Corvera CU, Blumgart LH, Akhurst T, et  al. 
18F-fluorodeoxyglucose positron emission tomogra-
phy influences management decision in patients with 
biliary cancer. J Am Coll Surg. 2008;206:57–65.

55. Benson AB, D’Angelica MI, Abrams T, Abbott DE, 
Ahmed A, Anaya DA, Anders R, Are C, Bachini M, 

Binder D, Borad M, Bowlus C, Brown D, Burgoyne 
A, Castellanos J, Chahal P, Cloyd J, Covey AM, 
Glazer ES, Hawkins WG, Iyer R, Jacob R, Jennings 
L, Kelley RK, Kim R, Levine M, Palta M, Park JO, 
Raman S, Reddy S, Ronnekleiv-Kelly S, Sahai V, 
Singh G, Stein S, Turk A, Vauthey JN, Venook AP, 
Yopp A, McMillian N, Schonfeld R, Hochstetler 
C.  NCCN guidelines® insights: biliary tract can-
cers, version 2.2023. J Natl Compr Cancer Netw. 
2023;21(7):694–704.

56. Reid KM, Ramos-De la Medina A, Donohue 
JH.  Diagnosis and surgical management of gall-
bladder cancer: a review. J Gastrointest Surg. 
2007;11:671–81.

57. Mekeel KL, Hemming AW. Surgical management of 
gallbladder carcinoma: a review. J Gastrointest Surg. 
2007;11:1188–93.

58. Kresl JJ, Schild SE, Henning GT, et  al. Adjuvant 
external beam radiation therapy with concur-
rent chemotherapy in the management of gall-
bladder carcinoma. Int J Radiat Oncol Biol Phys. 
2002;52:167–75.

59. Ito H, Matros E, Brooks DC, et  al. Treatment out- 
comes associated with surgery for gallbladder 
cancer: a 20-year experience. J Gastrointest Surg. 
2004;8:183–90.

K. Bansal



191© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2025 
B. Sureka (ed.), Hepato-Pancreatico Biliary Imaging, https://doi.org/10.1007/978-981-95-1699-5_12

12Imaging in Acute Pancreatitis

Cristiana Boldrini, Riccardo Manfredi ,  
Valerio Di Paola , Luca Russo , Simone Palma , 
Silvia De Vizio , Maria Luisa De Cicco, 
Angelica Marra, Silvia Amodeo, and Roberta Dattoli

12.1  Definition

Acute pancreatitis (AP) is an inflammatory disor-
der of the pancreas, in which the release and pre-
mature activation of the pancreatic enzymes 
cause tissue damage, leading to possible systemic 
failure. The terminology and classification 
scheme proposed for AP at the initial Atlanta 
Symposium (1992) have been reviewed, and a 
new consensus statement has been proposed by 
the Acute Pancreatitis Classification Working 
Group (2012).

Worldwide, AP is a common gastro-intestinal 
condition that is associated with substantial suf-
fering, morbidity, and cost for the healthcare sys-
tem. The mortality of acute pancreas ranges from 
3% in patients with mild edematous pancreatitis 
to 20% in patients with pancreatic necrosis [1]. 
Change in habits of alcohol consumption and 
tobacco smoking and rising rates of obesity are 
contributing to increase the incidence of many 
diseases, including acute pancreatitis [2, 3]. Also, 
improving the quality of imaging modalities has 

modified our epidemiologic knowledge about 
acute pancreatitis [2–5]. The most common risk 
factors for AP include gallstones, alcohol, hyper-
triglyceridemia, drugs, post-procedural compli-
cations (endoscopic retrograde
cholangiopancreatography (ERCP) or abdominal 
surgery), ampullary stenosis, autoimmune pan-
creatitis, viral infections (like coxsackie, cyto-
megalovirus, echovirus, Epstein-Barr virus, 
hepatitis A/B/C, HIV, mumps, rubella, and vari-
cella), genetic disorders, and smoking [1].

12.2  Epidemiology

12.2.1  Incidence and Prevalence

The global incidence of acute pancreatitis in gen-
eral population is estimated to be of about 34 
cases per 100,000 per year [3], with no difference 
between men and women [6–8]. The incidence 
and hospitalization rates after acute pancreatitis 
have been increasing over the last 20  years. 
Although most studies have examined the 
Western world (North America, Europe, and 
Oceania), there is a paucity of research from 
Asian, Latin American, and African populations. 
The increase in incidence has been observed in 
both adult and pediatric populations [9]. Chronic 
pancreatitis (CP) occurs less frequently, reported 
at about 8/100,000 people per year [10]. The fre-
quency of transition from the first episode of 
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acute pancreatitis to recurrent acute pancreatitis 
(RAP) and CP was quantified in a 2015 system-
atic review of cohort studies with at least 1 year 
of follow-up [10]. Recurrent acute pancreatitis 
occurs in 21% (95% Cl 17–26%) of patients after 
the first episode of acute pancreatitis, and CP 
develops in 36% (95% Cl 20–53%) of patients 
after recurrent acute pancreatitis [3, 10].

The mortality from an episode of acute pan-
creatitis evaluated in the systematic review by 
Xiao et al. [6] was 1.16 per 100,000  in general 
population per year [6]. Determinants for the 
increased risk for mortality in acute pancreatitis 
include persistent organ failure and infected pan-
creatic necrosis [3, 11–13].

Prevalence is more typically considered in 
the context of chronic diseases. Although hyper-
glycemia is commonly observed in patients with 
AP, findings of studies regarding newly diag-
nosed diabetes in subjects with AP are conflict-
ing [14]. Whereas a positive relationship 
between pre- existing AP and development of 
diabetes has been observed in some studies, no 
association was found in others. Authors of a 
meta-analysis published in 2014 (Das et  al.) 
concluded that patients treated for AP may be at 
higher risk of developing diabetes; however, the 
severity of AP had a minimal effect on the stud-
ied outcomes in this analysis [15]. The pancre-
atologists suggest that even patients with mild 
acute pancreatitis have at least twofold higher 
long-term risk of diabetes mellitus than the gen-
eral population [3, 16, 17].

12.3  Aetiology and Clinical 
Presentation

AP can cause local injury, systemic inflamma-
tory response syndrome, and multiple organ fail-
ure [18].

The two most common causes of acute pan-
creatitis are gallstones (30–45%) and alcohol 
abuse (30–35%) [5]. Less common causes 
include hypertriglyceridemia, hypercalcemia, 
viral infections (mumps, coxsackie), biliary para-
sites (ascaris), drugs (azathioprine, mercaptopu-
rine, didanosine), Oddi dysfunction, tumor, 

trauma, surgery, ERCP, and congenital abnormal-
ities (pancreas divisum, annular pancreas, cho-
ledochocele, duodenal duplication cyst). Acute 
pancreatitis is idiopathic in up to 20% of all 
cases, although about two-thirds of these cases 
are now thought to be caused by biliary sludge or 
microlithiasis.

According to the revised Atlanta classification 
(2012), diagnosis of AP requires at least two of 
the following three diagnostic features [3, 5]:

 1. Abdominal pain consistent with acute 
pancreatitis

 2. Serum lipase activity (or amylase activity) 
that are at least three times the upper limit of 
the normal range

 3. Findings of AP on computed tomography 
(CT) or magnetic resonance imaging (MRI).

If the suspicion of acute pancreatitis is very 
strong based on the patient’s clinical symptoms, 
imaging will be necessary for diagnosis when the 
serum amylase and/or lipase activity is less than 
three times the upper limit of normal, as may be 
the case with delayed presentation [5, 19, 20]. 
The time interval between the onset of abdominal 
pain (the beginning of AP) and first admission to 
the hospital should be noted [5].

12.3.1  Phases of AP

Acute pancreatitis is divided into early and late 

phase according to the Atlanta Symposium 
(1992). There are two overlapping phases in this 
dynamic disease process, with two peaks of mor-
tality: early and late [5].

In the first week after the onset, the early 

phase, the activation of the cytokine cascade 
leads to systemic inflammatory response syn-
drome (SIRS), with an increased risk of develop-
ing organ failure, that can be “transient” if it 
resolves within 48 h or “persistent” if it lasts for 
>48 h [3, 21–24]. Patients with organ failure that 
resolves within 48 h of onset have been shown to 
have zero mortality rate. However, development 
of exaggerated inflammatory response (SIRS) 
and subsequent multiorgan failure are responsi-
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ble for approximately 50% of all deaths. The late 

phase starts in the second week and can last from 
weeks to months; it is defined by persistent organ 
failure (single or multiple) and by local or sys-
temic complications [5]. Disease progression is 
marked by increasing necrosis, infection, persist-
ing systemic inflammatory response syndrome, 
and multiorgan failure.

12.3.2  Grading of AP

There are important reasons to stratify the sever-
ity of acute pancreatitis. First, on admission, it is 
important to identify patients with potentially 
severe acute pancreatitis who require aggressive 
early treatment. Second, in a secondary care set-
ting, clinicians need to identify such patients for 
possible transfer to specialist care. Third, for spe-
cialists who receive such referrals, there are 
advantages in stratifying these patients into sub-
groups based on the presence of persistent organ 
failure and local or systemic complications [5]. 
According to the revised Atlanta classification 
(2008–2012), the severity of AP has been divided 
into three classes:

• Mild acute pancreatitis, with no organ failure 
and no local or systemic complications. 
Mortality is very rare [25].

• Moderately severe AP, characterized by the 
presence of transient organ failure or local or 
systemic complications, in the absence of per-
sistent organ failure.

• Severe AP, characterized by persistent organ 
failure, single or multiple. These patients can 
have also one or more local complications, 
and they are at increased risk of death [22–24].

In “moderately severe AP,” an example of a 
symptomatic local complication is a peripancre-
atic collection resulting in prolonged abdominal 
pain, leukocytosis, and fever, or that prevents 
the ability to maintain nutrition orally; an exam-
ple of a symptomatic systemic complication is 
exacerbation of coronary artery disease or 
chronic lung disease precipitated by the acute 
pancreatitis [5].

Several clinical scoring systems like Marshall 
in 1995 or Acute Physiology and Chronic Health 
Disease Classification System [26, 27] aimed to 
predict the risk of death in AP.  Balthazar et  al. 
[28] in 1990 introduced the CT severity index for 
assessment of AP.  In 2004, Mortele et  al. [29] 
published the Modified CT Severity Index 
(MCTSI), which includes as prognostic indica-
tors the pancreatic inflammation, the pancreatic 
necrosis, and extra-pancreatic complications 
(Table 12.1).

In 2012, the revised Atlanta classification by 
the “Acute Pancreatitis Classification Working 
Group” developed a new morphological classifi-
cation based on the imaging findings, and acute 
pancreatitis was divided into two groups as 
“interstitial edematous pancreatitis” (IEP) and 
“necrotizing pancreatitis” (NP) [1, 3, 5, 26, 30].

Interstitial edematous pancreatitis is more 
common. Contrast-enhanced computed tomogra-
phy (CECT) shows focal or more often diffuse 
enlargement of the pancreas parenchyma due to 
interstitial edema, with heterogeneous (patchy) 
enhancement; the pancreatic margins are ill- 
defined due to inflammation, and there are not 
un-enhanced (necrotic) areas (Fig.  12.1). The 
peripancreatic fat usually presents mild strand-

Table 12.1 Modified CT Severity Index (MCTSI)

Prognostic indicators Points
Pancreatic inflammation:

   Normal pancreas
   Intrinsic pancreatic abnormalities with or 

without inflammatory changes in pancreatic 
fat

   Pancreatic or peripancreatic fluid collection 
or peripancreatic fat necrosis

0

2

4

Pancreatic necrosis:

   None
   ≤30%
   ≥30%

0

2

4

Extra-pancreatic complications:

   One or more of pleural effusion, ascites, 
vascular complications, parenchymal 
complications, or gastro-intestinal tract 
involvement

2

Total Score: Total points are given out of 10, to determine 
the grade of pancreatitis and aid treatment
0–2 Mild
4–6 Moderate
8–10 Severe
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a b

Fig. 12.1 (a) Interstitial acute edematous pancreatitis. 
Contrast-enhanced CT image, performed 3 days after the 
onset of acute attack, reveals increase in size and swelling 
of the head-isthmus of the pancreas, with evidence of dila-
tion of the Wirsung duct in its course (maximum diameter 
7 mm at the cephalic site) (arrow) (b) Mild ectasia and 

hyperemic appearance of the walls of the common bile 
duct are associated, in possible reactive alterations. The 
gallbladder is normally distended, with evidence of 
microlithiasis at the fundus (arrow) and no pericholecystic 
fluid layers

ing; there may also be peripancreatic fluid [26]. 
Clinical symptoms of interstitial edematous pan-
creatitis usually resolve within a week.

About 5–10% of patients with acute pancre-
atitis develop a necrotizing pancreatitis, usually 
involving both the pancreas and peripancreatic 
tissues (75%) and less commonly only the peri-
pancreatic tissue or the pancreatic parenchyma 
alone [21]. Visualization of necrotic pancreatitis 
at CECT is best between 48 and 72 h after onset 
[30]. After the first week of the disease, a non- 
enhancing area of pancreatic parenchyma at 
CECT should be considered pathognomonic for 
certain pancreatic parenchymal necrosis 
(Fig.  12.2). CT examination should not be per-
formed before 72 h from the onset of symptoms 
to grade the severity of the disease [25, 28, 
31–33]. In this case, repeating CECT 5–6 days 
later is more accurate for a diagnosis of necrotiz-
ing pancreatitis [5].

Most of the cases, CECT imaging protocol 
includes an un-enhanced scan, followed by the 
arterial phase and the portal venous phase [3, 5]. 
The arterial phase on the upper abdomen is per-
formed 35–40 s after the infusion of intravenous 
iodinated contrast medium or 15–20  s after the 
peak enhancement (the so-called pancreatic 
phase, with maximum contrast enhancement of 

the pancreatic parenchyma) and then follows the 
portal venous phase including the entire abdo-
men and pelvis [3].

12.3.3  Collections in AP

The revised Atlanta classification (2012) defines 
the following terms: acute peripancreatic fluid 
collection (APFC) occurring in the first 4 weeks 
in IEP, pancreatic pseudocyst as a delayed (usu-
ally >4 weeks) complication of interstitial edem-
atous pancreatitis, and necrosis, which may be an 
acute necrotic collection (ANC, in the early 
phase and before demarcation) or walled-off 
necrosis (WON), which is surrounded by a radio-
logically identifiable capsule and rarely develops 
before 4 weeks from the onset of pancreatitis [5].

In IEP, APFCs can occur in the first 4 weeks; 
they are fluid collections in the peripancreatic 
region, with ill-defined walls [29, 34]. On CECT, 
APFCs appear as homogeneous collections, with 
low attenuation. On MRI, T2-weighted sequences 
typically demonstrate high T2 signal intensity. 
Most of them can be seen in the lesser sac and in 
the anterior pararenal space. They do not have a 
well-defined wall, are homogeneous, are con-
fined by normal fascial planes in the retroperito-
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a b

Fig. 12.2 (a) Necrotizing pancreatitis. The pancreas is 
enlarged and almost completely replaced by a voluminous 
fluid collection, with maximum axial dimensions of 
approximately 14 cm × 5.5 cm, which partially extends 
into the hepatogastric ligament and the root of the mesen-
tery and which comes into contact with the stomach, the 
duodenum, and the first jejunal loop, the latter with mod-

erately thickened walls. There are multiple small calcifi-
cations in the collection, due to CP (b) NP is associated 
with thickening of the right renal bands, with fluid quota 
in the anterior pararenal space and right perirenal space, 
and phenomena of steatonecrosis in the right perirenal 
space (arrow)

a b c

Fig. 12.3 (a) Pseudocyst (arrow) in a man with history of 
alcohol abuse and necrotizing pancreatitis. At the level of 
the tail, we notice ectasia of the main pancreatic duct (cal-
iber of the main pancreatic duct of about 3 mm) and of the 
secondary pancreatic ducts which take on a “crown” sac- 
like appearance along the main pancreatic duct. At this 
level, the pancreatic parenchyma appears markedly 

thinned (b, c) At MRI, it is confirmed at the level of the 
body of the pancreas a well-circumscribed peripancreatic 
fluid collection surrounded by a well-defined enhancing 
capsule (yellow arrow in b). In the tail, the pancreatic 
parenchyma appears markedly thinned (yellow arrow in c)

neum, and may be multiple [5]. Most APFCs 
resolve spontaneously, without intervention, and 
can be followed by clinical monitoring and 
repeated imaging.

When a localized APFC persists beyond 
4 weeks, it is likely to develop into a pancreatic 
pseudocyst, although this is a rare event in acute 
pancreatitis. A pseudocyst is a well- 

circumscribed peripancreatic fluid collection 
surrounded by a well-defined enhancing capsule 
(fibrous or granulation tissue) (Fig. 12.3), with-
out non-liquefied components. They generally 
resolve spontaneously and often remain asymp-
tomatic; only 50% of persistent pseudocysts 
will cause clinical symptoms or complications, 
such as infection [3]. Pseudocysts should be 
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treated with endoscopic drainage or surgery if 
they are symptomatic, measure greater than 5 
cm, or increase in size and if they persist for 
more than 6 weeks [35]. A pancreatic pseudo-
cyst is thought to arise from disruption of the 
main pancreatic duct or its intra-pancreatic 
branches without any recognizable pancreatic 
parenchymal necrosis; this theory suggests that 
consequent leakage of pancreatic juice results in 
a persistent, localized fluid collection, usually 
after more than 4 weeks [5].

ANCs present within the first 4 weeks of nec-
rotizing pancreatitis as collections of variable 
amounts of fluid and necrotic tissue (Figs. 12.4 
and 12.5). The necrosis can involve the pancre-
atic parenchyma and/or the peripancreatic tis-
sues; there is no defined wall surrounding the 
collection [5, 21]. Prior to 2  weeks, it may be 
tricky to distinguish ANCs from APFCs; how-
ever, ANCs will typically ultimately contain non- 
liquified debris or fat globules. On un-enhanced 
CT, the presence of fat attenuation within a pan-
creatic collection is helpful at identifying necro-
sis and can also help differentiate between ANCs 
and APFCs [3].

After 4  weeks of necrotizing pancreatitis, 
Acute necrotic collection (ANC) becomes WON, 
which resembles a pseudocyst, but can be differ-
entiated on CECT by the presence of internal 
solid components (Figs.  12.6 and 12.7). As 
ACNs, WONs may be intra- or extra-pancreatic 
[5, 21]. WON is derived from necrotic pancreatic 
parenchyma and/or necrotic peripancreatic tis-
sues and may be infected, multiple, and present at 
sites distant from the pancreas. CECT may not 

distinguish solid from liquid content, and for this 
reason, a T2-weighted MRI or ultrasound may be 
necessary to help identify the presence of debris 
in the fluid collection, in order to differentiate 
WON from pseudocyst [35, 36]. They can be 
treated conservatively if they are sterile. However, 
infected or symptomatic collections are usually 
treated with minimally invasive approaches like 
percutaneous or endoscopic drainage, which are 
demonstrated to have superior outcomes com-
pared to open surgical debridement.

The diagnosis of infection (infected necro-
sis) of an ANC or of WON can be suspected by 
the patient’s clinical course or by the presence 
of gas within the collection seen on CECT [5, 
21]. This extraluminal gas is present in areas of 
necrosis and may or may not form a gas/fluid 
level depending on the amount of liquid con-
tent present at that stage of the disease. In cases 
of doubt, fine- needle aspiration (FNA) for cul-
ture may be performed, but some case series 
studies have shown that most patients can be 
managed without FNA, especially if percuta-
neous drainage is part of the management 
algorithm.

12.3.4  Complications of AP

The diagnosis of infected pancreatic necrosis is 
important because of the need for antibiotic 
treatment and likely active intervention. The 
presence of infection can be presumed when 
there is extraluminal gas in the pancreatic and/
or peripancreatic tissues on CECT or when per-

a b c

Fig. 12.4 Acute necrotic collection. The contrast- 
enhanced CT axial scan (a) shows the presence of an 
acute necrotic fluid collection which involves the head 
and the body of the pancreatic gland (white arrows). The 

sagittal MPR (b) and coronal MPR (c) better show the 
extension of the collection. (Brizi et  al. [3]. Licensed 
under CC-BY 4.0)
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a b

Fig. 12.5 (a, b) Necrotizing AP, 3 weeks after the onset. 
Results of pseudocysto-gastro-anastomosis with position-
ing of two Hot-Axios and two coaxial pig tails (arrow in 
b). Extensive loss of substance of the pancreatic paren-
chyma, which shows markedly reduced and inhomoge-

neous enhancement in the aftermath of acute 
necrotic-hemorrhagic pancreatitis. Necrotic collections 
coexist, with anfractuous margins delimited by thick walls 
and with air bubbles in the context (a)

a b

Fig. 12.6 Fistula with pleural cavity in a woman with 
necrotizing AP. Multiple encapsulated fluid collections in 
the tail of the pancreatic parenchyma (arrow in a) 

(WONs). These collections extend up to the left hemidia-
phragm with pleural fistula and pleural effusion (arrow 
head in b). (Brizi et al. [3]. Licensed under CC-BY 4.0)

cutaneous, image-guided, FNA is positive for 
bacteria and/or fungi on Gram stain and cul-
ture. There may be a varying amount of suppu-
ration (pus) associated with the infected 
pancreatic necrosis, and this suppuration tends 
to increase with time with liquefaction. The 
original Atlanta classification proposed the 
term “pancreatic abscess” to define a “localized 
collection of purulent material without signifi-
cant necrotic material”; this finding is extremely 
uncommon, and because the term is confusing 
and has not been adopted widely, the term 
“pancreatic abscess” is not used in the current 
classification [5]. The development of second-

ary infection in pancreatic necrosis is associ-
ated with increased morbidity and mortality. 
The nowadays accepted management is the 
“step-up” approach (drainage either with a per-
cutaneous catheter or transluminal endoscopic), 
with progressive escalation in case of treatment 
failure [3, 37, 38]. Surgical or endoscopic trans-
luminal debridement is now only required with 
lack of clinical resolution and is delayed until 
necrosis has become WON [39]. By imple-
menting the revised Atlanta classification, the 
radiologist can help the multidisciplinary team 
to prescribe the appropriate therapy according 
to the type of collection [21, 39].
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In addition to pancreatic and peripancreatic 
collections, vascular complications may occur 
(Fig. 12.8). The most common sources of bleed-
ing are the splenic artery, portal vein and other 
peripancreatic vessels [40], due to erosion of 
local vasculature and pseudoaneurysm forma-
tion. However, splenic vein thrombosis 
 represents the most common vascular complica-
tion in patients with AP, which is identifiable as 
either no enhancement or a filling defect of the 
portal vein.

Necrosis of the central pancreas results in the 
disruption of the main pancreatic duct in 40% of 
cases. This can be confirmed with pancreatic 
MRI and magnetic resonance cholangiopancrea-
tography (MRCP), and later an ERCP can be 
executed. Another complication of necrotizing 
pancreatitis is pancreatic duct stricture, which 
may develop secondary to inflammation or heal-
ing following the successful drainage of necrotic 
collections [40].

Fig. 12.7 WON evolution. Four weeks after the onset of 
AP, axial CECT scan shows a focal thinning of the thick-
ness of the pancreatic parenchyma at the level of the body 
of the tail. The thickness and signal intensity of the pan-
creatic parenchyma of the head, the uncinate process, and 
the isthmus appear normal. A fluid collection with gas in 
the context is also documented in the adipose tissue of the 
pancreatic lodge at the level of the body and tail (arrow), 
with a maximum diameter of 45 mm, likely in communi-
cation with the main pancreatic duct

a b c

Fig. 12.8 Vascular complication of AP.  Contrast- 
enhanced CT scan shows a collection in the retroperito-
neum (pseudocyst) which contacts inferior 
pancreatico-duodenal artery (IPA) (yellow arrow in a). 
One month later (b), CECT depicts irregularity of the 

course of IPA, where focal dilatation of about 4  mm is 
appreciated—suggesting the presence of pseudoaneurysm 
with active bleeding (green arrow). In c, the CECT image 
after endovascular embolization procedure with evidence 
of metal coils in the IPA
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12.4  Recurrent Acute Pancreatitis

Recurrent acute pancreatitis has been defined as a 
syndrome of multiple distinct acute inflammatory 
responses, which manifests with one or more 
new episodes, in individuals who experienced 
two or more episodes of documented AP, sepa-
rated by at least 3 months [3]. The term RAP was 
reported in the first Marseille classification of 
pancreatitis, which clearly distinguished RAP 
from CP, and then in Toxic-metabolic, Idiopathic, 
Genetic, Autoimmune, Recurrent and severe 
acute pancreatitis and Obstructive (TIGAR-O) 
Pancreatitis Risk/Etiology Checklist. Toxic-
metabolic, Idiopathic, Genetic, Autoimmune, 
Recurrent and severe acute pancreatitis and 
Obstructive Pancreatitis. However, the term was 
eliminated in the revised classifications of 
Marseille and Marseille-Rome, because of the 
difficulties of distinguishing between episodes of 
acute pancreatitis occurring in a normal pancreas 
or in CP. Pancreatitis generally recurs in a normal 
morpho-functional gland and is characterized by 
self-limited edematous changes in the pancreas. 
Acute episodes are generally mild to moderate; 
in some cases, pancreatic-like pain, with serum 
amylase and/or lipase elevation, lasts only a few 
hours, and the patient recovers without hospital-
ization [41, 42]. Whether recurring episodes of 
pancreatitis in a morphologically normal pan-
creas can lead to CP is still an open question, 
because only few, empirical data indicate 
whether, how often, and in which types of 
patients’ recurrent pancreatitis progress to the 
chronic disease [42].

For 70–80% of patients with recurrent acute 
pancreatitis, a specific cause may be identified [3, 
41, 42], such as gallstone disease (especially bili-
ary microlithiasis), excessive alcohol consump-
tion, hypertriglyceridemia, medications, 
intraductal papillary mucinous neoplasms, 
genetic disorders, and pancreato-biliary 
anomalies.

The investigation of RAP requires MRCP for 
the evaluation of ductal anatomy. MRCP can be 
performed also after the intravenous injection of 
secretin. Secretin is a hormone produced by the S 
cells of the duodenal mucosa in response to acid 

in the duodenal lumen. Its primary effect is to 
increase water and bicarbonate secretions by exo-
crine cells of the pancreas. Studies have shown 
that secretin increases the amount of fluid in the 
pancreatic ducts and may augment the sensitivity 
of MRCP in diagnosing pancreatic ductal dis-
ease, congenital anomalies, and CP, by leading to 
more conspicuous visualization of main pancre-
atic duct and diseased side branches; secretin is 
however an expensive drug [3, 43–45].

A retrospective study by Sandrasegaran et al. 
[44] demonstrated that secretin-enhanced MRCP 
is superior to conventional MRCP and 
T2-weighted sequences in detecting ductal 
abnormalities in patients with recurrent acute 
pancreatitis, particularly for findings related to 
early CP; this may obviate the need for ERCP 
[43]. In addition, secretin-enhanced MRCP 
showed a reduction in exocrine function in up to 
one-third of patients with recurrent acute pancre-
atitis. The authors believe that secretin-enhanced 
MRCP should be part of the MRI protocol for 
investigating patients with RAP, while further 
studies are required to determine whether patients 
with recurrent acute pancreatitis with impaired 
exocrine function on secretin-enhanced MRCP 
may need to be treated differently from those 
with normal exocrine function [43].

12.5  Imaging Modalities in AP

Imaging modalities available for the diagnosis of 
acute pancreatitis include US, CT, MRI, MRCP, 
and ERCP. The modality to be selected depends 
on the reason for investigation. The main purpose 
of the imaging in acute clinical situations is to 
detect the disease, to recognize the complica-
tions, and to make a differential diagnosis from 
other acute abdomen causes (gastro-intestinal 
perforation, acute cholecystitis, acute aortic dis-
section, and mesenteric arterial occlusion).

In the emergency setting, CT and ultrasound 
are the imaging modalities of choice because of 
accessibility and lower cost. Transabdominal 
ultrasound’s main role in acute pancreatitis is 
identifying gallstones and choledocholithiasis; 
otherwise, ultrasound has limited use in signifi-
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cant measure due to difficult visualization of the 
pancreas [30].

In the late phase of moderately severe or 
severe acute pancreatitis, MRI has its own rule, 
having a superior soft tissue contrast resolution 
than CT (76.5%) [46] and allowing better assess-
ment of biliary and pancreatic ducts. MRI 
requires patient cooperation. Because patients 
with pancreatitis are often young and require 
multiple follow-up CT examinations, substitu-
tion of MRI for CT in some patients would 
reduce the collective radiation dose consider-
ably. MRI can have an important role in staging 
the severity of acute pancreatitis and may be 
superior for the characterization of peripancre-
atic fluid collections [47]. The use of breath-hold 
sequences reduces respiratory and motion arti-
facts, which previously limited the use of 
MRI.  Examination times have been reduced 
markedly, so that the total acquisition time with 
a full scan is less than 30 min. The most impor-
tant sequences for pancreatic evaluation are 
T1-weighted spoiled gradient echo with fat sup-
pression and dynamic imaging after IV adminis-
tration of gadolinium [47].

Normal pancreatic anatomy is best depicted 
on T1-weighted fat-suppressed images, in which 
the pancreas is typically hyperintense because of 
pancreatic acinar proteins [46–49]; on 
T2-weighted images, pancreatic parenchyma is 
typically hypointense. In interstitial edematous 

pancreatitis, the pancreas has diffuse or localized 
enlargement due to inflammatory edema, and this 
type of AP has no pancreatic necrosis or peripan-
creatic necrosis [46]. The parenchyma of the pan-
creas may display normal or mild hypointensity 
on T1-weighted images (T1WI) and hyperinten-
sity on T2WI.  Patchy-like hyperintensity on 
T2WI could be observed in the peripancreatic 
region, perirenal space, and lesser omental bursa. 
The pancreas shows homogeneous enhancement 
after an intravenous administration of a contrast 
agent (gadolinium). Stranding of the peripancre-
atic fat planes is best seen on the in-phase 
T1WI. In more severe cases, peripancreatic fluid 
collections occur because of the release of pan-
creatic enzymes and are best depicted on 
T2WI.  In necrotizing pancreatitis, the necrotic 
areas show hypointensity on T1WI (the so-called 
black pancreas), hyperintensity on T2WI, and no 
enhancement after injection of contrast agent 
(gadolinium) [3, 46] (Fig. 12.9); in the necrotic 
zones, on MRI the presence of any gas may indi-
cate infection [50].

APFCs usually occur in IEP within 4 weeks of 
the onset of symptoms; they do not have cystic 
walls and are homogeneously hypointense on 
T1WI and hyperintense on T2WI. These collec-
tions are usually sterile, and 50% of the collec-
tions can be spontaneously absorbed within 
2–4 weeks [46]. They may develop into pseudo-
cysts if acute pancreatitis lasts more than 4 weeks. 

a b

Fig. 12.9 NP at MRI. The pancreatic parenchyma of the 
body and tail appears uniformly increased in size, with a 
diffuse alteration of the signal intensity in T2 and altera-

tion of the diffusion coefficient (a). In the post-contrast 
phase, the pancreatic parenchyma of the body-tail appears 
hypovascularized on T1w images (b)
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Some researchers have found that the male sex, 
alcoholic pancreatitis, and ascites are risk factors 
for PPC formation. Pancreatic pseudocysts have 
a thin smooth wall and homogeneous intensity on 
T1WI and T2WI because of the liquid content 
with no solid component (debris) in the fluid. 
Pseudocysts larger than 6 cm in diameter may be 
associated with multiple complications, such as 
mass effect, infection, rupture, and bleeding [46]. 
T2WI, MRCP, and multiplanar reconstruction 
(MPR) help visualize the broken pancreatic duct 
and its connection with pseudocysts; from the 
pancreatic duct, pancreatic fluid leaks out and 
may cause enlargement of the pseudocysts. ANCs 
have no capsule, and they show mixed signals on 
T1WI and T2WI. ANCs require drainage with a 
catheter to prevent infection and possible sepsis 
[46]. A severe and persistent clinical course in 
acute necrotizing pancreatitis may lead to the for-
mation of WON [46]. On MRI they contain mul-
tiple fragments of the tissue that are free to float, 
and there is no contrast enhancement on the 
enhanced scans [46] (Fig. 12.10). This non-liquid 
substance is the residue of the pancreas and extra- 
pancreatic necrotic tissue, which is difficult to 
distinguish with CT.  Patients with WON are 
commonly complicated with infection; in case of 
infected WON, increasing volume of WON, and 
vascular complications with bleeding, surgical 
treatment may be necessary.

When the pancreatic neck and body are totally 
necrotic with pancreatic duct disruption, we refer 
to disconnected pancreatic duct syndrome, which 

has a prevalence from 10% to 31% according to 
literature [46, 51–54]. Studies have reported that 
the diagnosis of pancreatic duct disruption should 
be considered if (i) peripancreatic necrosis area is 
at least 2 cm and (ii) MRCP shows that the main 
pancreatic duct of the upstream pancreatic tissue 
travels to the WON area of the intra- and/or extra- 
pancreatic tissue and approaches with a right 
angle into the fluid or necrotic tissue [46, 54]. 
MRCP performed after the intravenous injection 
of secretin (S-MRCP) demonstrates a cut-off of 
the downstream pancreatic duct with enhancing 
upstream pancreatic parenchyma [43]; S-MRCP 
may show the passage of exocrine output into the 
collection.

MRI is also sensitive for visualizing hemor-
rhages. Hemorrhage can occur in patients with 
severe necrotizing pancreatitis or as a result of 
the rupture of a pseudoaneurysm and represents a 
life-threatening emergency. Hemorrhagic fluid 
collections are more evident on MRI than CT 
because of the following: high signal intensity 
methemoglobin on T1WI, low signal intensity 
hemosiderin on T2WI, and signal abnormalities 
due to hemorrhage remaining visible longer on 
MRI. The enzymes released by the pancreas can 
corrode the wall of the peripancreatic vessels, 
with consequent exudative damage to the pancre-
atic vessels: arteritis and pseudoaneurysm, phle-
bitis, venous thrombosis, and pancreatic portal 
hypertension [47, 55]. Hemorrhages on CT show 
a slightly high density (>35 HU) in the acute 
phase; the density decreases over time. Compared 

a b

Fig. 12.10 Walled-off necrosis. T2-weighted MR image 
(a) and post-gadolinium T1w scan (b) show the presence 
of a heterogeneous encapsulated fluid collection (WON) 
in the pancreatic and peripancreatic area. Diffuse hyperin-

tensity on T2w images of the pancreatic parenchyma indi-
cates the presence of parenchymal edema (empty arrow in 
a). (Brizi et al. [3]. Licensed under CC-BY 4.0)

12 Imaging in Acute Pancreatitis



202

with CT, MRI is more sensitive for visualizing 
hemorrhages, which are hyperintense on T1WI 
during the acute phase and persist longer than on 
CT images [46, 55–57]. MRI findings of artery 
invasion consist of the loss of normal vascular 
flowing void effect, the blurred edge of the arte-
rial walls, and the poor enhancement at the 
involving segment on contrast-enhanced arterial 
phase images. The splenic artery, gastroduodenal 
artery, and pancreaticoduodenal artery are more 
frequently involved [58–60].

Studies show that approximately 63% of 
patients with AP experience gastro-intestinal 
complications, characterized by dilatation, mild 
thickening of the gastro-intestinal wall, and strat-
ification of the bowel wall in contrast-enhanced 
scans on imaging [46]. Other possible complica-
tions may involve the liver because of SIRS and 
bile duct obstruction, the urinary system, respira-
tory system, bone, and skin. Acute renal failure is 
an early complication of severe AP and has a high 
mortality rate [46, 61].
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13Chronic Pancreatitis: 
Differentiation from Pancreatic 
Adenocarcinoma

Cristiana Boldrini, Valerio Di Paola, Luca Russo, 

Simone Palma, Maria Luisa De Cicco, Silvia De 

Vizio, Angelica Marra, Silvia Amodeo, 

Roberta Dattoli, and Riccardo Manfredi

13.1  Introduction

Pancreatic cancer is the 5th leading cause of 

death from cancer, and the 11th most common 

cancer in the United States. The incidence of 

chronic pancreatitis (CP) varies between 4 and 

14/100000 worldwide; additionally, patients with 

CP carry a 13.3-fold higher risk for developing 

pancreatic ductal adenocarcinoma. The most 

common symptom of CP is abdominal pain, with 

other symptoms such as exocrine pancreatic 

insufficiency and diabetes developing at highly 

variable rates. CP is most caused by toxins such 

as alcohol or tobacco, genetic polymorphisms, 

and recurrent attacks of acute pancreatitis, 

although no history of acute pancreatitis is seen 

in many affected patients. On the other hand, CP 

sometimes may present as a solid mass, mimick-

ing ductal adenocarcinoma of the pancreas 

(PDAC). Misdiagnosis of MF-CP as focal pan-

creatic malignancy results in unnecessary surgi-

cal treatment, and misdiagnosis of PC as focal 

pancreatitis may delay necessary surgical inter-

vention. The imaging diagnosis is not always 

simple and immediate, so in addition to CT and 

MRI, endosonography or invasive procedures 

may help make the correct approach.

13.2  Chronic Pancreatitis: 
Definition

Chronic pancreatitis is historically defined as an 

irreversible inflammatory condition of the pan-

creas leading to various degrees of exocrine and 

endocrine dysfunction [1, 2, 3, 4]. Before 2016, 

CP was defined using a traditional clinico-patho-

logic approach with typical signs and symp-

toms—i.e., chronic inflammation and irreversible 

fibrosis without infection. Obtaining the pancre-

atic tissue was thought to be the “gold standard” 

for a pathologic diagnosis; three consensus con-

ferences in Marseille, France, between 1963 and 

1989 defined CP on the basis of clinical, func-

tional, and histologic evidence [5]. In 1984, the 

“Cambridge definition” was proposed as a clini-

cally useful alternative to biopsy by using an 

endoscopic retrograde cholangiopancreatogra-

phy (ERCP) scoring system as a surrogate for the 

tissue [6]. An international group of doctors 

interested in pancreatic disease met in Cambridge 
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under the auspices of the Pancreatic Society of 

Great Britain and Ireland, to discuss the classifi-

cation of pancreatitis in the light of developments 

that had taken place in 20 years since the crucial 

conference in Marseille. CP was defined as a 

continuing inflammatory disease of the pancreas, 

characterized by irreversible morphological 

change, and typically causing pain and/or per-

manent loss of function. This definition served as 

the basis for imaging approaches to the diagnosis 

of CP (in the context of typical symptoms and 

loss of function) and for the foundation for most 

consensus statements and clinical guidelines for 

the next three decades.

13.3  Epidemiology and Risk 
Factors

The development of CP is multifactorial, with 

numerous risk factors playing significant con-

tributory roles. In western countries, the inci-

dence and prevalence of clinical CP range from 

4.03 to 14 per 100,000 person-years and from 

13.5 to 143 per 100,000 at risk [7]. Recently, the 

incidence of CP has increased, indicating a grow-

ing burden of this disease. Beyond the clinical 

presentation, 26%–29% of patients without life-

style risk factors for CP versus 42%–47% of 

smokers and alcoholics have pancreatic fibrosis 

on autopsy [7–9]. Compared to the general popu-

lation, CP patients have a 35.8% increase in death 

rate over a 20-year observation period; moreover, 

CP patients are predisposed to pain, bile duct 

strictures, pseudocysts, ascites, pancreatic exo-

crine, and endocrine insufficiencies leading to 

type 3C diabetes mellitus [10, 11]. Most impor-

tantly, CP is a risk factor for PDAC, with a rela-

tive risk of PDAC of 13.3 compared to the general 

population [12]. Like CP, the incidence of PDAC 

has increased in the USA from 11 to 13.1 per 

100,000 person-years between 2002 and 2017. 

Despite modest incidence, PDAC is the third 

leading cause of cancer-related mortality, 

accounting for about 47,050 cancer-related 

deaths in 2020 only in the USA [12, 13], and due 

to increasing incidence and poor prognosis, 

PDAC is projected to be the second leading cause 

of cancer-related mortality by 2030.

The TIGAR-O system, used to help categorize 

an etiology to explain CP, has proven useful in 

multiple international studies, and was recently 

revised to include new insights from the past 

20  years; the acronym stands for T (toxic- 

metabolic), I (idiopathic), G (genetic), A (auto-

immune), R (recurrent acute or severe 

pancreatitis), and O (obstructive) [5]. The Toxic-

metabolic, Idiopathic, Genetic, Autoimmune, 

Recurrent and severe acute pancreatitis and 

Obstructive (TIGAR-O) Pancreatitis Risk/

Etiology Checklist (TIGAR-O_V1) is a broad 

classification system that lists the major risk fac-

tors and etiologies of recurrent acute pancreatitis, 

chronic pancreatitis, and overlapping pancreatic 

disorders with or without genetic, immunologic, 

metabolic, nutritional, neurological, metaplastic, 

or other features. Toxic-metabolic causes include: 

alcohol, tobacco smoking, hypercalcemia and 

hyperparathyroidism, hyperlipidemia (rare and 

controversial), chronic renal failure, medications, 

phenacetin abuse (possibly from chronic renal 

insufficiency), toxins, organotin compounds 

(e.g., DBTC). Idiopathic causes include early 

onset and late onset, tropical pancreatitis and 

fibrocalculous pancreatic diabetes. Genetic 

causes can be autosomal dominant or autosomal 

recessive. Autoimmune factors include isolated 

autoimmune chronic pancreatitis and syndromic 

autoimmune chronic pancreatitis. Recurrent and 

severe acute pancreatitis may be postnecrotic, 

due to vascular diseases/ischemic, or post-irradi-

ation. Obstructive factors include pancreas divi-

sum, sphincter of Oddi disorders (controversial), 

and duct obstruction (e.g., tumor). The pancreati-

tis with multiple risk factors such as alcohol con-

sumption, nicotine consumption, nutritional 

factors, hereditary factors, efferent duct factors, 

immunological factors, miscellaneous and rare 

metabolic factors (M-ANNHEIM) system is a 

similar multirisk factor classification system that 

attempts to add information on disease activity 

and stage and has been used to evaluate the 

impact and interaction of various risk factors on 

the course of CP [5].
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13.4  Risk of Pancreatic Cancer 
in CP

Lowenfels et al. in 1993 were the first to describe 

a significantly increased risk of developing pan-

creatic cancer in patients with CP [14]. They 

undertook a multicenter historical cohort study of 

2015 subjects; a total of 56 cancers were identi-

fied among these patients during a mean (±SD) 

follow-up of 7.4 ± 6.2 years. The expected num-

ber of cases of cancer calculated from country-

specific incidence data and adjusted for age and 

sex was 2.13, yielding a standardized incidence 

ratio (the ratio of observed to expected cases) of 

26.3 (95 percent confidence interval, 19.9 to 

34.2). For subjects with a minimum of two or five 

years of follow-up, the respective standardized 

incidence ratios were 16.5 (95 percent confidence 

interval, 11.1 to 23.7) and 14.4 (95 percent confi-

dence interval, 8.5 to 22.8) [14]. Talamini et al. in 

1999 analyzed 715 cases of chronic pancreatitis 

with a median follow-up of 10 years; during this 

observation period, they recorded 61 neoplasms, 

14 of which were pancreatic cancers. They found 

a standardized incidence ratio of pancreatic can-

cer in CP patients of 13.3 [15]. According to the 

authors, there does not appear to be an increased 

risk of pancreatic cancer in non-smokers, while 

in smokers the risk increases 15.6 times [15]. 

Other studies in literature have reported that the 

risk of pancreatic cancer diminishes with long-

term follow-up, and that although a first episode 

of acute pancreatitis may be related to pancreatic 

cancer, this risk is mainly present in patients who 

progress to chronic pancreatitis [16, 17, 18].

13.5  Diagnosis

CP represents a later stage of progressive disor-

ders resulting in irreversible morphologic dam-

age of the pancreas. The diagnosis is made using 

a combination of modalities, including exposure 

risk, underlying predisposition, cross-sectional 

imaging (CT and MRI), and direct and/or indi-

rect pancreatic function tests. It is critical to 

assess the patient’s risk factors for CP, including 

family and exposure history, the nature and char-

acter of the patient’s pain, whether or not they 

have had previous episodes of acute pancreatitis, 

and whether they have related conditions such as 

steatorrhea and/or symptoms of vitamin defi-

ciency. In patients with clinical symptoms of an 

inflammatory disorder of the pancreas (previous 

episode of acute pancreatitis, characteristic pain, 

and/or maldigestion) and/or a suggestive gene- 

environment risk assessment, imaging should be 

the first test used to establish the diagnosis of CP 

because it is universally available, reproducible, 

and valid when compared with other modalities. 

The best evidence comparing modalities is from 

a systematic review and meta-analysis (pub-

lished in 2017 by Issa et al.) of 43 studies and 

3460 patients with suspected CP, in which the 

sensitivity estimates of endoscopic ultrasonogra-

phy (EUS), magnetic resonance imaging (MRI), 

and computed tomography (CT) were 81% (95% 

confidence interval [CI]: 70%–89%), 78% (95% 

CI: 69%–85%), and 75% (95% CI: 66%–83%), 

respectively, and did not differ significantly from 

each other [19]. Estimates of specificity were 

comparable for EUS (90%; 95% CI: 82%–95%), 

ERCP (94%; 95% CI: 87%–98%), CT (91%; 

95% CI: 81%–96%), MRI (96%; 95% CI: 90%–

98%), and ultrasound (US) (98%; 95% CI: 89%–

100%). A limitation of this meta-analysis, 

however, was that not all the studies included a 

histologic gold standard to establish the type of 

inflammation for comparison. Given the vast 

discrepancy in cost, availability, invasiveness, 

and objectivity, cross-sectional imaging is nowa-

days considered the first-line test for the diagno-

sis of CP. Owing to its invasiveness and issues 

about availability, intra-rate reproducibility, and 

discrepancy, EUS should be used to diagnose CP 

alone if there is uncertainty following cross- 

sectional imaging [20]. Multiple other imaging 

modalities and scoring systems have been used 

to establish the diagnosis of CP, including con-

trast enhanced EUS, ERCP, trans-cutaneous 

ultrasonography, and pancreatic elastography 

[21]. However, high-quality randomized clinical 

trial evidence is not available to warrant their 

inclusion as first-line diagnostic tests for CP in 

place of cross-sectional imaging (CT, MRI) or 

EUS.
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13.6  Pancreatic Ductal 
Adenocarcinoma 
as an Incidental Finding 
in Chronic Pancreatitis

Prospective cohort studies have reported at least 

20 possible risk factors for PDAC, including 

smoking, heavy alcohol drinking, adiposity, dia-

betes, and pancreatitis, but population attributable 

fractions of individual risk factors are small 

(mostly <10%). The association of CP and PDAC 

is well established. The study of Birgin et al. in 

2018 [18] found that about 30% of patients with 

CP who underwent surgery also had concomitant 

PDAC. Malinka et al. in 2018 in a large retrospec-

tive study [20] defined the prevalence of inciden-

tal PDAC found at pancreatic resections for CP; 

PDAC was found in the surgical specimen of 

7.1%. Evaluation of mean overall survival dem-

onstrated a clear disadvantage for patients with 

CP and incidental carcinoma (11.7 vs. 216.1 

months) [20]. Numerous studies have found a 

strong link between CP and pancreatic cancer. 

Patients with hereditary pancreatitis and an early 

onset have a markedly increased risk at least 

50-fold greater than the general population [21]. 

Furthermore, a meta-analysis evidenced a relative 

risk of 13.3 for developing PDAC in patients with 

CP, with a 10-to 20-year lag between pancreatitis 

and development of pancreatic malignancy [22].

13.7  Mass-Forming Chronic 
Pancreatitis: Imaging 
Features

At transabdominal US (ultrasound), it is difficult 

to distinguish mass-forming chronic pancreatitis 

(MF-CP) from PDAC because the imaging fea-

tures overlap, and masses may be obscured by 

overlying bowel gas or the patient’s body habi-

tus. Endoscopic US offers improved visualiza-

tion of masses and is used routinely to perform 

targeted biopsies. Cross-sectional imaging rep-

resents the most available mean to obtain infor-

mation for the radiologist. The typical appearance 

of MF-CP is a hypoattenuating mass at unen-

hanced CT, which is hypovascular on CT con-

trast-enhanced scans (Fig.  13.1) [1]. These 

masses are most often located in the pancreatic 

head. The masses in MF-CP are usually hypoin-

tense at T1-weighted gradient-recalled echo 

(GRE) magnetic resonance (MR) imaging and 

iso- to hyperintense at T2-weighted MRI; they 

are hypointense at arterial phase enhanced MRI, 

with moderate enhancement at venous phase 

scans, showing moderate hypointensity to isoin-

tensity in later phases (Fig.  13.2) [1]. ADC 

(apparent diffusion coefficient) values in MF-CP 

are higher than in PDAC. There are some imag-

ing features which help make a differential diag-

nosis. None of the secondary signs of PDAC and 

Fig. 13.1 MF-CP in a 52-year-old male patient [1]. Axial 

and coronal multidetector CT images demonstrate a 

hypoattenuating mass in the pancreatic head (arrows). 

There is a single small parenchymal calcification (arrow-

head), which isn’t intraductally located. The differential 

diagnosis from PDAC in this case was very difficult only 

on the basis of CT imaging. (Schima et al. [1]. Licensed 

under CC-BY 4.0)
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a b

c d

Fig. 13.2 T1w GRE 

fatsat, T2w TSE, and 

gadolinium-enhanced 

T1w GRE images (a–c) 

[1] show a solid mass in 

the head of the pancreas 

(arrows). The pancreatic 

duct traverses the mass 

(arrowheads) (duct- 

penetrating sign), which 

is typical for an 

inflammatory mass. In 

d, MRCP shows 

duct-penetrating sign 

(arrowhead) in a better 

way. Other typical signs 

of CP include ductal 

irregularities and dilated 

side branches. (Schima 

et al. [1]. Licensed under 

CC-BY 4.0)

mass-forming pancreatitis have 100% sensitivity 

or specificity. A diagnosis can be favored if more 

secondary imaging signs are present to support 

either a benign inflammatory process or a neo-

plastic process.

Parenchymal calcifications are seen in about 

60% of CP patients; in particular, the combina-

tion of diffused parenchymal calcifications with 

ductal calcifications, atrophy, and cystic lesions 

is quite specific for the diagnosis of CP [23] 

(Fig. 13.3). Campisi et al. examined the imaging 

of patients who had chronic pancreatitis (n = 70), 

neuroendocrine tumors (n = 14), intraductal pap-

illary mucinous neoplasm (IPMN) (n = 11), pan-

creatic adenocarcinoma (n  =  4), and serous 

cystadenoma (n  =  4). Four CT findings had a 

specificity of over 60% for the diagnosis of 

chronic pancreatitis: parenchymal calcifications, 

intraductal calcifications, parenchymal atrophy, 

and cystic lesions. Also, pancreatic neuroendo-

crine tumors, IPMN, and PDAC may show spot-

ted calcifications, with the principal difference 

that in these neoplasms the calcifications do not 

tend to be diffuse or intraductally located [1]. It is 

well established that the development of a new 

tissue mass displacing calcifications or the pres-

ence of a soft tissue mass in a diffusely calcified 

chronic pancreatitis at imaging raises the suspi-

cion of the onset of PDAC in CP [1].

The presence of a narrowing of the main pan-

creatic duct in the context of a pancreatic mass 

(duct-penetrating sign) without abrupt or com-

plete obstruction leans for the diagnosis of an 

inflammatory pseudotumor and pancreatitis [24] 

(Fig.  13.4). PDAC, as a densely fibrotic tumor, 

usually causes abrupt narrowing or even com-

plete obstruction of the pancreatic duct, while a 

chronic inflammatory mass most often results in 

gradual stenosis, with visualization of the pancre-

atic duct that traverses the mass. This sign, 

described by Ichikawa et  al. in 2001 [24], was 

found to be accurate in about 94% of patients 

with MF-CP or PDAC. In this study, MRCP, CT, 

and MR images were compared by means of 

receiver operating characteristic analysis for 11 

inflammatory pancreatic mass (IPMs) and 43 

conventional pancreatic carcinoma (CPCs). With 

the MRCP images, a morphologic classification 

of the main pancreatic duct was attempted for all 

lesions. On the basis of this classification and the 

enhancement patterns of a lesion, all readers 

graded the presence of IPM or CPC on a scale for 
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Fig. 13.3 Axial contrast-enhanced CT shows a hypoat-

tenuating mass of the head with coarse calcifications 

(arrowheads) and a pancreatic plastic stent in place 

(arrow) (a, b). There are no signs of CP in the rest of the 

pancreas. Paracoronal reformation image demonstrates 

the stent (arrow) in the pancreatic head and the parenchy-

mal calcifications (c) [1]. (Schima et  al. [1]. Licensed 

under CC-BY 4.0)

Fig. 13.4 MRCP shows abrupt stenosis of the CBD 

(arrow) with dilatation. Surgical histology revealed PDAC 

in CP [1]. (Schima et al. [1]. Licensed under CC-BY 4.0)

all images. Duct-penetrating sign is best seen on 

magnetic resonance cholangiopancreatography 

(MRCP), with visualization of the duct some-

times improved by secretin administration. With 

MRCP it is possible to study also side branches 

penetrating an inflammatory mass [1]. It is impor-

tant to remember that the duct-penetrating sign 

on MRCP images sometimes is considered more 

helpful to distinguish an inflammatory pancreatic 

mass from CPC than the enhancement patterns 

on CT and MR images [1, 24].

The common bile duct (CBD) and the main 

pancreatic duct form a junction at a level of the 

major papilla; an obstruction at the papilla or 

in the periampullary region (pancreatic head) 

may cause stenosis of both ductal systems, 

with subsequent pre-stenotic ductal dilatation. 

This imaging feature of dilatation of both duc-

tal systems is known as double-duct sign 

(Fig.  13.5) [1, 25], and is more often seen in 

PDAC than in any inflammatory condition, 

with a reported incidence of 80%. Double-duct 

sign may occur as well in mass forming chronic 

pancreatitis (MF-CP) or autoimmune pancre-

atitis (AIP), but is usually defined by a more 

smooth narrowing of the common bile duct  

and main pancreatic duct, with less severe pre- 

stenotic dilatation.

Both chronic pancreatitis and pancreatic ade-

nocarcinoma share the modification in the mor-

phology of pancreatic duct and side branches. 

The main pancreatic duct is usually visible at CT 

or MRI from the papilla to the tail. A duct diam-

eter of more than 3.5 mm in the head is consid-

ered abnormal. In case of advanced stage CP, not 

only focal strictures, but also contour irregulari-

ties of the duct upstream are present. Pancreatic 

duct dilatation upstream to PDAC is usually 

severe, but quite smooth, and also includes severe 

parenchymal atrophy [26]. The results of the 

study by Kim et al. show that several CT findings 

(i.e., non-head location, long transition of the PD 

(≥ 6.1 mm), abrupt transition of the PD, absence 

of duct penetrating sign, PD or CBD enhance-

ment at the transition area, and presence of atten-

uation difference in upstream pancreatic 

parenchyma) are significant predictors of malig-
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Fig. 13.5 (a) Double-duct sign in PDAC: MRCP shows 

abrupt cut-off of the common bile duct and main pancre-

atic duct in the pancreatic head (arrows), very suggestive 

of neoplasm. Histology confirmed PDAC in this patient. 

(b) Lack of double-duct sign in CP: MRCP shows duct 

dilatation without abrupt cut-off and contour irregularities 

of the main duct with dilated side branches (small arrows), 

typical for CP. There are also irregular filling defects in 

the main duct, suggestive of stones (arrowhead) [1]. 

(Schima et al. [1]. Licensed under CC-BY 4.0)

nant MPD dilatation in the differentiation of 

benign and malignant MPD dilatation [1, 26].

Vessel encasement The extension of a pancre-

atic mass toward the celiac trunk or the superior 

mesenteric artery with the presence of the soft 

tissue that surrounds the vessels is called “vessel 

encasement” and is strongly suggestive of 

PDAC.  The “SMV teardrop sign,” a teardrop- 

shaped deformity of the SMV, is highly indica-

tive of SMV encasement; although uncommon, 

inflammatory conditions may result in loss of fat 

planes with peripancreatic vessels. Rarely the 

vessel encasement can be observed in patients 

with chronic inflammation of the pancreatic 

gland; venous deformation of the confluence, 

superior mesenteric vein, or splenic vein is more 

likely in PDAC than in MF-CP, but unfortunately 

is not specific [1]. Occlusion of the splenic vein 

with extensive venous collaterals formation is a 

typical feature in patients with recurrent pancre-

atitis of the body and tail, while the presence of 

soft tissue encasement of the peripancreatic 

arteries is quite specific for a developing neo-

plasm and usually indicates already locally 

advanced (and most likely unresectable) PDAC 

(Fig. 13.6).

Studies on perfusion CT revealed promising 

results concerning the differentiation between 

MF-CP and PDAC.  Perfusion CT not only 

allowed differentiation between normal paren-

chyma and MF-CP and PDAC but also between 

the latter two [1, 27]. The mean blood flow (BF), 

blood volume (BV), and permeability surface 

area product (PS) were significantly higher in 

MF-CP than in adenocarcinoma. There was no 

significant difference in mean transit time 

between MF-CP and adenocarcinoma. The com-

bination of threshold values for BV, BF, and PS 

yielded excellent sensitivity and specificity for 

differentiation between MF-CP and PDAC [1, 

27]. However, these results have to be corrobo-

rated by other studies with perfusion software of 

different vendors.

A preliminary study evaluated the role of 

gadolinium- enhanced perfusion MRI for differ-

entiation between MF-CP and PDAC. Although 

it showed differences in perfusion curves between 

MFCP and PDAC, this feature alone did not 

allow reliable diagnosis [1, 28]. The combination 

of perfusion MRI and diffusion-weighted imag-

ing (DWI) achieved better results, because the 

mean ADC value of PDAC was significantly 

lower than that of MF-CP (1.17  ±  0.23  <  vs. 

1.47  ±  0.18, p  <  0.01, obtained at 3.0  T MRI) 

[28]. The time-signal intensity curve of dynamic 

contrast-enhanced MRI (DCE-MRI) and ADC 

value of DWI for pancreatic mass were found to 

provide reliable information in differentiating 

pancreatic carcinoma from mass-forming focal 

pancreatitis; the combination of DCE-MRI and 

DWI achieved a higher sensitivity, specificity, 

and diagnostic accuracy.
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Fig. 13.6 Soft tissue mass with vessel encasement in cal-

cified CP and locally advanced PDAC at CT imaging. 

Diagnosis of PDAC was confirmed by percutaneous 

CT-guided transgastric biopsy (arrow) [1]. (Schima et al. 

[1]. Licensed under CC-BY 4.0)

13.8 Multi-modal imaging and 
biopsy to distinguish pancreatic 
cancer from mass-forming chronic 
pancreatitis

There is no single imaging feature that alone 

allows differentiation between MF-CP and 

PDAC. In a retrospective study in 2018, Ruan 

et  al. [29] analyzed computerized tomography 

(CT), magnetic resonance imaging (MRI) and 

positron emission tomography - computerized 

tomography (PET/CT) data to identify features 

that may distinguish pancreatic carcinoma (PC) 

from mass-forming chronic pancreatitis (MF-

CP) of the pancreatic head; the found that at 

FDG-PET/CT, the standardized uptake value 

(SUV) of MF-CP was usually lower (cut-off 

value 4.90) than in PC. Complete obstruction of 

the main pancreatic duct by the mass with disap-

pearance of the “duct penetration sign”, the “dou-

ble duct sign” due to periampullary obstruction, 

vessel encasement by a soft tissue mass, and dis-

placement of previously observed calcifications 

by newly appearing tissue are all highly suspi-

cious features of PDAC development in inflam-

matory CP, which should prompt further 

diagnostic procedures. Endoscopic ultra-sound 

(EUS) and Endoscopic US-guided fine-needle 

aspiration/biopsy is generally very sensitive in 

characterizing focal pancreatic masses, but in CP 

it may be unfortunately burdened by low sensitiv-

ity. In the study by Fritscher-Ravens et al., sensi-

tivity for the detection of PDAC with endoscopic 

US-guided fine-needle aspiration was markedly 

lower when a mass was present in patients with 

chronic pancreatitis (sensitivity, 54%; specificity, 

100%; accuracy, 91%) [30]. In this work, its sen-

sitivity in patients with CP was shown to be unac-

ceptably low, and tumor resection using standard 

surgical techniques was still usually necessary to 

confirm the correct diagnosis. Evaluation of a 

focal pancreatic mass in the setting of chronic 

pancreatitis is a diagnostic challenge. A study 

conducted by Varadarajulu et al. in 2005 aimed to 

compare the diagnostic yield and accuracy of 

EUS-guided FNA in the evaluation of pancreatic 

mass lesions, in the presence or the absence of 

CP [31]. A lower sensitivity for EUS-FNA was 

observed in patients with CP than in those with-

out CP (73.9% vs. 91.3%; p = 0.02). False-

negative cytology was encountered in 24 cases: 

6/71 (8%) with CP vs. 18/222 (8%) without CP. 

Patients with CP required more EUS-FNA passes 

to establish a diagnosis vs. those without CP 

(median, 5 vs. 2; p < 0.001) [31].
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14Approach to Solid Pancreatic 
Tumors

Smily Sharma  and Taruna Yadav 

14.1  Introduction

Solid pancreatic lesions encompass a myriad of 
neoplastic and non-neoplastic lesions affecting 
the pancreas. Imaging plays a pivotal role in their 
diagnosis, staging, determining the management 
protocol, and assessing the post-treatment out-
come. This chapter provides a comprehensive 
discussion of key imaging features and approach 
to common solid pancreatic masses.

14.2  Classification

Solid pancreatic masses can be broadly classified 
into neoplastic or non-neoplastic lesions as 
detailed in Table 14.1 [1].

S. Sharma · T. Yadav (*)
Department of Diagnostic and Interventional
Radiology, AIIMS Jodhpur, Jodhpur, Rajasthan, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2025 
B. Sureka (ed.), Hepato-Pancreatico Biliary Imaging, https://doi.org/10.1007/978-981-95-1699-5_14

Table 14.1 Classification of solid pancreatic lesions [1]

Neoplastic lesions
Non-neoplastic 
lesions

Pancreatic ductal adenocarcinoma 
(PDAC)

Focal 
pancreatitis

Solid pseudopapillary tumor (SPT) Focal 
autoimmune 
pancreatitis

Pancreatic lymphoma Intrapancreatic 
splenule

Pancreatoblastoma Focal fatty 
infiltration

Pancreatic metastasis Miscellaneous 
lesions:

  Pancreatic 
sarcoidosis
  Pancreatic 
tuberculosis
  Castleman 
disease 
affecting the 
pancreas

Miscellaneous neoplasms:
  1.  Epithelial tumors: acinar cell

carcinoma, giant cell tumor, 
colloid carcinoma

  2.  Mesenchymal tumors: 
granular cell tumor, fibrous
histiocytoma, juvenile
hemangioendothelioma,
fibroma, inflammatory
myoblastic tumor, sarcoma

  3.  Mixed tumors: squamous cell
carcinoma, mixed endocrine- 
exocrine tumor

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-95-1699-5_14&domain=pdf
https://doi.org/10.1007/978-981-95-1699-5_14#DOI
https://orcid.org/0000-0003-3699-0272
https://orcid.org/0000-0002-3644-6093


216

14.3  Pancreatic Ductal 
Adenocarcinoma

PDAC is the most common malignant pancreatic 
tumor, accounting for 85%–95% of the masses. 
Patients usually present at the seventh or eighth 
decade of life, with nonresectability in 75% of 
cases and metastasis in 85% cases at presentation 
with male-to-female ratio of 2:1 [1, 2]. Patients 
present late with complaints of abdominal pain, 
jaundice, and weight loss. Precursor lesions 
include pancreatic intraepithelial neoplasm and 
intraductal papillary mucinous neoplasm 
(IPMN). KRAS mutation is the most common 
oncogene mutation associated with PDAC and is 
associated with poor prognosis. CA-19-9 is a 
sensitive but non-specific tumor marker and is 
rarely positive in tumors measuring <1  cm in 
diameter [3].

14.3.1  Imaging Features

The most common location of the PDAC is in the 
pancreatic head (60%–70%) followed by body 
(10%–20%) and tail (5%–10%). Few cases (5%) 
show diffuse involvement of the pancreas [1]. 
The average size of PDAC in the head is 3 cm, 
while the average size of PDAC in the body and 
tail is 5–7 cm, as pancreatic head tumors become 
symptomatic earlier due to common bile duct 
(CBD) and main pancreatic duct (MPD) obstruc-
tion secondary to their intense desmoplastic reac-
tion [1–3].

PDAC can show extensive infiltration of retro-
peritoneum and invasion of surrounding ana-
tomic structures including the vessels and neural 
structures. Regional lymph node metastasis (inci-
dence: 80%) is common and is associated with a 
poor prognosis. The usual sites of distant metas-
tasis include liver and peritoneum [3].

Imaging aims to detect and characterize the 
pancreatic tumors and screen high-risk patients, 
aids in their staging, and helps decide their surgi-
cal resectability, thereby guiding the manage-
ment of the tumor [3]. The candidates for 
screening include patients with first-degree rela-
tive affected with pancreatic cancer (two to six 

times increased relative risk for developing pan-
creatic cancer), members of families with a his-
tory of hereditary cancer syndromes such as 
Peutz-Jeghers syndrome, and patients with 
hereditary pancreatitis [3, 4].

Abdominal ultrasound is the first-line investi-
gation. Dual-phase (pancreatic parenchymal and 

portal venous) contrast-enhanced CT (CECT) of 
the abdomen with neutral oral contrast has an 
accuracy of 85%–95% for detection of PDAC 
and forms the mainstay for evaluation of pancre-
atic tumors [1, 3, 5, 6].

Pancreatic parenchymal phase aims to accu-
rately detect the tumor and assess the involve-
ment of peripancreatic arteries. The maximum 
pancreatic parenchymal enhancement and maxi-
mum attenuation difference between tumor and 
parenchyma are found in this phase. PDAC is 
hypodense on CT with irregular margins. Being a 
hypovascular tumor, it shows relative hypo- 

enhancement as compared to the rest of the pan-
creas on the pancreatic phase. Portal venous 

phase allows for adequate evaluation of hepatic 
metastasis and status of the peripancreatic veins 
[1, 3, 6].

In 10% of the cases, the tumor is isoattenuat-
ing and thus may not be visualized on CECT [5]. 
However, certain secondary effects like mass 
effect, loss of pancreatic lobulations, deformity 
of the contours of the pancreas, obstruction of the 
upstream duct with parenchymal atrophy, and 
invasion of the surrounding vasculature can sug-
gest its presence and location. Pancreatic head 
tumors can cause obstruction and dilatation of 
both CBD and MPD leading to “double-duct 
sign” (Fig. 14.1). Pancreatic body tumors on the 
other hand lead to dilatation of only the upstream 
MPD [1–3, 5].

Vascular involvement is seen as a soft tissue 
surrounding the peripancreatic vessels accompa-
nied by loss of perivascular fat planes. Deformity 
in the contour of the vessel, thrombosis, and col-
lateral formation are other signs of vascular inva-
sion [1, 7]. “Tear drop” sign is the change in 
contour of superior mesenteric vein from the 
round shape on axial CT images to a shape of 
teardrop caused by the tumor infiltration or peri-
tumoral fibrosis [1, 8].
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a

c d

b
Fig. 14.1 Pancreatic 
ductal adenocarcinoma 
in two different patients 
with abdominal pain and 
jaundice. Patient 1, a 
62-year-old, CT (a, b): 
pancreatic head mass 
(red arrow) with 
upstream pancreatic and 
common bile ductal 
dilation and pancreatic 
parenchymal atrophy. 
Patient 2, a 71-year-old, 
MRI (c, d): A T2 
hyperintense mass is 
evident in the head of 
the pancreas (yellow 
arrow) with a double- 
duct sign with dilated 
CBD and MPD on the 
MRCP image

Extrapancreatic perineural invasion is one of 
the characteristic modes of the spread of PDAC 
due to infiltration of the tumor along the neural 
fascicles. It is a very poor prognostic marker and 
is the cause of recurrence even after complete 
resection. It has been reported to occur in 53%–
100% of cases of PDAC.  Its incidence is not 
related to the size of the tumor and can even 
occur in tumors <2 cm in size. On CT, it is seen 
as a confluent soft tissue mass spreading along 
the peripancreatic neural plexus which is contig-
uous with and having an attenuation similar to 
that of the primary tumor [9–11].

Dual-energy CT (DECT) is especially useful 
to improve detection of isoattenuating pancreatic 
lesions. The tumor becomes more conspicuous at 
lower x-ray energy virtual monochromatic 
images (50–60 keV) due to better tissue contrast. 
Qualitative (iodine overlay maps) and quantita-
tive information of iodine distribution with MDI 
(material density iodine) images help evaluate 
the correct extent of the lesion. DECT helps in 
staging of PDAC by improved assessment of vas-
cular invasion, peripancreatic fat stranding, and 
distant metastasis. It helps in post-operative 
imaging by improving differentiation between 
the post-surgical changes and local recurrences.

CT perfusion can be used to detect isoattenu-
ating PDAC and differentiate PDAC from mass- 

forming chronic pancreatitis (MFCP). Blood 
flow (BF) and Blood Volume (BV) are reduced in 
both PDAC and MFCP, but the extent of reduc-
tion is greater in PDAC than in MFCP [6, 12].

Magnetic resonance imaging (MRI) is found 
to be 90%–100% accurate in detection of PDAC 
due to its superior contrast resolution [1, 13]. It 
mainly serves as a problem-solving tool in inde-
terminate CT findings. 2D and 3D MRCP help in 
accurate ductal evaluation. PDAC is hypointense 
on T1 and shows variable signal on T2-weighted 
(T2W) sequences depending on the extent of 
fibrosis [14]. Tumor enhances less than pancre-
atic parenchyma in pancreatic parenchymal 
phase with a thin rim of greater enhancement 
around the tumor with progressive enhancement 
of tumor in the subsequent phases.

Diffusion-weighted imaging (DWI) may be 
instrumental in detection of smaller tumors 
(Fig. 14.2). Liver and peritoneal metastases from 
PDAC are best visualized on T2W image and 
DWI [3]. It can aid in screening of patients with a 
high risk of pancreatic malignancy, in differenti-
ating PDAC from mass-forming pancreatitis 
[15]. ADC values can be used for prognostication 
and also serve as a marker of response to chemo-
therapy [16, 17].

Endoscopic ultrasound (EUS) is complimen-
tary to CECT and is especially useful for detec-
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a

c d

b

Fig. 14.2 A 55-year-old male with jaundice. (a) Oblique 
coronal image of CT shows slightly bulky ampulla with a 
small equivocal isoenhancing mass in the periampullary 
region due to inadequate duodenal distension. MRI (b) 

T2W image depicts a hyperintense mass (red arrows) 
which is best delineated on diffusion-weighted image (c) 
with diffusion restriction on ADC map (d)

tion of small tumors (as small as 2–3 mm) [1, 18]. 
EUS has the highest accuracy for assessment of 
regional lymphadenopathy associated with the 
tumor with EUS-guided fine-needle aspiration 
for sampling [3]. PDAC appears as a heteroge-
neously hypoechoic lesion on EUS with an ill- 
defined margin. However, EUS is limited by 
operator dependence and longer learning curve, 
and it cannot be used for evaluation of distant 
metastasis due to its narrow field of view.

Fluorodeoxyglucose positron emission tomog-

raphy (FDG-PET) CT or MR can also be used to 
detect PDAC as it shows an intense uptake of 
FDG along with detection of small metastasis. 
However, false positives due to inflammation and 
false negatives due to physiological uptake in the 
bowel in periampullary carcinoma may occur [1].

14.3.2  Staging of Pancreatic Ductal 
Adenocarcinoma

Staging of PDAC is aimed to identify candidates 
of surgical resection as only R0 (complete) resec-
tion can improve survival. Pancreatic protocol 
CT is ideal for assessment of resectability of 

PDAC.  Staging should be performed <4  weeks 
before surgery and prior to CBD stenting. MRI 
with DWI can be useful for isoattenuating lesions 
on CT and for assessing indeterminate liver and 
peritoneal metastasis. Biopsy is usually not 
required in resectable disease but is necessary in 
cases requiring neoadjuvant therapy [19, 20].

The two commonly used staging systems of 
PDAC include tumor, node, and metastasis 
(TNM) staging based on “American Joint 
Committee on Cancer (AJCC)” and “National 
Comprehensive Cancer Network (NCCN)” stag-
ing systems. AJCC staging is mainly used to 
determine prognosis and long-term survival of 
the patients, whereas NCCN staging is used for 
planning of treatment [3, 19, 20].

In TNM staging, the locoregional peripancre-
atic lymph nodes which are resected during sur-
gery are included under N stage, whereas 
involvement of para-aortic lymph nodes and the 
nodes outside the lymphatic drainage pathway 
are considered under M stage [3, 19].

The NCCN staging is based on the “American 
Hepato-Pancreatico-Biliary Association” con-
sensus report. Resectability of PDAC mainly 
depends on:
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 1. Distant metastases: Presence renders the 
tumor unresectable.

 2. Major vascular involvement like superior 
mesenteric artery, celiac axis with/without 
aortic involvement, superior mesenteric vein, 
and portal vein.

In the absence of metastasis, NCCN classifies 
PDAC into three main categories: resectable, 
borderline resectable, or unresectable/locally 
advanced stages based on vascular (arterial and 

venous contact) involvement (Figs.  14.3 and 
14.4) and location of tumor. The extension of the 
tumor to adjacent visceral structures is not an 
absolute contraindication for resection of the 
tumor as they can be removed along with the pri-
mary tumor (Fig. 14.5) [20–23].

A structured reporting template for evaluation 
of PDAC can help improve the accuracy of stag-
ing by imaging. It should include morphological 
evaluation, evaluation of arterial and venous 
involvement along with mention of arterial vari-

a b c

Fig. 14.3 Image showing arterial tumor contact: (a) ≤180-degree contact without deformity: vessel abutment. (b) 
>180-degree contact without deformity: vessel encasement. (c) Tumor contact with deformity

a

c d

bFig. 14.4 Image 
showing vein tumor 
contact: (a) ≤180-degree 
contact without 
deformity. (b) 
>180-degree contact 
without deformity. (c) 
≤180-degree contact 
with deformity. (d) 
Teardrop deformity
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a b

Fig. 14.5 A 59-year-old male with adenocarcinoma in 
the tail of the pancreas on CT (a, b). Hypoenhancing mass 
(red arrow) is causing splenic hilar involvement with inva-

sion of splenic vessels leading to splenic infarcts (yellow 
arrow) and infiltrating posterior wall of the stomach

Table 14.2 Differences between MFCP and PDAC

MFCP PDAC
Duct dilatation +,

Irregularly 
dilated MPD 
with strictures

+++,
Smooth 
dilatation of 
the obstructed 
MPD

Pancreatic 
calcification, 
pancreatic ductal 
calculi

Common Rare

Pancreatic duct 
width to total 
gland ratio

<0.5 >0.5

Duct-penetrating 
sign

+ −

Duct interruption 
sign

− +

Corona sign − +

Duct attraction 
sign

+ −

CT perfusion Low BV and 
BF

BV and BF 
even lower 
value than 
MFCP

DWI No diffusion 
restriction

Diffusion 
restriction +

IVIM D and D* 
lower
F value higher

D and D* 
higher
F value lower

ants, and extrapancreatic involvement including 
liver and peritoneal metastasis, ascites, locore-
gional invasion, and involvement of lymph nodes 
[19, 22–24]. Reader should refer to NCCN crite-
ria for detailed discussion on resectability of 
PDAC [21, 22].

14.3.3  Differential Diagnosis

Imaging mimics of PDAC include other pancre-
atic pathologies with solid morphology. Features 
favoring a diagnosis other than adenocarcinoma 
include hyperenhancement, lack of significant 
duct dilatation, large size (>5  cm), and intrale-
sional ducts or cysts [25].

14.3.3.1  Mass-Forming Chronic 

Pancreatitis

Focal chronic pancreatitis may have a mass-like 
appearance and is associated with dilatation of 
MPD. However, the dilated duct in chronic pan-
creatitis is irregular with strictures in contrast to 
smoothly dilated obstructed duct in PDAC. Other 
features like pancreatic calcifications and pancre-
atic ductal calculi are common in MFCP than 
PDAC.  Differences between MFCP and PDAC 
are outlined in Table 14.2. Pancreatic “duct width 
to total gland ratio” of >0.5 is suggestive of 
PDAC [3]. Nevertheless, PDAC may be associ-
ated with chronic pancreatitis where the distinc-
tion further becomes difficult. The most specific 
sign for differentiating MFCP from PDAC is 
“duct-penetrating sign” on MRCP [26]. It refers 

to a stenotic or normal MPD penetrating the mass 
and is seen in MFCP rather than PDAC.  If the 
pancreatic mass completely obstructs and causes 
dilatation of the upstream duct, it is referred to as 
“duct-interruption sign” and is seen in PDAC. 
“Corona sign” is also positive in PDAC and refers 
to the absence of any dilated side branches of the 
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obstructed MPD within the mass. “Duct- 
interrupted” sign and “corona sign” are highly 
specific for PDAC [27]. “Attraction” sign is posi-
tive in MFCP, refers to the presence of dilated 
CBD near the pancreatic mass, and is relatively 
specific for MFCP (Fig. 14.6).

14.3.3.2  Autoimmune Pancreatitis

Focal forms of autoimmune pancreatitis (AIP) 
are difficult to differentiate from PDAC. However, 
few imaging features of AIP are absent in PDAC, 
as detailed in Table  14.3. AIP causes long seg-
ment irregular narrowing of the pancreatic duct 
rather than cut-off and upstream dilatation. 
Serum markers like IgG4 and antibodies like 
ALA, ACA II, ASMA, and ANA are elevated in 
AIP.  Fine-needle aspiration may be useful, but 
the patchy nature of AIP may make pathological 
evaluation inadequate. A trial of corticosteroid 
therapy serves as a diagnostic and therapeutic 
tool as AIP shows excellent response to steroids 
[3, 4, 25, 28, 29].

14.3.3.3  Miscellaneous

Groove pancreatitis appears as a sheet-like mass 
in pancreaticoduodenal groove. However, in con-
trast to PDAC, it does not show dilatation of 
MPD and has other features like small intrale-

sional ducts or cysts and cystic dystrophy in the 
duodenal wall (Fig. 14.7) [3].

Rarely pancreatic ductal adenocarcinoma may 
arise in IPMN (more frequently in the main duct 
than in branch duct IPMN) and pose a diagnostic 
dilemma on imaging. The concerning features of 
malignancy in IPMN include obstructive jaun-
dice in cystic neoplasm, enhancing mural nodule 
≥5  mm, and main pancreatic duct diame-
ter ≥10 mm [25].

14.3.4  Treatment and Prognosis

Complete surgical resection with adjuvant ther-
apy is the best cure. However, less than 20% of 
the tumors are resectable on diagnosis. Whipple 
procedure (pancreaticoduodenectomy) is the 
surgery of choice for curative resection. 
Chemotherapy and/or radiotherapy can be used 
in  locally advanced tumors which are not ame-
nable to surgery or tumors with distant metasta-
sis [3].

PDAC is the fourth leading cause of cancer- 
related deaths. It has a very poor prognosis with 
1-year survival rate of <20% and 5-year survival 
rate of <5%. The post-surgical 5-year survival 
rate is only 20% [1]. Patients with distant metas-

a b c

Fig. 14.6 Schematic showing—(a) Duct interruption 
sign: The mass in the head of the pancreas is causing com-
plete cut-off of the pancreatic duct with upstream smooth 
dilatation (positive in adenocarcinoma). (b) Corona sign: 
Dilated side branches of the obstructed pancreatic duct are 
outside the mass (positive in adenocarcinoma). (c) Duct 

penetration and attraction sign: Positive in mass-forming 
chronic pancreatitis. Duct-penetrating sign: Stenotic 
MPD is penetrating the pancreatic mass. Attraction sign: 
presence of CBD near the mass with CBD stricture and 
upstream dilatation. M: pancreatic mass
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a b

Fig. 14.7 A 39-year-old male with abdominal pain and 
vomiting depicting features of groove pancreatitis on CT. 
(a) Axial image shows few cystic areas in pancreatico- 

duodenal groove (red arrows) with (b) inflammatory 
changes extending into the duodenal wall causing its ste-
nosis (yellow arrow)

Table 14.3 Differences between autoimmune pancreatitis and PDAC

Autoimmune pancreatitis PDAC
Types Focal, diffuse Focal mass
Appearance:
Sausage-shaped enlargement of 
the pancreas

Present Absent

Hypodense/T2 hypointense rim 
(halo)

Present Absent

Enhancement pattern Hypo-enhancing but shows prolonged 
enhancement on the delayed phase

Hypo-enhancing, no delayed 
enhancement

Duct involvement Diffuse/long segment irregular narrowing of 
the MPD and compression or narrowing of 
distal CBD secondary to swelling of the 
pancreas

Cut-off of the duct with 
dilatation of the upstream duct

Serum/tumor marker Elevated IgG4 Elevated CA-19-9
Extrapancreatic manifestations- 
inflammatory pseudotumors

Present Absent

Treatment Steroids Surgery: only curative treatment, 
chemoradiotherapy in 
unresectable cases

Response to steroids (serial 
imaging 2–4 weeks after 
initiation of steroid therapy)

Complete resolution: diagnostic Partial or no resolution

tasis do not show significant improvement in 
survival or quality of life even with chemother-
apy [3].

14.4  Pancreatic Neuroendocrine 
Tumors

Pancreatic neuroendocrine tumors (PNETs) 
account for 1%–5% of all pancreatic tumors. 
They are classified under gastroenteropancreatic 
NETs according to the World Health Organization. 
They originate from pluripotential stem cells in 
ductal epithelium [1, 30]. Pathologically these 

tumors show uniform nuclei, clear cytoplasm, 
and secretory granules which stain positive for 
chromogranin A and neuron-specific enolase. 
Most cases are sporadic, but syndromic associa-
tion with multiple endocrine neoplasia type 1 
(MEN 1), neurofibromatosis type 1, von Hippel- 
Lindau syndrome (VHL), and tuberous sclerosis 
is seen [1].

PNETs can be functioning or non-functioning 
based on the presence of hormone overproduc-
tion [3]. They are further divided according to 
their specific hormone production and differ 
in  location and clinical features as detailed in 
Table 14.4.
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14.4.1  Imaging Features

NETs associated with syndromes like MEN 1 
and VHL tend to be multiple in number. 
Functioning tumors (15%–52%) manifest at a 
small size as they become symptomatic earlier, 
whereas non-functioning tumors present when 
they become large in size and cause symptoms 
mainly related to their mass effect [1, 3].

Dual-phase CT and MRI form the principal 
imaging modalities for detection and staging of 
PNETs. Small tumors are usually homogeneous, 
solid, and hyperenhancing on CT, whereas larger 
ones may show necrosis and cystic degeneration 
with calcification seen in up to 20% of PNETs 
[1, 31].

The diagnostic feature of NETs is their avid 
arterial enhancement due to the presence of rich 
vascular supply which is homogeneous in small 
tumors (<2  cm), whereas larger tumors show a 
heterogeneous pattern of enhancement which 
may be more pronounced peripherally, thereby 
appearing as a ring-like pattern. On the portal 
venous phase, the tumors may remain hyperen-
hancing or show iso- or hypoattenuation com-
pared to the rest of the pancreas (Figs. 14.8, 14.9, 
and 14.10) [1, 3]. Metastasis to regional lymph 
nodes and liver can occur.

PNETs may be well-differentiated tumors 
(grade 1–3) or poorly differentiated neuroendo-
crine carcinoma (small or large cell type) or 

mixed endocrine non-endocrine neoplasms. 
Poorly differentiated carcinomas show features 
like local spread, retroperitoneal invasion, vascu-
lar infiltration with tumor thrombosis, significant 
lymphadenopathy, and distant metastasis with 
more prevalence of central necrosis and calcifica-
tions (Fig. 14.11). Lymph nodes and metastases 
show similar hyperenhancement pattern as the 
primary PNET [6, 32].

Indium 111 octreotide SPECT/CT: Indium 
111-radiolabeled octreotide is a somatostatin 
analogue and is taken up by somatostatin recep-
tors 2 and 5 which are found in most of the 
PNETs except for insulinoma. Therefore, it is 
very useful for detection of PNETs (except insu-
linoma) with a sensitivity of 90% and specificity 
of 80% [1, 33]. Another advantage is scanning of 
the whole body for detection of metastasis and 
other small tumors.

Gallium 68 DOTATATE PET/CT: Gallium 
68 is a somatostatin receptor analogue like 
indium 111. Gallium 68 has a shorter half-life 
and therefore results in lesser radiation dose to 
the patient. In addition, PET/CT helps provide 
better speed and resolution compared with 
gamma camera of SPECT/CT.  Owing to its 
superior accuracy, it has become a new refer-
ence standard for evaluation of PNETs and their 
metastases [34].

a b

Fig. 14.8 Dual-phase contrast-enhanced CT in a 25-year- 
old female with recurrent episodes of hypoglycemia and 
pancreatic insulinoma. (a) Arterial phase shows an avidly 
enhancing mass lesion in the uncinate process of the pan-

creas (red arrows). (b) In the venous phase, the mass 
becomes isodense without any contour bulge and has the 
potential to be missed, if only venous phase imaging is 
done
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a

c

b

d

Fig. 14.9 A 35-year-old male with suspected insulinoma. 
(a) A small hypoenhancing mass lesion is seen in the arte-
rial phase (red arrows) which demonstrates progressive 
enhancement on venous phase (b). Diffusion-weighted 
imaging (c) delineates the lesion well with diffusion 

restriction on ADC map (d) and increases the diagnostic 
confidence in lesions with atypical enhancement patterns. 
Enucleation was done, and histopathology confirmed 
insulinoma

a

c d

b
Fig. 14.10 Multiphasic 
CT in a 45-year-old 
female with upper 
abdominal pain and 
multiple gastrinomas. 
Arterial phase: (a) axial 
and (b) sagittal images 
showing multiple avidly 
enhancing nodular 
masses along the pylorus 
and proximal duodenum 
in Passaro’s triangle. 
Venous phase: (c) axial 
and (d) sagittal images 
showing progressive 
enhancement of masses 
(yellow arrows) along 
with multiple arterially 
enhancing liver 
metastases (red arrows)
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a

c d

b

Fig. 14.11 A 58-year-old female with abdominal pain 
and jaundice for 2  months. (a) Axial section, arterial 
phase demonstrates a large infiltrating tumor depicting 
arterial enhancement with few cystic areas, encasing com-
mon hepatic artery, invading main portal vein (MPV), 
extending into the retroperitoneum in the aortocaval 
region. (b) Venous phase, axial image shows a dilated 

main pancreatic duct (yellow arrow) with distal pancreatic 
atrophy and lipomatosis. (c) Coronal image confirming 
MPV invasion (black arrow) with CBD stent in situ. (d) 
Axial maximum intensity projection image depicts multi-
ple gastroepiploic collaterals (green arrows). Biopsy was 
suggestive of neuroendocrine carcinoma

FDG PET/CT: It is useful for evaluation of 
poorly differentiated NETs which are usually 
negative on octreotide scan. These tumors have a 
high proliferation rate and therefore show the 
increased uptake of FDG PET.  Well-
differentiated NETs on the other hand usually do 
not show avid uptake due to their low cellular 
proliferation [1].

14.4.2  Differential Diagnosis

NETs should be differentiated from the rest of the 
pancreatic tumors with the main differential being 

metastasis from renal cell carcinoma (RCC), 
intrapancreatic accessory spleen (Fig. 14.12), or 
PDAC as detailed in Table 14.5 [3].

14.4.3  Treatment and Prognosis

Treatment is based on the type of NET and 
involves surgical resection. Chemotherapy may 
be required in non-functioning NETs. Prognosis 
is better than pancreatic ductal carcinoma with 
good post-operative and post-chemotherapy 
response.
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a b

Fig. 14.12 Incidental intrapancreatic spleen in the tail of 
the pancreas on CT. (a) Arterial and (b) venous phases 
showing an enhancing lesion in the tail of the pancreas 

(white arrows). Lesion shows enhancement similar to the 
spleen in both phases. Note the patient had chronic liver 
disease

Table 14.5 Differences between pancreatic NET and pancreatic ductal adenocarcinoma [1]

Pancreatic NET Pancreatic ductal adenocarcinoma
Post-contrast 
enhancement

Hyperenhancing Hypoenhancing compared to rest of 
the pancreas

Calcification Common (20%) Rare (2%)
Vessel involvement Vascular infiltration with tumor thrombosis in 

cases of malignant NET
Vessel encasement

Obstruction of MPD 
± CBD

Less common Common

Cystic/necrotic 
degeneration

Common Rare

14.5  Pancreatoblastoma

Pancreatoblastoma is the most common primary 
pancreatic neoplasm of childhood and accounts 
for 0.2% of all pancreatic neoplasms [1]. Young 
children (mean age: 5 years) are usually affected 
with a male predisposition. One third of the cases 
have elevated alpha-fetoprotein levels. Syndromic 
association with Beckwith-Wiedemann syn-
drome has been described [1, 35, 36].

14.5.1  Imaging Features

Pancreatoblastomas are slow growing and pres-
ent as large solitary abdominal masses with most 
tumors located in the head (50%). On ultrasound, 
they appear as hetero-echoic masses with multi-
septated hypoechoic cystic areas secondary to 
hemorrhagic changes and cystic degeneration. 
Pancreatoblastomas associated with Beckwith- 
Wiedemann have predominant cystic appearance. 

On CT, they appear as heterogenous multilocu-
lated mass with enhancing internal septations. 
Calcifications may be present in a rim-like or 
clustered pattern.

Despite being large in size, they rarely cause 
obstruction of the duodenum or biliary tree 
because of their gelatinous consistency. 
Complications include vascular encasement 
and local lymphadenopathy. The liver is the 
most common site of distant metastasis fol-
lowed by the lymph nodes, lung, bone, poste-
rior mediastinum, peritoneum, and omentum 
[1, 35, 36].

14.5.2  Differential Diagnosis

Large tumors with a suspicious organ of origin 
call for consideration of other embryonal tumors 
such as hepatoblastoma, nephroblastoma, and 
neuroblastoma. Biopsy is often necessary to 
make a definitive diagnosis.

14 Approach to Solid Pancreatic Tumors
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14.5.3  Treatment and Prognosis

Complete surgical resection forms the mainstay 
of management. Follow-up imaging and long- 
term surveillance are required as 14% tumors 
progress even after resection. Pancreatic body 
and tail tumors are difficult to excise completely 
and therefore carry a poor prognosis [1].

14.6  Pancreatic Lymphoma

Pancreatic lymphoma can be primary or second-
ary (more common). It is a B-cell non-Hodgkin 
lymphoma in most cases. Secondary lymphoma 
is usually the result of direct extension from 
involved peripancreatic lymph nodes. Primary 
pancreatic lymphoma (PPL) is rare accounting 
for 0.5% of pancreatic neoplasms and <2% of 
extranodal lymphomas. It is defined when pan-
creatic lymphoma is associated with only 
locoregional lymphadenopathy, absence of 
other lymphadenopathy, normal leukocyte 
count, and no hepatic or splenic involvement 
[37]. Secondary lymphoma is associated with 
extensive locoregional and systemic 
lymphadenopathy.

Mid-aged patients between 35 and 75 years 
of age (mean age: 55 years) and immunocom-
promised patients are more commonly affected 
with male predilection (male/female: 7:1). 
Patients present with non-specific clinical fea-
tures like abdominal pain, mass, and weight 
loss [1, 3].

14.6.1  Imaging Features

Pancreatic lymphoma may manifest in two forms: 
[1] Focal well-circumscribed mass/masses and 
[2] diffuse form. The focal form usually affects 
the pancreatic head and has a large size at presen-
tation (mean: 8 cm). It often extends to extrapan-
creatic regions and does not respect any anatomic 
boundaries. It appears hypodense on 
CT.  Calcifications and necrosis are not present 
and can be used to exclude the diagnosis. 
Differences between pancreatic lymphoma and 
PDAC are detailed in Table 14.6. It causes no or 
only mild dilatation of upstream MPD and affects 
CBD more than MPD (Fig.  14.13). These are 
hypointense on T1W and intermediate/hyperin-
tense on T2W images, hypoenhancing with sig-
nificant diffusion restriction indicating high 
cellularity.

Diffuse Involvement occurs as poorly defined 
infiltrative mass causing enlargement of the pan-
creas and needs to be differentiated from AIP. It 
appears hypointense on both T1W and T2W 
sequences with near homogeneous post-contrast 
enhancement. Histopathological evaluation is 
usually required for a definitive diagnosis.

14.6.2  Differential Diagnosis

PDAC and PNET are the main differentials of 
pancreatic lymphoma. Faint post-contrast 
enhancement, absence of necrosis, and calcifica-
tion are features differentiating it from PNET.

Table 14.6 Differences between pancreatic lymphoma and PDAC

Pancreatic lymphoma PDAC
Age, size Mean age: 55 years, large size (mean: 8 cm) Usually >60 years (rare before 

30 years), mean size (3 cm)
Duct cut-off with 
dilatation of MPD

Non-significant Marked

Lymphadenopathy Bulky, non-locoregional, common below the 
level of the renal vein

Locoregional lymphadenopathy 
present

Respect for anatomic 
boundaries

Absent, infiltrates retroperitoneum, upper 
abdominal organs, and the gastrointestinal tract

Present

Vascular invasion Less common More common
Necrosis Absent May be present
Calcification Absent May be present
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a b

Fig. 14.13 Pancreatic lymphoma on CT in two different 
patients. (a) A 57-year-old male with PPL with multifocal 
hypodense masses (red arrows) encasing splenic artery 
without narrowing with the absence of other systemic 
involvement and mild peripancreatic lymphadenopathy. 

(b) Secondary pancreatic lymphoma with diffuse involve-
ment of the pancreas with retroperitoneal lymphadenopa-
thy (yellow arrow) with ascites. Note the absence of 
pancreatic duct dilatation in both cases

14.6.3  Treatment and Prognosis

Treatment includes chemotherapy, and surgery is 
often not required. Prognosis is better than PDAC 
because of its good response to chemotherapy.

14.7  Metastases to the Pancreas

Metastases to the pancreas account for 2%–5% 
of the malignant tumors of the pancreas. The 
most common primary sites include RCC and 
carcinoma lung followed by breast carcinoma, 
colorectal carcinoma, and melanoma. The 
patients present with non-specific clinical fea-
tures with 50%–83% of the patients being 
asymptomatic at presentation [1, 3, 38]. The 
time interval between the diagnosis of primary 
tumor and detection of metastasis in the pan-
creas is generally <3  years. RCC metastasis, 
however, usually presents 6–12  years after 
nephrectomy [39].

14.7.1  Imaging Features

Pancreatic metastasis can occur in solitary (50%–
70% cases), multifocal (5%–10%), and diffuse 
(15%–44%) patterns. The average size at diagno-
sis is 4.6 cm [3]. They may show varied appear-

ances on ultrasound or CT and are usually T1W 
hypointense and T2W hyperintense. The 
enhancement characteristics of the metastases 
resemble those of the primary tumor (Fig. 14.14). 
Metastases from RCC are well defined and show 
hyperenhancement with the central necrotic core 
[1, 3, 39, 40].

14.7.2  Differential Diagnosis

Pancreatic metastasis from RCC may mimic 
PNETs as both show hyperenhancement with 
central necrotic degeneration. Hypovascular 
metastasis from the lung, colon, and breast needs 
to be differentiated from PDAC especially if they 
are solitary. The past medical history of malig-
nancy may help [1, 39].

14.7.3  Treatment and Prognosis

Surgical resection of pancreatic metastasis can be 
carried out in patients with long disease-free 
interval between resection of primary tumor and 
development of metastasis or in those where 
metastasis is confined only in the pancreas. About 
80% of the patients with RCC do not show any 
other organ involvement. The prognosis is favor-
able than PDAC [1, 39].
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a b

Fig. 14.14 Contrast-enhanced CT in a 6-year-old female 
with an asymptomatic solitary pancreatic metastasis that 
developed 3 years after the treatment of primary rhabdo-
myosarcoma (RMS) in leg. (a) Coronal image depicting 

the primary RMS in the leg (red arrows). (b) Axial image 
of follow-up CT showing pancreatic metastasis (yellow 
arrow). Note the absence of ductal dilatation despite the 
significant size of the mass

14.8  Solid Pseudopapillary Tumor

Solid pseudopapillary tumor (SPT) accounts for 
1%–2% of all pancreatic tumors. It is a benign 
exocrine tumor of the pancreas occurring in 
young adults. It most commonly affects females 
with female-to-male predilection of 9:1. 
Gradually enlarging abdominal mass and vague 
abdominal pain are the usual clinical complaints 
or are asymptomatic (15%) [1, 3].

14.8.1  Imaging Features

The most common location of tumor is in the 
pancreatic tail followed by the head; the tumor is 
typically large in size (mean size −9  cm) and 
slow growing [1, 41]. Metastases are uncommon 
(7%–9%). The most common site of metastasis is 
the liver followed by the omentum and perito-
neum [1].

Smaller SPTs (<3  cm) appear completely 
solid, whereas larger lesions are mixed solid- 
cystic [42]. Hallmark feature of SPT is internal 
hemorrhage and cystic degeneration, owing to 
the presence of fragile vascular network, best 
seen on MRI where subacute hemorrhage in 
the tumor is T1 hyperintense with variable sig-
nal on T2WI (Fig. 14.15). Chronic hemorrhage 
appears hypointense on both T1- and 

T2-weighted sequences. Few cases (10%–
18%) may show fluid-fluid levels due to the 
hematocrit effect [1, 43].

SPTs have a thick fibrous pseudocapsule 
which appears hypodense on CT and hypoin-
tense on T1W and T2W sequences [3]. Peripheral 
calcification may be present in 30% cases [43]. 
SPTs show heterogeneous post-contrast 
enhancement with enhancing solid areas pre-
dominantly located in the periphery and cystic 
spaces located in the center [3]. There is a pro-
gressive increase in enhancement on the portal 
venous phase, but it usually remains less than the 
normal pancreas [1, 44].

14.8.2  Differential Diagnosis

Cystic PNETs are the main differential diagno-
sis of SPTs with differences outlined in 
Table 14.7.

14.8.3  Treatment and Prognosis

Complete surgical resection is usually curative 
with excellent prognosis [1]. Tumors undergo-
ing malignant degeneration are called “solid 
pseudopapillary carcinomas” and may occur in 
older patients with male predilection [3].
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a b c

Fig. 14.15 MRI in a 19-year-old female with abdominal 
pain and a cystic lesion detected on ultrasound. (a) Axial 
T2-weighted image shows a T2 hyperintense cystic lesion 
(arrow) with multiple T2 hypointense septations. (b) 
Axial pre-contrast T1W image shows internal T1 hyperin-

tensity in the lesion due to hemorrhage. (c) Post-contrast 
T1WI in the venous phase showing no enhancement of 
septations with minimal peripheral enhancement. Surgical 
resection followed by histopathology confirmed solid 
pseudopapillary tumor

Table 14.7 Differences between SPT and cystic NET of 
the pancreas [1, 3]

SPT Pancreatic NET
Age at 
presentation

Mean age: 
25 years

Rare before 
30 years

MRI signal 
intensity

Hyperintense on 
T1-weighted 
sequence owing 
to the presence 
of hemorrhage

Hypointense on 
T1-weighted 
imaging

Post-contrast 
enhancement

Progressive 
heterogenous 
post-contrast 
enhancement of 
the peripheral 
solid areas; 
enhancement 
usually remains 
less than that of 
the surrounding 
pancreatic 
parenchyma

Diffuse or ring 
hyperenhancement

14.9  Miscellaneous Neoplasms

One of the rare neoplasms (1%) of the pancreas is 
acinar cell carcinoma (ACC). Excess production 
of lipase by the tumor can lead to “lipid hyperse-
cretion syndrome” which manifests as 
 “subcutaneous fat necrosis, bone infarcts and 
polyarthritis.” It predominantly involves uncinate 
process and head of the pancreas with a mean 
size of 7 cm. Calcification in ACCs (50%) may 
be either in peripheral or central stellate patterns. 
A well- defined enhancing capsule is present 

around the tumor in 60% of the cases with dis-
continuation or infiltration at places, a feature 
lacking in PDAC and PNET. Central necrosis is 
present in 80% of the cases, a feature rare in 
PDAC and present in 18% of the functional 
PNETs. Macroscopic hemorrhage has not been 
reported in ACC, a feature distinguishing it from 
SPT [1, 3].

14.10  Summary

Imaging plays a fundamental role in the manage-
ment of solid pancreatic tumors with newer 
advances like dual-energy CT and CT perfusion 
further helping in improved detection, staging, 
post-operative evaluation, and prognostication. 
Adequate dual-phase pancreatic protocol and 
structured reporting format are important for 
optimal evaluation of resectability. CT forms the 
work horse for assessment, but multimodality 
imaging approach is of paramount importance in 
indeterminate cases.
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15Approach to Cystic Pancreatic 
Lesions

Martina Borzi, Clizia Gasparini, 
Maria Chiara Ambrosetti, and Giulia A. Zamboni

15.1  Introduction

Pancreatic cystic lesions (PCLs) are a large group 

of pancreatic lesions with different demographi-

cal, morphological, histological, and clinical 

characteristics.

The prevalence of PCLs is about 2.6% and 

increases with aging: the reported prevalence is 

25% in the eighth decade and 37% in the ninth 

decade.

They are increasingly common incidental 

findings in asymptomatic patients undergoing 

imaging examinations for diseases unrelated to 

the pancreas.

PCLs are found in 2.6–3% of patients under-

going abdominal computed tomography (CT) [1] 

and in up to 49% of patients undergoing abdomi-

nal magnetic resonance imaging (MRI) for non- 

pancreatic indications.

Up to 50% of the patients may report mild or 

vague symptoms like abdominal pain or bloating, 

but generally they are unlikely to be directly 

related to the PCL [2].

PCLs represent a heterogeneous group of 

lesions that include two of the three known pre-

cursors of pancreatic cancer: intraductal papillary 

mucinous neoplasms (IPMN) and mucinous cys-

tic neoplasms (MCNs). Approximately 8% of 

pancreatic cancers arise from these lesions, so 

careful surveillance and timely surgery represent 

an opportunity for early curative resection [3].

The standard workup of newly diagnosed 

PCLs starts from evaluating symptoms sugges-

tive of malignancy, e.g., jaundice or significant 

weight loss. It continues with imaging evaluation 

with gadolinium-enhanced MRI with magnetic 

resonance cholangiopancreatography (MRCP) or 

pancreatic protocol CT.

After detecting a cystic lesion, it is essential to 

differentiate between a non-neoplastic cyst, most 

commonly a pseudocyst, and a neoplasm. 

Knowing the clinical history of the patient is vital 

because pseudocysts are most common in patients 

with a previous history of acute or chronic pan-

creatitis, abdominal trauma, or stone disease. 

With no history of pancreatitis, trauma, or stone 
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Table 15.1 Classification of pancreatic cystic lesions [9, 10]

Epithelial non-neoplastic Epithelial neoplastic

Mucinous non- neoplastic cyst Intraductal papillary mucinous neoplasm

Lymphoepithelial cyst Serous cystic adenoma (microcystic

oligocystic/macrocystic)

Paraampullary duodenal wall cyst VHL-associated serous cystic adenoma

Retention cyst Mucinous cystic neoplasm

Congenital cyst (in malformation syndromes) Cystic neuroendocrine tumor G1–G2

Endometrial cyst Serous cystadenocarcinoma

Acinar cell cystadenoma

Cystic acinar cell carcinoma

Cystic metastatic epithelial neoplasm

Solid pseudopapillary neoplasm

Accessory-splenic epidermoid cyst

Cystic hamartoma

Cystic teratoma (dermoid cyst)

Cystic ductal adenocarcinoma

Cystic pancreatoblastoma

Others

Non-epithelial non-neoplastic Non-epithelial neoplastic

Pancreatitis-associated pseudocyst Benign non-epithelial neoplasm (e.g., lymphangioma)

Parasitic cyst Malignant non-epithelial neoplasms (e.g., sarcomas)

disease, the most probable option is neoplasm. 

After the clinical evaluation, diagnostic imaging 

is fundamental to identify and characterize these 

lesions and perform a differential diagnosis. 

Regarding the imaging modalities used in the 

workup of PCLs, MRI is more accurate than CT 

in defining the nature and the internal structure of 

the cyst and the relationship with the ductal sys-

tem. Endoscopic ultrasound (EUS) plays an 

important role in this diagnostic process because 

it allows for a detailed morphological study and 

fluid sampling for analysis.

Imaging features most often allow a correct 

classification and diagnosis of PCL.  This is 

enhanced by the analysis of serum tumor mark-

ers, which can be used to diagnose IPMN and 

MCN and to differentiate them from other PCLs 

or malignant transformation [4, 5].

A correct diagnosis of IPMNs and MCNs is 

especially important because these are possible 

precursor lesions to pancreatic cancer [6], and 

they can be easily identified on cross-sectional 

imaging [7]. Given that approximately 8% of 

all pancreatic cancers are believed to arise 

from these lesions, radiological surveillance 

offers an opportunity for early cancer detection 

[8].

Correct identification and characterization of 

PCLs are fundamental because the prognosis of 

these lesions is good, and the interventions are 

curative if the diagnosis is timely.

The World Health Organization (WHO) clas-

sification divides PCLs into two main classes of 

tumors based on the presence of epithelial tissue 

(Table 15.1).

A more clinically oriented classification dif-

ferentiates non-neoplastic and neoplastic cysts, 

more commonly defined as pancreatic cystic neo-

plasms (PCNs) (Table 15.2).
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Table 15.2 Main characteristics of PCLs [11]

BD-IPMN and

MD-IPMN MCN SCN Pseudocyst

Epidemiology Most common PCL

Mostly >50 years

Low male prevalence

F >> M

Fifth–sixth decade

F>M

Seventh decade

History of pancreatitis, 

middle-aged men

Location Often in the head, 

multifocal

Body and tail

Single lesion

No prevalent 

location

No prevalent location

Morphology MD: diffuse or 

segmental MPD 

dilatation without 

obstruction

BD: cysts connected to 

the MPD

Single cyst, sometimes 

with septa, mural 

nodules, or calcifications

Most frequently 

microcystic

20–30% have a 

central stellate 

scar

Unilocular with clear 

content, inside or close 

to the pancreas

Cytology Epithelial mucinous 

cells with variable 

atypia

Mucin stain +

Ovarian-type stroma, 

mucinous cells with 

variable atypia

Mucin stain +

Cubic cells

Glycogen stain 

+

Inflammatory cells, 

histiocytes, no epithelial 

cells

Fluid content High amylase,

CEA >192 ng/mL

Amylase generally low

CEA >192 ng/mL

Low amylase

CEA <5 ng/mL

Amylase >250 U/L,

CEA <5 ng/mL

MPD main pancreatic duct, BD branch duct, MD main duct, IPMN intraductal papillary mucinous cystic neoplasm, 

SCN serous cystic neoplasm, MCN mucinous cystic neoplasm, CEA carcinoembryonic antigen

15.2  Mucinous Cystic Lesions

According to the WHO classification, mucinous 

cystic lesions are divided into IPMN and 

MCN. Mucinous cystic lesions are especially sig-

nificant for their malignant potential: imaging is 

important in detecting features suggestive of 

degeneration.

15.2.1  IPMN

The WHO has defined IPMNs as intraductal pap-

illary mucinous neoplasms with tall, columnar, 

mucin-containing epithelium, with or without 

papillary projections, involving the main pancre-

atic duct (MPD) and/or branch ducts [12]. The 

prevalence of IPMNs increases with aging. The 

true prevalence of IPMN is unknown, ranging 

from 20% to 50% [13]. The most common loca-

tion is the head of the pancreas, and in 20–30% of 

cases, they are multifocal. IPMNs are most com-

monly asymptomatic and generally discovered 

incidentally in the fifth decade of life with a low 

male dominance. However, some patients may 

present with recurrent non-specific or pancreatitis- 

like symptoms such as abdominal discomfort, 

abdominal pain, nausea, and vomiting. In patients 

with associated invasive carcinoma, symptoms 

such as weight loss, diabetes, and jaundice can be 

present.

IPMNs are divided into two main types: main 

duct IPMN (MD-IPMN) and branch duct IPMN 

(BD-IPMN). When both sites are involved, they 

are defined as mixed type IPMN (MT-IPMN).

15.2.2  Pathology

Depending on the microscopic morphological 

features, four types of IPMNs can be identified: 

gastric, intestinal, pancreaticobiliary, and onco-

cytic. The gastric type derives from the branch 

ducts, while the other three types derive from the 

main duct. There is a correlation between the his-

tological background and type and the possibility 

of developing carcinoma of epithelial type.

IPMNs can be non-invasive or invasive 

neoplasms.

Non-invasive IPMNs are classified into low-/

moderate-/high-grade dysplasia, and high-grade 

dysplasia is already considered carcinoma in situ.

15 Approach to Cystic Pancreatic Lesions
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The epithelial background plays an important 

role in defining the biology and prognosis of 

invasive IPMNs.

Tubular, colloid, and oncocytic invasive 

IPMNs have varying prognoses and arise from 

different epithelial subtypes. Colloid and onco-

cytic types have improved biology, whereas the 

tubular type has a course similar to pancreatic 

ductal adenocarcinoma (PDAC) [14]. Invasive 

IPMNs are classified as IPMNs associated with 

invasive carcinoma.

Most MD-IPMNs belong to the intestinal type 

and can evolve into invasive carcinoma, typically 

of the colloid type [15]. They are generally unifo-

cal, but recent studies have demonstrated the pos-

sibility of potential synchronous or metachronous 

lesions [16].

The majority of BD-IPMNs are of gastric 

type. Gastric type is typically low grade, with a 

small percentage evolving to carcinoma. When it 

evolves into carcinoma, it is usually of tubular 

type and behaves like a PDAC [15]. The onco-

cytic type is characterized by complex arborizing 

papillae with delicate cores, oncocytic cells, and 

intraepithelial luminal formation. This type tends 

to form large lesions, relatively uncommon and 

with limited invasiveness. It has an excellent 

prognosis and a tendency for recurrence in the 

remnant pancreas years after the initial resection 

[17]. The pancreaticobiliary type is the least 

common, and it is considered the high-grade ver-

sion of the gastric type. Invasive carcinoma asso-

ciated with this type is usually tubular and 

aggressive [14].

15.2.3  MD-IPMN

Main duct IPMNs involve the main pancreatic 

duct and are most often observed in the proximal 

part of the gland (75%).

They are characterized by a dilatation of the 

duct of 1 centimeter or more because of the pres-

ence of mucus that can be found extruding from 

the ampulla.

Imaging has a central role in the detection and 

characterization of these lesions. The mucosal 

layer of IPMNs is generally thin, and when a 

nodule or a thickened portion is found, they are 

suggestive of malignant transformation, espe-

cially if enhancing after contrast administration. 

EUS can be used for the identification and defini-

tion of malignant characteristics, such as intra-

cystic structures [18]. After contrast 

administration, the accuracy in detecting mural 

nodules is 98%. Another benefit of EUS is allow-

ing cyst fluid collection with FNA, which is indi-

cated in the case of indefinite imaging findings 

[14]. Cytological cyst fluid analysis has a high 

specificity (91%) but low sensitivity (65%) in dif-

ferentiating benign and malignant IPMN.  The 

sensitivity may be increased when the cyst wall 

and solid components are sampled [19].

15.2.4  Diagnostic Imaging

At US a dilated and hypoechoic main pancreatic 

duct without a cause of obstruction is usually vis-

ible. A differential diagnosis with chronic pan-

creatitis at US may be difficult.

At CT the main duct is dilated with hypodense 

content. Solid mural nodules isodense to the rest 

of the pancreatic parenchyma and with enhance-

ment after contrast administration can be identi-

fied inside the main pancreatic duct (Fig. 15.1).

In invasive IPMNs CT can promptly assess 

lesion resectability, vessel infiltration, or pres-

ence of distant metastases.

MRI and in particular MCRP have replaced 

CT for studying and following up IPMNs.

The duct can be entirely or segmentally 

dilated, surrounded by pancreatic parenchyma 

that can be atrophic.

The duct content is hyperintense on 

T2-weighted images, while nodes and thickened 

components are hypointense and characterized 

by contrast enhancement, concerning for degen-

eration of IPMN (Fig. 15.2).

Even if endoscopic retrograde cholangiopan-

creatography (ERCP) can show with high sensi-

tivity dilatation and filling defects of the 

pancreatic ducts due to possible solid nodules, 

signs suggestive of malignancy, it is no longer 

used for imaging and is used preferentially to 

confirm the presence of mucus in the main pan-
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a b
Fig. 15.1 A 77-year-old 

man with a MD-IPMN 

without signs of 

degeneration. 

Postcontrast CT axial 

(a) and coronal (b) 

images in the arterial 

phase show dilatation of 

the whole main 

pancreatic duct (arrow)

a b

c d

Fig. 15.2 A 67-year-old 

woman with MD-IPMN 

with signs of 

degeneration. (a) 

T2-weighted image 

shows a hypointense 

solid tissue (arrow) 

inside the dilated main 

pancreatic duct. (b) In 

the arterial phase, 

enhancing the solid 

tissue is visualized 

(arrow). On DWI (c) the 

solid tissue is 

hyperintense (arrow) 

with restricted diffusion 

in the Apparent 

Diffusion Coefficient 

map (d) (arrow)

creatic duct or at the papilla and to perform 

biopsies.

The presence of mucus is considered a confir-

matory finding of IPMN.

15.2.5  BD-IPMN

BD-IPMNs are defined as a grape-like cyst 

(>5 mm) that communicates with the MPD [20]. 

BD-IPMNs account for 41–64% of IPMNs and 

can be multifocal, with a predilection for the 

uncinate process. They have a lower risk of 

malignant progression (7–42%), but their multi-

focality (40%) and high post-surgical recurrence 

rate (7–8%) are insidious elements in the choice 

of management. Multifocality has not been 

proven to increase the risk of malignancy [20] 

(Fig. 15.3).

Macroscopically the lesion is surrounded by a 

thin layer of pancreatic parenchyma and can con-

sist of a single cyst or conglomerated communi-

cating cysts separated by multiple septa. 

Dilatation of the main pancreatic duct can be 

associated because mucus obstructs the drainage 

of pancreatic juice from the upstream pancreatic 

duct. Atrophy of the pancreas may be severe. 

Similar to MD-IPMN, imaging is the first choice 

for diagnosis. At CT, US, and MRI with MRCP, 

the tumor appears as clustered small cysts with a 

lobulated margin with septa or as a single uni-

locular cyst. When a tumor is present, it is fre-

quently hardly seen because it is generally flat. At 

ERCP branch ducts are cystically dilated with 

mucin appearing as elongated bandlike strings 

and sometimes as nodular filling defects. 

Duodenal endoscopy can show thick mucus ooz-

ing through the duodenal papilla. The duodenal 
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a b
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Fig. 15.3 A 76-year-old 

woman with multiple 

BD-IPMNs without 

signs of degeneration. 

(a) T2-weighted axial 

and (b) coronal images 

with hyperintense 

dilatations of BD 

(arrow). (c) In the 

arterial phase, no 

enhancing solid tissue is 

seen inside the 

BD-IPMN (arrow). (d) 

On MRCP multiple BD 

dilatations without 

filling defects are 

visualized (arrow)

papilla protrudes into the lumen of the duode-

num, easily visible at CT or MR. A bulging duo-

denal papilla and a severe dilatation of the main 

pancreatic duct are frequent in the malignant 

form.

15.2.6  Diagnostic Imaging

The main characteristic of these tumors, such as 

MD-IPMN, is the communication with branch 

pancreatic ducts.

At US small thin-walled pancreatic cysts or 

hypoechoic ducts are visible. Polypoid mural 

nodes or mucinous luminal filling defects can be 

found, suggestive for malignancy. Mural nodes 

or mucin globules can be hyperechoic and there-

fore difficult to distinguish from the adjacent 

pancreatic parenchyma.

CT typically shows multiple hypodense pan-

creatic cystic lesions. Communication with pan-

creatic branch ducts can be difficult to 

demonstrate.

MRI most commonly shows normal paren-

chyma, with marked dilatation of the side 

branches, that appear like multiple cystic masses. 

These aspects make IPMN similar to serous cys-

tic neoplasm (SCN), and once again the commu-

nication with the main duct is discriminatory of 

BD-IPMNs (Fig. 15.4).

Solid mural nodes or wall thickenings are con-

cerning for degeneration of IPMN, especially if 

enhancing after contrast administration 

(Figs. 15.5 and 15.6).

Also, in this case, ERCP can be useful to show 

mucus slowly flowing within the ducts.

15.2.7  Differential Diagnosis

The differential diagnosis of IPMNs is based on 

the age of the patient, the clinical presentation, 

and the radiological findings [21, 22]. The most 

likely differentials include chronic pancreatitis, 

mucinous cystadenoma, serous cystadenoma 

(SCA), simple cysts, and pseudocysts [22]. Side 

branch dilatation is usually found in the head and 

uncinate process, and it is the pattern that causes 

most diagnostic difficulties [20]. This pattern is 

similar to pseudocyst, simple cyst, or serous cyst-

adenoma. EUS performed to demonstrate the 

presence of mural nodules and communication 

with the MPD and analysis of the cyst fluid for 

cytology, extracellular mucin, and 

 carcinoembryonic antigen (CEA) levels may 

help in establishing the diagnosis [23]. 

BD-IPMNs also enter into differential diagnosis 

with SCNs of the small olygocystic type. EUS-

FNA is sometimes necessary to evaluate the CEA 

level. If a very low CEA level and acellular fluid 
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a b

c d

Fig. 15.4 A 64-year-old woman with BD-IPMN without 

signs of degeneration. (a) The T2-weighted image shows 

a hyperintense mass in the head of the pancreas (arrow). 

(b) On the T1-weighted fat-suppressed image, the lesion 

is completely hypointense (arrow). (c) Postcontrast 

T1-weighted fat-suppressed image, in the arterial phase, 

shows no enhancement. (d) On MRCP the communica-

tion between BD-IPMN and the main pancreatic duct is 

visible (arrow)

a b
Fig. 15.5 A 66-year-old 

man with a degenerated 

BD-IPMN of the body 

of the pancreas. 

Axial- (a) and coronal 

(b) arterial-phase CT 

images show an 

enhancing solid 

component inside the 

lesion (arrow)

are found, these favor the diagnosis of SCN. In 

the presence of ductal dilatation, calcifications, 

and parenchymal atrophy, differentiating IPMN 

from chronic pancreatitis becomes important 

[24]. Sex, age, and lifestyle habits such as alcohol 

consumption and smoking suggest chronic pan-

creatitis, while jaundice and diabetes are sugges-

tive of malignancy. It is difficult to differentiate 

IPMNs (MD and BD) from MCNs because tumor 

cells of MCN have the same cytology as IPMN 

[25]. MCNs are more common in young asymp-

tomatic women, while patients with the malig-

nant variant may be a few years older. On the 

other side, MD-IPMN, which occurs commonly 

in the pancreatic head, can be single or multifocal 

and is more common in men [16]. Another point 

that differentiates BD-IPMN from MCNs is that 

BD-IPMNs are mainly found in the uncinate 

process.

15.2.8  Prognosis, Treatment, 
and Follow-Up Strategies

The management of MD-IPMN and BD-IPMN is 

currently based on clinical and imaging features, 

to detect promptly malignant degeneration. The 

most used guidelines for managing IPMNs are 

the Fukuoka guidelines, which recognize two 

layers of criteria to assess the possible malignant 
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c d

Fig. 15.6 A 57-year-old woman with degenerated 

BD-IPMN in the pancreatic head. (a) T2-weighted image 

shows a hyperintense lesion with internal hypointense 

solid tissue (arrow). (b) The arterial phase shows enhance-

ment of the solid tissue (arrow). (c) On DWI the solid tis-

sue is hyperintense. (d) MRCP demonstrates filling 

defects inside the BD-IPMN (arrow) and the communica-

tion of the lesion with the main pancreatic duct 

(arrowhead)

behavior of IPMNs: “high-risk stigmata” and 

“worrisome features.” High-risk stigmata are 

indicative of malignancy and include obstructive 

jaundice, enhancing solid component, and main 

pancreatic duct >10 mm.

Worrisome features are indications pointing 

toward malignancy and include cyst size ≥3 cm, 

enhancing mural nodule <5  mm, thickened 

enhanced cyst walls, MPD caliber of 5–9  mm, 

abrupt change in the MPD caliber with distal pan-

creatic atrophy, lymphadenopathy, elevated serum 

levels of carbohydrate antigen (CA)19-9 and a 

rapid rate of cyst growth >5 mm/2 years [26].

Over the years, the treatment of MD-IPMN 

has not changed: most patients with MD-IPMNs 

undergo tumor resection if they are fit for surgery 

at the time of diagnosis. In patients fit for surgery, 

the presence of one or more high-risk stigmata 

makes surgery mandatory. After resection, 

patients undergo radiological surveillance every 

6 months in case of family history of PDAC, sur-

gical margins with high-grade dysplasia, and 

non-intestinal type IPMN. Patients without these 

risk factors undergo surveillance every 

6–12 months.

Regarding BD-IPMN, their management is 

controversial and evolved over the years. After 

the Sendai consensus guidelines, the strategy has 

become more conservative in terms of surveil-

lance. Once a patient is diagnosed with a 

BD-IPMN, surveillance is recommended, with 

timing based mainly on the size of the cyst and 

its growth. MRI is the first choice to reduce radi-

ation exposure. When the size is <1 cm, patients 

should undergo surveillance every 6 months for 

the first 2 years and then every 2 years, in case of 

no pathological findings; between 1 and 2  cm 

every 6 months for the first year, yearly for the 

second year, and every 2  years after the third 

year; between 2 and 3  cm every 3–6  months, 

then yearly lifelong; and when the size is >3 cm 

every 3–6 months [9]. When one of the elements 

cited above is found, then surgery becomes the 

first choice for patients who are fit for surgery. 

The guidelines recommend surgery only in case 

of one or more high-risk stigmata or one or more 

worrisome features or one of the following find-

ings: mural nodule ≥5  mm, suspicious MPD, 

and suspicious cytology. In case of suspected 

malignancy, oncologically sound surgery should 
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be performed. In multifocal IPMNs the most 

suspicious lesions must be all removed. A total 

pancreatectomy is only recommended in the 

case of multiple worrisome features throughout 

the pancreas or post-surgical recurrence in the 

remnant pancreas. After surgery, surveillance 

follows the same timelines as MD-IPMN, basing 

the decision on the presence or not of risk fac-

tors. Around 40% of BD-IPMNs are multifocal, 

and this increases the rate of early recurrence of 

IPMN in the remnant pancreas. This is the rea-

son why lifelong surveillance should be per-

formed. A large observational study by 

Marchegiani et al. found a 5-year survival after 

resection of 77% for all IPMNs, in particular 

69% for MD-IPMN and 82% for BD-IPMN, 

with a median survival of 17 months. In the case 

of postoperative pathological diagnosis of inva-

sive IPMN, the overall survival decreases sig-

nificantly from 77% to 30–42%. All patients 

with IPMN-associated adenocarcinoma have a 

poor survival rate because at the time of diagno-

sis 53% of cases have lymph node metastases, 

58% peri-neural invasion, and 33% vascular 

invasion [27].

15.2.9  Mucinous Cystic Neoplasms

Mucinous cystic neoplasms represent about 4% 

of all PCNs. These neoplasms are mostly diag-

nosed at the age of 40–60  years, with a very 

strong female prevalence [28].

MCNs are most often located in the body-tail 

of the pancreas.

The discovery of many MCNs is incidental, if 

not the patient may present with non-specific 

symptoms such as abdominal discomfort or pain. 

Patients may suffer also from anorexia, obstruc-

tive jaundice, or weight loss, suggestive of 

malignancy.

15.2.10  Pathology

The pathogenesis of MCNs is uncertain, and 

these lesions share clinical and pathological char-

acteristics with biliary and ovarian tumors.

MCNs are defined as mucin-producing cysts 

that are surrounded by ovarian-type stroma [29]. 

Macroscopically these neoplasms can have uni-

locular or multilocular cystic architecture, with 

large cystic spaces ranging in size from one to 

several centimeters. The presence of septa is also 

common. The masses show well-defined margins 

and contain mucin or mucin with hemorrhagic 

material. The macrocystic multilocular pattern is 

the most typical, while a unilocular pattern is 

common with other cystic lesions. These tumors 

do not communicate with the pancreatic ductal 

system and have thick fibrotic walls that may 

show calcifications. The presence of mural nod-

ules or papillary projections and septa is sugges-

tive of malignancy [30].

According to the Mayo Clinic classification, 

these tumors are divided into mucinous cystade-

nomas (65% of MCNs) which contain a uniform 

single layer of benign columnar mucinous cells, 

non-invasive, proliferative MCNs (30% of 

MCNs) composed of various degrees of atypia, 

dysplasia but without tissue invasion, and muci-

nous cystadenocarcinomas characterized by stro-

mal invasion beyond the epithelium [31].

Large tumor size (>4  cm), associated with 

mural nodules, mass, eggshell calcification, 

asymmetric thickened wall, and age are risk fac-

tors for malignancy of MCNs [32].

15.2.11  Diagnostic Imaging

Given the potential for progressing to malig-

nancy, a correct diagnosis is mandatory. Cross- 

sectional imaging is unable to distinguish MCNs 

with malignant epithelium from benign ones, 

unless in case of vascular invasion, adjacent 

organ infiltration, or metastatic disease, but may 

identify signs of malignancy.

At US macrocystic multilocular lesions appear 

as defined masses, hypoechoic, with variably thin 

septa, thickened wall, and rim calcifications. On 

CT, the density of MCNs depends on their con-

tent, from mucoid to hemorrhagic fluid. The pre-

contrast scan can easily show rim calcifications. 

After contrast administration, solid components 

and septa may have delayed enhancement due to 
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a b

c d

Fig. 15.7 A 58-year-old 

woman with mucinous 

cystadenocarcinoma in 

the pancreatic tail. (a, b) 

Axial (a) and coronal 

(b) T2-weighted 

fat-suppressed images 

show a large 

multilocular cystic 

lesion with hypointense 

solid elements (arrow) 

(c). T1-weighted 

fat-suppressed image 

demonstrates hypertense 

portions due to the 

presence of mucin or 

blood (arrow). (d) Portal 

venous T1-weighted 

image shows enhancing 

soft tissue elements and 

septa (*)

a b

c d

Fig. 15.8 A 35-year-old 

woman with mucinous 

cystadenocarcinoma. (a) 

US shows a large mass 

of the pancreas adjacent 

to the spleen with a 

heterogeneous structure. 

(b) Precontrast CT scan 

demonstrates lamellar 

calcifications (arrow) 

and hyperdense portions 

due to recent bleeding 

(*). (c) Portal venous 

phase CT better 

demonstrates enhancing 

soft tissue elements 

(arrow). (d) The tumor 

invades the splenic 

parenchyma (arrow)

their fibrous composition [10]. Malignancy signs 

that can be identified on CT are walls thickened 

more than 1–2 mm, septa, rim calcifications, and 

mural nodules, which have a 95% probability of 

malignancy [30]. CT also is useful in assessing 

local invasion and metastatic disease (Figs. 15.7 

and 15.8).

MRI provides a better morphological charac-

terization of MCNs. On T1-weighted unenhanced 

images, the signal is variable, depending on the 

lesion content. On T2-weighed sequences, the 

content is hyperintense and septa hypointense. 

After contrast administration, especially in the 

portal venous phase, similar to CT, septa, mural 
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a b

c d

Fig. 15.9 A 31-year-old 

woman with mucinous 

cystadenoma in the 

pancreatic tail. (a, b) 

Axial (a) and coronal 

(b) T2-weighted images 

show a rounded 

multilocular cystic mass 

with hypointense septa. 

(c) On the T1-weighted 

fat-suppressed image, 

the mass is 

homogeneously 

hypointense. (d) Portal 

venous T1-weighted 

image demonstrates 

enhancement of thin 

septa (arrow) and the 

absence of enhancing 

soft tissue elements

nodules, and solid components can be better 

visualized [33] (Fig.  15.9). ERCP is useful for 

the visualization of the communication between 

the lesion and the pancreatic duct, important in 

the differentiation between IPMN and MCNs 

[22]. ERCP also may reveal the deformity of pan-

creatic and/or biliary ducts, a suggestive sign of 

malignancy. However, this imaging modality is 

not routinely part of the assessment of MCNs, 

because MRCP, in a non-invasive way and with 

fewer risks, can demonstrate the lack of commu-

nication with the pancreatic ductal system. EUS 

is often employed in the assessment of MCNs 

since lesion architecture and the remaining pan-

creatic parenchyma can easily be examined [34]. 

EUS findings must be correlated with clinical 

history, laboratory findings, and cross-sectional 

imaging studies to best define the tumor type. 

Furthermore, EUS allows cyst content aspiration 

and wall biopsy. MCNs’ cystic fluid aspirates 

typically show increased CEA titers and low 

amylase levels [35].

15.2.12  Differential Diagnosis

The differential diagnosis of macrocystic uniloc-

ular MCNs includes pseudocysts, oligocystic 

serous neoplasms, IPMNs, solid pseudopapillary, 

and cystic endocrine tumors. In the case of pseu-

docysts, a clinical history of pancreatitis and 

laboratory data is essential for a correct differen-

tial diagnosis [36]. Macrocystic MCNs can be 

indistinguishable from oligocystic SNCs, so in 

most cases, it is impossible to make a pre- 

operative accurate diagnosis (Fig.  15.10). 

Branch-duct IPMNs may mimic MCNs, and the 

differential diagnosis is based on the demonstra-

tion of communication with the pancreatic ductal 

system. In neuroendocrine and pseudopapillary 

tumors, the cystic component is a sign of tumor 

degeneration.

15.2.13  Prognosis, Treatment, 
and Follow-Up Strategies

All MCNs should be considered as premalignant 

conditions. As defined by the Fukuoka guide-

lines, surgical resection is recommended for all 

surgically fit patients, and the first-line surgical 

approach is typically a distal pancreatectomy, 

given the preferential MCN localization in the 

pancreatic body or tail. Parenchyma-sparing 

resections (central pancreatectomy) and distal 

pancreatectomy with spleen preservation can be 
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c d

Fig. 15.10 A 55-year-old woman with unilocular muci-

nous cystadenoma in the pancreatic tail. (a) T2-weighted 

image shows a rounded thick-walled cyst. (b) On MR 

cholangiopancreatographic image, the main pancreatic 

duct is not dilated (arrow). (c) On the T1-weighted fat- 

suppressed image, the lesion is homogeneously hypoin-

tense, and soft tissue elements are not visualized. (d) 

Portal venous T1-weighted image demonstrates faint wall 

enhancement

considered in patients with MCNs smaller than 

4  cm without mural nodules [21]. However, a 

more conservative approach has been established 

over time. According to European guidelines, 

MCNs larger than 4  cm should undergo resec-

tion. Also, symptomatic MCNs or those with 

mural nodules should be resected, regardless of 

their size. MCNs smaller than 4  cm, in the 

absence of risk features, can undergo surveil-

lance [25].

Post-resection follow-up is not strictly neces-

sary in patients with non-invasive MCNs, since 

these neoplasms usually do not recur locally or at 

a distance after complete surgical resection. On 

the other hand, patients with invasive MCN 

should be followed up with CT or MRI every 

6  months after resection, to detect local recur-

rence or metastases [37]. Five-year disease sur-

vival rate of patients with invasive MCNs is 57% 

[32].

15.2.14  Serous Cystic Neoplasm

SCNs represent about 30% of all cystic neoplasms 

of the pancreas. The mean age at diagnosis is 

62 years, with a female predilection (65%) [38].

In most cases SCNs are asymptomatic, and 

the diagnosis is incidental, these lesions being 

identified at cross-sectional imaging done for 

unrelated symptoms. Whenever present, the most 

common symptoms are abdominal discomfort 

and weight loss.

SCNs can arise in any portion of the pancreas 

but are mostly located in the head [33].

15.2.15  Pathology

The pathogenesis of SCNs is uncertain; however, 

these lesions share ultrastructural characteristics 

with normal centro-acinar cells.
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According to the WHO classification, serous 

cystic neoplasms are divided into SCA and serous 

cystadenocarcinoma, but reported cases of malig-

nancy are extremely rare, the reason why SNCs 

should be considered benign [10].

SCA may be associated with von Hippel- 

Lindau syndrome, a rare autosomal dominantly 

inherited disease caused by mutation of the tumor 

suppressor gene VHL and characterized by multi- 

organ involvement [39]. Also in sporadic SCAs, 

VHL loss of function mutations may play a role 

in tumor development [40].

SCNs are variable in size between 1 and 25 cm 

[38]. The lesions are well demarcated from the 

surrounding parenchyma and have no communi-

cation with the pancreatic ducts. These tumors 

usually are unifocal, but in von Hippel-Lindau 

disease can be multifocal and can involve the 

entire pancreatic parenchyma. Macroscopically 

SCNs may have the following patterns: micro-

cystic, macrocystic, mixed micro-macrocystic, 

and solid. The most frequent is the microcystic 

pattern (70%) characterized by a solitary multi-

cystic mass with a honeycombing architecture. 

The lesion presents a thin wall and thin multiple 

septa, in some cases oriented toward a central 

scar which is considered pathognomonic for 

SCA [41]. The central scar can present a stellate 

pattern of calcifications. In the macrocystic pat-

tern, previously also called oligocystic, the mass 

is characterized by a small number of cysts 

>2 cm, sometimes only one. In the solid variant, 

the tumor is a well-demarcated nodule with very 

small cysts and multiple thick fibrous septa. The 

mixed pattern has the characteristics of both 

microcystic and macrocystic types.

Histologically, all patterns of SNCs present 

cystic spaces lined by a cubic flat epithelium with 

clear cytoplasm glycogen-rich cells.

15.2.16  Diagnostic Imaging

The majority of SNCs are initially diagnosed 

incidentally on cross-sectional abdominal 

imaging.

In most cases, US shows a multilobulated 

mass with a honeycombing architecture due to 

the presence of multiple septa lining cystic spaces 

[35].

However, on US a microcystic pattern lesion, 

due to the proximity of septa, may simulate a 

solid pancreatic lesion. Also, sometimes, the uni-

locular macrocystic pattern could be confused 

with mucinous cystadenoma [42].

In the diagnostic evaluation of SCNs, CT is 

useful for spatial resolution, availability, and low 

cost. On unenhanced CT images, lesions with a 

microcystic pattern show lobulated margins and 

are homogeneously hypodense or isodense to the 

adjacent parenchyma with well recognizable, 

whenever present, central calcifications [42]. 

After contrast media administration, the internal 

septa exhibit contrast uptake, and the central scar 

is hypodense due to its fibrous nature, with reten-

tion of contrast in the portal and delayed phases. 

The solid variant, after contrast injection, has the 

appearance of an enhancing solid pancreatic 

mass due to its prevalence of vascularized septa 

over the cystic component; these features may 

make difficult the differentiation from neuroen-

docrine neoplasms. The macrocystic pattern 

when unilocular can be indistinguishable from 

MCNs. MRI plays a key role in the diagnosis of 

SCNs thanks to the fact that the multiplanar 

sequences and the use of contrast medium allow 

to better investigate the morphology and the con-

stitution of the lesion. In addition, the use of 

MRCP is essential to prove the lack of communi-

cation with the main pancreatic duct. Microcystic 

SCNs show a typical honeycombing architecture 

with a thin wall (less than 2 mm). The T2-weighted 

multiplanar images allow evaluating the cystic 

nature of the lesion showing a hyperintense mass 

with hypointense septa. Sometimes a hypoin-

tense central scar is visualized [42] (Fig. 15.11). 

After contrast administration, MRI provides the 

same information as CT, with enhancement of 

septa and walls. The main limit of MRI is the low 

sensitivity for calcifications, which are better 

detected with CT.  Macrocystic types are lobu-

lated cystic-like masses, hyperintense on 

T2-weighted sequences (Fig.  15.12). These 

aspects are non-specific, and MRI does not allow 

to differentiate them from MCN [43]. EUS can 

supply additional information when CT or MRI 
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a b

Fig. 15.11 A 75-year-old woman with a microcystic 

serous cystadenoma in the pancreatic head. (a) Axial 

T2-weighted image shows a lobulated cystic lesion with 

multiple hypointense septa oriented toward a central scar. 

(b) MR cholangiopancreatographic image demonstrates 

the dilation of the common bile duct (arrowhead) and the 

main pancreatic duct due to the large size of the lesion 

(arrow)

a b

c d

Fig. 15.12 A 74-year- 

old woman with 

macrocystic serous 

cystadenoma. (a) 

T2-weighted image 

shows a hyperintense 

mass with cystic spaces 

>2 cm and thin 

hypointense septa. (b) 

MRCP image 

demonstrates a regular 

and not-dilated main 

pancreatic duct (arrow). 

(c, d) After contrast 

injection on 

T1-weighted fat- 

suppressed image (c) 

and on CT (d), 

enhancement of the 

septa is visualized

does not allow a definitive diagnosis. EUS, with 

its high resolution, accurately shows every cystic 

element such as margins, wall, internal architec-

ture, and the lack of communication between the 

cyst and the main pancreatic duct. In addition, it 

is possible to perform EUS-guided FNA for cyto-

logical and biochemical analyses of cystic fluid. 

The fluid content of SCAs is colorless and watery 

(non-viscous) and shows low levels of tumor 

markers such as CEA [44].

15.2.17  Differential Diagnosis

The differential diagnosis of SCNs includes other 

cystic pancreatic lesions such as pseudocysts, 

IPMNs, and MCNs. Solid variants of SCNs may 

simulate solid neoplasms such as neuroendocrine 

tumors, pancreatic ductal adenocarcinomas, and 

solid pseudopapillary neoplasms. For unilocular 

serous cysts, the main differential diagnosis is rep-

resented by pseudocysts: for the correct diagnosis, 
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c d

Fig. 15.13 A 33-year-old woman with unilocular serous 

cystadenoma. (a) T2-weighted fat-suppressed image 

shows a smoothly marginated cyst with clear fluid con-

tent. (b) On MRCP the main pancreatic duct is regular and 

is not dilated (arrow). (c, d) On the T1-weighted fat- 

suppressed images before (c), and after contrast injection 

(d) the tumor is hypointense without septa or thickening 

of the cyst wall. Imaging features of this lesion overlap 

with those of unilocular mucinous cystadenoma

it is fundamental to investigate a clinical history of 

pancreatitis [45]. In addition, pseudocysts affect 

more often the body or the tail of the pancreas and 

on T1-weighted images may have mixed signal, 

not completely fluid. Another differential diagno-

sis of oligocystic SCNs is MCNs, but in most 

cases, these cannot be pre-operatively differenti-

ated because both can have a unilocular structure 

(Fig.  15.13). For the differential diagnosis of 

IPMNs, it is fundamental to evaluate the commu-

nication with the pancreatic duct system [46].

15.2.18  Prognosis, Treatment, 
and Follow-Up Strategies

SCNs are generally considered benign with slow 

growth and a small risk of malignancy (<3%) 

[47] so surveillance is recommended. According 

to the European guidelines, asymptomatic 

patients should be followed up for 1 year. After 

1 year a follow-up based on symptoms is recom-

mended [25]. In symptomatic patients, or when 

the differentiation from MCNs is not certain, sur-

gical resection is recommended.

The prognosis of all variants of SCN is excel-

lent, and the overall 5-year survival is almost 

100%. In the literature, the reported cases of cyst-

adenocarcinoma are exceedingly rare, and its 

biological behavior is still not clear [48].

15.2.19  Solid Pseudopapillary 
Neoplasm

Solid pseudopapillary tumors (SPNs) represent 

about 4% of pancreatic cystic lesions. A neo-

plasm with pseudopapillary characteristics was 

reported for the first time in 1959 by Franz, but 

only in 1996 WHO renamed this tumor SPN. In 

most cases, SPN affects young women and is 

located in the pancreatic body or tail. Although 

the disease is generally asymptomatic, some-

times patients present compressive symptoms, 

due to lesion size, such as nausea and epigastric 

pain.
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15.2.20  Pathology

The pathogenesis of this lesion is unclear. Many 

authors have suggested that SPNs originate 

from multipotent primordial cells, whereas oth-

ers suggest an extra-pancreatic origin, from 

genital ridge angle-related cells [49]. SPNs typi-

cally show benign behavior but in some cases 

can present malignant degeneration [50]. WHO 

classification defines an SPN as a solid-pseudo-

papillary carcinoma when this neoplasm pres-

ents the following criteria of malignancy: 

vascular and nerve invasion or lymph node and 

liver metastases.

Macroscopically, SPN is a large, well- 

encapsulated mass that can contain necrosis, 

hemorrhage, and cystic changes, due to tumor 

degeneration. Microscopically, SPN is character-

ized by two histological patterns: solid and papil-

lary. Solid areas are formed by a single layer of 

neoplastic cells, while the papillary component is 

characterized by a fibrovascular stalk surrounded 

by several layers of epithelial cells [51].

15.2.21  Diagnostic Imaging

CT shows a well-encapsulated mass with a vari-

able solid and cystic component. After contrast 

media administration, peripheral enhancing solid 

areas are emphasized while cystic spaces, usually 

central, do not enhance [52]. On MRI, SPTs pres-

ent a heterogeneous signal on T1- and 

T2-weighted images due to their complex nature. 

On T1-weighted sequences, it is possible to well 

recognize hemorrhage, whenever present, 

because it shows high signal intensity and a fluid- 

debris level [53] (Figs.  15.14 and 15.15). EUS 

with FNA can be useful in a pre-operative evalu-

ation to distinguish SPT from other pancreatic 

cystic lesions.

15.2.22  Differential Diagnosis

The differential diagnosis of SPNs includes pseu-

docysts, neuroendocrine tumors, and ductal 

adenocarcinomas.

For pseudocysts, clinical history and labora-

tory data must be considered. Suggestive criteria 

of SPNs are a mass found in a young woman, the 

lack of a clinical history of pancreatitis, and a 

lesion characterized by variable solid and cystic 

components. In the case of neuroendocrine 

tumors, the main feature is the strong hypervas-

cularity after contrast injection on the arterial 

phase. Ductal adenocarcinoma is most typical in 

elderly men, and it has infiltrative growth.

15.2.23  Prognosis, Treatment, 
and Follow-Up Strategies

A surgical approach is the treatment of choice for 

SPN, based on the potential malignancy of these 

tumors. Complete resection is usually curative, 

with a 97% 5-year overall survival rate [54].

15.2.24  Cystic Degeneration of Solid 
Tumor

Ductal adenocarcinoma is in most cases a solid 

tumor; however, it may exhibit cystic degenera-

tion, due to central tumor necrosis or an obstruc-

tion of secondary ducts with the generation of 

small retention cysts. It is important to consider, 

especially in the differential diagnosis with other 

cystic lesions, that ductal adenocarcinoma is a 

hypovascular infiltrative neoplasm with possible 

infiltration and obstruction of main pancreatic or 

common bile ducts [55].

Endocrine neoplasms may present cystic for-

mation due to tumor degeneration too. They can 

show a unilocular or a multilocular cyst pattern. 

Typically these neoplasms are asymptomatic and 

non-functional [56]. On CT, after contrast media 

administration, cystic portions do not present 

contrast enhancement with only a rim of the 

enhancing tissue in the arterial phase [57] 

(Fig. 15.16). These masses may be indistinguish-

able on imaging from other cystic lesions, but a 

correct diagnosis can be achieved with Fine 

Needle Aspiration Cytology and with the demon-

stration of endocrine markers such as synapto-

physin and chromogranin A.
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a b

c d

Fig. 15.14 A 14-year-old girl with a solid pseudopapil-

lary tumor in the pancreatic head. (a) T2-weighted image 

shows a large encapsulated and multilocular mass charac-

terized by cystic portions. (b) On T1-weighted fat- 

suppressed image, the hemorrhagic component appears 

hyperintense (arrow). (c) Precontrast CT scan demon-

strates some calcifications (arrow). (d) Portal venous CT 

scan better depicts central cystic spaces with enhancing 

peripherical solid areas (*)

a b

c d

Fig. 15.15 A 31-year- 

old woman with a solid 

pseudopapillary tumor 

in the pancreatic body. 

(a) A T2-weighted 

fat-suppressed image 

demonstrates a solid 

lesion with cystic 

component (arrow). (b) 

A T1-weighted 

fat-suppressed image 

depicts a focal 

hemorrhage (arrow). (c, 

d) Arterial (c) and portal 

venous (d) phase 

T1-weighted images 

show a gradual 

accumulation of contrast 

material in the tumor
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c d

Fig. 15.16 A 64-year- 

old woman with cystic 

pancreatic 

neuroendocrine tumor 

(PNET). (a) Precontrast 

CT shows a slightly 

hypodense lesion in the 

pancreatic tail (arrow). 

(b) Arterial phase CT 

demonstrates a 

well-defined hypodense 

fluid lesion with a rim of 

well-vascularized 

enhancing tissue. (c) 

T2-weighted image 

shows better the cystic 

nature of the lesion. (d) 

The mass is 

hypermetabolic on 

GA-68 DOTA-TOC PET 

(arrow)

15.3  Pseudocyst

Pseudocysts are collections containing fluid [58], 

rich in amylase and pancreatic enzymes. They are 

not only one of the possible consequences of epi-

sodes of acute or chronic interstitial edematous 

pancreatitis but also of abdominal trauma or sur-

gery [59]. According to the revised Atlanta clas-

sification, they develop after at least 4  weeks 

after the acute episode, as the evolution of acute 

peripancreatic fluid collections [58]. They 

account for 10% of all pancreatic cystic lesions 

[58]. The incidence of pseudocysts is 1.6–4.5 per 

100,000 adults each year [60], and the prevalence 

ranges from 10% to 20% in acute pancreatitis and 

from 20% to 40% in chronic pancreatitis.

The age of presentation is between 35 and 

60 years with a male predilection. Most of these 

lesions are asymptomatic. In general, the size and 

duration of the clinical course of the pseudocyst 

are the most important predictors of symptoms 

[61]. When patients present symptoms, these are 

usually mild or poor, due to the mass effect with 

biliary or gastric obstruction. The common ones 

are abdominal pain, early satiety, nausea, and 

vomiting. Weight loss is observed in 20% of 

patients with mass effects to the stomach. 

Jaundice due to compression of bile ducts, with 

dark urine, pruritus, and acholic stools, may be 

noted in 10% of patients. Fever is unusual in 

uncomplicated lesions; when present it can be a 

sign of superinfection [62].

15.3.1  Pathology

Pseudocysts originate from the disruption of pan-

creatic ducts with consequent leakage and accu-

mulation of pancreatic juice usually in the 

peripancreatic fat; it can be intrapancreatic in 

cases of prior necrosectomy with a persistent 

pancreatic duct leak. Since there is no necrosis, it 

contains only fluid without non-liquefied compo-

nents. Pseudocysts have no epithelial lining; 

walls are made of fibrosis and inflammatory tis-

sue. Content is rich in pancreatic enzymes and 

usually sterile. In 10% of patients, pseudocysts 

can be multiple.

They are round or oval, multilocular, and 

irregular in shape, ranging in size from 2 to 

20 cm, without solid components, central scars, 

or wall calcifications.
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15.3.2  Diagnostic Imaging

At US pseudocysts appear as hypoechoic or 

anechoic fluid collections, with a well-defined 

wall, sometimes with fluid-fluid levels. On CT 

these lesions have round morphology and fluid 

density (<15 Hounsfield units) and are sur-

rounded by a well-defined wall. The wall is 

smooth and symmetric and thin or thick and 

shows contrast enhancement. CT gives detailed 

information about the surrounding anatomy and 

can highlight additional pathologies, including 

pancreatic duct dilatation and calcifications and 

common bile duct dilatation. However, it can be 

challenging to differentiate between a pseudocyst 

and a cystic neoplasm on CT.

At MRI, pseudocysts are homogeneously 

hyperintense on T2-weighted images without 

debris or solid components. On T1-weighted 

images, the lesions are hypointense with an early 

enhancement of the wall that becomes progres-

sively more intense.

At MR cholangiopancreatography, a connec-

tion between the pseudocyst and the pancreatic 

ductal system can be seen (Fig. 15.17).

15.3.3  Differential Diagnosis

Differential diagnosis of pseudocysts includes 

PCNs such as SCNs and MCNs, BD-IPMNs, and 

other solid neoplasms with cystic degeneration. 

Imaging features and history of acute or chronic 

pancreatitis can help make a diagnosis of 

pseudocyst.

The most challenging differential diagnosis is 

with the unilocular serous or mucinous cysts; for 

the correct diagnosis, it is mandatory to investi-

gate a clinical history of pancreatitis.

15.3.4  Prognosis, Treatment, 
and Follow-Up Strategies

Pseudocyst can be stable in dimension, 

increase, or decrease in size over time. In 

selected cases treatment is required because of 

mass effect or infection. Treatment options 

include open surgery or cistoenterostomy, per-

cutaneous or endoscopic drainage, and octreo-

tide infusion.

a b

c d

Fig. 15.17 A 41-year-old man with two pseudocysts in 

the head and tail of the pancreas. (a) A T2-weighted axial 

image shows a homogeneous hyperintense fluid collection 

in the pancreatic head (arrow). (b) A T2-weighted coronal 

image demonstrates both pseudocysts (arrows). (c) On the 

non-enhanced T1-weighted fat-suppressed image, the 

lesion in the pancreatic tail is hypointense (arrow). (d) 

After contrast administration, a slight enhancement of the 

wall is visible (arrow)
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16Approach to Periampullary 
Pathologies

Binit Sureka and Satya Jha

16.1  Introduction

Periampullary pathologies create various chal-

lenges to radiologists, pathologists, and the treat-

ing physicians and surgeons, owing to the 

complex anatomy and plethora of pathologies 

possible in this location.

The common bile duct (CBD) and main pan-

creatic duct unite with each other to form a small 

dilated common channel of ~3 mm, known as the 

ampulla of Vater, which opens in the medial wall 

of the second part of the duodenum. This opening 

in the duodenal wall is called the papilla. It mea-

sures ~1 mm in diameter. However, not all cases 

show a classic ampulla [1].

In other individuals, these two ducts may join 

with each other to form a common channel with-

out the classically described dilatation. 

Sometimes, the two ducts may open separately 

into a single opening in the duodenal papilla (giv-

ing it a double-barrel appearance). In rare cases, 

two openings at the duodenal papilla may be seen 

adjacent to each other (Fig. 16.1).

The distal-most part of the common bile duct 

and main pancreatic duct, along with the ampulla, 

is surrounded by the sphincter of Oddi. Circular 

and longitudinal smooth muscles form the 

sphincter of Oddi. It covers the distal bile duct 

and distal pancreatic duct for varied lengths and 

is composed of three smaller sphincters, namely, 

the sphincter pancreaticus (around pancreatic 

duct), sphincter choledochus (around the com-

mon bile duct), and sphincter papilla (around the 

duodenal papillae) (Fig. 16.2) [2]. Various benign 

and malignant periampullary pathologies are 

listed in Table 16.1.
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Fig. 16.1 Line diagram showing various morphologies of pancreaticobiliary union

Fig. 16.2 Line diagram depicting the ampullary 

anatomy

Table 16.1 Differential diagnosis of periampullary 

lesions

Malignant Benign

Ampullary cancer

Pancreatic 

adenocarcinoma

Distal CBD 

cholangiocarcinoma

Duodenal 

adenocarcinoma

Neuroendocrine tumors

Ampullary adenoma

Lipoma

Hematoma

Diverticulum (Lemmel 

syndrome)

Papillitis

Choledocholithiasis

Inflammatory stricture

Groove pancreatitis

Autoimmune pancreatitis

Duodenitis

Pseudoaneurysm

16.2  Goals of Imaging

Delineation of the tumor epicen-

ter Determination of the site of origin of tumor 

plays a vital role in affecting patient outcome. 

Ampullary tumors and distal bile duct cholangio-

carcinoma are found to be detected in the resect-

able stage more often than the pancreatic cancer. 

Ampullary (39%) and duodenal periampullary 

carcinomas (59%) offers a better 5-year survival 

rate than pancreatic (15%) and distal CBD peri-

ampullary carcinoma (27%) [3].

Evaluation of extent, prediction of resectabil-

ity, and staging Even in the presence of lymph-

adenopathy, aggressive removal of all the tumor 

components may yield better results in cases of 

ampullary and duodenal carcinoma [4]. Hence 

locating the metastatic lymph node is very impor-

tant in deciding the type of surgery.

16.3  Stepwise Approach to Cross- 
Sectional Imaging

When it comes to imaging, the foremost part is 

to get a hold of the normal cross-sectional anat-

omy of the periampullary region, surrounding 

arterial and venous structures, knowledge of 

draining lymph nodes, along with ductal anat-

omy. When one comes across a CT scan in the 

suspected case of periampullary malignancy for 

interpretation, it is important to ask yourself, 

“Are there visibly dilated common bile duct and 

pancreatic duct?”
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The next step in such a case is to trace the 

course of dilated CBD, by scrolling through sub-

sequent slices of data, until its distal point where 

it is not dilated anymore. Look carefully at and 

around this point to find any abnormally attenuat-

ing lesion or mass. The mass may be present at 

ampulla, medial wall of the second part of the 

duodenum, distal portion of the bile duct, pancre-

atic head, or more than one of these locations.

The mass lesion may be nodular, irregular, or 

ill-defined. At this point, it would be wise to 

remember that, in general, polypoidal and nodu-

lar tumors have a better outcome than infiltrating 

tumors. Polypoidal morphology is more common 

in ampullary and duodenal variants than in peri-

ampullary and pancreatic variants. If a mass 

lesion is not seen, look for linear, abnormal 

enhancing wall thickening at the ampulla, in the 

distal bile duct, or along the duodenum wall. 

Look for any alteration in the outline or contour 

of the shape of the duodenum.

Atrophic pancreatic parenchyma with a dis-

proportionately dilated pancreatic duct points 

toward a periampullary involving the pancreatic 

head. Irrespective of whether one finds a periam-

pullary tumor on CT or not, it is vital to assess the 

surrounding nodal stations, including para-aortic 

and inter aortocaval nodes.

It is essential to look at the fat planes around 

the abdominal aorta’s major branches and define 

encased or distortion of vessels by the mass, espe-

cially of the celiac axis and its branches, superior 

mesenteric artery and vein, and portal vein. It is 

also a must to note for variant anatomies such as 

replaced right hepatic artery arising from the 

superior mesenteric artery or a left hepatic artery 

arising from the left gastric artery. Other impor-

tant areas to look at the solid organs, omentum, 

peritoneum, mesocolon, and mesentery for the 

presence of any nodular deposits or abnormal sus-

picious thickening, suggesting carcinomatosis.

16.4  Significance of Histological 
Sub-classification

Even on histopathology, the exact origin of a 

periampullary carcinoma may be difficult to con-

clude, particularly in larger tumors that involve 

more than one site. Kimura et  al. [5] first sub- 

classified the ampullary adenocarcinomas into 

“intestinal” and “pancreatobiliary” type of differ-

entiation. The pancreatobiliary types are associ-

ated with an overall poor prognosis. This 

classification is now applied to other periampul-

lary adenocarcinomas as well.

Ivanovic et  al. [6] demonstrated MDCT fea-

tures that could accurately differentiate between 

the pancreatobiliary and intestinal subtypes. On 

imaging, intestinal subtypes are more likely to be 

nodular in morphology. On the other hand, pan-

creatobiliary subtypes can have either an infiltra-

tive or nodular morphology. Differentiating 

features between the two is highlighted in 

Table 16.2.

16.5  Implication of Nodal 
Evaluation on CT Scan

Staging laparoscopy is often used to evaluate 

locoregional lymph nodal metastases. However, a 

preoperative CT scan has a clear advantage of 

being fast and noninvasive in identifying regional 

Table 16.2 Differentiating features between pancreaticobiliary and intestinal subtype

Imaging features Pancreaticobiliary subtype Intestinal subtype

CT morphology Infiltrative Nodular

Papilla Retracted Bulging

Common bile duct Dilated with abrupt cut-off Stricture or tapering

Main pancreatic duct Dilated with abrupt cut-off Stricture or tapering

Pancreaticoduodenal groove Involved Free

Enhancement Hypoenhancing Iso or hyperenhancing
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lymph nodes. On CT scan, the CBD node, which 

is located behind and lateral to suprapancreatic 

CBD, is found to be highly correlating with stag-

ing laparoscopy. Another such nodal group is the 

gastroduodenal artery (GDA) node, which is 

located anterior and medial to the origin of the 

gastroduodenal artery [7].

Maithel et al. [7] found that tumor metastasis 

to the GDA node was associated with reduced 

survival in the postoperative period. So, the GDA 

node impacted the patient outcome, similar to 

that of liver metastases. However, metastasis to 

the CBD node did not show any such significant 

association.

16.6  Ampullary Carcinoma

Adenocarcinoma epicentered in the ampulla is 

relatively uncommon among other gastrointesti-

nal malignancies. A tiny tumor can obstruct the 

distal common bile duct due to its location, 

obstructing the entire biliary tree and a prominent 

central pancreatic duct leading to hampered 

drainage of pancreatic juices. Thus these tumors 

are more likely to be detected early in the resect-

able stage, as the patient becomes symptomatic 

early. Jaundice occurs before abdominal pain, 

nausea, and vomiting in these cases.

On imaging, very often, a solid nodular mass 

is seen at the ampulla. It is frequently picked up 

on ultrasound by tracing the dilated duct up to the 

point of cut-off. On non-contrast CT, one can see 

a solid lesion at the ampulla, isoattenuating to the 

pancreas. On post-contrast imaging, the tumor 

may enhance gradually on arterial and portal 

venous phases. It is seen as a well-circumscribed 

lesion or an infiltrating mass at the ampulla 

(Fig.  16.3). On magnetic resonance imaging 

(MRI), the smaller masses can be hypointense on 

T2. They show restricted diffusion. They may 

cause an irregular nodular filling defect (nodular 

type) or periductal thickening at the ampulla or 

the pancreaticobiliary junction on magnetic reso-

nance cholangiopancreatography (MRCP). Many 

cases may show bulging of the papilla into the 

duodenal lumen. Some instances can show only 

common bile duct dilated, without pancreatic 

duct dilatation. On MRCP, the pancreaticobiliary 

junction/ampulla usually shows an abrupt blunted 

cut-off but, in some cases, may display a 

meniscus- shaped cut-off. Pancreatic side branch 

dilatation is an uncommon finding.

However, in many cases, double-duct sign is 

the only manifestation that makes the suspicion 

of ampullary malignancy. Localizing the mass 

may not always be feasible, not even on endo-

scopic ultrasound or ERCP.

16.7  Distal CBD (Extrahepatic) 
Cholangiocarcinoma

Grossly, these can be either polypoidal or infil-

trating type. On cross-sectional imaging, the 

infiltrating type is seen as enhancing ductal 

walls with narrowed or obliterated lumen in the 

involved segment [8]. A polypoidal mass, on the 

other hand, is seen as polyp-like growth occupy-

ing the ductal lumen, causing partial oblitera-

tion of the lumen, and upstream dilatation 

(Fig. 16.4).

Fig. 16.3 Axial contrast-enhanced CT showing polypoi-

dal heterogeneously enhancing lesion centered at the 

ampulla (arrow) bulging into the duodenum in a case of 

ampullary carcinoma
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a b
Fig. 16.4 (a) Axial 

contrast-enhanced CT 

showing infiltrative 

hypoenhancing lesion 

(circle) centered on the 

suprapancreatic CBD. 

(b) Thick-slab MRCP 

showing abrupt cut-off 

(arrow) in a case of 

extrahepatic 

cholangiocarcinoma

Fig. 16.5 Coronal contrast-enhanced CT image showing 

an intraluminal enhancing mass (arrow) in the duodenum 

causing ampullary invasion and dilatation of the CBD in a 

proven case of duodenal adenocarcinoma

16.8  Duodenal Adenocarcinoma

A periampullary duodenal adenocarcinoma 

arises from the duodenal wall. When large 

enough, it invades the major duodenal papilla, 

leading to upstream biliary dilatation. It may 

have varying morphology, the common ones 

being a polypoidal, intraluminal mass, eccentric 

duodenal wall thickening, or concentric thicken-

ing with annular stricture formation (Fig. 16.5). 

This may lead to gastric outlet obstruction.

These arise from the intestinal epithelium of 

the duodenum and are histologically found to be 

similar to ampullary carcinoma. On contrast- 

enhanced CT studies, these are usually hypovascu-

lar. Similar features are seen on contrast-enhanced 

MRI, along with diffusion restriction.

16.9  Pancreatic Adenocarcinoma

Adenocarcinoma of the head of the pancreas may 

be periampullary if its epicenter is close enough 

to the ampulla. In such cases, there is ampullary 

invasion and resultant obstructive jaundice. It is, 

in fact, the most frequent type of periampullary 

malignancy encountered [8].

These are classically hypovascular tumors, 

thus appearing hypoenhancing on CT and 

MRI.  The signal intensity on the T2-weighted 

image may vary from hypointense to hyperin-

tense, depending on the amount of internal necro-

sis or desmoplastic within the tumor. On MRCP, 

the classic double-duct sign with an abrupt cut- 

off at the periampullary location may be seen. 

The shape of cut-off may be rat tail shaped, 

beaked, or abruptly blunted. In some cases, pan-

creatic duct thickening may be the only abnor-

mality seen, instead of a mass. A four-segment 

sign may be seen in many cases [1]. This means, 

in addition to the classic doubt duct sign, a short 
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a b
Fig. 16.6 (a) Axial 

T2-weighted MR image 

showing a mass (arrow) 

in the head-uncinate 

process of the pancreas 

which is mildly 

hyperintense. (b) 

3D-coronal MRCP MIP 

images showing 

four-duct sign (circle) in 

a case of pancreatic 

adenocarcinoma

a b

Fig. 16.7 (a) 3D-MRCP image showing polypoidal 

well-marginated lesion (arrow) at the ampulla causing 

dilatation of the bile duct and pancreatic duct. (b) Axial 

T2-weighted MR image showing a mildly hyperintense 

lesion (black arrow) bulging into the duodenum in a case 

of ampullary adenoma

segment of the common bile duct and pancreatic 

duct may also be visualized, distal to the cut-off 

by the mass (Fig. 16.6). Very often, dilated side 

branches of the main pancreatic duct are also 

seen adjacent to the narrowed/cut-off segment. 

This finding is said to be very specific for the 

pancreatic type of periampullary carcinoma.

16.10  Benign Periampullary 
Pathologies

16.10.1  Ampullary Adenoma

Ampullary adenomas need special mention, as 

they are benign and nevertheless premalignant 

and may transform into adenocarcinoma. These 

may be sporadic or familial. On imaging, they are 

seen as well-defined lesion of soft tissue density, 

may cause irregularity of the ampulla, and 

upstream ductal dilatation (Fig. 16.7) [8, 9].

16.10.2  Groove Pancreatitis

Groove pancreatitis is a rare form of pancreatitis 

that affects the pancreaticoduodenal groove. It 

often poses a diagnostic challenge to radiologists 

and pathologists. It is seen as a pure type that 

solely affects the pancreaticoduodenal groove or 

a segmental type that affects the head of the pan-

creas. Both these forms show inflammatory 

sheet-like thickening in the median para- 

duodenal location, with associated thickened 

walls of the second part of the duodenum 

(Fig. 16.8). A  particular feature identified in this 

disease is cysts in the duodenal wall and the 

groove [10].
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16.10.3  Periampullary Lipoma

A periampullary duodenal lipoma is a rare lesion 

and may be seen incidentally in CT scans of 

elderly patients, being scanned for other indica-

tions. These are typically as well marginated 

lesions of fat attenuation [11]. On MR, these are 

hyperintense of T1 and T2 and show loss of sig-

nal on fat-suppressed sequences. In rare cases, an 

unusually large lipoma may cause ampullary 

obstruction and obstructive jaundice.

16.10.4  Lemmel Syndrome

This is a rather rare abnormality. A large duode-

nal diverticulum (air or air fluid-filled structure) 

arising from the medial duodenal wall, at the sec-

ond part of the duodenum, may cause obstructive 

jaundice similar to a periampullary neoplasm 

[12].

In conclusion, there are various other patholo-

gies in the periampullary region like duodenitis, 

papillitis, and hematoma which needs clinic- 

radiological correlation as these entities can be 

mislabeled as malignancy. Figure 16.9 highlights 

an algorithmic approach in differentiating the 

origin of these malignancies.

Fig. 16.8 Coronal multiplanar reconstruction contrast- 

enhanced CT showing inflammatory wall thickening 

(arrow) centered on the pancreaticoduodenal groove 

region with changes of peripancreatic inflammation in a 

case of groove pancreatitis

Fig. 16.9 Algorithmic 

approach in 

differentiating 

periampullary 

malignancies
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17Imaging 
in Hepatobiliary- Pancreatic 
Trauma

Atin Kumar  and Ankit Sangwan 

17.1  Introduction

Trauma is one of the leading causes of death and 

causes substantial morbidity in the productive 

age group [1]. Road traffic accidents constitute 

the bulk of causes of severe physical trauma. 

Abdominal trauma accounts for 5% of mortality 

in isolation and contributes about 15% to mortal-

ity as part of polytrauma [2]. Excessive bleeding 

accounts for 80–90% of acute deaths from 

abdominal injury out of which the liver and 

spleen form the major component.

Blunt abdominal trauma is much more com-

mon than penetrating abdominal trauma with 

road traffic accidents being the dominant cause. 

And with conservative non-surgical management 

becoming the preferred treatment for most blunt 

injury patients, computed tomography (CT) 

examination findings are of utmost importance to 

describe the extent of injury and guide the trauma 

management team towards a non-surgical trial of 

treatment.

Penetrating abdominal trauma is usually 

caused to firearm injury or stab wounds. These 

injuries may have only subtle findings on the out-

side but can be very complex and damaging once 

inside the peritoneum. Knowledge of the projec-

tile kinetics and the mechanism of assault can 

help the radiologist in diagnosing subtle and 

overt traumatic injuries which can guide prompt 

operative management and decrease the omission 

of life-threatening findings intraoperatively.

The hepatobiliary system consists of the liver, 

the intrahepatic bile ducts (IHBDs) and extrahe-

patic bile ducts including the gall bladder (GB). 

The liver is the most commonly injured organ in 

blunt abdominal trauma and the second most 

commonly injured organ in penetrating abdomi-

nal trauma [3]. While liver injuries represent one 

of the most frequent life-threatening injuries in 

trauma patients [4], the incidence of biliary injury 

following trauma has not been studied and char-

acterised extensively [5]. The incidence of biliary 

complications after blunt hepatic trauma has 

been reported to be 2.8–7.4% [6]. Extrahepatic 

biliary trauma is even rarer, accounting for less 

than 1% of all blunt abdominal injuries according 

to most series [7]. Gall bladder injury is also an 

uncommon occurrence following trauma. 

Majority (89%) of gall bladder injuries result 

from penetrating trauma [8]. In recent years, 

advances in cross-sectional imaging coupled 

with image-guided interventional therapy have 

enabled increased detection, recognition and 

non-surgical management of hepatobiliary inju-

ries in blunt abdominal trauma.
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Pancreatic injuries are uncommon, incidence 

has been reported as 0.2–2% in patients with 

blunt trauma and 1–12% in patients with pene-

trating trauma [9]. Retroperitoneal location of the 

pancreas has been stated as one of the reasons for 

low incidence of pancreatic injuries in abdominal 

trauma. However, its location also means that 

pancreatic injury is a marker of severe abdominal 

trauma and is usually associated with significant 

injuries to other abdominal visceral and vascular 

structures with significant morbidity as well as 

mortality due to complications—including but 

not limited to pancreatitis, pseudocyst and pan-

creatic fistula [10]. The major determinant in the 

management of pancreatic trauma is the integrity 

of pancreatic duct as well as associated injuries, 

both of which can be detected with high sensitiv-

ity using modern imaging tools like contrast- 

enhanced CT, magnetic resonance 

cholangiopancreatography (MRCP) and endo-

scopic retrograde cholangiopancreatography 

(ERCP).

A radiologist must have an understanding of 

the patterns of injury associated with the many 

mechanisms of trauma, assessment of hemody-

namic status and need for any prompt operative 

management as well as common imaging arte-

facts. Injuries in the abdomen if accurately and 

quickly diagnosed can be treated with very good 

results, and the radiologist plays an important 

role in the evaluation of all polytrauma patients. 

In a background of systematic and orderly resus-

citation and support, imaging evaluation enables 

optimal management of the severely injured 

patients.

17.2  Role of Imaging/Imaging 
Modalities

Various imaging modalities used and their cur-

rent role in evaluation of hepatobiliary and pan-

creatic trauma are:

Plain radiography It is not routinely done in a 

case of trauma to the abdomen since it is not very 

sensitive in detecting the site of injury or pres-

ence of mild to moderate hemoperitoneum. As 

part of adjunct to primary survey and resuscita-

tion, chest radiograph and pelvic radiographs are 

recommended. They can help in detecting the 

various chest injuries like rib fractures, pneumo-

thorax and hemothorax and thus may give a clue 

to underlying liver injury. In cases of penetrating 

trauma, radiographs can help in direct visualisa-

tion and localisation of foreign bodies like bullet 

fragments or shrapnel.

Ultrasonography (US) Focused abdominal 

sonography for trauma (FAST) is the primary 

modality for determination of hemoperitoneum 

in an unstable patient. Its advantages are wide 

availability, rapid evaluation and a fast learning 

curve. In severe or high-grade liver injuries, 

detection of free fluid in the subphrenic space (as 

a lenticular collection), Morrison’s pouch (trian-

gular collection) and pelvis (ovoid collection) 

helps in detection of hemoperitoneum and guide 

further management (Fig. 17.1). The FAST scan 

should be completed in a few minutes without 

focusing upon the solid organs despite the ability 

of sonography to visualise solid parenchymal 

organ injuries in some cases.

FAST has a high sensitivity for detection of 

intraperitoneal fluid, ranging from 64% to 98% 

and specificity 86% to 100% [11]. Positive FAST 

scan should direct the need for a tailored imaging 

protocol to detect any active extravasation or vas-

cular injury along with the solid parenchymal 

organ injuries. Negative FAST scan should be 

interpreted as the absence of hemoperitoneum 

and not the absence of intraparenchymal injury.

Ultrasound can help in direct visualisation of 

high-grade injuries to the liver as well as continu-

ity of the gall bladder. The presence of isolated 

fluid around the porta and in the GB fossa can 

suggest biliary injuries. In thin patients, the pan-

creas can also be evaluated, and the presence of 

peripancreatic fluid and complications like pseu-

docyst and vascular injuries is also seen occa-

sionally. Doppler US can help in detection of 

vascular injury (pseudoaneurysm with the typical 

appearance of Yin-Yang sign). Contrast-enhanced 

ultrasound (CEUS) can help in the detection of 

vascular injuries (pseudoaneurysm and active 
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Fig. 17.1 Two different 

cases of road traffic 

accident. FAST reveals 

free fluid in the 

hepatorenal space 

suggesting the presence 

of hemoperitoneum. 

Liver injury was seen in 

both cases

extravasation) with higher sensitivity than 

Doppler US. CEUS can also help in the detection 

of solid parenchymal injuries like contusions and 

lacerations with a higher sensitivity than grey 

scale US.

Ultrasound is also useful for follow-up imag-

ing of previously diagnosed injuries in the liver 

which underwent conservative management. 

Complications in case of pancreatic injury can be 

picked up early using ultrasound and help in 

prompt management. Protocol ultrasound which 

involves ruling out any vascular injury in the 

solid organs is frequently done in our institute 

before discharging a patient who has undergone 

conservative treatment for a high-grade solid 

organ injury.

Ultrasound has certain limitations in evalua-

tion of hepatobiliary and pancreatic injuries. 

Operator dependence, suboptimal visualisation 

in the presence of excessive bowel gas (post- 

traumatic paralytic ileus) and wounds on the 

abdomen and lack of direct visualisation of bili-

ary injuries make it an insensitive investigation 

for hepatobiliary and pancreatic trauma.

CT Contrast-enhanced computed tomography 

(CECT) is the most important imaging modality 

in the evaluation of trauma to the abdomen in 

general and hepatobiliary injuries specifically. It 

not only helps in the detection of occult injuries 

but also helps in grading the severity of injury 

and determines treatment approach. It is an 

objective imaging technique that helps in visuali-

sation of both the parenchymal injuries and vas-

cular injuries distinctly. A hemodynamically 

stable patient who has sustained significant 

trauma to the abdomen should undergo a CECT 

of the chest and abdomen to detect and rule out 

any injuries to the internal structures. This is 

important because if the initial abdominal CT of 

a stable patient is negative, the patient can be 

safely discharged from the trauma emergency 

without a period of observation.

An optimised CT imaging protocol should be 

employed which should consider the type and 

amount of contrast material, number and timing 

of phases to be acquired. At our institution (a ter-

tiary care apex trauma centre), all patients who 

have sustained significant trauma undergo CECT 

chest and abdomen with 80–100 mL of non-ionic 

low osmolar iodinated (350 mg iodine per millili-

tre) contrast injected with a power injector at the 

rate of 3–5 mL/s through a 18 or 20 gauge can-

nula in a peripheral vein. The number and timing 

of phase acquired are determined by the result of 

FAST scan. All FAST-positive patients undergo 

CECT with acquisition of both arterial and portal 

venous phases to detect vascular injury along 

with parenchymal injury leading to hemoperito-

neum. Both the chest and the abdomen are 

included in the arterial phase which is acquired 

using bolus tracking by keeping the threshold 

marker at the descending thoracic aorta. The por-

tal venous phase is acquired after approximately 

60 s of injection of contrast, and coverage is con-

fined to the abdomen. The isolated portal venous 

phase is acquired in FAST-negative patients, and 

both the chest and the abdomen are acquired in 

the single phase. Delayed scans (1–2-minute 

delay) can be taken for suspected active contrast 

extravasation or pseudoaneurysm. Some centres 

have started using a split bolus technique which 

achieves both arterial and venous phase images 

using two separate contrast boluses [12]. When 

the suspicion of pancreatic injury is high, a repeat 

contrast-enhanced CT acquired in the pancreatic 
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phase (35–45 seconds after start of contrast injec-

tion) done within 24–48 hours of trauma depicts 

injuries that were not evident on the initial CT 

(done in the portal venous phase according to 

routine trauma protocol) [13]. Image quality 

improvement with minimisation of artifacts is 

achieved using adequate patient positioning—

arms raised above the head (if possible) for imag-

ing of the torso, transient displacement of metallic 

monitoring devices like electrocardiogram leads, 

wires, etc.

Dual-energy CT is being increasingly used in 

the evaluation of trauma to the abdomen. By 

using different attenuation properties of different 

materials at low and high-energy spectra, it offers 

improved material characterisation and visualisa-

tion of hepatic injuries [14, 15]. Low-energy vir-

tual monoenergetic images increase 

contrast-to-noise ratio and help in the detection 

of liver injuries [15]. Iodine selective images also 

increase the sensitivity of detection of lacera-

tions, haematomas and vascular injuries [14]. 

Given that dual-energy CT help in better visuali-

sation and characterisation of pancreatic duct and 

hypovascular masses, there is a potential in its 

use to improve the detection of lacerations and 

contusions in the pancreas [16].

17.3  CT Signs in Hepatobiliary 
and Pancreatic Trauma

Hemoperitoneum The presence of free blood 

in the peritoneum may not be the most sensitive 

sign, but it is usually the first sign to be seen in a 

case of hepatobiliary trauma. The appearance on 

imaging depends upon the time that has elapsed 

from the onset of trauma. Hyperacute free intra-

peritoneal bleed shows an attenuation similar to a 

patient’s haematocrit, that is, 30–40 HU 

(Fig. 17.2). In anaemic patients, the attenuation 

may be even lesser and confuse with that of asci-

tes or biliary leak. After few minutes to a couple 

of hours, the coagulation of free blood starts, and 

attenuation increases to 45–70 HU [17]. As time 

progresses, blood product degradation starts, and 

attenuation reduces to that of water in a couple of 

weeks. Detection of fluid in a suspected case of 

abdominal trauma is considered hemoperitoneum 

unless proven otherwise. It can also be seen as a 

physiological finding when a small amount of 

free fluid is seen in the pouch of Douglas or pel-

vis in women of reproductive age group.

Haemorrhage arising from an injured liver which 

is associated with capsular rupture appears as a 

perihepatic haemorrhage. If larger in amount, it 

extends below into the paracolic gutter. 

Accumulation of blood in the abdomen and pel-

vis suggests an amount of haemorrhage being at 

least 500 mL. Sometimes, following injury to the 

hepatobiliary system, the haemorrhage may 

appear in remote location like the pelvis or pouch 

of Douglas in women. The location of high- 

density blood in a case of trauma is an important 

clue to the site of injury. Focal accumulation of 

clotted blood (>60 HU) compared to haemor-

rhage of decreased attenuation elsewhere is 

described as the ‘sentinel clot’ sign and suggests 

the source of haemorrhage [18]. In coagulopathic 

states (when the patient is on anticoagulation 

treatment), there is layering of higher attenuating 

content dependently within a collection of free 

peritoneal blood [19]. This appearance may also 

be seen in recent haemorrhage in individuals with 

normal clotting profiles.

Lacerations Lacerations appear as linear or cur-

vilinear hypoattenuating observations in the 

background of homogeneously enhancing paren-

chyma during the portal venous phase. They may 

show variable appearance (irregular or branch-

Fig. 17.2 Hemoperitoneum as seen on CECT. Fluid seen 

in the perihepatic region with high attenuation (35 HU) 

suggesting hyperacute haemorrhage

A. Kumar and A. Sangwan



269

a bFig. 17.3 Lacerations 

in the liver. Multiple 

lacerations with 

hemoperitoneum seen in 

(a). Deep laceration 

reaching up to the 

juxtacaval region in (b)

a b

Fig. 17.4 Large subcapsular haematoma causing inden-

tation of the liver surface in (a). Differential densities of 

blood seen in the subcapsular haematoma. Large intrapa-

renchymal haematoma with laceration as well as hemo-

peritoneum seen in (b). No deformation of the liver 

surface seen in case of intraparenchymal haematoma

ing) and number as well as site in different cases 

depending upon the mechanism and severity of 

trauma (Fig. 17.3). Lower rib fractures are asso-

ciated with a high incidence of hepatic lacera-

tions and loss of capsular integrity with 

hemoperitoneum. They can be differentiated 

from contusions on the basis of linear (one- 

dimensional) morphology, and delayed filling is 

seen from the margins if additional phases are 

acquired. It is important to describe both the 

length (largest dimension) and depth of lacera-

tion (perpendicular distance from the capsule) to 

grade the liver injury accordingly. Multiple large 

and deep lacerations may lead to disruption of 

major part of a lobe or entire parenchyma and 

give rise to the appearance known as the shat-

tered liver (usually seen operatively). Deep lac-

erations extending up to the porta hepatis can 

lead to biliary duct injuries with complications. 

The gall bladder may also be injured in deep lac-

erations especially in penetrating trauma. 

Pancreatic lacerations tend to occur at the junc-

tion of the body and tail due to shearing injuries 

with compression against the spine. They are 

much more likely to be associated with ductal 

injury (which is the major prognostic indicator) 

than contusions. Disruption of the pancreatic 

duct is inferred by visualisation of laceration 

involving more than 50% of pancreatic thickness. 

Laceration extending through the entire thickness 

of the pancreas can lead to pancreatic fracture 

with two separate ends seen on imaging.

Haematoma Haematoma can be subcapsular or 

intraparenchymal, meaning collections of blood 

contained by the liver capsule or parenchyma, 

respectively. Subcapsular haematomas are cres-

centic in shape and located peripherally, whereas 

intraparenchymal haematomas are usually ellip-

tical in shape. Both subcapsular and intraparen-

chymal haematomas displace the hepatic 

parenchyma, which helps in differentiating it 

from contusions or perihepatic haemorrhage 

(Fig.  17.4). They appear as hypodense areas in 
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and around the higher and more uniformly atten-

uating liver parenchyma. In the setting of hepatic 

steatosis, they may appear hyperattenuating. For 

grading according to American Association for 

the Surgery of Trauma (AAST) classification, the 

area of a subcapsular haematoma should be esti-

mated and compared relative to the surface area 

of the organ.

Vascular injury CECT when acquired in both 

arterial and portal venous phases helps in direct 

visualisation of vascular injury as well as indi-

rect signs of vascular injury [20]. Uncontained 

vascular injury in the form of active contrast 

extravasation is seen as a focus or amorphous 

area of high attenuation that increases in volume 

on the repeat phase (arterial and venous phases 

or venous and delayed phases as per acquisition) 

(Fig. 17.5). The arterial phase when acquired is 

more sensitive for the detection of active con-

trast extravasation. The extravasated contrast is 

usually within 10 HU of the vessel of origin and 

may help in localising the source of bleed [21]. 

Active visceral arterial bleeding usually requires 

immediate endovascular or surgical intervention. 

Non- bleeding vascular injury can be pseudoan-

eurysm or arteriovenous fistula (AVF) which 

appear as focal rounded or tubular areas of high-

density contrast pooling which mirrors the atten-

uation of surrounding vessels. Early filling of the 

venous structure helps in differentiating the arte-

riovenous fistula from pseudoaneurysm. The 

arterial phase helps in the detection of non-

bleeding vascular injuries better than the portal 

venous phase alone. Both pseudoaneurysm and 

AVF are usually treated by embolisation. 

Another type of vascular injury seen in the liver 

is arterioportal venous fistula (APF), usually fol-

lowing penetrating trauma or interventional pro-

cedure. It is seen in association with a 

hypoattenuating wedge- shaped area in the liver 

(called as transient hepatic attenuation differ-

ence). Other manifestations include early filling 

of peripheral or central intrahepatic portal vein. 

Simultaneous enhancement of portal vein as 

well as hepatic artery branch is seen as double 

barrel or rail track appearance [22]. It is impor-

tant to embolise larger APF as they can cause 

portal hypertension and high- output cardiac fail-

ure. In a case of pancreatic injury, sudden drop in 

haemoglobin should alert to a possibility of 

pseudoaneurysm in the splenic artery (or its 

branches) against a backdrop of trauma-induced 

pancreatitis.

Contusion Contusion is an irregular hypodense 

area in an organ with interstitial blood suffusion. 

Unlike haematoma, it does not cause a mass 

effect, and blood vessels can be seen coursing 

through the contusion. Isolated contusion with-

out laceration or haematoma is uncommon in the 

liver. However, pancreatic trauma (due to com-

pression against the vertebra posteriorly) does 

frequently lead to contusions which are also eval-

uated in grading the pancreatic injury.

Organ infarct Segmental liver infarct is rare in 

the liver as there is dual blood supply from 

hepatic artery and portal venous system. When it 

happens, some degree of hepatic artery and portal 

venous occlusion is expected. It appears as a geo-

graphical or triangular hypoattenuating area with 

the apex directed towards the hilum. It can be 

complicated by secondary abscess.

a b
Fig. 17.5 Active 

extravasation seen in a 

large intraparenchymal 

haematoma in the liver. 

CT acquired in the early 

arterial phase (a) shows 

a blob of contrast that 

increases in size on the 

portal venous phase (b) 

suggesting active 

extravasation
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Hypoperfusion In cases of severe trauma lead-

ing to major haemorrhage, signs of hypoperfu-

sion are seen in abdominal CECT like 

hyperenhancement of adrenals, increased bowel 

wall enhancement and renal cortical enhance-

ment [23]. The inferior vena cava (IVC) and aor-

tic diameter are reduced.

17.4  Classification of Hepatic 
and Extrahepatic Biliary 
Injuries

The AAST Organ Injury Scale (OIS) is the most 

widely used traumatic organ injury classification 

system and was most recently updated in 2018 

[24]. It classified various hepatic injuries accord-

ing to extent and severity as well as included vas-

cular injury.

17.5  Liver

The liver is said to be the most commonly injured 

organ in abdominal trauma. The right lobe is 

injured more commonly than the left, and the 

posterior segment is injured more commonly. 

Lacerations are the most common hepatic inju-

ries [25]. It is important to note that lacerations in 

the bare area of liver extending to the posterior 

and superior aspect of segment VII can lead to 

significant haemorrhage in retroperitoneum as 

this part communicates directly with retroperito-

neum. Other injuries seen commonly are haema-

tomas (both intraparenchymal and subcapsular), 

active haemorrhage and pseudoaneurysms. 

Arterioportal venous fistulas and infarction may 

also be seen rarely. Intrahepatic or subcapsular 

air is seen rarely up to 2 days after trauma and is 

attributed to necrosis. Haemobilia is seen some-

times due to increased intrahepatic pressure fol-

lowing trauma leading to parenchymal necrosis 

and blood spilling into the biliary tree and gall 

bladder.

According to the AAST-OIS, the liver injuries 

are classified as Grade 1, subcapsular haema-

toma of <10% surface area or laceration <1 cm 

depth; Grade 2, subcapsular haematoma of 

10–50% surface area or parenchymal haematoma 

of <10 cm or laceration 1–3 cm depth and <10 cm 

length; Grade 3, subcapsular haematoma of 

>50% surface area, ruptured subcapsular or 

parenchymal haematoma or parenchymal haema-

toma of >10 cm or laceration >3 cm depth and 

>10 cm length or hepatic vascular injury or active 

contrast extravasation contained within liver 

parenchyma; Grade 4, parenchymal disruption 

involving 25–75% of a hepatic lobe or active con-

trast extravasation extending beyond liver paren-

chyma into the peritoneum; Grade 5, parenchymal 

disruption involving >75% of a hepatic lobe or 

juxtahepatic venous injury involving IVC or 

hepatic veins.

Few important points to note are:

If multiple injuries are present, advance one 

grade up to Grade 3.

Vascular injuries refer to pseudoaneurysm or 

arteriovenous fistula.

Most common hepatic injuries are Grade II fol-

lowed by Grade 1.

The final AAST class is ultimately based upon 

the highest grade obtained on imaging, at time 

of operation or pathology.

Major venous injury is an important scenario 

to detect and manage in hepatobiliary trauma. It 

occurs when hepatic laceration extends into the 

IVC and/or hepatic veins (Fig. 17.6). CT shows 

active extravasation, contour abnormality and 

associated hepatic injury [26]. It is graded as 

AAST Grade 4 injury and requires operative 

management mostly as the mortality rates are up 

to 100%, 78% and 33% for suprahepatic, retrohe-

patic and suprarenal injuries, respectively [26].

With the increasing tendency and approach 

towards NOM (non-operative management) in 

most of patients with liver trauma, there is an 

increased frequency of delayed complications 

which are recognised on follow-up investiga-

tions. These include:

Delayed haemorrhage: usually secondary to a 

pseudoaneurysm, expanding biloma or an ini-

tial minimal injury expanding in size to 

include the vessels secondarily. It can also 
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a b

Fig. 17.6 Coronal CT image shows multiple lacerations 

in the liver and spleen (a). One of the lacerations seen 

extending up to intrahepatic IVC. An axial CT image (b) 

of a different patient with a large haematoma in the right 

lobe of the liver and lacerations extending along the 

hepatic veins into the intrahepatic IVC

present as haemobilia if the pseudoaneurysm 

ruptures into the biliary tree.

Abscess: seen as a hypodense lesion showing 

fluid density with air foci or air-fluid levels. 

Should be managed by percutaneous 

drainage.

Biliary complications: Biloma, biliary extravasa-

tion and biliary peritonitis can occur second-

ary to high-grade hepatic trauma.

Follow-up investigations are usually not 

required in most cases of low-grade hepatic 

trauma. However, in cases of high-grade trauma 

or if any complication is suspected, investiga-

tions like ultrasound or contrast-enhanced ultra-

sound (if high suspicion of vascular injury) can 

be performed as alternative to CT before dis-

charging the patient or after 7–10 days of initial 

trauma.

Digital subtraction angiography (DSA) is 

usually performed with a therapeutic intent to 

treat any vascular injury or simply reduce the 

hepatic perfusion pressure in cases of high-grade 

liver injury in combination with surgical pack-

ing. Superselective catheterisation of the arteries 

and their distal branches helps in reducing isch-

emia when coupled with portal venous supply of 

liver, making angioembolisation a safe approach 

in patients of liver trauma. In a hemodynami-

cally stable patient post severe trauma, if there is 

the presence of active contrast extravasation/

pseudoaneurysm as seen on CT, or there is a 

drop in haemoglobin during NOM, angioem-

bolisation is done to identify the offending ves-

sel and embolise it using gelfoam or coils [27]. 

Traumatic pseudoaneurysms occur in 15% of 

patients with liver trauma. Delayed rupture of 

pseudoaneurysms can have devastating conse-

quences, so all pseudoaneurysms are treated 

with embolisation as soon as possible. Coil 

embolisation is preferred over gelfoam emboli-

sation in case of pseudoaneurysm(s). 

Arteriovenous or arterioportal shunting is a rare 

vascular injury subset that occurs secondary to 

trauma. It can be assessed on multiphase CT; 

however definitive diagnosis is made on 

DSA.  These patients are also treated with coil 

embolisation of the feeding artery.

17.6  Biliary Tract Injuries

Biliary tract injuries are rarely seen (2–3%) due 

to the protective effect of the liver [28]. Gall blad-

der injuries are more frequent as compared to 

extrahepatic biliary tract and IHBD. Isolated bili-

ary tract injuries are extremely uncommon, and 

they are usually associated with additional inju-

ries to the liver, spleen and duodenum [28]. 

Traumatic bile leaks are increasing in prevalence 

due to the trend of NOM of hepatic injuries [29]. 

It is important to diagnose them early to reduce 

the morbidity in patients with hepatic trauma 

managed conservatively.

CT findings Various injuries occurring in the 

gall bladder are contusions (most common), lac-

erations, perforations and avulsions. Contusions 
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a b
Fig. 17.7 CECT axial 

(a) and coronal (b) 

images in a man after 

road traffic accident 

show a thin 

discontinuous wall 

(arrow) of the gall 

bladder with extensive 

perihepatic and 

intraperitoneal free fluid 

(hemoperitoneum)

may present with subtle wall thickening (due to 

intramural haematoma) and are the mildest form 

of injuries to the gall bladder. Lacerations or per-

forations may present as the collapsed gall blad-

der lumen with pericholecystic fluid and 

discontinuous gall bladder wall enhancement 

(Fig. 17.7). Avulsions are the most severe injuries 

and may reveal gall bladder displaced from the 

fossa with or without associated injury to the cys-

tic duct and cystic artery with significant haemor-

rhage [30]. Gall bladder may be filled with 

hyperdense contents suggesting haemobilia in 

cases of trauma.

Bile leak is usually associated with significant 

trauma to the biliary tree. It may present as either 

contained fluid around GB fossa or liver paren-

chyma called as bilomas or may freely leak into 

the peritoneum making it indistinguishable from 

ascites and hemoperitoneum in many cases. 

Intrahepatic bilomas are usually well-defined cir-

cumscribed lobular hypodense collections, while 

intraperitoneal bile leak is suspected when there 

are signs of biliary peritonitis [31]. Biliary perito-

nitis can be seen as persistent or increase in the 

amount of intraperitoneal fluid and thickening 

and enhancement of the peritoneum.

Imaging risk factors for biliary tract injuries 

include high-grade hepatic injuries, lacerations 

extending to the porta, gall bladder fossa, or near 

IVC and low-density perihepatic fluid. Factors 

that predispose the gall bladder to injury are dis-

tension and increased sphincter of Oddi tone. If 

there is high index of suspicion of trauma to the 

biliary tract, other investigations can be used to 

confirm the diagnosis.

Hepatobiliary scintigraphy It demonstrates 

physiologic biliary excretion and has the ability 

to demonstrate active bile leaks. Progressive 

accumulation of a radiotracer in the abdomen not 

conforming to the appearance of the bowel is 

diagnostic of bile leak [32]. It can also help in 

determining the severity and rapidity of bile leak 

with the use of dynamic imaging. However, it is 

limited by poor spatial resolution and anatomical 

details which necessitates the use of MRCP in 

conjunction.

Magnetic resonance cholangiopancreatogra-

phy A non-contrast MRCP can be performed to 

assess the biliary tract and look for any irregular-

ity or discontinuity. MRCP with a hepatobiliary 

contrast is a powerful alternative to hepatobiliary 

scintigraphy in the dynamic evaluation of the 

biliary system as it has the unique ability to reveal 

the exact location of a bile leak [33]. It is limited 

in the trauma setting by its long acquisition times 

as well as signal noise by injury to surrounding 

tissues and inadequate patient preparation.

Percutaneous transhepatic cholangiography 

(PTC) During the need of an intervention such 

as percutaneous transhepatic biliary drain 

(PTBD) placement to decompress an obstructed 

biliary system and control bile leakage, it is com-

bined with PTC to detect and localise the site of 

injury and leak. PTC is superior to ERCP for the 

evaluation of proximal bile duct injuries, com-

mon duct ligation or transection. It is an invasive 

procedure with a major complication rate of 2%, 

hence not used routinely when non-invasive diag-

nosis of biliary tract injury suffices [34].
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Biliary tract injury management requires a 

skilled multidisciplinary team including inter-

ventional radiology, gastroenterology and hepa-

tobiliary surgery. Percutaneous and endoscopic 

interventions provide definitive treatment for sev-

eral types of bile duct injuries. Cholecystectomy 

is usually the treatment for severe gall bladder 

injuries.

17.7  Pancreatic Injuries

Penetrating injuries to the abdomen are the major 

contributor to pancreatic injuries. Retroperitoneal 

location of the pancreas protects it from most 

instances of blunt abdominal trauma. However, 

in children and young adults (with thin habitus 

and less abdominal fat), sudden localised force to 

the upper abdomen causes compression of the 

pancreas against the spine leading to pancreatic 

injuries. This usually happens in handle bar inju-

ries to cyclists, direct blow in children or seat belt 

injuries in a four-wheeler [35]. The body of the 

pancreas is most commonly injured followed by 

the head and tail. The clinical and laboratory fea-

tures of pancreatic injury like abdominal pain, 

leukocytosis and hyperamylasemia may be subtle 

and non-specific, limiting their usefulness in 

early recognition [36]. Thus, imaging plays an 

essential role in not only detecting parenchymal 

injury but also helping determine the manage-

ment plan.

The two most important determinants of out-

come following pancreatic injury are the time 

from injury to definitive diagnosis and the status 

of the main pancreatic duct (MPD) [37]. For the 

diagnosis of MPD injuries, CT has sensitivity 

and specificity of 70–80% [38]. Thus, it needs to 

be supplemented with MRCP and ERCP in 

hemodynamically stable patients to improve the 

outcome of management decision. Various imag-

ing findings seen in pancreatic trauma useful to 

management are:

CT CT may show a normal pancreas in about 

20–40% of patients when it is done within 

12 hours of pancreatic trauma [39]. Little change 

in density and separation of lacerated fragments 

reduces the sensitivity of detection of pancreatic 

injuries in early stages. A repeat CT in 

24–48 hours with specific pancreatic protocol in 

cases with high suspicion helps in the detection 

of specific imaging findings. These include pan-

creatic contusions (Fig. 17.8), lacerations (includ-

ing fracture), pancreatic haematoma, focal or 

diffuse pancreatic oedema, fluid separating the 

splenic vein and pancreatic parenchyma and vas-

cular injury seen as active extravasation.

a b

Fig. 17.8 Axial CECT image (a) and coronal CECT 

image (b) in an 8-year-old boy after blunt trauma show a 

contusion in the tail of the pancreas (arrow) with peripan-

creatic fluid. Lacerations in the spleen (solid arrow) are 

also seen on the coronal image with perihepatic as well as 

perisplenic fluid
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a b

Fig. 17.9 Axial CECT image (a) and coronal CECT 

image (b) in a 20-year-old man after penetrating trauma 

(wound marked with asterisk) show multiple superficial 

lacerations in the body and the tail of the pancreas (arrows) 

with perisplenic fluid (haematoma). Haematoma also seen 

along the track of penetrating injury—along subcutaneous 

space, anterior abdominal wall and lesser sac

a b

Fig. 17.10 Multiplanar reformatted oblique axial (a) and 

coronal (b) images of CECT abdomen in a 30-year-old 

man with blunt trauma showing a laceration in the neck of 

the pancreas (arrow) extending across the entire thickness 

of pancreatic parenchyma. Peripancreatic haematoma 

also seen with evidence of lacerations in the right lobe of 

the liver with hemoperitoneum

Specific signs Non-specific signs

Contusion Inflammatory changes in 

peripancreatic region

Laceration Intraperitoneal/

extraperitoneal fluid

Pancreatic fracture Thickening of the anterior 

renal fascia

Haematoma Fluid in the lesser sac/

mesocolon

Focal or diffuse oedema Pancreatic ductal dilatation

Fluid between the 

splenic vein and 

pancreas

Acute peripancreatic fluid 

collection

Active extravasation Fluid in anterior/posterior 

pararenal spaces

Major contusion is considered when there is 

hypoenhancement involving greater than 25% of 

the pancreatic parenchyma. Location and depth 

of laceration (Figs. 17.9 and 17.10) are important 

considerations while evaluating the CT in pan-

creatic injury. Major laceration is usually consid-

ered when the injury involves 25–50% of the 

pancreatic depth. The neck of the pancreas is the 

most common site of laceration. The spatial rela-

tionship of laceration with respect to superior 

mesenteric vein (SMV) and portal vein axis 

decides the surgical management. If a major lac-

eration is to the left of SMV, it is usually man-

aged by distal pancreatectomy. A laceration to 

the right of SMV would require Whipple’s proce-

dure. These are then often managed non- 

operatively except in cases of complete disruption 

of the head which will require Whipple’s 

surgery.

MRI with MRCP Evaluation of integrity of the 

pancreatic duct is essential in determining prog-

nosis and management in pancreatic injury. CT 

has been shown to have suboptimal (43%) sensi-
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a b

Fig. 17.11 CECT axial (a) image in a 38-year-old man 

with road traffic accident showing laceration (solid arrow) 

in the body of the pancreas involving more than 50% of 

the width of pancreatic parenchyma with peripancreatic 

fluid as well as hemoperitoneum (seen as perihepatic and 

perisplenic fluid). Axial T2 fat-suppressed image (b) 

clearly depicts the laceration in the body of the pancreas 

(solid arrow) reaching up to and involving the main pan-

creatic duct (seen distal to the laceration—arrow) with 

peripancreatic free fluid

tivity in the detection of pancreatic duct injuries 

[40]. Hence, MRI with MRCP is usually per-

formed after 48–60  hours of trauma to detect 

injuries to the pancreatic duct and prevent devel-

opment of complications. Dynamic secretin- 

stimulated MRCP is a variation on standard 

MRCP and can further improve sensitivity and 

accuracy of detection of pancreatic ductal inju-

ries. It has the advantage over ERCP in demon-

stration of the pancreatic duct as well as leak 

even distal to a major laceration or transection 

which are not seen on ERCP.  Also, it is non- 

invasive, faster and more readily available as 

compared to ERCP.  MRCP has been shown to 

depict the MPD in the pancreatic body in up to 

97% of cases and in the pancreatic tail in up to 

83% of cases [41]. Magnetic resonance pancrea-

tograms are acquired by using heavily 

T2-weighted breath-hold or non-breath hold 

sequences (Fig. 17.11).

ERCP ERCP is considered as the most accurate 

investigation in detection of the main pancreatic 

duct injuries [42]. It involves the advancement of 

a duodenoscope till the major papilla and then 

introduction of a cannula into the major papilla. 

It is followed by injection of contrast under fluo-

roscopic guidance to visualise the main pancre-

atic duct. Ductal injury is seen as abrupt 

termination of MPD or leakage of contrast. ERCP 

has an advantage over MRCP in enabling 

 image- guided intervention in hemodynamically 

stable patients in the form of stent insertion in the 

main pancreatic duct injury. It is helpful in the 

management of complications like drainage of 

pseudocyst and diversion of fistula through trans-

papillary and transmural drainage [42].

Pancreatic injuries are classified according to 

the AAST-OIS grading of pancreatic injuries 

[43]. The injuries are classified as follows: Grade 

1, minor contusion or major laceration without 

the main pancreatic duct involvement; Grade 2, 

major contusion or major laceration without the 

main pancreatic duct involvement; Grade 3, tran-

section or laceration involving the main pancre-

atic duct in the body/tail of the pancreas; Grade 

4, transection or laceration involving the main 

pancreatic duct/ampulla in the head of the pan-

creas; Grade 5, massive disruption of the pancre-

atic head.

Like in the case of liver injury, one grade can 

be advanced (up to Grade 3) for multiple 

injuries.

17.8  Complications of Pancreatic 
Trauma

Complications in pancreatic trauma can develop 

in up to one third of patients. They usually 

develop when the pancreatic duct is injured and 
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Fig. 17.12 CECT axial image in a young man with road 

traffic accident showing a large pseudoaneurysm (arrow) 

in the head of the pancreas with surrounding haematoma 

(asterisk)

result in prolonged morbidity. Complications 

include fistula formation (most common), trau-

matic pancreatitis, pseudocyst formation, 

abscesses and duct stricture. Leakage of pancre-

atic enzymes may lead to vessel wall erosion 

forming pseudoaneurysm (Fig.  17.12) that may 

complicate with delayed haemorrhage [44]. 

Prevention and management of complications are 

imperative to improve prognosis of pancreatic 

injury, and imaging plays an important role. 

Follow-up investigations like ultrasound can help 

in the detection of abscesses and pseudocysts. 

Fistula and pseudoaneurysms can be detected 

using cross-sectional investigations like CT and 

MRI with MRCP.  Pseudoaneurysms can be 

treated with minimally invasive interventional 

radiological procedures.

17.9  Conclusion

Hepatobiliary and pancreatic trauma is a com-

mon emergency that requires prompt diagnosis 

and management. It is best assessed by contrast- 

enhanced CT in hemodynamically stable 

patients. By accurately detecting and character-

ising these injuries and the associated vascular 

injuries in addition to evaluating delayed com-

plications, CT has enabled and aided successful 

non-surgical management of the traumatic inju-

ries. MRI with MRCP is increasingly employed 

in suspected cases of pancreatic trauma to accu-

rately characterise and grade injuries. The 

trauma radiologist plays an essential role in 

selecting the optimal scanning parameters to 

optimise injury detection and in recognising the 

range of imaging features typically encoun-

tered in upper abdominal trauma, including 

findings that potentially confound accurate 

diagnosis. In cases of diagnostic doubt or sce-

narios where intervention is required, other 

investigations like hepatobiliary scintigraphy, 

ERCP, PTBD (in combination with PTC) and 

DSA should be used judiciously taking into 

account the clinical condition and tolerability 

of the trauma patient.
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18PET/CT in Hepatobiliary Pancreatic 
Tumours

Sikandar Shaikh

18.1  Hepatic Lesions

18.1.1  HCC

18-Fluoro-2-deoxyglucose (FDG)-positron emis-

sion tomography (PET)/computed tomography

(CT) is a newer molecular imaging modality

which uses glucose as the metabolic contrast

agent. The various applications are for the stag-

ing, restaging, evaluation of the early disease

recurrence, monitoring the response to the treat-

ment, and for the prognosis of the various malig-

nancies. The other important applications are for

the diagnosis of the inflammatory diseases. The

availability of the routine anatomical modalities

like the CT and magnetic resonance imaging

(MRI) can help easily diagnose the various

tumours of the hepatobiliary pancreatic system

and also for the tumour-like lesions. The role of

the use of the FDG-PET/CT is fully established

now, but despite this, there are many fallacies

which limit their precise use in these conditions.

The amount of the uptake in these conditions

where the primary and secondary malignant

lesions involving the hepatic parenchyma show a

significant amount of the increased uptake and on

the contrary the benign lesions will have a similar

amount of the uptake like the background liver

parenchyma. Despite this there are many false- 

negative and false-positive uptake seen in the 

malignant tumours and also higher amount of the 

uptake in the benign tumours and various other 

infective and inflammatory lesions. Again, the 

amount of the uptake is seen differently in the 

even similar tumours histologically. The tumour 

differentiation in some of the tumours is again 

based on the amount of the uptake which can pre-

dict the better prognosis and also the therapeutic 

response.

Primary hepatobiliary malignancies include 

various hepatic tumours, cholangiocarcinoma, 

and gallbladder cancer. Primary hepatic tumours 

are categorized into malignant or benign [1], 

which comprises the hepatocellular carcinomas 

(HCCs), haemangiomas, adenomas, and focal 

nodular hyperplasia (FNH). Chronic liver disease 

is the main cause of the increased incidence of 

the HCC, and hepatitis is one of the common 

causes [2], followed by alcoholic cirrhosis [3] 

and other various systemic immune diseases, 

affecting the entire body such as human immuno-

deficiency virus [4]. Biliary and gallbladder pri-

mary malignant tumours are not that prevalent 

(<2% of cancer prevalence) but are very difficult 

to diagnose in the operative stage. Gallbladder 

cancer has different aetiologies globally, and the 

common causes are the cholelithiasis and infec-

tions like Salmonella [5]. The role of PET and 

PET/CT is very important and well established 

for the diagnosis, staging, restaging, and 
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 follow- up of these malignancies. The availability 

of various newer hepatic MRI protocols has sig-

nificantly increased the ability of MRI for the dif-

ferentiation of various benign and malignant 

focal hepatic lesions. Diffusion-weighted imag-

ing investigated by Koike et al. [6] is capable of 

easier differentiation of malignant versus benign 

lesions by a quantitative parameter of lower 

apparent diffusion coefficient with increased 

contrast ratio as compared with adjacent back-

ground hepatic parenchyma. With the develop-

ment of various specific MRI hepatobiliary 

contrast agents, the lesion detection and charac-

terization have become significantly increased 

[7]. With the availability of the various MRI tech-

niques, the differentiation and the characteriza-

tion of the hepatic lesions will become easier in 

the future. Glucose metabolism in the liver is an 

important component of the nondietary glucose, 

for maintaining the glucose homeostasis at the 

rate of 2.0  mg/kg/min [8]. Various  levels of 

glucose- 6-phosphatase (G6Pase) activity and 

also the glucose transporters (GLUTs) in HCC, 

and due to this there will be significant change in 

the amount of the 18F-FDG uptake which is 

more variable [9–12]. Torizuka et al.’s [9] study 

revealed that the amount of the FDG uptake in 

the HCC is based on the HCC differentiation; the 

higher the grade of HCCs, the higher the FDG 

uptake (mean [± SD] standardized uptake value 

[SUV], 6.89 ± 3.39) (Fig. 18.1) as compared with 

low-grade HCCs (mean SUV, 3.21  ±  0.58) 

(p < 0.005). Because of this the FDG-PET uptake 

in the scans can detect higher-grade HCCs and 

less amount of the uptake in the low-grade HCCs, 

due to the decreased FDG uptake. FDG-PET/CT 

uptake in the detection of HCC has a significant 

range of 50–65% [12–16]. Due to this difference, 

the FDG-PET [14] is not highly sensitive for the 

diagnosis of the primary HCC.

One of the studies by Khan et al. [13] showed 

that the sensitivity of FDG-PET for the diagnosis 

of HCC was 55%, as compared with the contrast- 

enhanced CT with 90%. Another study by Wudel 

et al. [15], which has the larger number of FDG- 

PET evaluation for HCC (n = 91), showed that 

the sensitivity of FDG-PET for the detection of 

HCC was 64%. The overall sensitivity of FDG- 

a b

c d

Fig. 18.1 Multiple 

hypodense lesions seen 

in both lobes of the liver 

with peripheral nodular 

enhancement on CT 

image a, b, and d 

showing diffuse 

increased uptake seen 

corresponding to the 

liver lesions which 

shows high metabolic 

activity of the lesions. 

Fused image c shows 

increased uptake 

corresponding to CT 

lesions
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PET is lower than that of other imaging modali-

ties for HCC, but despite this the FDG uptake 

will be acting like the biomarker of differentia-

tion. The semiquantitative values of SUVs can 

only give the opinion of the histopathologic eval-

uation of the tumour. Shiomi et al. [17] studied 

and concluded that the SUV ratios (SUV ratio of 

tumour to non-tumour in the liver) of HCC 

tumours will be correlating the tumour volume- 

doubling time (r = −0.582; p = 0.006). By their 

technique the cumulative survival rate can be 

used for the diagnosis for the correct evaluation 

of the SUV ratio. In this study two groups are 

formed and divided into two similar group size: 

group A (n  =  24) had SUV ratios (here it is 

defined as the hepatic tumour-to-non-tumour 

ratio of SUV) of 1.5 or less, and group B (n = 24) 

had the SUV values greater than 1.5. The cumu-

lative survival rate is lower in group B than in 

group A (p = 0.026). One of the studies by the 

Kong et al. [18] has shown that in patients with 

HCC of mean SUVs 7 or greater and having the 

(p  =  0.0003) on the lower median side in the 

range of the (4 vs 15 months). The role of FDG- 

PET/CT is to evaluate tumours better than the 

conventional CT modality and other modalities, 

and this has a bigger advantage in evaluating the 

whole body at one time for the detection of the 

metastases which can be local or distant [13]. In 

one of the studies [19], FDG-PET/CT scan for 

pre-therapy evaluation was done instead of the 

CT and MRI for the evaluation of extrahepatic 

metastases. Of the 87 patients, 24 of them had 

extrahepatic metastases. All these extrahepatic 

metastases were detected by FDG-PET without 

performing CT or MRI. Along with the primary 

evaluation, nodal and skeletal metastases were 

also detected in four and six patients, respec-

tively. Here the entire tumour, node, and metasta-

sis (TNM) staging which was done based on the 

conventional modalities such as CT and MRI was 

changed by the FDG-PET/CT.  Ho et  al. [20] 

studies showed that the poorly differentiated 

HCCs, which are more likely metastatic, are 

FDG avid; thus, the metastatic foci in the HCCs 

can be easily detected by the FDG-PET. Wudel 

et  al. [15] showed the sensitivity of the FDG 

accumulation in the 64% of HCCs which had a 

significant impact in the work-up of the 26 of 91 

patients (28%) with known HCC. All these find-

ings were confirmed with the biopsy (n  =  1), 

which detected metastases in 5 cases and 12 

cases with the post-therapeutic response to the 

loco-regional therapy, and thus FDG-PET will be 

important for staging and management of HCC 

patients. Thus FDG-PET/CT has shown a signifi-

cant increased sensitivity for lesion detection, 

localization, characterization, and also differen-

tiation of these lesions [21]. The role of the tri-

phasic CT is also important in HCC as the 70% of 

HCCs will be hypodense on plain CT and 20% 

will be hyperdense on the arterial phase [22]. 

FDG-PET/CT also has an important role for the 

detection of the extrahepatic disease in patients 

with primary HCC. In general, FDG-PET/CT has 

increased sensitivity for the primary HCC and 

also for the skeletal metastases evaluation as 

compared to the multidetector computed tomog-

raphy (MDCT) and bone scintigraphy. In this 

study the mean sensitivity and specificity for the 

diagnosis of bone metastasis were 41.6% and 

94.5% for MDCT, 83.3% and 86.1% for FDG- 

PET/CT, and 52.7% and 83.3% for bone scintig-

raphy, respectively [23]. Another important role 

of FDG-PET/CT is for efficacy assessment of 

chemoembolization therapy in HCC lesions 

despite the variable and limited uptake in the 

detection of HCC tumours (Fig.  18.2). Another 

radiotracer 11C-acetate PET is also used along 

with the FDG-PET like the dual tracer for the 

PET/CT scan. Ho et  al. showed in one of the 

studies that the well-differentiated HCCs will 

have significant accumulation of the 11C-acetate, 

as compared to the poorly differentiated tumours 

that will be accumulating the FDG [20]. Delbeke 

et al. [24] showed that the differential uptake by 

various lesions by different tracers can identify 

the lesions better with the more precise diagno-

sis. Here the accumulation of the tumour by both 

tracers, and only 11C-acetate, then the possibility 

of the HCC is more. However, lesions that will 

show only the FDG accumulation will show more 

of like the non-HCC malignancy. And the remain-

ing lesions, with no radiotracer uptake by any of 

these pathologies, show that it is the benign 

pathology. As there is preferential affinity to 
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a b

c d

Fig. 18.2 (a–d) 

Post-TACE fused PET/

CT images showing a 

hypodense lesion with 

no significant uptake in 

the liver lesion 

suggestive of no 

metabolic activity in the 

lesion.

 different types of HCC lesions, the dual-tracer 

PET will show the increased sensitivity for the 

detection of HCC. One of the studies of Ho et al. 

[20] showed that the 23 HCC lesions were nega-

tive for both tracers. The role of the dual-tracer 

use of the 11C-acetate and FDG-PET/CT [25] 

showed the significant detection of the primary 

and metastatic HCC.  The sensitivities of FDG, 
11C-acetate, and dual-tracer PET/CT were 60.9%, 

75.4%, and 82.7%, respectively, in the evaluation 

of the 110 lesions in 90 patients with known pri-

mary HCC. The sensitivities based on the tumour 

size (1–2, 2–5, and ≥5 cm) were 27.2%, 47.8%, 

and 92.8%, respectively, for FDG and 31.8%, 

78.2%, and 95.2%, respectively, for 11C-acetate 

[25]. FDG is more sensitive than 11C-acetate in 

the analysis of extrahepatic metastases (85.7% vs 

77%). The 11C-acetate FDG-PET/CT is more 

sensitive for the detection of primary HCC as 

compared to the extrahepatic metastases. FDG- 

PET sensitivity is more sensitive for the poorly 

differentiated HCC lesions due to their aggres-

siveness as compared to the metastases [20]. In 

the staging and to diagnose HCC metastasis, Ho 

et  al. [20] concluded that the role of using the 

dual-tracer PET/CT shows an increased sensitiv-

ity of 98%, a specificity of 86%, a positive pre-

dictive value (PPV) of 97%, a negative predictive 

value (NPV) of 90%, and an accuracy of 96%. 

FDG-PET is not completely sensitive for HCC 

detection due to the variable amount of the glu-

cose metabolism, with the sensitivity range of 

55–64%, and in this the larger tumours more sen-

sitive than the smaller tumours due to FDG-PET 

more directly proportional to the grade of the 

tumour more in the high-grade tumours. The 

FDG-PET is more sensitive for the evaluation of 

regional and extrahepatic metastases, and the 

greater number of metastatic HCCs shows more 

FDG avidity. The use of the 11C-acetate radio-

tracer with FDG has shown significantly 

increased sensitivity for HCC with PET. Benign 

liver lesions like haemangiomas, FNH, and hepa-

tocellular adenomas (HCA) show increased 

uptake of FDG as compared to the background 

liver parenchyma.

18.1.2  The Role of FDG-PET(/CT) 
in HCC

FDG-PET/CT is more sensitive compared to the 

conventional imaging modalities for the local 

tumour recurrence detection and also for the 
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 various therapeutic options like radiofrequency 

ablation. FDG-PET has lower sensitivity for the 

detection of intrahepatic lesions as HCC tumour 

differentiation is not precise. The well- 

differentiated HCC lesions will show the same 

activity of the normal liver parenchyma, and due 

to this reason, the tumour detection can be diffi-

cult. For intrahepatic tumour recurrence evalua-

tion, the sensitivity is more based on the 

malignant potential of the lesion [26, 27]. In one 

of the studies comprising 24 patients, intrahe-

patic and extrahepatic disease evaluation for 

follow-up is more precise with FDG-PET in 

comparison to the CT.

18.1.3  Hepatic Tumours and Tumour- 
Like Lesions

Malignant tumour, Benign tumour, and Tumour- 

like lesions are Hepatocellular carcinoma, 

Hepatocellular adenoma, Intrahepatic cholangio-

carcinoma, Hepatic cavernous haemangioma, 

sclerosed haemangioma, Combined hepatocellu-

lar cholangiocarcinoma, Focal nodular hyperpla-

sia, Hepatic angiosarcoma, Angiomyolipoma, 

Malignant lymphoma, Inflammatory pseudotu-

mour, Neuroendocrine tumour, Pseudolymphoma, 

Hepatic metastasis, Inflammation, infection, Focal 

sinusoidal obstruction syndrome, Intratumoural 

haemorrhage in the acute phase.

The mechanism of the FDG uptake is that 

FDG is taken up by the cells by GLUTs which is 

phosphorylated by hexokinase (HK) to FDG-6- 

phosphate. FDG-6-phosphate is further dephos-

phorylated by G6Pase and transported outside of 

cells by GLUT, and this mechanism is important 

for the maintenance of glucose homeostasis [28]. 

These GLUTs are seen in various organs and bio-

chemically made up of glycoproteins having 12 

isoforms [29]. Hexokinases are of four types hav-

ing different functions seen in the cell [30]. 

Mechanism in the normal hepatocyte cells, FDG, 

or glucose will be taken by GLUT-2 into the 

cytoplasm, further phosphorylating to 

HK-IV. This cell-specific enzyme G6Pase is seen 

in the liver and the kidneys’ endoplasmic reticu-

lum [31] as G6Pase Complex; this complex com-

prises the G6Pase glucose-6-phosphate 

transporter (G6PT)1, G6PT2, and G6PT3, trans-

porters which will be functioning like transport-

ers of FDG-6-phosphate, FDG, and phosphate, 

respectively, and can cross the endoplasmic retic-

ulum [32]. The metabolic glycolytic pathway 

traps the FDG-6-phosphate in the hepatic cells 

[33]. And the cellular metabolic rate is based on 

the amount of the uptake of GLUT, HK, and 

G6Pase [34], having different biological proper-

ties [35, 36], like the adenocarcinoma, squamous 

cell carcinoma, small cell cancer, transitional cell 

cancer, neuroendocrine tumour (NET), sarcoma, 

and lymphoma [37]. Different patterns like solid, 

cystic, and mucinous, tumour differentiation 

based on the different components like necrosis, 

degeneration, and haemorrhage can also be 

quantified.

18.1.4  Factors That Influence FDG- 
PET/CT Imaging

Characterizing the different hepatic lesions which 

are based on different technical factors, for exam-

ple, different artefacts like misregistration, trun-

cation, attenuation correction, and partial volume 

effect. Misalignment of PET and CT in PET/CT 

is called misregistration. The FDG metabolic 

activity of PET images should correspond to CT 

images, and if this correspondence is not there, 

then it is known as misregistration [38] leading to 

many false-negative results. Various causes of the 

misregistration are breathing artefacts, patient 

movement, and peristaltic bowel movements 

which can be seen separately [39]. Truncation 

artefacts have different sizes in CT (50 cm) and 

PET (70 cm) based on the field of view, in heavy- 

built patients and technically different patient 

positions like the keeping-arm-down position. 

Due to this the patient’s body is seen as beyond 

the CT field of view and appears truncated. If no 

attenuation correction is there, then the PET 

attenuation corrected images will not give correct 

standardized uptake values. This will lead to 

streaking artefacts at the margin of the CT image, 

and the correct data will show higher metabolic 

activity at the truncation edge leading to the 
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Diagram 18.1 Showing the metabolic activity in the glucose cells

 misinterpretation of PET images [39]. This is one 

of the important reasons hepatic lesions are 

missed in the CT-based attenuation correction 

[40]. This attenuation correction is seen in a 

higher-density areas [41] and also in areas of the 

low to high photon-attenuating tissue levels 

where there is no correlation between the PET 

and CT images [42, 43]. Diaphragmatic areas 

also show the sharp tissue/air transition which is 

seen in different positions. This is also seen along 

the margins of the hepatic parenchyma. The PET 

signal doesn’t have any role in various attenua-

tion correction artefacts [44]. FDG-PET/CT 

images are based on the qualitative and quantita-

tive parameters depending on the amount of the 

radiotracer uptake. SUV is a semiquantitative 

quantification method to quantify the amount of 

the uptake in various tissues and lesions. 

Technically the partial volume effect also shows 

false SUVmax values in the smaller tumours 

[45]. The size of the lesion will also show the 

sensitivity of the PET in the hepatic and extrahe-

patic lesions [46]. This concept shows that FDG-

PET is an important modality in HCC patient 

prognosis [47] (Diagram 18.1).

18.2  Intrahepatic 
Cholangiocarcinoma

Intrahepatic cholangiocarcinoma (ICC) is the 

second most common primary liver neoplasm 

after HCC, which is arising from the epithelium 

of the bile duct. This ICC is further subclassified 

into the peripheral type which is arising from 

small bile ducts and perihilar type which is aris-

ing from large bile ducts. These quantifications 

are based on the location and morphology of the 

lesion. Approximately 90% of ICCs are having 

increased FDG uptake in the nodular or mass- 

forming cholangiocarcinoma seen in the periph-

ery of the lesion [48], and this mass-forming ICC 
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has peripheral rim enhancement seen on CT and/

or MRI post-contrast images with ring-like 

peripheral uptake [49]. The uptake is due to 

increased expression of GLUT-1 and HK-II [50, 

51] . GLUT-1 expression is associated with the 

FDG uptake, especially in the moderately and 

poorly differentiated ICC [51]. The perihilar and 

infiltrating type comprises 10% of all ICCs, 

resulting in the peripheral and infiltrating type 

showing the FDG uptake in focal nodular or lin-

ear branching pattern [49]. Smaller lesions hav-

ing higher mucin content predominantly in hilar 

lesions compared to peripheral lesions [48]. Thus 

FDG-PET/CT is more accurate in evaluating the 

nodular type of ICC, compared to the infiltrating 

type (Fig.  18.3). Due to this the FDG-PET/CT 

has less sensitivity to evaluate the primary lesion, 

in comparison to the metastases. And this has a 

significant impact for the staging on the selection 

of therapy in 17–30% of patients [52, 53].

Cholangiocellular subtype (also called chol-

angiocellular carcinoma or bile ductular carci-

noma) is being classified as a type of combined 

hepatocellular cholangiocarcinoma (cHCC-CC) 

having stem cell features, and it is now classified 

by the World Health Organization classification 

criteria (2019) as the small duct type of intrahe-

patic cholangiocarcinoma [54]. Histologically, 

the cholangiocellular subtype is described as a 

well-differentiated adenocarcinoma which has 

the pattern of the antler-like glands in oedema-

tous, fibrous stroma, and looking like the ductular 

reaction, this is seen in various acute and chronic 

liver diseases and also in massive hepatic necro-

sis. This is the rare entity and the role of the 

FDG-PET/CT for this subtype are not seen. The 

biological nature of cholangiocellular subtype 

has false-negative results of FDG [55], and fur-

ther evaluation is required for confirmation.

b

c d

a
Fig. 18.3 Image a 

fused PET/CT image 

showing a significant 

uptake corresponding to 

hypodense lesions seen 

in image c in both lobes. 

Image b and d PET 

showing corresponding 

uptake in the lesions

18 PET/CT in Hepatobiliary Pancreatic Tumours



288

18.3  Combined Hepatocellular 
Cholangiocarcinoma

cHCC-CC is a primary liver carcinoma compris-

ing both hepatocytic and cholangiocytic differen-

tiation in the same tumour lesion [54]. This is 

rare and also has a very poor prognosis; the inci-

dence ranges from 1.0 to 4.7% of all primary 

hepatic tumours. As this is a rare entity, FDG is 

used for the diagnosis with the pre-treatment 

tumour-to-normal liver SUV ratio that is an 

important parameter for the prediction of progno-

sis [56]. The hepatocytic component will have 

different degrees of the FDG uptake useful for 

differentiation and also for the cholangiocytic 

part showing the higher FDG uptake.

18.4  Hepatic Angiosarcoma

Primary hepatic angiosarcoma is a rare tumour 

which originates from hepatic endothelial cells 

and has a very high malignant potential with 

rapid progression. These lesions are ~1% of all 

primary hepatic carcinomas and the most com-

mon mesenchymal malignancy of the liver. 

Hepatic angiosarcomas are further classified on 

the basis of the morphology single mass, mixed 

massive mass, multiple nodules, and diffuse nod-

ule types, and the combination of all is also the 

finding seen in many cases. On CT and MRI, 

these lesions have the indistinct border, with a 

variable associated with intratumoural haemor-

rhage. These lesions show the classical centripe-

tal heterogeneous enhancement on CT and MR 

imaging. High-grade malignant angiosarcoma 

will show no enhancement due to intratumoural 

haemorrhage, cystic degeneration, and necrosis 

[57]. The single lesion and mixed massive mass 

types of hepatic angiosarcoma show a higher 

FDG uptake [58, 59] and are still considered as 

the overexpression of GLUT-1 [57], and the dif-

fuse nodular type shows false accumulation of 

the FDG activity due to the lower cellular den-

sity, intratumoural haemorrhage, and tumoural 

necrosis [60].

18.5  Malignant Lymphoma

Malignant lymphoma is categorized into 

Hodgkin’s and non-Hodgkin’s lymphoma; this 

will have a wide range of malignant diseases with 

different histology, variable behavioural patterns, 

different imaging features, and treatment options. 

Non-Hodgkin’s and Hodgkin’s lymphomas are 

placed as the 13th and 28th most frequent cancers 

worldwide, respectively, in 2018, with the esti-

mated 509,590 and 79,990 new cases diagnosed 

and 248,724 and 26,167 deaths respectively. As 

per the clinical approach, the clinicopathological 

grading of cases is based on the indolent, aggres-

sive, or highly aggressive system which will be 

correlating the better management approach with 

the more precise FDG avidity [61]. The aggres-

sive and highly aggressive non-Hodgkin’s lym-

phomas are the diffuse large B-cell lymphoma; 

the indolent (low-grade) lymphomas comprise 

the mucosa-associated lymphoid tissue, chronic 

lymphocytic leukaemia/small lymphocytic lym-

phoma, marginal zone lymphoma, and peripheral 

T-cell lymphoma [62]. The secondary involve-

ment of liver parenchyma is not much uncom-

mon in non-Hodgkin’s lymphoma; however, the 

primary hepatic lymphoma is extremely rare, 

comprising 0.016% of all non-Hodgkin’s lym-
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phoma [63]. The most common subtype of liver 

parenchyma is the diffuse large B-cell lymphoma 

[64]. The primary hepatic lymphoma based on 

the morphological features is classified in the two 

different types: nodular, which is seen more fre-

quently, and diffuse liver infiltration, which is 

seen less frequently and also seen as a solitary 

nodular lesion [64]. The solitary hepatic lesion 

with very high FDG uptake is more likely sug-

gestive of lymphoma, commonly diffuse large 

B-cell lymphoma. The diffuse infiltration of pri-

mary hepatic lymphoma, which is viewed in CT 

and MRI, is seen in acute hepatitis [65], and the 

very high FDG uptake represents lymphoma. In 

cases of doubts with the FDG PET findings, a 

percutaneous liver biopsy should be done from 

the level of the more active area in the lesion. 

FDG-PET/CT imaging is used for the staging, 

restaging, assessment of therapeutic response, 

and early detection of disease recurrence in 

malignant lymphoma. The degree of FDG uptake 

corresponds to the aggressiveness of the lesion. 

Generally, the high FDG uptake is seen in aggres-

sive lymphoma, compared to the indolent lym-

phoma with less FDG uptake [66]. The important 

aspect is that the more increased FDG avidity 

will be more corresponding to the bad prognosis 

and poor response to treatment [67, 68]. Again, 

the important aspect to be kept in mind is that the 

more increased FDG uptake of the low-grade 

lymphoma will be corresponding to the more 

higher-grade transformation which is also known 

as Richter’s transformation [69]. GLUT-1 and 

GLUT-3 are important for the increased uptake in 

the FDG in the diffuse large B-cell lymphoma 

and also in the extra nodal natural killer/T-cell 

lymphoma. The SUVmax values and the GLUT-3 

have better prognosis of diffuse large B-cell lym-

phoma. Hodgkin’s lymphoma has higher expres-

sion of GLUT-1 and is also related to the amount 

of the FDG uptake [70–72].

18.6  Primary and Metastatic 
Neuroendocrine Tumours

Neuroendocrine neoplasms are rare in liver paren-

chyma and have more heterogeneity as they origi-

nate from peptidergic neurons and neuroendocrine 

cells in the entire body. The common sites for the 

origin of these tumours are from the gastrointesti-

nal tract, lung, adrenal gland, and thyroid gland. 

And the most common sites of metastasis are the 

lymph nodes, liver, spleen, and bone. The primary 

hepatic neuroendocrine tumours are extremely 

rare, and the features of the hepatic metastasis 

have also similar characteristics for the gastroen-

teropancreatic neuroendocrine tumours. The grade 

of tumour differentiation is again based on the 

amount of FDG uptake which shows the amount 

of aggression in tumour cells, and again GLUT-1 

expression is related to the FDG accumulation 

[73]. The FDG uptake will show the amount of 

cell differentiation and is lower in the G1 or G2 

neoplasms and significantly more in the poorly 

differentiated neuroendocrine carcinomas. The 

overall PET/CT for the evaluation of the primary 

and secondary metastatic neuroendocrine tumours 

involving the hepatic parenchyma is less with the 

range of only 36–52% [74, 75] (Fig.  18.4), but 

despite this the FDG-PET/CT can provide better 

information [74]. Earlier PET/CT has shown an 

predictor of the disease-free survival [76], and also 

the multivariate evaluation has shown that the 

SUVmax >3 is also an important predictor of dis-

ease-free survival [75].
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a
Fig. 18.4 Image a 

fused PET/CT showing 

a significant uptake in 

the nodular lesions 

corresponding to the 

hypervascular lesions on 

CT image b consistent 

with high vascularity as 

well as aggressive 

lesions. Image c and d 

PET showing a 

corresponding uptake in 

liver lesions

18.7  Hepatic Metastasis

The metastatic involvement of the liver is more 

common than the primary liver tumours, and the 

common sites are the gastrointestinal tract, lung, 

breast, and pancreas. The precise evaluation, 

detection, and characterization of hepatic metas-

tases are very important for treatment planning. 

PET/CT is more superior over CT for the detec-

tion of hepatic metastases from the primary can-

cers [77, 78]. Gadolinium ethoxybenzyl 

diethylenetriaminepentaacetic acid (Gd-EOB- 

DTPA)-enhanced MRI is also important for the 

dynamic contrast-enhanced CT along with the 

FDGG-PET/CT [79, 80], more focussed for the 

detection of the smaller lesions. Metastasis has 

similar features of the primary tumour, with 

higher uptake of FDG in metastases [79, 80], 

seen in the overexpression of GLUT-1 in prima-

ries like the lung, pancreas, colorectum, breast, 

and biliary tract [81]. The amount of FDG uptake 

is based on the differentiation or histopathologic 

basis of the tumour [82, 83] (Fig. 18.5). Few of 

the lesions show the lower amount of the uptake 

or also the false-negative uptake of FDG. Few of 

the tumours show the lower glucose metabolism, 

especially in the well-differentiated lesions like 

pancreatic adenocarcinomas [84], prostate cancer 
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b

c d

a
Fig. 18.5 Infiltrative 

lesion with patchy 

enhancement seen in 

image c and 

corresponding uptakes 

seen in the fused image 

a and PET images b and 

d consistent with the 

intrahepatic 

cholangiocarcinoma

[85], lung adenocarcinoma [86], bronchioloalve-

olar carcinoma of the lung [87], and neuroendo-

crine tumour (G1) [74, 76]. The metabolic 

activity in these lesions has the relatively lower 

FDG uptake like the primary tumour, and also the 

uptake can also be masked due to the background 

liver uptake. The reason for the lower uptake is 

the low cellularity due to mucin, cystic compo-

nent, degeneration, and intratumoural haemor-

rhage. Cystic tumours, having mucin, 

degeneration, or cystic change within the tumour, 

have low volume of the cancer cells, correspond-

ing to the lower FDG uptake in the tissues [87, 

88] (Fig. 18.6). Mucinous carcinoma is the most 

common malignancy to metastases to the liver 

commonly seen from the gastrointestinal tract 

comprising approximately 17% of colonic 

tumours. This is also found in the ovary. These 

tumours contain clear, gelatinous fluid (mucin) 

that can be intracellular or extracellular. FDG 

uptake directly correlates with the number of 

viable cancer cells, and as mucinous cells, 

tumours have fewer cancer cells and show 

decreased FDG avidity; thus PET/CT has a lim-

ited role in the mucinous tumours, and the 

reported sensitivity of the mucinous tumours is 

59%.

18 PET/CT in Hepatobiliary Pancreatic Tumours



292

b

c d

a
Fig. 18.6 Multiple 

extrahepatic lesions seen 

in CT image c 

corresponding to the 

images a, c, and d which 

shows a significant 

metabolic activity 

suggestive of the 

extrahepatic metastases 

with hepatic 

involvement

18.8  Adenoid Cystic Carcinoma

Adenoid cystic carcinoma (ACC) is a very rare 

form of adenocarcinoma usually seen in the 

secretory glands, commonly seen in the major 

and minor salivary glands of the head and neck, 

which comprises 5–10% of all salivary gland 

tumours. They have the potential for the involve-

ment of the nerves and distant metastases by the 

haematogenous route commonly seen in the lung 

and bone, which is followed by the brain and 

liver. The sensitivity of PET/CT for ACC metas-

tases is also rare like the mucinous carcinoma 

[89]. The intratumoural degeneration or haemor-

rhage also shows reduced FDG uptake.

Renal cell carcinoma (RCC) is one of the 

common tumours worldwide. The clear cell RCC 

(ccRCC) is the most common histologic type. CT 

is the most commonly used modality for the eval-

uation of renal tumours and also for the 

 characterization of renal tumours which will be 

intermediate in ultrasound (US) or CT.  FDG- 

PET/CT is able to diagnose half of the cases [90]. 

Again, the SUVmax is directly proportional to 

the grading of the RCC lower in the low-grade 

and higher in the high-grade lesions. Here the 
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FDG uptake is based on the expression of 

GLUT-1 [91, 92], and the significant association 

is between SUVmax and GLUT-1 expression in 

ccRCC [92]. The concept here is that lower 

G6Pase activity due to reduced G6Pase catalytic 

subunit will show the lower uptake of FDG in 

RCC.  But the expression of G6PTs is signifi-

cantly variable, and no exact correlation is being 

found between the tumorous and non-tumorous 

tissues [93].

18.9  Malignant Melanoma

Malignant melanoma is the important tumour 

related to the cells containing melanocytes, 

which are commonly seen in the skin, but can 

also be seen in other locations like the mouth, 

intestines, or eye. Due to the higher nodal and 

distant metastases, it has very poor prognosis and 

higher recurrence rates. The common metastasis 

is seen in the lymph nodes (73.6%), then liver 

(58.3%), brain (54.6%), bone (48.6%), and adre-

nal glands (46.8%). In the very rare uveal mela-

noma, the liver is the most common site of the 

systemic metastasis, thus depicting the varied 

biological behaviours which is seen between 

cutaneous and uveal melanoma. PET/CT imag-

ing is the most sensitive and accurate modality 

for the evaluation of the primary and metastatic 

lesions of cutaneous melanoma [94], as com-

pared to the uveal melanoma [95, 96]. The 

GLUT-1 expression is also related to the FDG 

uptake in the melanoma; despite this 60% of 

hepatic metastases of uveal melanoma are FDG 

negative showing that there is no correlation 

between the expression of GLUT-1 hepatic 

metastases from cutaneous and uveal melanoma 

[97]. The lower FDG uptake of glucometabolic 

disorder may be the reason for these 

presentations.

18.10  Benign Hepatic Tumours 
and Tumour-Like Lesions

The majority of benign tumours and non- 

tumorous lesions show no FDG uptake or mini-

mal uptake in relation to the background liver 

parenchyma [98]. However the benign tumours 

and different infective inflammatory lesions show 

increased uptake as well as false-positive uptake 

[99–102]. FDG-PET has a role when the routine 

modalities like CT and MRI have become equiv-

ocal for the differentiating benign tumour from 

malignancies [98, 103].

18.11  Hepatocellular Adenoma

Hepatocellular adenoma (HCA) is a very rare 

benign liver neoplasm seen in the females off the 

reproductive age predominantly. It is classified 

on the basis of the molecular subgroups which 

are having many risk factors, varied clinical 

behaviours, different histological presentations, 

and imaging features also. The hepatocyte 

nuclear factor-1 α-inactivated HCA, inflamma-

tory HCA, and many HCAs are being linked with 

the higher risk of malignant transformation and 

will be associated with the bleeding tendencies 

showing less but varying amount of metabolic 

activity [104] (Fig. 18.7). Other imaging proto-

cols like the use of the EOB-enhanced MRI will 

be able to classify the various subtype and to 

 distinguish the HCA from other hypervascular 

hepatic tumours.
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d

a

e f

Fig. 18.7 Mild metabolic activity seen in the fused images a and d corresponding to the CT images b and e which 

shows uptake in images c and f suggestive of the benign lesions—hepatic adenoma

18.12  Hepatic Cavernous 
Haemangioma 
and Sclerosed 
Haemangioma

Cavernous haemangioma is one of the most com-

mon benign hepatic tumours with a very high 

reported incidence as high as 20%. These tumours 

are composed of different vascular channels 

which are lined by the single layer of endothelial 

cells of varying sizes and well supported by a col-

lagenous wall. Most of the haemangiomas, there 

will be the typical findings [105] on imaging 

[106]. Haemangiomas FDG uptake will have 

similar uptake to the background liver [98, 103, 

106]. When there are known metastatic lesions 

and also a larger size of the haemangioma, the 

lower amount of the uptake on FDG are shown 

[98, 103]. The different changes which happen in 

the haemangiomas like the slower blood flow 

associated with the thrombus, necrosis, fibrosis, 

calcification, and scar formation. And this when 

associated with haemangiomas is labelled as the 

sclerosed haemangioma. These changes which is 

appending will change the typical findings sup-

pressing the imaging findings on CT and 
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MRI. And due to this, there are chances of the 

sclerosed haemangioma to be considered as 

malignant tumour like the ICC, metastases, and 

HCC. On FDG-PET imaging, the atypical scle-

rosed haemangioma has very poor accumulation 

of FDG, from a malignant tumour [103].

18.13  Focal Nodular Hyperplasia

Focal nodular hyperplasia is the second most 

common benign hepatic tumour and is due to the 

hyperplastic response of hepatocytes of the pre- 

existing vascular malformations. On the intrave-

nous contrast-enhanced CT and MRI, the FNH 

shows homogenous hyperenhancement in the 

arterial and portal venous phases, which becomes 

isoenhancement in the delayed or equilibrium 

phases. The important aspect is that the FNH 

being benign is treated conservatively needs to be 

differentiated with the HCC.  The majority of 

FNHs have iso- or hyperintensity which surround 

the liver parenchyma in the hepatobiliary phase 

[84, 107]; the hepatobiliary phase imaging dif-

ferentiates benign from malignant lesions which 

has the sensitivity of 96.6%, specificity 87.6%, 

and positive predictive value of 85% [108]. The 

role of the FDG-PET/CT is not specific for the 

diagnosis of the FNH and can have the lower 

FDG uptake with the retention pattern similar to 

the adjacent normal liver tissue [98, 109]. FNH 

being the hypervascular lesion will not have the 

increased glucose metabolism.

18.14  Angiomyolipoma

Angiomyolipoma (AML)/primary hepatic peri-

vascular epithelioid cell tumour is again the 

benign mesenchymal tumour comprising the 

blood vessels, smooth muscle cells, and fat. The 

more the amount of fat in AML, the more it is 

easily diagnosed on CT and MRI, but the lesser 

the fat component, the more difficult it will be to 

diagnose the small lesions. AML also has fea-

tures similar to the HCC which are hypervascular 

in the arterial phase and showing washout, mim-

icking HCC.  The early draining vein and the 

absence of tumour capsule differentiate AML 

from HCC. The FDG activity in the AML is same 

as that of the background liver parenchyma [110, 

111].

18.15  Inflammatory Pseudotumour

Inflammatory pseudotumour is the rarest condi-

tion that can occur anywhere in the body and also 

seen in the liver. Liver involvement is seen in the 

proportion of ~0.7% of the focal liver lesions and 

further characterized by the presence of the 

inflammatory cells and the area of the fibrosis 

mimicking the malignant tumour. The cause is 

not certain and patients present with nonspecific 

symptoms like the fever, abdominal pain, abdom-

inal discomfort, and leucocytosis. The imaging 

findings seen in the various routine modalities 

like ultrasound, CT, and MRI are also nonspe-

cific, which are able to differentiate from the 

pseudotumour from HCC, ICC, metastasis, and 

hepatic abscess. Pseudotumour has a higher 

amount of FDG uptake [112, 113] and becomes 

difficult to differentiate from the malignancy.

18.16  Pseudolymphoma

Pseudolymphoma is another “reactive lymphoid 

hyperplasia” or “nodular lymphoid lesion,” 

which is the benign nodular lesion which is char-

acterized histopathologically due to the excessive 

proliferation of nonneoplastic, polyclonal lym-

phocytes with active germinal centre [114]. This 

can be seen in various organs like the skin, orbit, 

lung, and gastrointestinal tract; however it is very 

rare in the liver. The occurrence in the liver is 

more common in the middle-aged females with 

associated autoimmune disease, malignant 

tumours, or chronic liver disease. Hepatic pseu-

dolymphoma is difficult to diagnose by ultraso-

nography, CT, and MRI which are equivocal, and 

differentiating from the other malignant hepatic 

tumours is not possible. The median SUVmax is 

4.3 (range 3.4–7.2) [115, 116].
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18.17  Inflammation and Infection

Inflammatory and infectious liver diseases are 

many, and the common ones are the hepatic 

abscess, intrahepatic cholangitis, lymphoprolif-

erative disorders like the immunoglobulin G4 

(IgG4)-related systemic disease, sarcoidosis, 

tuberculosis, and fungal and parasitic infection 

[117]. FDG-PET/CT is now being used widely 

for the evaluation of the infection and inflamma-

tion for identifying the infective focus source and 

the extent and severity of disease (Fig. 18.8) and 

for the therapeutic response assessment [99, 

118].

FDG uptake in non-malignant inflammatory 

conditions gives many false-positive results, 

especially in the known cases or suspected malig-

nancy [119], and then correlates with the CT and 

MRI findings. Increased FDG uptake in inflam-

mation and infection causes the increase in 

GLUT which is seen in the similar fashion like 

the malignant cells [120] (Fig. 18.9). The inflam-

matory cells which are activated are seeing the 

overexpression of GLUT-1 and/or GLUT-3 

[121–123]. The GLUT expression for the deoxy-

glucose is apparently increased due to the cyto-

kines and growth factors, which is not seen in the 

tumours [124].

b

c d

a
Fig. 18.8 Irregular 

hypodense lesion seen in 

CT image c, 

corresponding to the 

PET image b and d and 

fused image a suggestive 

of the chronic organised 

abscess
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b

c d

a
Fig. 18.9 In the setting 

of the fever of unknown 

origin, CT image 

showing multiple 

hypodensities in image a 

noted with the diffuse 

uptake in the entire liver 

parenchyma in the 

images b, c, and d 

consistent with hepatitis

18.18  Focal Sinusoidal Obstruction 
Syndrome

Sinusoidal obstruction syndrome (SOS) is also 

known as the toxic sinusoidal injury, veno- 

occlusive disease, or “blue liver syndrome”; this 

is the common presentation seen as the common 

vascular pattern of drug-induced liver injury 

which can be associated with oxaliplatin-based 

chemotherapy, commonly used for the gastroin-

testinal malignancy [125]. SOS shows sinusoidal 

dilatation with congestion, centrilobular vein 

fibrosis and obstruction, and perisinusoidal fibro-

sis. These changes are diffusely seen irregularly 

in the hepatic parenchyma, with the specific 

imaging features of the diffuse and reticular 

hypointensity on the hepatobiliary phase of the 

EOB-enhanced MRI [126]. SOS shows no uptake 

of FDG due to no glycometabolism. It is also 

seen as the nodular lesion [127, 128], on 

 FDG- PET/CT imaging that can differentiate it 

from hepatic metastases along with the combined 

CT and MR images with contraindication for 

percutaneous liver biopsy.

18.19  Cholangiocarcinoma

Cholangiocarcinoma has very poor prognosis, 

and any delay in early diagnosis due to the late 

presentation will impact on various nonsurgical 

therapeutic imaging modalities [129]. FDG-PET/

CT evaluation doesn’t have any specific advan-

tage over the other modalities of the diagnosis of 

the primary biliary tumours [130, 131]. However 

for the local and the metastatic work-up, FDG- 

PET has an important application. The same con-

cept is being used for the FDG accumulation by 

the increased glucose transporter expression on 

tumour cells [132]. This type of the presentation 

is seen in nodular or mass cholangiocarcinomas, 

which have a significant increased uptake due to 
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the increased expression of glucose transporter-1 

[11]. One of the studies by  Kluge et  al. [133], 

showing FDG-PET for cholangiocarcinoma in 20 

patients with cholangiocarcinoma had sensitivity, 

specificity, and diagnostic accuracy of 92.3%, 

92.9%, and 92.6%, respectively. FDG-PET/CT 

[132] sensitivity and specificity are more with 

94% and 100%, respectively. Thus, the metastatic 

disease detection with other modalities also has 

more sensitivity [132]. Another study [130] that 

showed sensitivity, specificity, PPV, NPV, and 

accuracy of FDG-PET/CT in primary tumour 

detection were 84.0%, 79.3%, 92.9%, 60.5%, 

and 82.9%, respectively. The study by Anderson 

et al. with 36 patients [134] showed that a signifi-

cant increased sensitivity for detection with 

FDG-PET was 85% (n = 22) with nodular lesions 

and 18% (n = 14) infiltrating lesions. Infiltrating 

cholangiocarcinoma with periductal features 

forms the mass [135], and the uptake is not con-

sistent. FDG-PET can evaluate the nodular chol-

angiocarcinoma (mass  >  1  cm), better and less 

common for the infiltrating type [132, 134]. The 

location of the cholangiocarcinoma also has an 

important role for the detection of these lesions. 

For the primary hilar or extrahepatic cholangio-

carcinoma tumours, the sensitivity is seen as 

18–58.8% [132, 134, 136, 137], which is signifi-

cantly lower than that of peripheral nodular 

tumours. In one of the studies with 22 patients of 

the primary sclerosing cholangitis [138], the role 

of FDG-PET/CT in liver lesions by doing the 

delayed imaging after 120  minutes can distin-

guish between hepatic and extrahepatic lesions. 

The SUVmax which is greater than 3.6 in all the 

lesions is important. In one of the studies [130], 

the use of FDG-PET showed a significant amount 

of uptake in the regional lymph nodal metastases 

(75.9% vs 60.9%; p  =  0.004) for the distant 

metastases (88.3% vs 78.7%; p = 0.004) in com-

parison to CT (n  =  123). Another study [139] 

pointed that FDG-PET is more sensitive for 

lymph nodal metastases in comparison to CT and 

MRI.  In this study the diagnostic accuracies of 

FDG-PET, CT, and MRI for the detection of 

lymph node metastasis were 86%, 68%, and 

57%; the respective sensitivities were 43%, 43%, 

and 43%; and the specificities were 100%, 76%, 

and 64%, respectively. The identification of the 

occult metastases can be easily done [140–142] 

for the occult metastases where other imaging 

modalities are not sensitive [131]. The use of 

FDG-PET has a significant impact of 17–30% on 

the management [131, 134, 143] of cholangiocar-

cinoma patients for the unknown lesions which 

can be metastatic, and this leads to upstaging 

[143]. The sensitivity of FDG-PET/CT is based 

on the morphology of the tumour especially for 

the diagnosis of the nodular forms which is 

higher compared to the hilar and infiltrative 

lesions, and due to this there is a significant 

impact on patient evaluation and management.

18.20  Multimodality Imaging 
of the Liver

The overall sensitivity of FDG-PET/CT for the 

diagnosis of HCC is based on the histological 

basis as the high-grade lesions are better detected 

than low-grade lesions. And due to this, the sen-

sitivity of the FDG-PET [144] is not more precise 

for the primary HCC diagnosis. The HCC’s dif-

ferent uptake is due to the different glucose- 6- 

phosphatase in hepatocytes (in addition to 

differences in GLUT expression). In the malig-

nant cells, glucose-6-phosphatase lower values 

will result in increased FDG-6-P accumulation. 

The glucose-6-phosphatase activity in HCCs is 

based on various degrees of differentiation. The 

well-differentiated HCCs have higher levels of 

glucose-6-phosphatase causing dephosphoryla-

tion of FDG-6-P resulting in the lower FDG 

uptake; on the contrary poorly differentiated 

HCCs have lower glucose6-phosphatase and will 

be FDG avid [145]. The size criteria of the lesion 

are also related to the sensitivities of HCC with 

the detection range of the 27%, 48%, and 93% 

for tumours which are measuring 1–2, 2–5 cm, 

and more than 5  cm, respectively [146]. Small 

lesions are not possible due to lower spatial reso-

lution associated with partial volume effects and 

also due to respiratory motion. PET is not sensi-

tive for smaller hepatic lesions like HCCs, regen-

erative nodules, and premalignant dysplastic 

nodules [147]. And due to all these factors, sensi-
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tivity is more in the larger and poorly differenti-

ated tumours. Delayed imaging of the liver 

parenchyma is very important, where the delayed 

scans of 2 and 3 hours show more sensitivity. The 

delay in the normal hepatic parenchyma will 

have less SUVmax values causing increased 

SUVmax of normal tissues, resulting in increased 

tumour-to-normal tissue (T/N) uptake ratio [148, 

149].

18.21  The Role of the PET 
in the Liver Transplantation

HCC is the most common indication for PET/CT 

in liver transplantation. Surgical resection, high 

T/N ratio, more than 2, shows the chances of 

recurrence and poor survival [150] of the patients. 

Another study presenting the T/N ratio cut-off of 

1.15 shows 1-year disease-free survival on multi-

variate analysis: 94% vs 54% [151]. In one of the 

single retrospective study of the 43 patients, the 

pre-transplantation PET was more helpful for the 

evaluation of the microvascular invasion and also 

for the recurrences of the tumour. There was the 

recurrence rate of 50% in PET-positive patients 

and very less 3.8% in PET-negative patients 

[152]. The lesions which were beyond the Milan 

criteria are characterized on the number and the 

size of lesions, and the negative preoperative PET 

has very small 3-year recurrence-free survival 

(80 in comparison with the tumours which meet 

the Milan criteria. (35%) [152] (Fig.  18.10). 

Many studies also have shown different criteria 

for the assessment of FDG-PET for diagnosis 

and staging of HCC with the extrahepatic metas-

tases [145, 153, 154]. The multidimensional role 

of FDG-PET/CT in HCC is studied by Wudel 

et al. [155] who found that 64% of HCCs have 

FDG and has impacted 26 out of 91 patients 

(28%) with HCC.  Few other roles are biopsy 

from the large necrotic tumours, detecting distant 

metastases, monitoring response to treatment 

with regional therapy, and also for the detection 

of the recurrence. Thus, FDG-PET/CT images 

can increase the detection, localization, and dif-

a b

c d

Fig. 18.10 Post- 

transplant liver showing 

no uptake in all images 

with no corresponding 

CT abnormality 

suggestive of no 

post-transplant 

complications
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ferentiation of various physiological versus path-

ological uptake [156]. CT adds up to 70% of 

better diagnosis of HCCs which can be seen as 

hypodense areas on plain CT [156]. Recent study 

by Wang et al. [157] showed that early dynamic 

FDG-PET/CT protocol can reflect the physio-

logic and metabolic information of the tumor.

18.22  Novel Non-FDG-PET Tracers

Due to the lesser sensitivity of FDG for routine 

diagnosis of HCC, various other biomarkers are 

being used in HCC and other types of tumour. 
18Fluorine-labelled fluorothymidine (FLT) PET 

commonly detects tumour proliferation, can be 

used for the detection of HCC in 16 patients, and 

was reported to show a sensitivity of 69%. FLT 

also shows reduced survival with high uptakes 

but can be labelled as insignificant [158]. 
11C-acetate PET along with FDG-PET can 

increase sensitivity for the detection of some 

HCC tumours, and it complements FDG-PET in 

a dual-tracer PET scanning approach. Ho et  al. 

[159] showed that well-differentiated HCCs pref-

erentially accumulate 11C-acetate, whereas poorly 

differentiated tumours tend to preferentially 

accumulate FDG.  Delbeke et  al. [160] showed 

that the use of two radiotracers will narrow the 

differential diagnosis. In this scenario the accu-

mulation of both tracers or 11C-acetate only then 

HCC should be favoured in the differential diag-

nosis [160], and in the cases when the FDG not 

accumulated then non-HCC malignancy will be 

favoured. And when this lesion shows a smaller 

number of attendees that if the lesion is negative 

for both tracers, then the benign pathology is 

considered [160]. One of the studies [161] 

showed that 23 HCC lesions were 100% sensitiv-

ity for both radiotracers (11) [146]. The sensitivi-

ties of FDG, 11C-acetate, and dual-tracer PET/CT 

in the detection of 110 lesions in 90 patients with 

primary HCC were 60.9%, 75.4%, and 82.7%, 

respectively. 11C-acetate showed the significant 

increased sensitivity for the detection of primary 

HCC, but not for the detection of extrahepatic 

metastases. Ho et al. [162] showed the role of the 

dual-tracer PET/CT with a sensitivity of 98%, a 

specificity of 86%, a PPV of 97%, a NPV of 

90%, and an accuracy of 96%. PET/CT for 

restaging after the treatment of HCC [163] 

showed the significant use of FDG-PET/CT.  It 

showed the overall sensitivity of 89.5%, a speci-

ficity of 83.3%, and an accuracy of 88% in detect-

ing HCC recurrence. FDG-PET also showed the 

increased alpha fetoprotein levels when monitor-

ing the response to therapy, diagnosed extrahe-

patic metastases, tumour thrombosis in the portal 

vein, and the extrahepatic metastases in two 

patients [163].

18.23  Cholangiocarcinoma

Cholangiocarcinoma primary tumour of the bile 

duct epithelium comprises 2% of all tumours, the 

second most common primary hepatobiliary can-

cer after HCC. This type of cancer has a varied 

presentation with an overlap of many findings. 

These tumours are classified anatomically based 

on the location: intrahepatic, perihilar, or extra-

hepatic. The perihilar lesions at the location of 

the bifurcation of the hepatic ducts and the intra-

hepatic cholangiocarcinoma (CCA) lesions arise 

away from the second- order bile ducts. These 

lesions are classified by Japanese Liver Cancer 

Group as exophytic when it is mass-like, infiltrat-

ing along the ducts (Klatskin tumours), intra-

ductal (polypoid), or mixed pattern (mass-like 

and infiltrating). The most common in the perihi-

lar region is the infiltrating type [147]. The 5-year 

survival is very low 17%, with survival (22–32%) 

rate of 5 years when the portal or arterial emboli-

zation is done which will be followed trisegmen-

tectomy. The preoperative assessment for hepatic 

and extrahepatic metastases is important [164]. 

The most common clinical presentation is biliary 

obstruction causing jaundice in the hilar CCA but 

not common in the peripheral CCA. Many fac-

tors that lead to the diagnosis of CCA are clinical 

picture, laboratory data, radiological imaging, 

and histology, also with the differentiating CCA 

from metastatic adenocarcinoma. Currently, the 

MRI, including magnetic resonance cholangio-
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pancreatography, CT, endoscopic retrograde 

cholangiopancreatography, and percutaneous 

transhepatic cholangiography  are various imag-

ing modalities to diagnose CCA. FDG-PET/CT 

is important in detecting regional and distant 

metastases in comparison with the conventional 

imaging [165]. GLUT-1 is not expressed in nor-

mal bile ducts but seen in CCA [166, 167]. One 

of the studies [168] evaluated 20 CCA which 

showed FDG-PET sensitivity, specificity, and 

diagnostic accuracy values of 92.3%, 92.9%, and 

92.6%, respectively. The primary sclerosing 

cholangitis [169] on the FDG-PET/CT of the 

liver showed that delayed scan can differentiate 

benign strictures from extrahepatic and hilar 

CCA with the SUVmax of more than 3.6. FDG-

PET showed overall values for sensitivity, speci-

ficity, PPV, NPV, and accuracy of FDG-PET/CT 

in primary tumour detection: 84.0%, 79.3%, 

92.9%, 60.5%, and 82.9% [170]. FDG-PET/CT 

in known or suspected recurrent and metastatic 

cholangiocarcinoma showed sensitivity and 

specificity to be 94% and 100%, respectively. 

These results indicate that false-positive cases in 

this setting are minimal. The sensitivity of FDG-

PET/CT in detecting cholangiocarcinoma: hilar 

and extrahepatic CCA, show lower uptake on 

FDG PET than peripheral CCA, a finding that 

may be associated with the smaller size and/or 

higher mucin content of hilar tumours compared 

with peripheral ones [172–174]. The peripheral 

CCA comprises 10% of all CCAs and can 

show  low uptake in the FDG-PET [175, 176]. 

FDG-PET/CT is more sensitive in detecting pri-

mary hilar or extrahepatic CCA tumours in the 

range of 18–58.8% [171, 177–179], and this is 

lower in the peripheral nodular tumours.

18.24  Approach to an FDG-Avid 
Liver Lesion

There are many FDG-avid lesions in the liver, 

and this needs to be explained in the different 

planes of trans axial, coronal, and sagittal planes, 

along with the maximum intensity projections 

[180]. Misregistration artefacts need to be differ-

entiated with the true intrahepatic lesions. Various 

other parameters are useful for the evaluation of 

origin of mass like lt, “claw sign” and the acute 

angle of the lesion with adjacent liver paren-

chyma [181]. Contrast-enhanced CT, multiphasic 

CT, and MRI are particularly useful in the liver, 

given the poor soft tissue contrast of low-dose 

unenhanced CT. The distribution of FDG uptake 

may also be useful in characterizing the nature of 

the disease [182]. The pattern of the increased 

metabolic activity can be generalized or segmen-

tal in nature, depicting the diffuse process like the 

inflammation or infections. One of the important 

studies by G. J. S. Tan et al. shows the FDG-PET/

CT evaluation of the liver of the 193 reports of 

primary liver malignancies such as intrahepatic 

cholangiocarcinoma or lymphoma demonstrating 

diffuse FDG uptake [183, 184]. The SUVbw cut- 

off of greater than 3.5 is important. Evaluation of 

the infection and inflammation can be done in the 

generalized pattern with the heterogeneous or 

focal pattern of involvement by neoplasms.

18.25  Gallbladder Cancer

Gallbladder carcinoma (GBC) is a rare form of 

cancer with very less prevalence of 2  in 

100,000. It is more common in developing 

countries [185,186]. Various predisposing fac-

tors are increased age, female sex, gallstones, 

obesity, inflammation, smoking, and infection 

[187]. Histologically adenocarcinoma is the 

most common histopathologic subtype of gall-

bladder tumours with a rate of 98%. Clinically 

GBC is mostly asymptomatic until advanced 

stages until it produces nonspecific symptoms; 

they are aggressive in nature showing the rapid 

progression [188]. Due  to the absence of a 

serosa layer which will be separating the gall-

bladder from the liver, the local infiltration will 

cause direct and local hepatic metastases 

and then by lymphatic dissemination and later 

by haematogenous spread [189]. They have 

low rates of survival, and the surgical can be 

done in vast majority [190]. They are more 

commonly used for pre-treatment and postop-

erative staging and also for the nodal and dis-

tant metastases [191].
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18F-FDG-PET/CT may also play a role as the 

predictive factor for survival in patients with gall-

bladder cancer [192, 193] (Fig. 18.11). The role 

of the SUVmax in PET/CT imaging will be prog-

nostic as SUVmax cut-off of 6.0 was chosen. 

Patients with SUVmax greater than 6.0 had a 

median survival of 203 days versus 405 days in 

patients with SUVmax less than 6.0 (p 5.04). In 

the multivariate analysis, SUVmax was found to 

have a hazard ratio of 3.05 with a p-value of 0.04 

[194]. In one of the studies, the total lesion gly-

colysis (TLG), in 18F-FDG- PET/CT, is predictive 

of overall survival (OS), and metabolic tumor 

volume (MTV) and SUV are superior for the 

analysis. Incidental gallbladder carcinoma in the 

status post-cholecystectomy, and the 18F-FDG-

PET/CT will depict the median survival [195]. 
18F-FDG-PET/CT is now the important tool for 

the prognosis and survival in patients with gall-

bladder cancer [192, 194–196].

a b c

d e f

g h i

Fig. 18.11 CT images a, b, and c showing a patchily enhancing lesion corresponding to the d, e, and f fused images g, 

h, and i images for metabolic activity suggestive of the primary lesion
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18.26  Pancreas

Positron emission tomography is a functional 

imaging technique for the evaluation of pancre-

atic pathologies. PET/CT can easily distinguish 

normal physiologic uptake from pathologic 

uptake and can give detailed accurate analysis of 

the various functional abnormalities with the var-

ious false-negative and false-positive findings. 

PET/CT findings of various pancreatic are impor-

tant for the evaluation and management of pri-

mary pancreatic malignancies and its use in 

various benign pancreatic disorders; and pancre-

atic metastases can mimic the primary pancreatic 

adenocarcinoma, screening for coexisting pri-

mary cancers, and limitations and pitfalls of PET/

CT imaging modality in the pancreatic lesions.

18.26.1  Primary Pancreatic 
Malignancies

18.26.1.1  Primary Pancreatic 

Adenocarcinoma

Pancreatic ductal adenocarcinoma is the com-

monest type, and the third most frequent malig-

nancy of the gastrointestinal tract, and the fourth 

leading cause of mortality from cancer. The sta-

tistical data shows that only 10–30% of pancre-

atic cancers are resectable with the 5-year 

survival rate of 18–20%, and median survival of 

these patients is 17–21 months [197]. The locally 

advanced disease has a median survival of 

6–10  months. Median survival is 3–6  months. 

CT, MRI, and endoscopic ultrasound are the 

main imaging modalities for local involvement of 

pancreatic cancer.

 PET/CT in Preoperative Diagnosis

PET/CT is useful when the pancreatic cancer 

coexists with chronic pancreatitis and when there 

is the presence of cystic/complex lesions of the 

pancreas. Many studies have shown that PET/CT 

has high rates of sensitivity (85–100%) and spec-

ificity (67–99%) for distinguishing benign from 

malignant pancreatic masses [197] (Fig. 18.12). 

Stage I disease is confined to the pancreas. Stage 

II is extended outside the pancreas. Stage III is 

involved with lymph nodes. Stage IV is charac-

terized by distant metastases. The use of PET is 

more accurate than CT for metastases (M) stag-

ing because it allows better detection of distant 

metastasis by giving more information with vari-

ous lesions and for the benign vs malignant or 

equivocal lesions on CT (Fig.  18.14). 

Hypervascularity of the thrombus confirms the 

neoplastic nature with contrast enhancement on 

CT and MRI and flow signal pattern on Doppler 

ultrasound. Differential diagnoses of thrombus 

accumulating a radiotracer on PET are inflamma-

tory and septic venous thrombi frequently accom-

panied by infectious clinical symptomatology of 

fever and chills.

18.26.1.2  Benign Pancreatic Disorders

FDG is not a tumour-specific tracer and can show 

increased uptake in inflammatory cells due to 

increased glycolytic metabolism. Differentiation 

between the benign to malignant pathology is 

needed.

18.26.1.3  Acute Pancreatitis

Acute pancreatitis is an acute inflammatory con-

dition of the pancreas with the invasion of the 

inflammatory cells (macrophages, neutrophils, T 

cells) and cytokines released by these cells. 

Diffuse increased FDG uptake of the pancreas 

and peripancreatic fat as seen can differentiate 

benign vs malignant (Fig. 18.13).

18.26.1.4  Autoimmune Pancreatitis

Autoimmune pancreatitis (AIP) is a pancreatic 

infiltration of the systemic component IgG4- 

related sclerosing disease. Other organ involve-

ment like salivary  glands, lungs, lymph nodes, 

bile duct system, kidney, retroperitoneum, and 

prostate are also seen [198]. Significant elevated 

serum immunoglobulin G (IgG) and IgG4 levels 

are noted. However, IgG4 is more sensitive than 

total IgG for diagnosing autoimmune pancreati-

tis. More IgG4 are seen in this type of pancreati-

tis and can be misled as cancer especially in the 

pancreatic head. One of the literatures shows that 

approximately 3–11% of Whipple procedures are 

done due to autoimmune pancreatitis misdiag-

nosed as the pancreatic cancers [199]. So, differ-

18 PET/CT in Hepatobiliary Pancreatic Tumours



304

a b

c d

Fig. 18.12 Ill-defined 

hypodense lesion seen in 

the pancreatic head and 

neck in CT image a 

which is corresponding 

to the metabolically 

active lesion in images 

b, c, and d suggestive of 

the primary pancreatic 

carcinoma

a

c d

b
Fig. 18.13 Diffusely 

bulky hypodense 

pancreas seen in the CT 

image a corresponding 

to the images b, c, and d 

suggestive of acute 

pancreatitis
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a b

c d

Fig. 18.14 Primary 

pancreatic lesion 

showing local infiltration 

on CT image a and 

corresponding to images 

b, c, and d showing 

diffuse increased uptake 

secondary to the 

infiltration to adjacent 

stomach

entiation needs to be done before surgery. On 

PET/CT imaging, autoimmune pancreatitis dif-

fuse pancreatic uptake with the extrapancreatic 

involvement like the IgG4-related hypermeta-

bolic lesions. Whole-body PET/CT imaging after 

the post-steroid therapy can monitor the autoim-

mune pancreatitis.

18.26.1.5  Pancreatic Metastases

The pancreatic involvement is seen as a single 

mass (50–73%), diffuse pancreatic enlargement 

(15–44%), and multiple pancreatic lesions 

(5–10%) [200]. Pancreatic metastasis will not 

have pancreatic duct dilation as seen in primary 

pancreatic cancer. The reason here is that as pri-

mary neoplasm arises from ductal epithelium, 

on the contrary the metastasis involves pancre-

atic parenchyma. Pancreatic metastasis is seen 

from head and neck cancer which are usually 

synchronous/metachronous with the second pri-

mary malignancies. Distance metastases and 

second primary malignancies of the pancreas 

range from 4% to 25% [201]. Pancreatic metas-

tasis is rare, and PET/CT is the best imaging 

modality because of its ability to evaluate the 

whole body [201]. The sensitivity, specificity, 

and negative predictive value for detecting dis-

tance metastases and second primary malignan-

cies were 98%, 93%, and 100%, respectively. 

The positive predictive value is only 63% [202]. 

Pancreatic metastasis is most common from 

lung cancer with the malignancy (18%) involv-

ing the pancreas [203]. In lung cancer, small-

cell lung cancer is more common than non-small 

cell lung cancer.

18.26.1.6  Extramedullary Myeloma 

of the Pancreas

The extramedullary sites of multiple myeloma 

are predominantly encountered at the head, neck, 

and upper airways in 80% with rare involvement 

of the pancreas and presented as multiple lesions. 

The typical presentation of the pancreatic 

myeloma is multiple hypoechoic nodules on 

ultrasound and enhancing lesions on CT and 

MRI with the biliary obstruction changes. PET/

CT will also show the various osseous and extra-

medullary lesions of multiple myeloma as men-

tioned in the Durie-Salmon classification of this 

haematological disorder [204].
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18.26.1.7  Lymphoma of the Pancreas

Lymphoma consists of Hodgkin lymphoma 

(15%) and non-Hodgkin lymphoma (85%), 

which is less than 10% of all cancers. Non- 

Hodgkin lymphoma is more aggressive than 

Hodgkin lymphoma, with a tendency for extra- 

nodal involvement. Non-Hodgkin lymphoma is 

made up of two subtypes: low-grade or aggres-

sive non-Hodgkin lymphoma. Only Hodgkin 

lymphoma and aggressive non-Hodgkin lym-

phoma show a high affinity for FDG. One of the 

studies shows 30% of non-Hodgkin lymphomas 

which will metastasize to the pancreas [205]. Of 

the total 70% of pancreatic lymphomas will be 

responding to the chemotherapy [205].

18.26.1.8  Pancreatic Metastasis 

from Renal Cell Cancer

Approximately 30% of patients with renal cell 

cancer have distant metastases at presentation. 

Three most common metastatic sites are lungs 

(75%), bone (20%), and liver (18%); pancreatic 

metastases are rare. Solitary pancreatic metasta-

sis in the known case of the renal cell cancer has 

75% and has more better prognosis compared to 

the primary pancreatic cancer resection [206].

18.26.1.9  Pancreatic Metastasis 

from Melanoma

Melanoma is the sixth most common cancer in 

the United States with growing incidence in the 

last 20 years. The most common metastatic sites 

are lungs, lymph nodes, gastrointestinal tract, 

brain, and bone. The pancreatic metastases is less 

than 5% of patients with distant metastatic sites. 

Here again PET/CT is used for staging, restaging, 

and monitoring therapy for stages III and IV and 

superior to CT as compared to the detection of 

the distant metastases [207].

18.26.1.10  Coexisting Cancers

Coexisting cancers will be more commonly seen in 

the high-risk patients due to long duration exposure 

to carcinogens, mutational genetic predisposition, 

and immunocompromised/immunodepressed sta-

tus. As mentioned above, PET/CT, with whole-

body assessment, provides a more comprehensive 

evaluation than other cross- sectional imaging 

modalities and will diagnose more unanticipated 

hypermetabolic pathologic processes. PET/CT inci-

dental detection of additional primary malignancies 

is seen in 5% for general oncologic patients [208]. 

This can be more in the clinical, imaging, and histo-

pathological follow-up and more thorough with the 

involved patient groups. The most common PET 

incidental lesions are colorectal, thyroid, and lung 

lesions.

18.26.1.11  PET/CT Limitations

PET depends on the target-to-background activ-

ity ratio of the tumour; thus it may be limited by 

several factors. A small lesion size (ampullary 

carcinoma), a necrotic tumour, or a cancer with 

low metabolic activity (mucinous adenocarci-

noma or neuroendocrine tumour) can cause false- 

negative results [197]. The hyperglycaemic status 

causes the decrease in the absorption of FDG due 

to competitive inhibition. Various benign condi-

tions, such as postoperative changes, inflamma-

tion, iatrogenic acute pancreatitis, infection, 

abscess, and adjacent bowel activity of physio-

logic origin or induced by diabetic medication, 

can mimic malignancies. Acute pancreatitis and 

autoimmune pancreatitis are two benign, inflam-

matory conditions that can simulate neoplasms as 

illustrated in the above section, benign pancreatic 

disorders. PET technical aspects motion arte-

facts, PET/CT misregistration, and attenuation 

correction errors related to surgical hardware 

could cause misinterpretation. Other promising 

radiotracers, such as 18(F)-fluoro-L-thymidine (a 

marker for cell proliferation) and 68Ga-labelled 

somatostatin analogues (peptides with high affin-

ity for neuroendocrine tumours), are currently 

being evaluated and may have the potential to 

overcome several above limitations of FDG in 

detecting different types of pancreatic cancer.

18.26.1.12  Pancreatic 

Neuroendocrine Tumours

Pancreatic NETs are rare tumours (1% of all pan-

creatic cancers) arising from endocrine tissues of 

the pancreas (islet cell tumours). These tumours are 

aggressive, which is related to different factors, 

including the grade of malignancy, tumour burden, 

and presence of metastases, among others [209]. 
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The pancreatic NETs are non- functioning and not 

associated with hormonal syndrome. SSTRs are 

overexpressed in the cell surface of pancreatic 

NETs [210, 211], and the most common subtype is 

SSTR2 [212]. Due to this aspect, the gamma cam-

era imaging with a radiolabelled form of the soma-

tostatin analogue 111in-DTPA-octreotide is done for 

the diagnosis of NETs by binding SSTR2 and 

SSTR4 [213, 214]. The sensitivity of SSTR scintig-

raphy is reported in the range of 82% to 95%, which 

is superior when compared with pure anatomic 

imaging methods, such as CT, MR imaging, and 

endoscopic US, for identification of islet cell 

tumours, carcinoids, and their metastases [215–221]. 

Insulinomas has low SSTR expression in these 

tumours [222]. Single-photon emission computed 

tomography (SPECT) with CT provides hybrid 

anatomic (CT) and functional (SPECT) imaging, 

enhancing the specificity and increasing the diag-

nostic confidence for tumour localization [223, 

224] (Fig.  18.5). PET using 68Ga-labelled soma-

tostatin analogues is being widely used in recent 

years with excellent sensitivity and spatial resolu-

tion [210, 225–228]. DOTATOC [DOTA-TyI3-

octreotide], DOTANOC [DOTA-NaI3-octreotide], 

DOTATATE [DOTA-Tyr3-octreotide]) are also 

being used and offer comparable diagnostic accu-

racy and differing binding affinities for SSTR sub-

types [229]. 68Ga-DOTATATE PET/CT is very 

sensitive when clinical suspicion is there along with 

the elevated levels of tumour markers, or indetermi-

nate findings for NET in alternative imaging, sup-

porting its use in clinical routine diagnostics [230]. 
68Ga-DOTA-labelled somatostatin analogues used 

for the detection of unsuspected bone lesions have 

very low incidence of bone lesions in pancreatic 

NETs [231]. One of the studies by Frilling and col-

leagues [232] showed the significant impact of 
68Ga-DOTATOC PET/CT as compared to the CT 

and/or MR imaging alone in 31 (59.6%) of the 52 

subjects studied with pancreatic NETs. PET/CT 
68Ga-DOTATATE PET/CT significantly changed 

surgical management in one-third of subjects with 

NETs of the pancreas [233]. A recent study also 

shows the use of the 68GaDOTATOC PET/MR 

imaging in subjects with gastroenteropancreatic 

NETs, with advantages in the characterization of 

abdominal lesions [234]. Limitations are there for 

the evaluation of the lung and sclerotic bone lesions 

and described in one of the studies [235, 236]. 

Having the higher SUVmax showing the 
68Ga-DOTANOC high SUVmax was a risk factor 

for tumour progression [236]. 

FDG-PET or PET/CT include imaging-guided 

biopsy planning, performed with endoscopic US 

guidance. CT percutaneous route is the common 

route of biopsy [237, 238]. Benign and malignant 

lesions can be there in the same patient and tissue 

sampling to be done [238]. PET/CT images for 

the intraprocedure CT to guide biopsy in the 

abdomen are feasible and improves the diagnos-

tic success of CT-guided biopsy [239].

Pancreatitis is a well-known inflammatory pro-

cess of the pancreas that is easily diagnosed on the 

basis of clinical, laboratory, and imaging findings. 

The imaging approach can be misinterpreting it as 

metastatic or lymphomatous pancreatic involve-

ment. The severity of the disease process is based 

on the necrosis and can be classified as oedema-

tous or necrotic, with later having bad prognosis 

[240]. Chronic pancreatitis’ common cause is 

alcohol consumption, and showing the pancreatic 

duct dilatation and parenchymal atrophy, calcifica-

tion is a pathognomonic [241].

18.26.1.13  Autoimmune Pancreatitis

Autoimmune pancreatitis is a form of chronic 

pancreatitis which accounts for 2%–11% of 

chronic pancreatitis. Type 1 AIP is regarded as 

part of the immunoglobulin G4 (IgG4)-related 

disease spectrum [242]. Approximately 30% of 

patients with pancreatic disease will involve bile 

ducts, salivary and lachrymal glands, lymph 

nodes, and retroperitoneal tissue [242–244]. Type 

I AIP has infiltration of tissues with IgG4-positive 

plasma cells, fibrosis with subsequent irregular 

narrowing of the main pancreatic duct, and oblit-

erative phlebitis, as well as increased serum lev-

els of one or more types of immunoglobulins, 

most commonly IgG4 [242, 245, 246]. Diffuse or 

focal enlargement of the pancreas and the peri-

pancreatic “halo sign”, are seen in the CT and 

MR imaging [242]. AIP can be diagnosed by the 

histologic, imaging, and laboratory (i.e., serum 

IgG4 levels) and post-steroid response to the 

therapy [246, 247]. Sometimes the AIP mimics 
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like the focal pancreatic neoplasm [242, 247]. 

The FDG avidity defines the severity of pancre-

atitis: Diffuse FDG uptake is seen with the low- 

grade acute or subacute pancreatitis or AIP, with 

the increased radiotracer usually not seen in 

chronic pancreatitis [247–250].

18.26.1.14  Limitations of PET 

in Pancreatic Cancer

Important limitations of PET are the lack of ana-

tomical details for identification of the surgical 

resectability, vascular infiltration around celiac 

trunk and superior mesenteric artery, invasion of 

surrounding organs, metastases to the liver, and 

differentiating the benign inflammatory pro-

cesses with the malignancies [251, 252].

18.27  Conclusion

The role of PET in detecting hepatobiliary and 

pancreatic malignancies is well established but not 

being commonly used. PET is still not the imaging 

modality for the early diagnosis of different pri-

mary hepatobiliary and pancreatic tumours. 

Despite a very easy evaluation, the assessment of 

the primary hepatobiliary and pancreatic lesions is 

not done. FDG-PET for whole- body staging, 

restaging, tumour grading, and surveillance in 

hepatobiliary pancreatic malignancies and occult 

disease prevents unwarranted surgeries in hepato-

biliary and pancreatic cancers. With the availabil-

ity of many newer radiotracers, the more and more 

precise evaluation of these tumours will lead to the 

way of the concept of the personalized medicine.
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19.1  Anatomy of the Liver 
from the Surgical 
Perspective

The foundation of modern liver surgery was laid 
by the pioneering independent anatomical works 
of Couinaud [1] and Healey [2, 3]. By using the 
corrosion casting method, both subdivided the 
liver into components, separated by watershed 
regions. While Couinaud used portal vein ramifi-
cations for subdividing, Healey used hepatic 
artery and bile ducts to define the liver anatomy. 
The branching pattern of the portal vein, hepatic 
artery, and bile duct is identical on the right side, 
resulting in identical categorization of second- 
order and third-order divisions. However, on the 
left side, the left portal vein divides into an 
umbilical branch (to segments 3 and 4) and a 
branch to segment 2, whereas the left hepatic 
artery and bile duct divide into medial (segment 
4) and lateral branches (segments 2 and 3).

In order to avoid confusion over the different 
terms, the International Hepato-Pancreato Biliary 
Association (IHPBA) came up with “The Brisbane 
2000 terminology of Liver Anatomy and 
Resections” [4]. They adopted the division of the 
liver based on hepatic artery and bile duct ramifi-
cations. The liver has been divided and subdivided 
into three levels or divisions (Fig. 19.1). The first-
order division bisects the liver into the right and 
left liver (or hemi-livers). The second-order arte-
rial and bile duct pedicles divide the right liver 
into right anterior and right posterior sections, 
whereas the left liver is subdivided into left medial 
and left lateral sections. The third-order divisions 
have been termed as segments (Sg). As second-
order division of the left liver based on the portal 
vein is also anatomically correct, therefore, alter-
native sub- classification of the left liver has been 
added as an addendum.

The hepatoduodenal ligament consists of a 
hepatic artery proper, portal vein, and the bile 
duct encased by a layer of the fibrous connective 
tissue known as the Walaeus or Glisson sheath. 
Together these form the “Glissonean pedicle 
(GP).” At the hepatic hilum, the main pedicle 
divides into three secondary GP, which can be 
approached extrahepatically. Based on this, 
Takasaki divided the liver into three “segments,” 
namely, the right, middle, and left segments with 
an additional caudate area (Fig.  19.2). The 
boundaries between these segments are traversed 
by the right and the middle hepatic veins. The 
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Fig. 19.1 Brisbane 2000 anatomical definitions

Fig. 19.2 Takasaki 
classification of hepatic 
anatomy
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right and middle segments correspond to the right 
posterior and right anterior sections of the 
Brisbane 2000 terminology, whereas the left 
hemi-liver is defined as the left segment. Each 
secondary GP gives out multiple tertiary pedi-
cles. Interestingly, the volume supplied by these 
tertiary pedicles does not correspond to 
Couinaud’s definition of segments. Instead, they 
represent smaller subsegmental units, referred to 
as the “cone units of liver” [5, 6].

19.2  Types of Liver Resection

Liver resection can be broadly classified into ana-
tomic and non-anatomic liver resections (NALR). 
Anatomic liver resection (ALR) involves resection 

of the hepatic territory defined by a clear inflow 
pedicle. Depending upon the level of pedicle 
occlusion, ALR can range from extended hemi-
hepatectomy to subsegmental resections of the 
hepatic cone unit [7]. In contrast, liver parenchyma 
is resected without identifying the inflow pedicle 
in NALR, usually with a predefined surgical resec-
tion margin. The NALR is “lesion- centric” with 
the goal of preserving the hepatic parenchyma to 
prevent postoperative liver insufficiency.

Anatomic liver resections have been classified 
within the Brisbane 2000 terminology (Fig. 19.3). 
Resection of the lobe or hemi-liver has been 
termed as “hepatectomy” or “hemi- hepatectomy.” 
The terms “sectionectomy” and “segmentec-
tomy” have been used to describe resection of 
section and segment, respectively [4].

Fig. 19.3 Brisbane 2000 classification of hepatic resection
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19.3  Preoperative Considerations

Evaluation begins with the assessment of the 
liver function. Child-Pugh-Turcotte (CTP) score 
is one of the simplest and the most used systems 
for classifying the severity of hepatic dysfunc-
tion. CTP score utilizes five parameters, namely, 
encephalopathy, bilirubin, ascites, albumin, and 
prothrombin time. The scores range from 5 to 15 
and are grouped into three categories: A, B, and 
C.  While liver resections can be performed in 
CTP-A group, they are not tolerated well in 
CTP-B and CTP-C groups.

Cross-sectional imaging plays a critical role in 
the planning of liver surgery. The main goal of 
imaging in this context includes accurate delinea-
tion and localization of the hepatic lesions, iden-
tification of any anatomic variation, planning of 
surgical resection, and estimation of the future 
liver remnant (FLR). In patients with a normal 
liver, a FLR of ≥20% has been considered safe as 
per current evidence. However, this threshold is 
higher in patients with a diseased liver, e.g., cir-
rhosis, and those exposed to systemic therapy for 
cancer prior to hepatic resection [8].

In patients requiring significant liver resec-
tions, preoperative portal vein embolization 
(PVE) results in atrophy of the part of the liver to 
be resected and compensatory hypertrophy of the 
future liver remnant, thus decreasing the risk of 
post-hepatectomy liver insufficiency. After PVE, 
if FLR is ≤20% or the degree of hypertrophy is 
≤5%, then the patient is not a candidate for 
hepatic resection [9].

19.4  Approach to Hepatic Inflow

Hilar approach, also known variously as the 
intrafascial approach or the control method, was 
first introduced by Honjo and Lortat-Jacob in the 
early 1950s. It involves dissection of the hepato-
duodenal ligament and the hepatic hilum, identi-
fication and skeletonization of the elements of the 
portal triad, and subsequent ligation of these ele-
ments individually at a level depending on the 
part of the liver to be resected. However, Bismuth 
and Couinaud noted that this technique can be 
associated with an increased risk of the remain-
ing liver’s vascular and bile duct injury due to 
inaccurate identification of the anatomic varia-
tions [10].

In the Glissonean approach (also known as 
Takasaki’s procedure), the GP is ligated without 
opening and dissecting the Walaeus sheath 
(Fig.  19.4). As pointed out previously, the sec-
ondary GP can be approached and dissected out 
extrahepatically without opening the hepatic 
parenchyma. This allows the performance of left 
hemi-hepatectomy, right anterior sectionectomy, 
and right posterior sectionectomy. This approach 
is the simple extrafascial approach. However, 
exposure of tertiary GP which lies deep within 
the hepatic parenchyma requires dissection of the 
liver parenchyma at the border in between the 
sections as the first step. The commonly described 
extrafascial transfissural approach involves 
opening the main portal fissure or the umbilical 
fissure, with exposure of the hilar plate or umbili-
cal plate, respectively. This allows subsequent 

Fig. 19.4 Approach to 
hepatic inflow
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identification of tertiary GP and performance of 
segmental resections (esp. for Sg4, Sg 5, and 
Sg8) [10].

19.5  Mode of Liver Parenchyma 
Transection

The underlying basis of liver transaction 
revolves around the division of liver paren-
chyma, ligation or suturing of small vessels on 
the hepatic cut surface, electrocauterizing even 
smaller vessels, achieving hemostasis, identifi-
cation of any bile leak, and ligation of any 
exposed small biliary radicles. Liver transaction 
has been traditionally performed by fracturing 
the liver parenchyma between the fingers. A lit-
tle improvement over this in terms of accuracy 
is by using arterial clamps to crush the liver and 
divide the exposed vessels and bile ducts. This 
“crush-clamp” technique has served as a refer-
ence method against which all other methods 
have been compared.

Newer techniques include dissection of the 
liver using ultrasound (Cavitron Ultrasonic 
Surgical Aspirator, CUSA), water-jet, vessel 
sealing devices (bipolar/ultrasonic-based), 
saline-linked radiofrequency sealers, radio-
frequency probes, and vascular staplers. 
These  techniques offer different advantages 
over the conventional technique and can be 
used either singly or in combination with each 
other [11].

19.6  Vascular Control

The liver receives nearly 25% of the cardiac out-
put, which amounts to approximately 
800–1200 mL/min. Nearly 75% of this blood is 
supplied by the portal vein and the remaining by 
the hepatic artery. Blood from the liver then 
drains into the inferior vena cava (IVC) through 
the hepatic veins. One of the most significant 
challenges encountered during hepatic surgery is 
intraoperative bleeding. Bleeding can occur dur-

ing dissection, hepatic parenchyma transection, 
or revascularization.

In order to decrease the amount of blood loss 
during hepatic surgery, three approaches can be 
considered:

 1. Occlusion of hepatic inflow (selective or 
non-selective)

 2. Combined occlusion of hepatic inflow and 
outflow

 3. Lowering down of Central Venous Pressure

Pringle maneuver, first described in 1908, 
involves temporary compression of the hepato-
duodenal ligament with vascular clamps or soft 
tourniquets, thus resulting in total hepatic 
inflow occlusion. As the liver derives its oxygen 
supply equally from the portal vein and hepatic 
artery, ligation of inflow portends exposure of 
the liver to ischemic injury. Furthermore, on 
release of occlusion, reperfusion of the liver 
results in sterile inflammatory response and 
hepatocellular injury, resulting in a condition 
known as hepatic ischemia/reperfusion injury 
(HIRI). The non- diseased liver has been shown 
to tolerate up to 65  minutes of ischemia. 
Diseased livers resulting from cirrhosis or che-
motherapy-induced hepatic changes are more 
prone to development of HIRI. The amount of 
adenosine triphosphate depletion and oxidative 
stress is directly proportional to the duration of 
ischemia [12].

However, significant blood loss from back-
flow from hepatic veins can still occur despite the 
inflow ligation. Also, if a tumor is infiltrating the 
retrohepatic IVC, then resection of the IVC can 
be considered. In such cases, inflow occlusion by 
Pringle maneuver, clamping of infrahepatic IVC 
above renal and adrenal veins, and suprahepatic 
IVC above the hepatic veins can be considered. 
This is known as total vascular exclusion (TVE). 
In addition to decreasing blood loss, TVE allows 
the use of in situ hypothermic perfusion of the 
liver, which decreases the metabolic demand of 
the liver and thus decreasing ischemic injury 
[12].
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19.7  Technique of Hepatic 
Resections

The patient is kept in a supine position. Hepatic 
resections can be performed either by open tech-
nique or by the use of modern minimal invasive 
approaches depending upon the surgeon’s prefer-
ence and expertise. In the open technique, gener-
ous exposure of the right upper quadrant is 
required and can be achieved by various abdomi-
nal incisions, e.g., thoracoabdominal, Makuuchi 
incision and its modifications, T-shaped inci-
sions, right subcostal with vertical midline inci-
sion, etc. Self-retaining retractors provide 
excellent exposure and are generally recom-
mended. After ruling out any extrahepatic disease 
by visual inspection of the abdominal cavity, the 
liver is mobilized by taking down its peritoneal 
attachments. Division of the round and the falci-
form ligaments up to the anterior surface of 
hepatic veins and suprahepatic IVC offers excel-
lent exposure of the superior aspect of the liver. 
For right-sided hepatic resections, further mobili-
zation of the right lobe of the liver can be achieved 
by dividing the right coronary and triangular liga-
ment. Similarly, division of the gastrohepatic 
ligament after ascertaining the absence of any 
accessory or replaced left hepatic artery allows 
exposure of the caudate lobe and the ability to 
loop the hepatoduodenal ligament for the Pringle 
maneuver.

For right hepatectomy, exposure and control 
of the right hepatic vein are obtained by mobiliz-
ing the right liver anteriorly and rotated to the 
left, carefully dissecting, and ligating the short 
hepatic veins draining directly into the IVC and 
dividing the retrocaval or Makuuchi ligament. 
Cholecystectomy is performed with the gallblad-
der either removed or left attached with the cystic 
duct for retraction purposes. The next step is to 
approach the hepatic inflow by either the hilar or 
the Takasaki’s technique. For right or left hepa-
tectomy, the first-order Glissonean pedicle on the 
ipsilateral side is ligated. This results in the cre-
ation of a line of demarcation over the liver sur-
face between the ischemic and non-ischemic lobe 
of the liver. Pringle maneuver can be carried out 
prior to proceeding to hepatic parenchyma trans-

action to decrease the amount of blood loss. 
Hepatic parenchyma transection is then carried 
out and the specimen is removed.

For sectionectomy, the inflow is ligated at 
second- order division. Segmentectomies are 
achieved by temporary occlusion of second-order 
divisions to create a line of vascular demarca-
tions, parenchymal transections, and unroofing of 
third-order pedicles allowing them to be sepa-
rately ligated. Subsegmental resections utilize 
Takasaki’s cone unit concept. Intraoperative 
ultrasound is used to localize the tertiary branches 
from the second-order divisions. Then the target 
branch is compressed between the ultrasound 
probe and the surgeon’s fingers, causing ischemic 
demarcation of the target area. The target area is 
then marked, and hepatic transection is carried 
out with subsequent ligation of the tertiary drain-
ing branch.

19.8  Perihilar 
Cholangiocarcinoma

Perihilar cholangiocarcinoma (pCCA) is an 
aggressive neoplasm characterized by perineural 
invasion and periductal lymphatic spread, with 
the ability to spread longitudinally along bile 
ducts to involve the intrahepatic sectoral and seg-
mental bile ducts. Radial growth of the disease 
leads to infiltration into surrounding structures, 
namely, hepatic artery, portal vein, adjacent 
hepatic parenchyma, and inferior vena cava. 
Ipsilateral portal venous infiltration can lead to 
lobar atrophy.

As the surgery for pCCA is technically chal-
lenging and associated with significant morbid-
ity, careful selection of patients is necessary. 
Important factors precluding a patient from surgi-
cal resection include medically unfit for surgery, 
presence of non-satellite hepatic or distant metas-
tases, involvement of non-regional lymph nodes, 
bilateral segmental ductal involvement, ipsilat-
eral segmental ductal involvement with contralat-
eral involvement of vascular inflow or unilateral 
atrophy with contralateral segmental ductal 
involvement and/or hepatic inflow involvement, 
and inadequate future liver remnant [9, 13]. 
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Fig. 19.5 Right hepatectomy performed for Bismuth-Corlette type 3a cholangiocarcinoma and reconstruction with 
retrocolic Roux-en-Y hepaticojejunostomy

Helical high-resolution triple-phase contrast 
computed tomography with a section thickness 
of 2.5  mm and reconstruction at 1.25  mm has 
relatively high accuracy in predicting resectabil-
ity. Magnetic resonance imaging with magnetic 
resonance cholangiopancreatography better 
delineates the intrahepatic extension of pCCA 
but is very poor in the prediction of vascular inva-
sion. Positron emission tomography/computed 
tomography is of limited value in the evaluation 
of primary tumors as pCCA is generally not 
fludeoxyglucose- avid. However, despite ade-
quate preoperative imaging, 20–50% of patients 
are found to have unresectable disease upon 
exploration [9].

The main goal of surgery in pCCA is to 
achieve a margin-negative resection (R0) as it is 
the most important criterion for long-term sur-
vival. Due to the proximity of hilar structures, 
IVC, and the aim of preserving functionally ade-
quate remnant liver, margins are often micro-
scopically positive (R1), especially at the bile 
duct margins. The extent of resection depends 
upon the degree of involvement of biliary disease 
and future liver remnant. Generally, ipsilateral 
hemi-hepatectomy is performed. Extended resec-
tions including trisectionectomy are usually con-
sidered in events where negative margins are 
unlikely to be achieved by hemi-hepatectomy. As 
per current evidence, the caudate lobe is concur-

rently involved in pCCA; hence it is prudent to 
include the caudate lobe in hepatectomies for 
pCCA [14]. Biliary reconstruction is generally 
carried out in a retrocolic Roux-en-Y hepaticoje-
junostomy with preferable ≈60 cm length of the 
afferent limb (Fig. 19.5).

19.9  Carcinoma Gallbladder

Radical cholecystectomy has been the mainstay in 
the treatment of ≥pT1b gallbladder carcinoma 
and has demonstrated significant improvements 
in survival outcomes in comparison to simple 
cholecystectomy. A diagnostic laparoscopy is per-
formed to look for any peritoneal deposits and to 
ascertain resectability. Once resectability is con-
firmed, the abdomen is entered typically by the 
right subcostal incision which can be extended 
across the midline. A generous Kocher’s maneu-
ver is performed, and the infrarenal aortocaval 
lymph node is excised and sent for frozen section. 
If the frozen section is negative for malignancy, 
then retroduodenal lymph nodes are dissected out. 
The gastrohepatic ligament is divided, and the 
lymph nodes around celiac axis and the common 
hepatic artery are removed. Lymph nodes within 
the hepatoduodenal ligament are removed, thus 
skeletonizing the bile duct, hepatic artery proper, 
and the portal vein. The cystic duct is ligated close 
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Fig. 19.6 Radical 
cholecystectomy

to the CBD, and the cystic duct margin is sent for 
frozen section. If cystic duct margin is positive, 
then CBD resection is concurrently performed, 
and biliary- enteric reconstruction is performed 
with Roux-en-Y hepaticojejunostomy. For non- 
anatomic resection, a wedge resection of the gall-
bladder fossa with a 2-cm margin of the normal 
liver is resected en bloc with the gallbladder 
(Fig.  19.6). However, in anatomic resection, 
which is usually indicated for T2–T3 tumors, seg-
ments 4b and 5 are removed en bloc. If hepatic 
hilar confluence is involved, then a right hepatec-
tomy or right trisectionectomy can be considered 
[15].
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20Hardware in Hepato-pancreatico- 
biliary Interventions

Pawan Kumar Garg , Samarth Gowda, 

and Pushpinder Singh Khera 

20.1  Introduction

Interventional radiology (IR) is an essential med-

ical specialty that deals with the management of 

various hepato-pancreatico-biliary (HPB) pathol-

ogies in a minimally invasive way. The spectrum 

of interventions can be broadly categorized into 

non-vascular and vascular interventions 

(Table 20.1).

The non-vascular interventions include percu-

taneous biopsy and aspiration of various lesions 

for histopathological and microbiological analy-

sis; liver abscess drainage [1]; percutaneous 

drainage of peripancreatic and postoperative col-

lections; percutaneous aspiration, instillation, 

and re-aspiration (PAIR) procedure for hydatid 

cyst; percutaneous transhepatic cholangiography 

(PTC) and percutaneous transhepatic biliary 

drainage (PTBD) [2, 3]; percutaneous cholecys-

tostomy; ablation of the liver, biliary, and pancre-

atic primary or metastatic tumors; etc.

The vascular interventions include transarte-

rial chemoembolization (TACE) for hepatocellu-

lar carcinoma; pre-operative portal vein 

embolization (PVE) for extended right hepatec-

tomy patients with small future liver remnant 

volume; hepatic venous pressure gradient 

(HVPG) for indirect measurement of portal 

hypertension; transjugular liver biopsy (TJLB); 

hepatic venoplasty and stenting; transjugular 

intrahepatic portosystemic shunt (TIPS) for por-

tal hypertension and direct intrahepatic portosys-

temic shunt (DIPS) for Budd-Chiari syndrome; 

balloon-occluded retrograde transvenous obliter-

ation (BRTO) for isolated gastric variceal bleed 
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Table 20.1 Various interventional radiology procedures

Non-vascular 

procedures Vascular procedures

Percutaneous biopsy 

and fine needle 

aspiration

Transarterial 

chemoembolization (TACE) 

for hepatocellular carcinoma

Liver abscess drainage Pre-operative portal vein 

embolization (PVE)

Percutaneous drainage 

of collections

Hepatic venous pressure 

gradient (HVPG)

Percutaneous 

aspiration, instillation, 

and re-aspiration 

(PAIR)

Transjugular liver biopsy 

(TJLB)

Percutaneous 

cholecystostomy

Hepatic vein and inferior 

vena cava (IVC) venoplasty 

and stenting

Percutaneous 

transhepatic 

cholangiography 

(PTC)

Embolization of 

pseudoaneurysm

Percutaneous 

transhepatic biliary 

drainage (PTBD) and 

biliary stenting

Transjugular intrahepatic 

portosystemic shunt (TIPS) 

and direct intrahepatic 

portosystemic shunt (DIPS)

Ablation of tumors Balloon-occluded retrograde 

transvenous obliteration 

(BRTO)
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[4], inferior vena cava (IVC) venoplasty and 

stenting; embolization of pseudoaneurysms/foci 

of arterial active extravasation secondary to 

trauma, post- surgery, or pancreatitis; etc.

20.2  Hardware for Interventional 
Radiology Procedures

20.2.1  Puncture Needle (Fig. 20.1a)

Puncture needles are used to access the blood ves-

sel, biliary radicle, or abscess cavity. The needles 

are then exchanged with the guidewire for the 

final placement of either vascular access sheath or 

pigtail catheter using the Seldinger technique.

The puncture needles are available in different 

sizes and lengths. The size of the needle is mea-

sured in G (gauge), which is an internationally 

used scale. The bigger the number of gauge, the 

smaller the diameter of the needle.

The needle’s length depends upon the target 

vessel’s depth or structure. Commonly used in IR 

are Chiba needles, which have a beveled tip angle 

of 30°, as described originally. It is available in 

18–25 G sizes.

The 21  G needle is used to puncture small- 

sized vessels, in pediatric patients and small cali-

ber biliary radicles. The 21 G needle allows the 

passage of a 0.018-inch-sized guidewire, while 

the 18 G needle is used in bigger vessels in adult 

or large abscess cavities, allowing the passage of 

a 0.035-inch guidewire. Needles with echogenic 

tips are also available, which have better visual-

ization on ultrasound.

a b
Fig. 20.1 (a) Puncture 

needle of size 21 G 

(green) and 18 G (pink). 

(b) Fascial dilators of 

size 8, 10, and 12 Fr
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20.2.2  Fascial Dilators (Fig. 20.1b)

Fascial dilators are tapered tip hollow catheters 

made up of soft polyethylene material. These 

dilators are used to dilate the percutaneous tract 

before placement of a large-size vascular sheath, 

device, or pigtails over the guidewire using 

Seldinger techniques. These are available in vari-

ous sizes ranging from 6 to 24 French.

20.2.3  Vascular Access Sheath 
(Fig. 20.2)

The vascular sheath is an access sheath with a 

hemostatic one-way valve that allows the intro-

duction of catheters and wires but prevents blood 

from exiting. Also, it has a sidearm that allows 

saline flush and infusion to prevent clotting 

within the lumen of the sheath. The sheath is 

available in various sizes and lengths. The diam-

eter is expressed in French (Fr). Three French is 

equal to 1 millimeter (mm). The commonly used 

sheath sizes are 5 and 6 Fr for diagnostic vascular 

purposes.

The vascular sheaths are available in various 

lengths, like 7, 11, 16, and 50–100 centimeters 

(cm). The required length varies depending on 

various procedures.

The vascular access sheath can be used in non- 

vascular procedures like PTBD to maintain the 

access site and during biliary stenting.

20.2.4  Guidewire (Fig. 20.3a)

Guidewires are wires that serve as a guide for the 

negotiation of catheters within the vessels and 

abscess cavities and provide support for the entry 

of large bore catheters, sheaths, etc. The guide-

wires are available in different sizes and made up 

of different materials.

The guidewires are divided based on size, 

length, tip shape, and material property. The 

guidewires are available in various sizes, like 

0.035, 0.038, 0.014, and 0.018 inches in diameter 

and 80, 150, 260, and 300 cm in length. The 5 Fr 

catheters allow 0.038-inch guidewires, while 4 Fr 

diagnostic catheters allow 0.035-inch guidewires. 

The 0.014- and 0.018-inch wire is compatible 

with microcatheters.

The guidewire is available in straight tip or 

J-tip shape. The J-tip wire is commonly used and 

is less traumatic. The straight-tip wire is used to 

cross tight strictures or stenosis and is more 

traumatic.

The polytetrafluoroethylene (PTFE)-coated 

wires are hydrophilic and slide easily when in 

a bFig. 20.2 (a) Vascular 

access sheath set 

containing a puncture 

needle, guidewire, inner 

dilator, sheath with a 

hemostatic valve, and 

side arm. (b) Long 

vascular access sheath 

with a dilator
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a b
Fig. 20.3 (a) J-tip 

guidewire, hydrophilic 

(black) and stiffer, 

Amplatz (blue). (b) 

Diagnostic catheters: 

vertebral shape with a 

single curve, Cobra 1 

with the double curve in 

the same direction, and 

Simmon 1 catheter with 

the reverse curve

contact with saline and blood. These hydrophilic 

wires are helpful to negotiate the difficult curves 

of vessels. The other type of wire is Amplatz, 

which is stiffer and helps negotiate bulky devices 

like balloons and stents.

20.2.5  Diagnostic Catheters 
(Fig. 20.3b)

The catheters are hollow tubes with different 

shapes at the tip. The wire catheter combinations 

are used to negotiate difficult anatomy. The com-

mon diagnostic catheters are available in 4–6 Fr 

sizes.

The shapes of catheters are classified as single 

curve, double curve in same direction, and dou-

ble curve in opposite directions. Commonly used 

catheters are Cobra (C), Simmons (Sim), 

Multipurpose (MPA), Head Hunter (H), Vertebral, 

Renal Double Curve (RDC), and Picard. Catheter 

shapes can be advantageous while cannulating 

the ostium of vessels, which are often oriented in 

different directions.

20.2.6  Micropuncture Access Set 
(Fig. 20.4)

Micropuncture access set is used to gain access to 

small arteries and veins, especially in pediatric 

patients. This is also useful in radial access and 

pedal access. It consists of an echogenic tip 

micropuncture needle of 21 G, a soft J-tip 0.018- 

inch wire, and a coaxial catheter pair of 10 cm in 

length, available in 4 and 5 Fr sizes. The micro-

puncture needle is used to access the vessel, fol-

lowed by wire and coaxial catheter insertion 

using the Seldinger technique. The inner catheter 

is removed, and a 0.035-inch wire is placed 

through the outer catheter.

Neff percutaneous access set is similar to the 

micropuncture access set and is used mainly for 

non-vascular procedures like percutaneous tran-

shepatic biliary access and percutaneous neph-

rostomy. It has a 15-cm-long 22  G needle, a 

long-length 0.018-inch wire with a triaxial sheath 

of 7 Fr size, having an introducer catheter, and a 

metallic stiffener cannula.
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a b
Fig. 20.4 (a) 

Micropuncture access 

set, containing a soft 

J-tip microwire, coaxial 

catheter pair of 5 Fr, and 

micropuncture needle. 

(b) Neff percutaneous 

access set containing a 

long-length J-tip 

microwire 22 G, a 

15-cm-long Chiba 

needle with a trocar, and 

a triaxial sheath of 7 Fr 

size, having an 

introducer catheter, and 

a metallic stiffener 

cannula.

Fig. 20.5 Drainage catheters of different shapes with 

multiple holes: Malecot catheter (green) with a dilator, 

pigtail catheter (blue), and internal-external biliary drain-

age catheter of long length (white)

20.2.7  Drainage Catheter (Fig. 20.5)

Percutaneous drainage of liver abscesses and 

infected collections is beneficial for quickly 

draining out the infected fluid, which further 

helps in faster patient recovery and avoids the 

need for open surgical procedures.

The drainage catheters are available in various 

shapes. The common types of catheters are pig-

tail shape, Malecot type having flower-shaped 

catheters, and internal-external biliary catheters 

for biliary drainage.

The pigtail catheter has the shape of a pigtail, 

which, once inserted and formed, holds the cath-

eter in place. The pigtail catheter has multiple 

holes at and near the tip to drain the fluid. The 

pigtail catheter is available for single-time place-

ment using a metallic trocar or after serial tract 

dilatation using the Seldinger technique.

The Malecot catheter has a flower shape at the 

tip with end holes for fluid drainage. The catheter 

is straightened using an inner straightener for 

placement.

The catheters are available from 5 to 28 Fr 

size. The catheter’s size depends upon the con-

tent’s thickness and consistency.

The internal-external biliary drainage catheter 

is a long-length catheter designed to drain bile 

externally into a drainage bag and internally into 

the duodenum after placement. This is available 

from 5 to 12 Fr size.

20.2.8  Biopsy Needle (Fig. 20.6)

The biopsy needle obtains a small piece of a rep-

resentative tissue from any tumor or parenchyma 

for pathological or microbiological evaluation. 

Commonly performed percutaneous biopsy pro-

cedures are for liver, gallbladder, or pancreatic 

tumors. Liver biopsy is also indicated in diffuse 

liver disease for etiological workup. The biopsy 
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a b
Fig. 20.6 (a) 

Percutaneous biopsy 

needle: automatic 

(larger) and 

semiautomatic (smaller) 

type with a coaxial 

needle. (b) The cutting 

throw of both needles is 

of similar type

needle is available in sizes 14–20 G; 18 and 20 G 

are commonly used.

Based on the tissue-cutting mechanism, the 

biopsy needle can be divided into fully automatic 

and semiautomatic. The biopsy needle consists of 

an inner needle with a tissue throw and an outer 

cutting needle.

In the automatic biopsy needle, the tip pene-

trates a length of 22  mm and hence must be 

placed at the edge of the lesion. Upon firing the 

needle, the inner needle first slides out, followed 

immediately by the outer cutting needle, to cut 

the tissue within the throw. The throw size is 

20 mm, and the biopsy needle is available in dif-

ferent lengths, like 10, 16, and 20 cm.

In a semiautomatic biopsy needle, the inner 

needle is placed within the lesion, and on firing, 

only the outer cutting needle will slide. The 

advantage of this is that it allows for the biopsy of 

small lesions and lesions with nearby vascular 

structures. In a semiautomatic biopsy needle, 

10-mm and 20-mm-size throw are available. This 

is also available in different lengths like 10, 16, 

and 20 cm.

The coaxial biopsy technique is used in which 

an outer coaxial needle is placed into the lesion 

or liver, through which the biopsy needle is posi-

tioned to take multiple cores with a single punc-

ture of the liver capsule or lesion. This technique 

prevents complications due to multiple capsular 

punctures. In post-biopsy bleeding, the same 

coaxial needle can be used to inject gelfoam or 

any other embolizing agent.

20.2.9  Balloon Catheter and Inflation 
Device (Fig. 20.7a)

The balloon catheter is a catheter with an inflat-

able balloon near the tip. This is used to open up 

stenotic areas within vessels or biliary strictures. 

Balloon catheters are divided based on compati-

ble delivery guidewires like 0.035 or 0.018 

inches.

The balloon catheters are available in different 

sizes and lengths based on the vessel diameter 

and size of stenosis. Commonly used are 

4–10 mm balloons; however, large-size balloons 

are also available for procedures such as IVC 

venoplasty.

The inflation device uses a diluted contrast 

mixture to inflate the balloon with precise pres-
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a b
Fig. 20.7 (a) Balloon 

catheter with two hubs, 

one for wire passage and 

the other for balloon 

inflation. Inflation 

device with pressure 

measurement display. 

(b) The metallic stent of 

open-cell-type design

sure to prevent under- and overinflation. Each 

balloon inflates to its intended size at a pre-fixed 

pressure called nominal burst pressure and rup-

tures at a pre-fixed pressure called the rated burst 

pressure; both are provided within the balloon 

package by the vendor.

20.2.10  Metallic Stent (Fig. 20.7b)

The stent is a metallic scaffolding intended to 

keep the vessel or bile duct open. The stent is 

used in hepatic vein, IVC stenting, DIPS/TIPS, 

or biliary stenting. Stents are commonly made up 

of nitinol (nickel-titanium alloy) or cobalt 

chromium.

The stent is divided into open cell versus 

closed cell, self-expanding versus balloon- 

expandable stent, and uncovered versus covered 

stent.

All the stent cells are interconnected in closed- 

cell stents, resulting in smaller cell sizes, whereas 

in open-cell stents, the cell size is larger. The 

closed-cell stent has more radial force.

The self-expanding stent expands on simple 

unsheathing, while the balloon-mounted stent 

requires a balloon to expand. The balloon- 

mounted stent has the highest radial force and is 

used for precise deployment in ostial legions.

The covered stent has a metallic stent covered 

with an impermeable layer of either expanded 

polytetrafluoroethylene (ePTFE) or Dacron 

material.

20.2.11  Embolizing Agents (Fig. 20.8)

Embolizing agents can be divided into temporary 

and permanent agents. Temporary embolizing 

agents include gelfoam and autologous blood 

clots. Permanent embolizing agents are divided 

into particulate, metallic, and liquid agents.

Particulate embolization material includes 

polyvinyl alcohol (PVA) particles, embosphere, 

and microspheres. The metallic embolizing 

agents include coils and vascular plugs. The liq-

uid embolizing agents include N-butyl cyanoac-

rylate (NBCA) or glue and onyx.

Metallic embolizing agents like coils and vas-

cular plugs are commonly used to occlude ves-

sels proximally. Based on the delivery 

mechanism, the coils are either pushable or 

detachable.

The pushable coils are made of platinum wire 

with synthetic fibers in a spring shape, preloaded 

in a cartridge, and pushed using wires. These are 

made up of 0.035-inch or 0.018-inch wire and are 

delivered through compatible catheters. The 
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a b

Fig. 20.8 (a) and (b) 0.018-inch size pushable coil with thrombogenic fibers

detachable coils are meant for precise deploy-

ment and are detached mechanically or 

electronically.

The vascular plug is a metallic cylinder that is 

compressed in a sheath, which will expand after 

deployment and take its shape and size. These are 

made of nitinol wire mesh. These are available in 

cylinder or disk-like shapes.

20.2.12  Liquid Embolizing Agents

Liquid embolic agents include NBCA glue and 

onyx. NBCA is commonly used for peripheral 

and HPB interventions [5]. It is mixed with lipi-

odol to achieve the different concentrations of 

glue. Glue lipiodol mixture will polymerize when 

it comes in contact with saline or blood. More 

concentrated glue will polymerize early com-

pared with less concentrated glue. The 5% dex-

trose solution is used to flush the catheter before 

the glue injection to prevent polymerization 

within the catheter itself.

Onyx is an ethylene vinyl alcohol copoly-

mer dissolved in dimethyl sulfoxide (DMSO) 

[6]. It precipitates when it comes in contact 

with an aqueous solution like blood, saline, 

etc. Special DMSO-compatible catheters are 

required to inject the onyx into the target 

location.

Lipiodol is an ethiodized poppy seed oil con-

taining 4.8 gm of iodine per 10 ml. It is used with 

glue for embolization and chemotherapeutic 

drugs like doxorubicin or epirubicin to make 

water in oil emulsion during TACE for hepatocel-

lular carcinoma.

20.2.13  Particulate Embolizing 
Agents (Fig. 20.9a,b)

The particulate embolizing agents are used to 

embolize the distal bed of parenchyma or tumor. 

These are used in case of tumor embolization or 

portal vein embolization. PVA are available in dif-

ferent sizes and are a mixture of a range of parti-

cles. Embospheres are more spherical and regular 

in shape and have a uniform range of particle sizes.

20.2.14  Transjugular Liver Biopsy Set 
(Fig. 20.10a)

Transjugular liver biopsy is indicated when per-

cutaneous liver biopsy is not possible, like in the 

cases of gross ascites and deranged coagulation 
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a b

Fig. 20.9 (a) PVA particles of 300–500 micrometer size. (b) Relatively uniform sized Embosphere of 300 

micrometer, mixed with contrast in a bowl

a b
Fig. 20.10 (a) TJLB 

set containing 7-Fr-long 

vascular sheath with 

14 G stiffening metallic 

cannula and long biopsy 

needle of 18 and 19 G 

sizes and 20 mm throw 

length. (b) Rösch- 

Uchida Transjugular 

Liver Access Set 

(RUPS) set containing 

trocar stylet covered 

with a 5 Fr catheter, 

stiffening cannula with a 

10 Fr catheter, and 

10-Fr-long vascular 

sheaths with a dilator.
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profile of the patient. Here, the biopsy is taken 

through the hepatic vein into the liver 

parenchyma.

The commonly used TJLB set is Liver Access 

and Biopsy Sets (LABS) by Cook Medical [7]. 

This LABS set consists of a 7-Fr-long vascular 

sheath with a hemostatic valve and sidearm for 

the flush.

The 14 G stiffening metallic cannula provides 

stability and wedges the tip into the parenchyma. 

The biopsy needle is similar to a percutaneous 

biopsy needle with a long shaft and is available in 

18 and 19 G sizes and 20 mm throw length.

20.2.15  Transjugular Intrahepatic 
Portosystemic Shunt Set 
(Fig. 20.10b)

In TIPS, a shunt is created between the portal 

vein and hepatic vein to reduce the portal pres-

sure in cases of portal hypertension. The com-

mon indications include refractory ascites, 

refractory hydrothorax, and recurrent or failed 

esophageal variceal bleeding. Sometimes, in 

cases of Budd-Chiari syndrome, a shunt is cre-

ated between the portal vein and IVC, which is 

directly called a DIPS.

Two commonly used hardware are the Ring 

Transjugular Intrahepatic Access Set (RING) and 

the RUPS developed by Cook Medical.

The Ring set was launched in 1992 by Dr. 

Ernie Ring, who used the Colapinto needle 

invented by Dr. Ronald F. Colapinto [8]. The set 

contains the 9/10 French and 38.5-cm-long vas-

cular sheath with a dilator. Inside the sheath goes 

a 16  G and 50.5-cm-long Ross Modified 

Colapinto Needle covered with a 9/10 French 

catheter. A Colapinto needle punctures the portal 

vein, and sequentially introduced sheath is placed 

into the portal vein [9].

The RUPS set was launched in 1992 by Dr. 

Josef Rösch and Barry Uchida, a former X-ray 

technician [10]. The set contains the outer most 

10 French and 40-cm-long vascular sheath with a 

dilator. Inside the sheath goes a stiffening can-

nula of 14 G and 51.5 cm length covered with a 

10 Fr catheter. Through the stiffening cannula 

goes a 0.038-inch size and 62.5-cm length trocar 

stylet covered with a 5 Fr catheter. This set uses a 

trocar stylet to puncture the portal vein, and 

sequentially stiffening cannula and introducer 

sheath are placed into the portal vein.

20.3  Conclusion

The HPB interventions are continuously increas-

ing and help in the minimally invasive manage-

ment of various pathologies. The knowledge of 

various hardware used for HPB intervention is 

essential to perform these interventions safely.
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21Interventional Radiology 
in the Biliary Tree, Liver, 
and Pancreas

Matilde Bariani, Francesca Mambrin, 

and Alberto Contro

21.1  Biliary Interventions

21.1.1  Indications

Indications for percutaneous biliary interventions 
are:

• Diagnosis and treatment of a stricture (benign
or malignant) and its most common complica-
tions, high bilirubin and pruritus.

• Removal of biliary stones.
• Treatment of biliary leaks.

21.1.1.1  Biliary Tree Obstructions

Biliary Strictures

Biliary strictures can be differentiated in low 
(below the cystic duct insertion) and high (above 
the cystic duct insertion).

Low strictures are usually managed endoscop-
ically, and percutaneous treatment is the second 
choice if endoscopy is impossible or fails. The 
most common causes of failed endoscopy are 
congenital anatomic anomalies, such as the pres-
ence of duodenal diverticulum, or post-surgery 
(e.g., after Roux-loop bilio-enteric bypass).

High strictures are managed through percuta-
neous interventions [1].

Strictures can have a benign or malignant 
cause. If it is impossible to identify it with pre-
procedural imaging, an intraprocedural biopsy is 
suggested. Two techniques can be used, brushing 
or forceps biopsy. Forceps biopsy is preferred to 
brushing thanks to its higher sensitivity (78 vs 
61%) and negative predictive value (30 vs 19%) 
[2].

Malignant Biliary Strictures

Strictures can be due to primitive biliary neo-
plasms (cholangiocarcinoma), primitive hepatic 
neoplasms, or metastatic tumors.

Cholangiocarcinoma is a rare neoplasm (less 
than 2% of all malignancies), but it is the most 
common tumor of the biliary system. It can be 
classified according to its origin as intrahepatic 
(originating beyond the second-order biliary 
ducts), perihilar (Klatskin tumor), or distal to the 
junction of the cystic duct.

The Bismuth-Corlette classification describes 
perihilar cholangiocarcinoma biliary tree 
involvement:

• I: hepatic duct below the confluence.
• II: right and left hepatic duct confluence.
• IIIa: extent to the right hepatic duct.
• IIIb: extent to the left hepatic duct.
• IV: extent in right and left hepatic ducts or

multifocal disease [3].
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a b

c d

Fig. 21.1 A 42-year-old 
woman with type IV 
Klatskin 
cholangiocarcinoma. (a, 
b) T2-weighted 
fat-saturated MRI (a) 
and MRCP (b) show 
massive dilation of 
intrahepatic biliary ducts 
due to infiltration of the 
biliary confluence and 
first-grade biliary ducts. 
No clear mass is 
discernible. (c) 
Cholangiography 
confirms the stenosis, 
and (d) two drainages 
are positioned to drain 
both hepatic lobes, 
palliating jaundice and 
preventing cholangitis

Biliary drainage with stents or external- 
internal drainages can be used for palliation of 
jaundice in non-operable neoplasms and to treat 
cholangitic patients (Fig. 21.1).

The procedure is controversial as bridge treat-
ment in non-septic patients candidate to surgery: 
some authors think it increases the risk of tumor 
seeding, cholangitis, and peri-operative infec-
tion. A large multicenter European study by 
Farges et al. showed a clear benefit in lowering 
bilirubin levels below 2.92  mg/dl before resec-
tion [4, 5].

Benign Biliary Strictures

Benign biliary strictures can be focal or diffuse.
Focal strictures (Fig.  21.2) are due to iatro-

genic damage (they are common after the cre-
ation of a biliary-enteric anastomosis), trauma, 
radiation therapy, pancreatitis, and biliary stones.

Diffuse strictures are caused by cholangitis, 
ischemia, and sclerosing cholangitis.

Percutaneous treatment allows to go below the 
stenotic biliary tract and to perform balloon dila-
tion of the stricture (bilioplasty) in multiple ses-
sions. An external-internal drainage is usually 
left across the stenosis between the sessions.

Contraindications to the treatment are long 
segments and multiple strictures and patients 
with a newly surgically performed bilio-enteric 
anastomosis because often the stenosis is due to 
edema which resolves spontaneously after 
1–2 weeks.

A cholangiogram is performed to assess the 
treatment outcome. If the stricture has resolved, 
an external drainage should be left for 1–2 weeks 
after percutaneous transhepatic biliary drainage 
(PTBD) removal, to allow easy reintervention in 
case of recurrence of the pathology [6, 7].

Biliary Stones

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is the preferred method used to treat 

M. Bariani et al.



339

a b

c d

Fig. 21.2 A 74-year-old 
man treated with 
cholecystectomy 
complicated by left 
hepatic lobe necrosis 
and hepatic duct 
stenosis. (a) 
Cholangiography shows 
stenosis of the common 
hepatic duct (arrow). (b) 
Stenosis dilation is 
performed with an 
angioplasty balloon. (c) 
Cholangiography after 
dilation shows the 
resolution of the stenosis 
(d), and only a small 
catheter (arrow) is left in 
site for some days to 
control the complete 
resolution of symptoms 
before declaring the 
patient is healed

extrahepatic stones. Percutaneous intervention is 
indicated in case of failed endoscopy or intrahe-
patic stones.

Stones can be divided into brown stones and 
cholesterol calcified stones.

Pigmented (brown) stones form in case of bili-
ary stasis and are softer than calcified ones. They 
can be removed by being pushed in the duode-
num through balloon maceration and sweep of 
the duct (Fig.  21.3) or with a stone retrieval 
device (basket).

Calcified cholesterol stones are harder and 
can’t be easily macerated. Stones measuring 
<5  mm can be swept into the duodenum, and 
larger ones require papillotomy (if they measure 
5–10 mm) or lithotripsy [8].

Cholangitis

Acute cholangitis is a life-threatening medical 
emergency caused by retrograde infection of the 
biliary tree in the setting of complete or partial 
biliary obstruction.

Tokyo guidelines (2013 and 2018) define 
diagnostic criteria for cholangitis:

• Systemic inflammation: fever higher than 
38  °C and laboratory evidence of 
inflammation.

• Cholestasis: jaundice (bilirubin >2 mg/dl) and 
abnormal liver function tests.

• Imaging: biliary dilation and evidence of 
obstruction.

Diagnosis is suspected if one criterion of sys-
temic inflammation and one of imaging or cho-
lestasis are present.

A definite diagnosis can be made if one crite-
rion of systemic inflammation, one of cholesta-
sis, and one of imaging are met [9].

Tokyo guidelines also divide cholangitis into 
three grades based on the initial response to med-
ical treatment and organ dysfunction. Each grade 
has its indications to perform percutaneous bili-
ary drainage:
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Fig. 21.3 A 62-year-old 
woman with stones in 
the hepatic duct after 
confection of bilio- 
enteric anastomosis. (a, 
b) MRCP (a) and 
cholangiography (b) 
demonstrate filling 
defects in the hepatic 
duct (arrows). (c) 
Balloon sweeping and 
bilioplasty are 
performed, and stones 
are removed with (d) 
normalization of the 
biliary tree

• Grade I (mild cholangitis): patients do not 
have organ dysfunction or symptoms described 
below. They should receive medical treatment. 
Biliary drainage should be performed if after 
24  hours there’s no response to medical 
treatment.

• Grade II (moderate): patients present with any 
two: white blood count >12,000/mm or 
<4000/mm, high fever (≥39  °C), age 
≥75 years old, bilirubin ≥5 mg/dl, and hypo-
albuminemia. Biliary drainage should be per-
formed immediately, with the beginning of 
medical treatment.

• Grade III (severe): patients suffer from organ 
failure and should receive emergent biliary 
drainage, immediate medical treatment, and 
general supportive care [9, 10].

21.1.1.2  Biliary Duct Injuries

Biliary duct injuries represent a complication of 
hepatobiliary surgery or abdominal trauma. The 

most common sites of injury are the remnant of 
the cystic duct and ducts of Luschka after 
cholecystectomy.

Small leaks may resolve with conservative 
management, while larger leaks must be treated 
with drainage of the biloma and biliary 
reconstruction.

The International Study Group of Liver 
Surgery classifies leakages in three grades 
according to the impact they have on the clinical 
management of the patient:

• Grade A requires no or little changes in the 
management.

• Grade B requires changes in the management 
without necessity or relaparotomy or grade A 
leakages that last longer than a week.

• Grade C requires relaparotomy.

Percutaneous treatment is suggested in type B 
leakages [11].
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a b
Fig. 21.4 A 47-year-old 
woman with biliary 
stenosis and fistula after 
cholecystectomy. (a) 
Cholangiography shows 
right hepatic duct 
stenosis and a small 
fistula that creates a 
collection in the 
cholecystic fossa (arrow, 
drained by the drainage 
shown in the picture). 
(b) PTBD is positioned 
to recreate normal 
biliary anatomy

Based on their anatomical characteristics, 
three different biliary leakage categories can be 
defined as useful to plan intervention:

• Direct communication: bile ducts upstream 
directly communicate with bile ducts down-
stream the leak. PTBD is the choice treatment 
for this type of leakage (Fig. 21.4).

• Indirect communication: bile ducts upstream 
and downstream the leak communicate 
through a bile collection. These leaks can be 
treated with a combined endoscopic and per-
cutaneous rendezvous: bile leak is reached 
with a percutaneous catheter and an endo-
scopic approach through the intestine. The 
percutaneous catheter is then caught up from 
the endoscopic route and brought into the 
bowel loop.

• No communication: upstream and down-
stream bile ducts are completely excluded 
from each other. These leakages are gener-
ally considered grade 3, requiring surgical 
relaparotomy, but in some specialized cen-
ters, a percutaneous approach to reconstruct 
the biliary tree has been made with success 
[12].

Preprocedural

Before any biliary intervention, the clinical his-
tory of the patient must be investigated, and the 
biliary tree should be studied through imaging.

Ultrasonography (US) is the first-line imag-
ing, which identifies biliary dilation and may 
determine the level of the obstruction causing it. 
Second-line techniques (computed tomography 
(CT) and magnetic resonance imaging (MRI) 
with magnetic resonance cholangiopancreatogra-
phy (MRCP)) allow to identify the cause of the 
dilation.

Any biliary intervention is at best a clean- 
contaminated procedure: prophylactic antibiotics 
are indicated in all patients before intervention 
and should be continued for at least 48  hours 
after the procedure.

Coagulation parameters must be checked 
before intervention and, if necessary, corrected.

Contraindications are uncorrected coagulopa-
thy and multisegmental obstructions. Ascites is a 
relative contraindication, easily corrected per-
forming paracentesis.

An atrophic hepatic lobe (both biliary tree and 
portal vein are infiltrated) should not be drained 
unless cholangitis occurs.

21.1.2  Techniques

21.1.2.1  Percutaneous Transhepatic 

Cholangiography

Percutaneous transhepatic cholangiography is a 
diagnostic technique used to evaluate the biliary 
tree. Currently, it has been replaced by ERCP and 
MRCP, and it is rarely performed. The biliary 

21 Interventional Radiology in the Biliary Tree, Liver, and Pancreas



342

tree is usually accessed through the right hepatic 
lobe.

Materials

In biliary interventions, the Chiba needle is gen-
erally used as an access needle. It is 15 cm long 
and has a 22 gauge diameter with a central sharp 
stylet that can be removed to inject contrast or 
insert a guidewire.

Procedure

The patient is positioned supine on the fluoro-
scopic table. After sterilization of the right flank 
and administration of sedoanalgesia, percutane-
ous access is performed with a Chiba needle on 
the midaxillary line. The needle is inserted under 
fluoroscopic guidance toward the 12th vertebral 
body. The stylet of the needle is removed, and a 
contrast-filled syringe is attached to the hub. The 
needle is slowly withdrawn while injecting con-
trast media to search for a bile duct. Contrast 
media in a bile duct flows slowly, like melted 
wax, allowing the differentiation from portal 
branches, hepatic vein, and arterial branches (it 
flows away rapidly). If a bile duct is not entered 
on the first attempt, other attempts can be made 
moving the needle in a fan shape. When a bile 
duct is entered, contrast media is injected to 
delineate the biliary tree. Radiograph projections 
are obtained in anteroposterior and both oblique 
views.

21.1.2.2  Percutaneous Transhepatic 

Biliary Drainage

Percutaneous transhepatic biliary drainage is an 
image-based technique used to drain a biliary 
tract through percutaneous access.

Materials

• Guidewires.
• Catheters.
• Dilators: short catheters of stiff plastic used to 

spread soft tissues for better access to other 
devices.

• Biliary drainages: they can be external or 
external-internal. External ones drain bile in 
an external bag. They are used only if impass-
able stenosis or severe cholangitis occurs (the 

less the biliary tree is manipulated, the least 
sepsis is likely to occur). They can cause 
important fluid loss and electrolyte imbalance. 
External-internal has proximal and terminal 
side holes that should be positioned above and 
below the biliary obstruction. The distal 
extremity is positioned in the duodenum, 
allowing both external and duodenal bile 
drainage. They are preferred since they main-
tain physiological bile drainage in the duode-
num and are less easily dislocated than 
external catheters.

Drainages must be flushed daily to prevent 
occlusion and need to be replaced every few 
months.

Procedure

• Right-Sided Biliary Drainage

The patient is prepared as described to per-
form a cholangiography. The technique is the 
same until the biliary tree is opacified by con-
trast; if a favorable biliary duct is entered (pre-
ferred one is the duct draining S6), a soft 
guidewire is inserted through the needle and 
moved toward the hilum. A catheter is then placed 
on the guidewire, and they are manipulated to 
cross the stenosis and reach the intestine. The 
guidewire is exchanged with a stiffer one, and the 
catheter removed. The percutaneous tract is 
dilated with a dilator, and an external-internal (or 
only external) biliary drainage is positioned.

• Left-Sided Biliary Drainage

This procedure can be more challenging due to 
the anatomy of the left lobe, its proximity to the 
heart, and its relationship with the sternum. US 
guide is used to detect and guide the needle into a 
biliary duct through the inverted “V” formed by 
the sternum and medial edges of the ribs. The pre-
ferred biliary duct is the one draining S3.

Drainages must be fixed to the patient’s skin 
to prevent their displacement.

21.1.2.3  Internal Biliary Stenting

Internal biliary stents are used to manage malig-
nant biliary tree stenosis if no other treatment is 
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possible. Rarely they can be used to treat benign 
stenosis if other previously performed treatments 
failed.

Materials

Self-expanding metallic stents are the most 
utilized.

Bare metallic stents with narrow spaces 
between the wire mesh are used in oncologic 
patients with short life expectancy (6–8 months) 
to palliate a malignant biliary obstruction. They 
cannot be removed.

Covered metallic stents are preferred for the 
treatment of benign strictures because they can 
be removed or exchanged. They are generally 
used in the lower common biliary duct not to 
cover biliary branches. Obstruction of the cystic 
duct is avoided thanks to the presence of small 
holes in the proximal extremity of the stent.

Biodegradable stents made of polydioxanone 
are sometimes used as a last resource in benign 
strictures which do not resolve with balloon dila-
tion. They degrade in 3–6  months (Fig.  21.5) 
[13].

Procedure

Stents are loaded on the end of a delivery cathe-
ter, compressed by a sheath. The stent deploys 
from distal to proximal once delivered by the 
operator by withdrawing the sheath. It is impor-
tant to overstent a malignant stricture by posi-
tioning the end of the stent 2–3  mm above the 

proximal tumor edge, to prevent rapid tumor 
growth inside its lumen.

If both liver lobes need to be drained, stents 
can be placed at the hilum with a T or Y configu-
ration. A small safety catheter should be left 
inside the stent for the first week; it can be 
removed after stent patency is proved with a 
cholangiogram.

Complications

Potential major complications of PTBD are 
pneumothorax, bleeding, biliary sepsis, chole-
cystitis, and pancreatitis. Bile peritoneum occurs 
if the bile leaks into the abdomen.

Venous bleeding can be easily treated by repo-
sitioning the catheter moving its side holes away 
from the vein branch.

Arterial bleedings should be suspected if there 
is pulsatile bleeding, if blood leaks around the 
catheter, and if hematocrit lowers. Arteriography 
should be performed, and the bleeding/pseudoan-
eurysm site must be embolized.

Stents can also migrate or occlude, with con-
sequent development of cholangitis [1, 14].

21.1.2.4  Percutaneous 

Cholecystostomy

Indications

Percutaneous cholecystostomy is a means to pro-
vide treatment in patients with calculous and 
acalculous cholecystitis noncandidate to surgery 
because of their clinical conditions or comorbidi-

a bFig. 21.5 A 54-year-old 
man with stenosis at the 
origin of the right 
hepatic duct after 
cholecystectomy, 
without resolution after 
multiple bilioplasty 
procedures. (a) 
Cholangiography shows 
a stenotic bile duct 
(arrow) and (b) 
resolution of the stenosis 
after placement of a 
degradable stent
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ties (American Society of Anesthesiologists clas-
sification 3 and 4) [10].

Contraindications

An uncorrectable coagulopathy represents an 
absolute contraindication. Relative contraindica-
tions are porcelain gallbladder, which is hard to 
penetrate, and gallbladder tumor, for the risk of 
seeding.

Technique

Under imaging guidance (US, CT, or fluoros-
copy), an external drainage is positioned in the 
gallbladder lumen (Fig. 21.6).

Two approaches are possible: transhepatic and 
transperitoneal (intrahepatic).

The transhepatic approach is generally pre-
ferred since it allows a more stable position of the 
drainage inside the gallbladder lumen. The access 
route is subcostal between the midaxillary and 
the midclavicular lines.

The transperitoneal route is used in patients 
with bleeding disorders or liver diseases.

Two techniques can be used:

• Seldinger: the same technique used to place a 
biliary drainage.

• Trocar: drainage is assembled over a stiff can-
nula with a sharp trocar, and it can be placed 
in a single step into the gallbladder lumen.

Complications

Complications are rare. Pneumothorax, bile peri-
toneum, biloma, bowel perforation, and hemor-
rhage can happen.

Outcome

Technical success is achieved in nearly 100% of 
cases. Clinical success is defined by the resolu-
tion of sepsis, with a decrease of fever (tempera-
ture <37.5  °C) and reduction of blood count 
below 10,000/mm3 or by 25% of preprocedural 
level within 72  hrs. Clinical improvement is 
achieved in 56–93% of patients.

For acalculous cholecystitis, the drain can be 
removed at the resolution of the inflammation 
after a trial period of 48 hours [15].

21.2  Hepatic Procedures

21.2.1  General Considerations

Interventional radiology plays a key role in diag-
nostic and therapeutic purposes.

Arterial Catheterization Technique

Selective catheterization of the hepatic artery is 
required to perform liver procedures.

This aim is achieved through catheterization 
of the common femoral artery punctured under 
fluoroscopic or US guidance above the femoral 
head to prevent intra-abdominal bleeding.

After cutaneous anesthesia, a needle is 
advanced at a 45° angle. A pulsatile flow con-
firms the access. An atraumatic stiff guidewire is 
inserted through the needle hub, the needle is 
removed, and a sheath or catheter can be inserted 
over the wire [16]. The stiff guidewire is 
exchanged with a non-stiff hydrophilic guide-
wire, and this is advanced to the interested arte-
rial vessel.

Venous Catheterization Technique

Central venous catheterization is required for 
procedures like transjugular intrahepatic porto-
systemic shunt (TIPS). Usually, the internal jugu-
lar vein is accessed. Practical steps do not differ 
from arterial puncture, and a nonpulsatile blood 

Fig. 21.6 A 66-year-old man with acalculous cholecysti-
tis. A CT image shows transhepatic cholecystostomy in 
the cholecystic lumen
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flow through the needle hub confirms correct 
positioning.

Portal Catheterization Technique

Transhepatic portal catheterization is required for 
procedures like portal stenting or portal emboli-
zation. It is performed under fluoroscopic guid-
ance. A thin needle, 22 or 21 gauge, is advanced 
toward the porta hepatis and slowly withdrawn 
while injecting contrast until the portal vein is 
opacified.

Postprocedural Vascular Access Management

When an arterial procedure is performed, manual 
compression or a closure device can be used to 
achieve hemostasis.

In manual compression, pressure is applied 
above and at the puncture site; a near-occlusive 
pressure is maintained for 2–3 minutes and grad-
ually reduced over 15 minutes.

Different closure devices for different types of 
arteriotomies can be used; anyway, their use is 
contraindicated in case of small-caliber or 
severely diseased arteries.

After the removal of a sheath/catheter/wire 
from a venous access, digital pressure hemostasis 
is performed for 2–5 minutes.

21.2.2  Arterial Procedures: 
Embolization

Transcatheter arterial embolization is a proce-
dure indicated to:

• Exclude an active hemorrhage.
• Treat vascular malformations.
• Devascularize tumors, also before surgical 

treatment.

Vascular embolization can be obtained with 
temporary or permanent materials.

Temporary embolization is performed with 
absorbable gelatin foam and is recommended 
when a rapid embolization of an arterial hemor-
rhage is required, especially in the absence of an 
evident hemorrhage site (e.g., traumatized 
patients), when a non-selective temporary emboli-

zation is needed (e.g., postpartum bleeding or gas-
trointestinal bleeding), or to occlude a percutaneous 
transhepatic access; vessel recanalization is unpre-
dictable, occurring within weeks to months [17].

Permanent occluding devices include:

• Coils: determine a mechanical metal occlu-
sion; they assume coiled configuration upon 
the exiting catheter, and vessel block is 
obtained with fibers and swelling hydrogel. 
Various sizes, configurations, and shapes are 
available. Coils can be considered when the 
catheter can be advanced to the target vessel. 
To avoid distal reconstitution of the injured 
vessels, distal and proximal embolization (so- 
called sandwich technique) is recommended 
when possible. This is accomplished by plac-
ing coils distal and proximal to the site of ves-
sel injury (Fig. 21.7) [18].

• Particles are micron-sized solids that lodge at 
the precapillary/capillary level. Particles can 
be deployed within end arteries when a distal 
arteriole or organ embolization is desired; 
they lead to ischemia of the distal tissue/organ. 
Particles cannot be used in case of vascular 
shunting or collateral vasculature. They are 
useful in tumor treatments like transcatheter 
arterial chemoembolization (TACE), after 
chemolipiodol administration.

• Plug occluding devices include Amplatzer, a 
woven nitinol-expandable mesh cylindrical 
plug. It mechanically occludes target vessels. 
A precise positioning and a short landing zone 
are necessary for it to work.

• Liquids can be used for complex embolic tar-
gets requiring embolic penetration beyond the 
catheter tip. They can be injected into the 
nidus (arteriovenous malformations), used to 
irreversibly occlude damaged target vessels, 
or employed in the treatment of neoplasms 
(e.g., hepatocellular carcinoma (HCC)). 
Ethanol, Lipiodol, onyx, and N-butyl cyano-
acrylate (“glue”) are some examples of liquid 
embolic agents.

• Sclerosing agents: they cause vessel occlusion 
through thrombosis and fibrosis. Their use is 
recommended for varicose veins, venous mal-
formations, or pelvic congestion syndrome.
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a b

c d

Fig. 21.7 A 63-year-old 
woman with right 
hepatic artery 
pseudoaneurysm after 
pancreatic surgery. (a, b) 
Computed tomography 
angiography (a) depicts 
the pseudoaneurysm, 
confirmed by 
angiography (b). (c) 
Bleeding is treated by 
positioning coils 
upstream and 
downstream, to prevent 
revascularization 
(sandwich technique). 
(d) The final control 
shows complete 
exclusion of the 
pseudoaneurysm (arrow)

• Oncologic agents: drug-eluting beads (DEBs) 
are bound to chemotherapeutics and delivered 
to tumors, resulting in high concentrations of 
the drug. Radioactive particles can be embed-
ded into microspheres for selective internal 
radiation therapy.

The most feared complications are nontarget 
embolization, hemorrhage, and excessive tissue 
ischemia resulting in necrosis. Postembolization 
syndrome can occur.

21.2.3  Portal Vein Embolization

Portal vein embolization (PVE) consists of the 
embolization of a portal branch before surgical 
treatment in patients with primary or metastatic 
hepatic tumors, to induce hypertrophy of the 
unembolized liver lobe. It is generally performed 
on the right portal branch in a diseased right lobe, 
to induce hypertrophy of the left lobe (Fig. 21.8). 
The right lobe is usually large enough for a left 

lobe resection without left portal branch emboli-
zation. This strategy increases the future liver 
remnant (FLR) by 10–46% within 6–8  weeks 
[19].

Indications

Preoperative PVE is appropriate when the FLR 
volume is ≤20% of total liver volume (TLV) in 
patients with normal liver function, ≤30% of 
TLV in patients with intermediate liver disease, 
and ≤40% of TLV in patients with well- 
compensated hepatic fibrosis or cirrhosis [20].

Contraindications

Absolute contraindications are uncorrectable 
coagulopathy, complete lobar portal vein occlu-
sion, extensive invasion of the portal vein by 
tumor, or overt clinical portal hypertension.

Relative contraindications are massive ascites 
(paracentesis is required before the procedure) 
and biliary dilation within FLR (biliary drainage 
of FLR before PVE is necessary to promote 
hypertrophy).
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a

b

Fig. 21.8 Portal-phase CT performed immediately after 
right portal branch embolization (a) and after right hepa-
tectomy (b) show left hepatic lobe hypertrophy obtained 
thanks to the procedure

Procedure

Ipsilateral or contralateral approaches to the por-
tal vein can be performed. The contralateral 
approach is easier, but FLR needs to be traversed, 
with the risk of damaging it. The ipsilateral 
approach avoids transversing the FLR, but portal 
branch catheterization is more difficult due to 
their sharp angle. Once the portal vein is 
approached, embolic material is delivered until 
stasis is achieved. Embolic agents described for 
PVE include n-butyl cyanoacrylate and ethiodized 
oil, fibrin glue, ethanol, and microparticles 
(Fig. 21.9) [21].

Complications

The most feared complications are nontarget 
embolization or thrombosis and hemorrhage. 
Major periprocedural complications include 

hemobilia, subcapsular hematoma, infection, and 
bile leak; minor periprocedural complications 
include fever and abdominal pain. Transient 
transaminitis can occur in up to 35% of patients.

21.2.4  Portal Hypertension 
Treatment Techniques: 
Transjugular Intrahepatic 
Portosystemic Shunt 
and Portal Vein Stenting

Portal hypertension is typically the result of cir-
rhosis (90% of cases). It is defined as a hepatic 
venous pressure gradient bigger than 6  mmHg; 
above 10  mmHg varices may develop, while 
above 12  mmHg varices may bleed, and other 
complications can occur like ascites, splenomeg-
aly, thrombocytopenia, and hepatic insufficiency, 
with hepatic encephalopathy.

TIPS and portal vein stenting are used to treat 
posthepatic and intrahepatic (TIPS) and prehe-
patic (portal vein stenting) portal hypertension.

21.2.4.1  Transjugular Intrahepatic 

Portosystemic Shunt

TIPS is a percutaneously created connection 
within the liver between the portal and systemic 
circulations, which diverts portal blood flow into 
a hepatic vein.

Indications

Indications to perform TIPS include:

• Variceal hemorrhage: TIPS is useful as rescue 
therapy in patients with active variceal bleed-
ing in case of failure of first-line approaches 
like endoscopic and pharmacologic treat-
ments. Rates of immediate hemostasis after 
TIPS range from 90 to 100% [22].

• Portal hypertensive gastropathy, if initial ther-
apy fails and bleeding is severe and 
refractory.

• Refractory ascites or hepatic hydrothorax not 
controlled by medical therapy or requiring 
repeated paracentesis or thoracentesis.

• Budd-Chiari syndrome: hepatic venous out-
flow tract obstruction not due to cardiac dis-
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c d

Fig. 21.9 A 68-year-old 
woman with Klatskin 3a 
cholangiocarcinoma, 
candidate to right 
hepatectomy. Portal 
embolization was 
performed to increase 
FLR. (a, b) The right 
portal branch is 
catheterized. (c) An 
angioplasty balloon is 
inflated in the right 
branch to prevent 
delivery of embolic 
agent in the left lobe, 
and then an embolic 
agent is injected. (d) The 
final control shows 
complete embolization 
of the right portal branch 
and normal 
vascularization of the 
left lobe

ease, pericardial disease, or sinusoidal 
obstruction syndrome (veno-occlusive dis-
ease). TIPS placement may be an option:
 – In symptomatic patients with acute or sub-

acute Budd-Chiari syndrome who do not 
benefit from other treatments.

 – As a temporary measure to treat portal 
hypertension complications before liver 
transplantation.

 – In patients with chronic Budd-Chiari syn-
drome and complications of portal 
hypertension.

Anyway, Budd-Chiari is associated with a 
higher risk of TIPS stenosis or thrombosis 
than other conditions [23].

• Others: hepatorenal syndrome and sinusoidal 
obstructive syndrome.

Contraindications

Although there are no absolute contraindications 
to TIPS creation, several relative contraindica-
tions are described:

• Elevated right or left heart pressures.
• Heart failure or severe cardiac valvular 

insufficiency.
• Rapidly progressive liver failure: elevated 

model for end-stage liver disease (MELD) 
score (MELD >24) is associated with a 30-day 
mortality of 60%.

• Severe hepatic encephalopathy.
• Systemic infection or sepsis (higher risk of 

TIPS stent colonization).
• Unrelieved biliary obstruction.
• Polycystic liver disease.
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• Extensive primary or metastatic hepatic 
malignancy.

• Severe, uncorrectable coagulopathy [24].

Cross-sectional preprocedural imaging is 
mandatory to confirm portal vein patency, to 
evaluate for competing portosystemic shunts, and 
to demonstrate location/extent of varices and 
anatomic relationship between portal and hepatic 
veins.

Procedure

TIPS creation. The right hepatic to right portal 
vein is the preferred approach. Before pro-
ceeding with TIPS creation, free hepatic 
venous pressure (FHVP) and wedged hepatic 
vein pressure (WHVP) are usually obtained. 
WHVP is a measure of hepatic sinusoidal 
pressure, obtained by occluding the hepatic 
vein with a balloon. The difference between 
WHVP and FHVP represents an indirect mea-
sure of portal vein pressure. Portal vein access 
is the most difficult part of the procedure; the 
optimal intrahepatic portal vein access site is 
the right portal branch at least 1 cm from the 
main portal vein bifurcation. Once the portal 
right branch is accessed with a Colapinto nee-
dle, a hydrophilic catheter is exchanged for a 
calibrated pigtail catheter used to determine 
the appropriate stent length. Then, an appro-
priate diameter/length stent is deployed, with 
a covered portion extending from the portal 
vein entry site to the hepatic vein/inferior vena 
cava (IVC) junction and a 2  cm uncovered 
portion located in the portal vein; the uncov-
ered portion ensures right and left portal 
branch perfusion. After stent deployment, an 
angioplasty balloon dilation is performed. 
Post-TIPS pressure measurements of the por-
tal vein, hepatic vein, and inferior vena cava 
are obtained, and post-TIPS pressure gradient 
is determined: if measures are satisfactory, the 
procedure is completed (Fig. 21.10).

TIPS revision is required in case of stent mal-
function, when refractory ascites, stenosis, 
occlusion, or thrombosis occurs. TIPS is 
recanalized with percutaneous transluminal 

angioplasty, or stent placement can be 
repeated.

TIPS reduction can be performed when an overly 
effective TIPS causes liver failure or refrac-
tory encephalopathy: the goal is to decrease or 
occlude flow through the shunt.

Outcome

TIPS is a standardized procedure with a high suc-
cess rate (95%), which guarantees improved con-
trol of ascites in 60–85% of cases. However, new 
or worsened encephalopathy occurs in 25–30% 
of patients, depending on shunt diameter and 
degree of portosystemic gradient reduction; often 
it can be treated medically, but TIPS reduction 
may be necessary. On the other hand, TIPS steno-
sis, occlusion, or thrombosis can occur, requiring 
TIPS revision.

The most fearful periprocedural complication 
is hemorrhage, which can be intraperitoneal or 
intraparenchymal. Bile duct injury, acute liver 
failure or acute increase of cardiac output, central 
venous, pulmonary wedge pressures which can 
lead to acute pulmonary edema, and congestive 
heart failure represent other common 
complications.

21.2.4.2  Portal Vein Stenting

Prehepatic portal hypertension is determined by 
noncirrhotic benign or malignant conditions.

The most frequent benign condition is post-
surgical adhesive fibrosis, after liver transplant or 
hepato-biliopancreatic surgery, followed by pan-
creatitis [25, 26].

Malignant conditions account for mass 
effect from a surrounding tumor, direct tumor 
invasion of the pulmonary vein (PV), or PV 
thrombosis due to a hypercoagulable state in 
cancer patients [27]. Moreover, the reduced 
portal blood inflow into the liver parenchyma 
and the development of portal hypertension 
limit the options for treating tumors with sur-
gery or transcatheter hepatic arterial chemoem-
bolization [28]. Portal stent placement is 
indicated to relieve symptoms of portal hyper-
tension and to prevent future adverse events 
related to untreated PV stenosis.
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d

b

c

Fig. 21.10 A 60-year- 
old man with hepatitis C 
virus-related cirrhosis, 
refractory ascites, and 
variceal bleeding. (a) 
US shows a cirrhotic 
liver surrounded by 
ascites. (b, c) TIPS 
confection is performed 
between the middle 
hepatic vein and the 
right portal branch. (d) 
CT performed 3 months 
after the procedure 
demonstrates the 
metallic stent, patent

Procedure

After diagnostic angiography with confirmation 
of significant stenosis, stenting is performed 
using balloon-expandable stents or self- 
expanding nitinol stents 40–60 mm in length and 
oversized in diameter by 1–2  mm as compared 
with the adjacent PV; balloon-expandable stents 
guarantee a more precise result (Fig. 21.11). In 
cases of residual stenosis, stents are dilated with 
balloons at the size of the prestenotic portal 
segment.

Complications

Major complications include liver abscesses, 
intraperitoneal bleeding, bile injury, or biliary 
bleeding [25]. Other mild complications have 
been reported (fever and abdominal pain).

Outcome

Recent studies described long-term stent patency 
of 91% in stenosis determined by benign condi-
tions and varying from 64% to 100% for stenosis 
related to malignant conditions [27].
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b
Fig. 21.11 A patient 
with complete occlusion 
of the portal vein. (a) 
Left access through S3 
was performed. 
Venography shows 
complete obstruction of 
the portal vein. (b, c) 
After surpassing the 
stenosis, angioplasty is 
performed, and a stent is 
positioned. At the final 
control (d) portal vein is 
now patent

21.3  Hepatic and Pancreatic 
Oncologic Procedures

21.3.1  Hepatic Vascular Procedures: 
Transcatheter Arterial 
Chemoembolization

TACE is a transcatheter treatment for hepatic 
primitive and metastatic tumors by intra-arterial 
injection of a chemotherapeutic agent with or fol-
lowed by embolic particles. It takes advantage of 
the fact that cancers receive blood supply from 
the hepatic artery, whereas liver parenchyma has 
a dual supply from the hepatic artery and portal 
vein. The antitumor effect is due to ischemic 
necrosis and the prolonged concentration of the 
chemotherapeutic drug within the tumor.

Two major subtypes of TACE are described:

• Conventional TACE uses Lipiodol as a carrier 
agent for chemotherapeutic cytotoxic drugs 
like mitomycin-C, doxorubicin, or cisplatin. 
Chemolipiodol mixture is injected directly 
into the hepatic artery via a catheter, and it is 
preferentially retained within abnormal tumor 
microvasculature. Chemolipiodol mixture is 

followed by a particulate embolic agent to 
produce ischemia and decrease washout of 
chemotherapeutic from the target.

• Drug-eluting bead transarterial chemoemboli-
zation (DEB-TACE) uses beads impregnated 
with chemotherapeutic agents, such as 
 doxorubicin or irinotecan. Embolic beads 
have decreased washout into systemic circula-
tion compared with chemolipiodol (less sys-
temic adverse effects) and act as occlusive 
embolic agents, giving an ischemic effect.

DEB-TACE has been demonstrated not to be 
superior to conventional TACE in efficacy and 
safety [29].

Indications

• HCC: Barcelona Clinic Liver Cancer (BCLC) 
is one of the most used HCC staging classifica-
tions, comprehensive of four stages based on 
the extent of the primary lesion, performance 
status, vascular invasion, and extrahepatic 
spread. BCLC system recommends TACE 
only for nonsurgical patients in intermediate 
stage B; anyway, indications for TACE are 
extended, for example, in stage 0, A, or B 
patients who are waiting for liver transplanta-
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tion to prevent the tumor from progressing 
(“bridge to transplant”; Milan/UNOS criteria 
for liver transplantation: 1 tumor <5 cm or up 
to 3 tumors <3 cm, no extrahepatic disease, no 
vascular invasion) (Fig. 21.12) [30].

• Metastatic neuroendocrine tumor (NET): non-
surgical candidates with liver-predominant 
disease or major symptoms uncontrolled by 
octreotide are the best candidates [31, 32].

Contraindications

• Liver failure: hyperbilirubinemia >2  mg/dl, 
Child-Pugh class C liver disease, and liver 
parenchyma involved by tumor >50%.

• Portal vein thrombosis without the develop-
ment of portal-portal collateral flow. When 
portal vein thrombosis occurs, transarterial 
hepatic radioembolization can be considered 
(microspheres loaded with a radioactive com-

pound such as yttrium-90 or iodine-131/
rhenium- 188-labeled Lipiodol) [33].

• Arterioportal or arteriovenous shunting that 
cannot be safely reduced during the 
procedure.

• Poor baseline functional status: ECOG 
Performance Status Scale ≥2.

Preprocedural Assessment

Contrast-enhanced CT or MRI should be per-
formed to assess tumor burden (number and 
dimension of tumors, liver-confined disease, and 
liver involvement <50%), vascular anatomy, and 
portal patency.

Laboratory parameters should be evaluated: 
renal functionality, bleeding risk (international 
normalized ratio <1.5, platelet count >50,000/μl), 
and markers of liver function, liver injury, and 
cholestasis. Preprocedure prophylactic antibiot-

Fig. 21.12 Barcelona Clinic Liver Cancer – Staging System
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ics with a broad spectrum should be 
administered.

Procedure

After the common femoral artery is accessed, a 
diagnostic angiography of the superior mesen-
teric artery is mandatory to check for an origin of 
the right hepatic artery from it (found in up to 
30% of the population) [34], and portal vein 
patency is controlled. The guidewire is advanced 
through the celiac axis until the lumen of the 
proper hepatic artery (origins from the celiac axis 
in 89% of cases). Subselective right and left 
hepatic angiographies are obtained, as indicated 
by tumor location. Treatment should be per-
formed from a position as selective as possible; 
cystic artery and right gastric artery are nontarget 
arteries. Chemoembolic material is administered 
into the target vessel under fluoroscopy. The pro-
cedural endpoint is blood stasis in all pedicles 
supplying the tumor and flow preservation in 
nontargeted arteries (Fig. 21.13).

Postprocedural Complications and 

Management

Liver failure can occur, due to hepatic insuffi-
ciency or hepatic infarction. Other periprocedural 
complications include access site complications, 
nontarget embolization, and postembolization 
syndrome (fever, pain, and nausea). Delayed 
complications are hepatic abscess onset, chemi-

cal cholecystitis, and biliary stricture or 
necrosis.

Clinical and imaging assessment of the out-
come can be planned 4  weeks after the 
treatment.

21.3.2  Hepatic and Pancreatic 
Biopsies

A biopsy consists of nonfocal tissue acquisition 
from an organ, to assess diffuse disease, or tar-
geted tissue acquisition from a lesion, using a 
large-gauge needle to perform pathologic or 
microbiological analyses.

Fine-needle aspiration (FNA) requires a 
smaller-gauge needle, and cytological analyses 
are usually performed on the acquired sample.

Indications

Indications are to diagnose, stage, or grade dif-
fuse parenchymal diseases, to evaluate lesions of 
unknown etiology, and assess for pathologic, 
microbiologic, or cytological analyses; to grade 
or stage a known malignancy.

Contraindications

Contraindications are uncorrectable bleeding 
diathesis, lack of safe access, and presence of 
echinococcal cysts (due to the risk of 
anaphylaxis).

a b

Fig. 21.13 A 68-year-old woman with HCC. (a) 
Angiography performed before the procedure shows 
staining of the neoplasm located in the right hepatic lobe. 

(b) After chemoembolization, the control shows the dis-
appearance of the tumor staining
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Procedure

Preprocedural imaging is reviewed before start-
ing to assess lesion location, surrounding struc-
tures, and the best route to the lesion. Biopsies 
can be performed under US (Fig. 21.14) or CT 
guidance. US guidance does not use radiations, 
has lower costs than CT, and provides real-time 
anatomy and needle position information; how-
ever, it is limited by body habitus and by gas and 
bone; moreover it requires experience and hand- 
eye coordination. CT guidance guarantees a bet-
ter resolution of the target but is more expensive 
and requires longer procedure times and radia-
tion exposure.

Single-needle or coaxial-needle techniques 
have been described to perform FNAs or 
biopsies.

The coaxial-needle technique allows to obtain 
multiple samples, while the coaxial-needle tech-
nique is in place, minimizing the number of 
passes through tissues; moreover, tract emboliza-
tion is allowed, if bleeding occurs. However, the 
coaxial-needle technique can be difficult to apply 
for superficial lesions and has an increased risk of 
bleeding because the coaxial needle must be 
large enough to accept the biopsy/FNA device.

Hepatic Procedures While performing nonfocal 
biopsies, subcostal or subxiphoid accesses are 
preferred to intercostal access, because they 
cause less pain and pneumo−/hemothorax risk is 

reduced. If target lesion biopsy is required, nor-
mal hepatic parenchyma should be present along 
the needle path, to provide a tamponade effect if 
hemorrhage occurs.

Pancreatic Procedures Pancreatic US-guided 
biopsies can be performed transabdominally or 
under endoscopic ultrasound (EUS) guidance. 
With the transabdominal approach, the US probe 
gives the chance to displace intestinal bowel 
loops if they are interposed in the needle tract and 
allows to avoid the dilated pancreatic duct. The 
risk of postprocedural pancreatitis is comparable 
to EUS-guided procedures [35].

Complications

Pain or vasovagal reaction may occur after the 
procedure. Hemorrhage is the most feared 
complication.

21.3.3  Percutaneous Ablation 
of Malignant Lesions

Ablation of malignant lesions can be done by 
applying thermal or non-thermal local therapies 
to achieve lesion eradication or reduction under 
imaging guidance (US or CT).

Indications are to cure liver lesions of 3–5 cm 
or less, to alleviate symptoms in inoperable 
tumors, or to control disease progression through 
debulking.

a b

Fig. 21.14 A patient with pancreatic adenocarcinoma 
and a hepatic lesion. (a) At US, the lesion appears 
hypoechoic to the surrounding hepatic parenchyma 
(arrow). (b) To confirm the nature of the lesion, a 

US-guided percutaneous biopsy was performed. The 
image shows the correct placement of the needle, with the 
tip inside the lesion. Cytology confirmed the metastatic 
nature of the lesion
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21.3.3.1  Thermal Ablations

Thermal ablation of a tumor may occur with 
extremely high or low temperatures that induce 
cell membrane injury, apoptosis, and coagulative 
necrosis.

Heat-ablated lesions can be differentiated into 
three zones:

• Central zone, near the application tip, which 
undergoes coagulative necrosis.

• Peripheral zone of sublethal hyperthermia for 
the cells. Heat reaches this zone from the cen-
tral zone thanks to heat conduction.

• Surrounding zone of the tissue unaffected by 
ablation.

Tumor destruction occurs in two phases, 
through direct and indirect damage.

Direct cellular damage requires a temperature 
of at least 60 °C to develop rapidly, thanks to pro-
tein denaturation. A temperature of 40–45  °C 
leads to cellular damage only after prolonged 
exposure (30–60 minutes). Many mechanisms of 
damage have been proposed, such as membrane 
destabilization, mitochondrial dysfunction, and 
inhibition of DNA replication.

Indirect damage is delayed heat damage 
induced after cessation of thermal ablation. 
Proposed mechanisms are apoptosis, ischemia, 
and stimulation of immune response [36].

Complete thermal ablation of a lesion is 
reached if the entire lesion volume and an exter-
nal normal parenchymal margin are treated at 
cytotoxic temperatures.

Subtypes of thermal ablations are radiofre-
quency ablation (RFA), microwave ablation 
(MWA), cryoablation, laser ablation, and high- 
intensity focused ultrasound (HIFU).

Radiofrequency Ablation

This technique is performed by placing one or 
more radiofrequency electrodes inside the tumor. 
A high-frequency alternating current generates 
temperatures between 60 and 70 °C by inducing 
frictional heating when the tissue ions attempt to 
follow the changing direction of the current. 
Frictional heating causes coagulative necrosis of 

the lesion. Higher temperatures char the tissue 
immediately surrounding the probe, making the 
treatment useless because burned tissue increases 
its impedance and limits electrical conduction to 
the surrounding areas.

This technique is less effective in inhomoge-
neous tissues and near vessels larger than 3 mm: 
the flow of the vessels cools the surrounding area, 
a phenomenon called the heat-sink effect.

Cell damage also releases many immunogenic 
substrates, activating inflammatory responses 
against the tumor [37].

Microwave Ablation

In MWA an antenna is placed inside the tumor to 
create an intratumoral magnetic field between 
900 and 2500  MHz. The oscillating magnetic 
field forces water molecules to continuously 
realign (rotating dipoles) and generate heat.

MWA does not rely on electric currents and is 
not subject to tissue conductivity or impedance: 
tissues can be heated faster and at higher tem-
peratures than RFA (100–150 °C).

Compared to RFA this technique is less sensi-
tive to heat-sink effects and can better heat larger 
volumes of the tissue, but it is a weak stimulator 
of the antitumoral inflammatory response [38].

21.3.3.2  Non-thermal Ablation

Irreversible Electroporation

To perform electroporation a probe is used to 
generate high voltage electrical pulses that alter 
the electric potential of cellular membranes, cre-
ating nanoscale defects in them and increasing 
their permeabilization.

Electroporation can be reversible or irrevers-
ible. Irreversible Electroporation (IRE) occurs 
when the magnitude and duration of the electri-
cal pulses overwhelm the capacity of adaptation 
of the cell, causing its death. At least 80–100 
pulses and a voltage amplitude of 3000  V are 
required.

The non-thermal nature of the technique, if set 
correctly, does not damage nearby structures 
(especially blood vessels), allowing the ablation 
of lesions untreatable with thermal techniques 
[39].

21 Interventional Radiology in the Biliary Tree, Liver, and Pancreas



356

 Hepatic Percutaneous Treatments

RFA and MWA are the most used techniques to 
treat hepatic primitive and metastatic lesions.

RFA must ablate the lesion with a rim of at 
least 5–10 mm to address the microscopic, non- 
visible spread of neoplastic cells. Generally, a 
probe covers an area of 5 cm of maximum diam-
eter, allowing the treatment of lesions up to 3 cm. 
Lesions cannot be treated if near the hepatic 
dome, liver capsule, heart, and major vascular or 
biliary structures.

MWA is effective in the treatment of larger 
lesions (measuring up to 5 cm) and of neoplasms 
near blood vessels, not being affected by the heat 
sink effect [40, 41].

Indications

Ablation techniques can be used to treat:

• HCC: indications, according to the BCLC, are 
patients of 0 and A class noncandidate for 
liver resections.

• Metastatic disease: ablation is reported in 
colorectal and NET liver metastasis. There are 
no clear indications, but it has to be oligomet-
astatic liver disease.

Contraindications

Contraindications are a life expectancy inferior to 
6 months, Child-Pugh C cirrhosis, active infec-
tion, decompensated liver disease, vascular or 
bile ducts invasion, extrahepatic spreading of the 
disease, coagulative alterations, and absence of a 
percutaneous window.

Follow-Up

Serial follow-up is important:

• Imaging (with the same modality of preproce-
dure imaging): a successful treatment causes 
tumor necrosis, with a lack of contrast 
enhancement of the lesion. It should be per-
formed 1–2 months after the treatment.

• Laboratoristic: blood tumor markers and mea-
surement of liver function.

Complications

Complications can be immediate (hemorrhage) or 
delayed (biliary strictures, infections, and tumor 
track seeding). Due to the development of systemic 

inflammatory response, a post-ablation syndrome 
can occur from 2 to 10 days after the procedure, 
with self-limiting fever, myalgia, and fatigue onset.

Outcome

In patients with unresectable early-stage HCC 
smaller than 3 cm, RFA is the most commonly 
used technique. Complete necrosis of the lesion 
is reported in 90% of procedures, with 5-year 
survival rates of 40–70%. MWA of lesions up to 
5 cm presents a similar outcome.

Treatment of metastasis allows a 5-year 
disease- free survival of 23.9% compared to 
39.7% of surgery [41].

 Pancreatic Percutaneous Treatments

Indications

Locally advanced pancreatic adenocarcinoma 
(stage III) that remains stable after chemotherapy 
can be treated with ablation techniques to control 
a local, unresectable disease.

RFA is difficult to perform for the risk of dam-
aging structures around and inside the tumor, as 
the duodenum and vessels. For this reason, it is 
rarely performed, only in specialized centers and 
in mass-forming pancreatic neoplasms.

IRE is a new technique, preferred as safer than 
RFA: being a non-thermal procedure, it can be 
used to treat neoplasms entailing vessels [42, 43].

Complications

Reported complications range from hemorrhage 
to thrombosis, pseudoaneurysms, development 
of abscess and pancreatic fistula, and intestinal 
burn lesions.

Follow-Up

Follow-up exams after the procedure include:

• Blood tumor markers: carbohydrate antigen 
19–9 and carcinoembryonic antigen levels.

• Imaging: CT or MRI performed 1 month after 
ablation and then every 2 or 3 months [16].

Outcome

For both RFA and IRE, oncologic results are con-
troversial. Many studies have shown no increase in 
overall survival of patients who underwent these 
procedures compared to those who did not [42].
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