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Abstract
The liver originates from the distal foregut of 
the embryo from around day 22. Its develop-
ment takes place in the context of the septum 
transversum, at the cranial end of the forming 
abdominal cavity. Both hepatocytes, the main 
liver constituents, and biliary epithelial cells 
derive from the endoderm constituting the 
primitive gut.

Liver morphogenesis requires interaction 
with surrounding mesodermal structures, which 
in turn supply vasculature to the forming organ.

Colonization from mesodermal derived 
cells provides the liver with a hematopoietic 
population that serves as the fetus primary 
source of blood cells from the second month 
of gestation to the seventh.

During fetal life the liver is the first organ to 
receive oxygenated blood from the placenta via 
the left umbilical vein, part of which is diverted to 
fetal systemic circulation via a shunt provided by 
the ductus venosum. Both the umbilical vein and 
ductus venosum will obliterate in extrauterine life.
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1	 �Embryonic Layout at Third 
Week of Development

Following gastrulation, during the third week 
after fertilization, the embryo is composed of 
multiple cavities surrounding the embryo proper, 
which has the shape of a disc.

Both the dorsal and ventral sides of the embry-
onic disc face inside two opposing cavities, 
known, respectively, as the amniotic sac and the 
yolk sac (also known as umbilical vesicle).

The largest and outermost cavity, which 
encompasses the embryonic disc, the yolk sac, 
and the amniotic sac, is called chorionic cavity or 
extraembryonic coelom.

The core of the embryo development takes 
place in the embryonic disc, while the other 
structures mainly have a supporting role to the 
embryo during pregnancy.

The disc is a trilaminar structure, composed of 
three layers of cells known as germ layers.

The layer facing the amniotic sac is called 
ectoderm, the one facing the yolk sac is the endo-
derm, and the mesoderm is the layer comprised 
between the two (Fig. 1).

These three distinct lineages of cells will give 
rise to different tissues and organs. From the 
ectoderm will mainly develop the epidermis and 
the nervous tissue; from the mesoderm originate 
serosae, cardiovascular, connective, and muscu-
lar tissues; and from the endoderm the mucosae 
of the respiratory and the gastrointestinal sys-
tem. Hepatic development is strictly tied to the 
development of the gastrointestinal tract, and as 
such, its main germ layer contributor is the 
endoderm.

To better understand the adult abdominal cav-
ity conformation, it is now necessary to introduce 
a slight complication in the trilaminar embryonic 
layout just described, as from day 17 (Schoenwolf 
2015), the lateral portion of the mesodermal layer 
starts splitting into two parts, one associated with 
the endoderm (splanchnic mesoderm) and the 
other with the ectoderm (somatic mesoderm). 
The space between the splanchnic and somatic 
mesoderm is in direct continuity with the extra-
embryonic coelom and will define the space of 
the abdominal cavity.

2	 �Embryonic Folding

Despite the fact that at the gastrulation embry-
onic phase the overall shape of the embryo proper 
is essentially flat, at this stage all major body axes 
are already defined. We already talked about a 
ventral and a dorsal side, but gastrulation also 
defines the cranio-caudal and latero-lateral axes.

According to those axes, during the fourth 
week, a period of rapid growth, embryonic fold-
ing takes place. Due to the different growth rate 
between different embryonic structures, as both 
the amnios and embryonary disc grow faster than 
the yolk sac, the embryo starts assuming a more 
tridimensional and complex shape: from a bidi-
mensional disc to a roughly cylindrical shape.

This process involves simultaneous folding 
around two different axes: the cranio-caudal axis 
(lateral folding) and the latero-lateral axis 
(cranio-caudal folding).

Lateral folding results in the development of 
two lateral body folds, which grow ventrally and 
then medially, in a hug-like fashion. Folding 
around the latero-lateral axis results in the devel-
opment of both the cranial and caudal folds 
(Figs. 2 and 3).

Fig. 1  Axial section of the embryonic disc at trilaminar 
stage

L. Ugo and E. Quaia
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Fig. 2  Lateral folding as seen in the axial plane. Dorsal 
extremity is up. The ectoderm (a) at the periphery of the 
embryonic disk grows in the ventral direction, enclosing 
the other embryo structures in a hug-like fashion. From a 
delamination of the mesodermal layer (b), forms the intra-
embryonic coelom (e), which is initially in wide commu-
nication with the extraembryonic coelom encompassing 

the whole embryo. In (4) the primitive gut (f), lined by 
cells of the endodermal layer (c), is hanging in the intra-
embryonic coelom by means of a mesodermal dorsal mes-
entery; the embryo is encircled by the amniotic cavity (d). 
Note that (4) corresponds to an axial section slightly off 
trom the craniocaudal embryo midline, where the vitelline 
duct would be visible

Fig. 3  Craniocaudal 
folding as seen on the 
sagittal plane. Cranial 
extremity is on the left. 
Heart (1), septum 
transversum, septum 
transversum (2), 
amniotic sac (3), 
ectoderm (4), 
mesoderm (5), yolk sac 
(6), endoderm (7). 
Notice the blind-ended 
cranial (8) and caudal 
(9) extensions of the 
endoderm, 
corresponding to the 
forming primitive gut. 
Communication 
between the yolk sac 
and primitive gut 
gradually reduces in 
diameter both on the 
axial and sagittal planes

Embryology and Development of the Liver
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Due to the fact that the dorsal axis of the 
embryo is stiffened by the concomitant devel-
opment of the notochord, neural tube, and 
somites, most of the embryonic folding takes 
place in the periphery of the embryonic disc. 
While growing, the outer edge folds onto 
itself both cranio-caudally and latero-later-
ally, giving rise to the ventral surface of the 
embryo.

Folding onto itself, the ectoderm encompasses 
the other two layer and becomes the outer layer 
of the embryo proper. As it grows towards the 
ventral midline, it eventually fuses with itself 
forming a continuous layer around the embryo 
with the exception of the umbilical region 
(Schoenwolf 2015), where a communication 
with the yolk sac is maintained.

As the endoderm folds ventrally and fuses 
along the midline, it incorporates the dorsal part 
of the yolk sac, giving rise cranially and caudally 
to two blind-ended tubelike structures, both in 
communication with the bulk of the yolk sac cav-
ity around the central region.

As this connection narrows within the subse-
quent days, the continuity between the cranial and 
caudal pockets becomes more obvious and by the 
end of the sixth week (Schoenwolf 2015) a unitary 
tubelike structure is defined: the primitive gut.

The cranial, middle, and caudal parts of the 
primitive gut are named, respectively, foregut, 
midgut, and hindgut. The connection between 
midgut and yolk sac becomes a slender duct, 
called the yolk stalk (also known as vitelline duct 
or omphalomesenteric duct), which will 
eventually fully obliterate. The primitive gut is 
surrounded by the splanchnic mesodermal layer, 
which accompanies the endoderm during fold-
ing. The somatic mesoderm does the same with 
the ectoderm, of which it lines the inner side 
while the ectoderm folds inward and forms the 
anterior embryonic wall. As the embryonic folds 
fuse along the midline, the space between the 
splanchnic and the somatic mesoderm, once in 
communication with the extra-embryonary 
coelom, gets gradually enclosed forming the 
intra-embryonary coelom.

Despite the complex tridimensional rearrange-
ment which occurs during embryonic folding, it 

is interesting to note that the germ layers have the 
same topologic relation between them as in the 
embryonic disc, where endoderm and ectoderm 
are separated by mesoderm interposition.

3	 �Formation of the Abdominal 
Cavity

From the intraembryonic coelom will develop 
four body cavities: the two pleural cavities and 
the pericardial cavity in the thorax, and the peri-
toneal cavity in the abdomen.

At the embryonic disc stage, the intraembry-
onic coelom has the shape of a horseshoe, with 
the curved part facing up, in the cranial region 
where the heart starts developing, and the two 
blind-ended sides along the periphery of the disc.

As the embryo grows and folds, the two cau-
dal ends of the cavity come together medially and 
ventrally, while the cranial part folds caudally 
and ventrally. When the ventral midline of the 
folding embryo fuses, the two ends of the horse-
shoe come together and merge into a single cau-
dal cavity which surrounds the forming primitive 
gut.

In the meantime, the embryonic ancestor of 
the diaphragm, the septum transversum, develops 
starting from day 22 (Schoenwolf 2015) from the 
mesoderm in the upper portion of the embryonic 
disc, just cranially to developing heart. As cranio-
caudal embryonic folding happens, both the 
septum transversum and the heart are brought 
into position to what will become the thoracoab-
dominal junction, with the septum transversum 
repositioning just caudally to the heart, on the 
ventral side of the embryo. The septum transver-
sum will be positioned between the seventh tho-
racic level anteriorly and the twelfth posteriorly 
(Schoenwolf 2015).

The intra-embryonary coelom that lies close 
to the developing heart (first dorsally, and then, 
following embryonic folding, ventrally), which 
corresponds to the curved upper part of the coelo-
mic horseshoe, is the primitive pericardial cavity. 
It is connected to the caudal intra-embryonary 
coelom via two limbs, the pericardioperitoneal 
canals. As the septum transversum now divides 
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the ventral thoracoabdominal junction, commu-
nication between thoracic and abdominal cavities 
exists on a somewhat more dorsal plane.

Pericardioperitoneal canals will eventually be 
obliterated by the growth of the pleuroperitoneal 
membranes from the dorsal wall, which will fuse 
ventrally with the septum transversum by the sev-
enth week, finally separating the thoracic from 
the abdominal cavity; closure of the right and left 
pleuroperitoneal canal is slightly asynchronous, 
as the left is bigger and closes later.

4	 �Dorsal and Ventral 
Mesentery

When the primitive gut starts taking its shape, it 
is in broad contact posteriorly with the dorsal 
body of the embryo.

In the abdominal region however, this poste-
rior area of attachment gradually reduces, and the 
primitive gut becomes suspended in the abdomi-
nal cavity.

Contact with the posterior wall is not com-
pletely lost, and is provided by a thin double-
layered mesodermal structure, the dorsal 
mesentery, which is the progenitor of the greater 
omentum and the mesenteries of the small and 
large intestine in the fully developed abdomen.

As the coelomic cavity corresponds to the 
peritoneal space in the adult, the primitive gut is 
said to be intraperitoneal. Conversely, abdominal 
structures outside the somatic mesoderm layer 
are said to be extraperitoneal.

However it is important to note that not all 
the structures that will originate from the primi-
tive gut will finally be intraperitoneal. Some 
abdominal organs and some intestinal tracts that 
develop within the abdominal cavity will later 
adhere to the walls, effectively obliterating the 
mesentery and thus becoming secondarily 
retroperitoneal.

Besides the dorsal mesentery, there is another 
mesodermic structure which connects the primi-
tive gut to the embryonary body wall: the ventral 
mesentery.

Unlike its dorsal counterpart, the ventral mes-
entery does not span the whole abdominal primi-

tive gut, and is limited to the terminal foregut 
tract, from the distal esophagus to the proximal 
duodenum. It is a sagittal double-layered mem-
brane (Sadler 2014) which originates from the 
caudal part of the septum transversum and runs 
along the midline of the anterior wall of the coe-
lomic cavity to the vitelline duct.

5	 �Initial Liver Development 
from the Primitive Gut

The cranial part of the foregut has a thoracic 
localization and will give rise to the proximal 
gastrointestinal tract and the respiratory system. 
Distal foregut, midgut, and hindgut are located in 
the abdomen.

A useful mnemonic landmark to distinguish 
abdominal foregut, midgut, and hindgut struc-
tures is that they will be vascularized by three dif-
ferent aortic branches: the celiac, superior 
mesenteric, and inferior mesenteric arteries, 
respectively. It is important to note that the dis-
tinction is not made on the basis of the vascula-
ture alone, as in fact these different tracts are 
characterized by different gene expression 
patterns.

From day 22 (Schoenwolf 2015) the endo-
derm of the distal ventral foregut, in what will be 
the duodenal tract, starts proliferating and thick-
ens, forming the hepatic plate.

The endoderm shifts from cuboidal to a pseu-
dostratified columnar architecture and the plate 
gets the shape of a diverticulum which develops 
in the context of the septum transversum: the 
hepatic diverticulum or liver bud (Bort et  al. 
2006; Wells and Melton 1999; Zaret 2001).

Complex interactions between the endoder-
mic liver bud cells and mesodermal cells are nec-
essary for the liver to develop.

Early studies on flies’ embryogenesis first 
shed light over the mechanics of endoderm dif-
ferentiation, owning it to the influence of the 
adjacent mesoderm (Immerglück et  al. 1990; 
Panganiban et al. 1990). Transplantation and cell 
culture studies on animal models then further 
characterized the initial trigger for foregut differ-
entiation (Douarin 1975; Gualdi et  al. 1996). 
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Mesodermal cell of cardiac pertinence has proven 
to be responsible for the first signalling, namely 
through FGF mediation, which seems necessary 
and sufficient to initiate liver development (Jung 
et al. 1999).

Mesenchymal signalling (mainly through 
BMP) further guides endodermal cell differentia-
tion, not only implying specific gene expression 
promotion, but also negative downregulation of 
alternative pathways that would otherwise lead 
endodermal differentiation towards organs other 
than the liver, namely towards pancreatic tissue 
(Bort et  al. 2006; Rossi et  al. 2001; Fair et  al. 
2003).

Liver bud cells are initially separated from the 
mesoderm by the existence of a laminin-rich 
basal membrane, which subsequently breaks 
apart to allow endodermal cells to migrate into 
the septum transversum mesenchyme (Fig. 4). 
Mesenchyme invasion seems to require strict 
interaction between endodermal cells and mesen-
chymal angioblasts and endothelial cells; in fact, 
in the regions where the endoderm starts to break 
into the mesenchyme, early vasculature cells are 
found in greater numbers (Matsumoto et al. 2001; 
Margagliotti et al. 2008).

Around day 32 the newly specified hepatic 
endoderm cells, now called hepatoblasts, grow 
organized as acini and chords into the mesen-
chyme of the septum transversum, intercalated 
by cells of mesodermal descent with a develop-
ing vascular differentiation.

In the meantime, the extrahepatic biliary sys-
tem starts forming in close association to the liver 
parenchyma. As the liver bud grows, its connec-
tion with the foregut narrows, in a structure which 
will form and the hepatoduodenal ligament and 
the choledocus. From the middle caudal portion 
of the stalk connecting the liver bud to the fore-
gut, a secondary ventral outgrowth forms, giving 
origin to the gallbladder and cystic duct.

6	 �Liver Parenchyma 
and Vasculature

To better understand the liver parenchyma layout 
and the role of this organ in fetal circulation, it is 
necessary to take a step back and focus on how 
circulation is developing in the embryo.

Around day 17 (Schoenwolf 2015) hemangio-
blast starts differentiating in the context of the 
extraembryonic mesoderm of the yolk sac, giving 
rise to simple vascular structures, called blood 
islands (also known as Pander’s islands or Wolff’s 
islands) (Sabin 1920). From hemangioblasts 
originate both hematopoietic progenitors and 
endothelial precursor cells.

As endothelial cells differentiate from endo-
thelial precursors, vessels start forming de novo 
in a process known as vasculogenesis. A growing 
network of vessel invades embryonic tissues and 
forms the primordial vasculature. In this phase 
vessel organization is very dynamic, and through 
angiogenesis the existing vessels are continu-
ously remodelled.

The liver portal system derives from two 
embryonic venous systems which develop at 
around week 3: the vitelline veins and the umbili-
cal veins (Fig. 5).

The vitelline veins (also known as omphalo-
mesenteric veins) drain blood from the yolk sac 
and its main two axes run symmetrically from the 
yolk stalk to the heart anterolaterally to the primi-
tive gut. In the context of the septum transversum 

Fig. 4  Septum transversum invasion, as seen from an 
axial section of the primitive gut in correspondence to the 
liver bud. Endodermal cells (a) proliferate on the ventral 
side of the gut tube; the basal membrane (b) becomes dis-
continuous allowing for septum transversum invasion. On 
this side of the gut tube endothelial cells (c) are more 
numerous and interact with endodermal cells

L. Ugo and E. Quaia



9

the right and left vitelline veins develop two 
venous plexuses that make anastomoses around 
the midline.

The liver develops at this level, and as endo-
dermal cells interact with angioblasts and endo-
thelial cells, they differentiate into hepatoblasts 
which grow in chords engulfing the venous plex-
uses, which will become the hepatic sinusoid 
system.

More caudally, two more anastomoses are 
made between the left and right vitelline vessels. 
One posteriorly to the duodenum and one, the 
more distal, anteriorly, thus creating a vascular 
ring.

The cranial segment of the right vitelline vein 
develops into a big caliber vessel which consti-
tutes the intrahepatic portion of the inferior vena 
cava. On the other hand the cranial portion of the 
left vitelline vein obliterates, and its blood is 
drained into systemic fetal circulation via anasto-
moses with the right vein in the context of the 
liver plexus.

In the subhepatic vitelline tract, parts of the 
vascular ring around the duodenum obliterate, 
and the result is a vein with a sinuous course, 

which runs posteriorly to the proximal duodenum 
and then crosses anteriorly its distal tract. This 
vessel corresponds to the portal vein in the devel-
oped individual, which is the most conspicuous 
contributor to adult liver vascularization (Netter 
and Casasco 1983).

Along with the vitelline veins, the develop-
ment of the hepatic venous system requires con-
tribution from another vascular axis, the umbilical 
veins. These two symmetric vessels originate 
from the placenta and carry oxygenated blood to 
the embryo via the connecting stalk and then 
head towards the heart.

They run in the upper abdomen more laterally 
than the vitelline veins, and undergo extensive 
remodelling which make them lose the initial 
symmetric appearance.

Development of the liver is accompanied by 
obliteration of the left and right proximal por-
tions of the umbilical veins, which initially runs 
laterally to it. Furthermore on the caudal side, the 
left umbilical vein prevails over the right one, 
which disappears.

With the obliteration of the cranial branches, 
umbilical blood flow towards the heart takes an 

Fig. 5  Development of the portal system. The vitelline 
veins (b) and umbilical veins (c) are initially bilateral to 
the primitive gut (d) (1 and 2). The liver parenchyma (a) 
develops in close relation to the venous plexuses formed 
by the vitelline veins; umbilical veins make anastomoses 
with the vitelline veins, which in turn form a vascular ring 

around the duodenum (2). The proximal end of the umbili-
cal veins obliterates, and the vitelline veins form a vascu-
lar ring around the duodenum (2). Vascular obliteration 
results in the sinuous course of the portal vein and the sur-
vival of the left umbilical vein (3). A shunt develops in the 
context of the liver vascular plexus, the ductus venosus (e)
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alternative route in the context of the liver vitel-
line plexus, with which the left umbilical vein 
creates anastomosis in correspondence of a vas-
cular structure known as portal sinus (Mavrides 
et al. 2001). With the increase of venous input a 
preferential channel for blood flow is created, 
the ductus venosus, which effectively bypasses 
the small-caliber vessels of the plexus. The duc-
tus venosus has a trumpetlike shape and directly 
connects the portal sinus to the inferior vena 
cava at its inlet into the heart (Kiserud 2005).

At mid gestation the ductus venosus shunts 
about 30% of the oxygenated blood coming from 
the umbilical vein, which is reduced to about 
20% at week 30. The significant percentage 
(from 70% to 80%) of oxygenated blood that has 
to go through the liver parenchyma before reach-
ing the fetal systemic circulation serves as testi-
mony to the important role of this organ during 
development.

Interestingly, the entity of the shunting is not 
fixed but responsive to both passive and active 
regulatory systems that ensure increased flow 
towards the inferior vena cava (and thus towards 
the heart and brain) in case of tendency to hypoxia.

During fetal life, 75% of liver blood inflow 
comes from the umbilical vein, and 25% from the 
portal vein (Kiserud 2005).

Both the umbilical vein and ductus venosus 
are strictly pertinent to intrauterine life, as with 
the changes occurring to circulation after birth 
they both obliterate and become, respectively, the 
ligamentum teres hepatis and the ligamentum 
venosum.

Liver arterial vessels originate later than the 
venous system. From week 10 to week 20 arteries 
start forming from the hilum to the periphery of 
the organ (Gouysse et  al. 2002), in a process 
which seems to be guided by parallel intrahepatic 
biliary duct development (Clotman et al. 2003).

The extent of arterial blood supply in the fetus 
is yet to be determined (Kiserud 2005).

7	 �Liver Hemopoiesis

Hemopoiesis in the embryo starts in the yolk sac, 
which continues producing primitive erythro-
cytes during the first 2 months of development.

During this period, hemopoiesis gradually 
shifts to other fetal organs, including the liver, 
which is the main contributor, the spleen, the thy-
mus, and the bone marrow.

Hematopoietic precursors reach the liver in 
two distinct phases (Dieterlen-Lievre 1975; 
Dzierzak and Medvinsky 2008).

The first takes place at around day 23 and 
involves the migration of hematopoietic cell pro-
genitors from the yolk sac mesoderm.

The second phase involves migration of hema-
topoietic stem cells from the embryonic splanch-
nic mesoderm of the aorta-gonad-mesonephros 
region, which starts around day 30 (Tavian and 
Péault 2005).

From the second month of gestation the liver 
will be the main fetal source of hematopoiesis, 
until this role is gradually carried over to the bone 
marrow, and the liver ceases this function around 
the seventh month (Sadler 2014).

8	 �Cell Lineages in the Liver

While hepatocytes represent the most conspicu-
ous cell type in the liver (Si-Tayeb et al. 2010), 
other cell lineages contribute to the architecture 
of the organ.

Classical microscopic anatomy distinguishes 
at least other five distinct components: cholan-
giocytes, stellate cells, Kupffer cells, pit cells, 
and endothelial cells.

Cholangiocytes (also known as biliary epithe-
lial cells, BECs) and hepatocytes are strictly 
related embryologically, as both originate from 
hepatoblasts.

The development of the intrahepatic bile ducts 
recognizes five different steps (Lemaigre 2003).

First, as liver vascular system develops, hepa-
toblasts adjacent to portal vessel start expressing 
biliary-specific cytokeratins. They then organize 
into a monolayer of cuboidal cells which sur-
rounds the portal vessel, the so-called ductal plate. 
In the following step this layer becomes dupli-
cated and subsequently focal dilations appear in 
its context. The last step involves remodelling of 
the ductal plate with regression of the nondilated 
parts, leaving a network of connected tubular 
structure, which corresponds to the biliary tree.
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Hepatocytes on the other hand develop from 
hepatoblast not in direct contact with the portal 
vessels.

Stellate cells (also known as perisinusoidal 
cells or Ito cells) account for (5%–8% of liver 
cells, Yin et al. 2013) 1.4% of liver cells 
(Si-Tayeb et al. 2010) and reside in the perisinu-
soidal space of Disse. Their origin is still unclear, 
but some authors propose a derivation from the 
septum transversum (Loo and Wu 2008).

Kupffer cells are macrophage-type cells, 
located in the liver. Macrophage precursors (fetal 
macrophages) originate from the yolk sac and 
then colonize the liver, where they differentiate 
into adult Kupffer cells (Naito et al. 1997).

Pit cells are lymphoid cells with natural killer 
(NK) role, specific to the liver. In the adult liver, 
pit cells are thought to originate from blood NK 
cells that marginate inside the organ (Luo et al. 
2000). In the embryo NK cells are seen in the 
liver as soon as the sixth week of gestation 
(Ivarsson et al. 2013).

Finally, as we have already seen, the endothe-
lial cells are of mesodermal descent. Recent 
genetic studies suggest that at least a part of the 
liver’s vascular system originates from endocar-
dial cells and thus shares origin with coronary 
arteries (Zhang et al. 2016).

9	 �Ventral Mesentery and Liver 
Peritoneum

As the liver grows caudally and bulges in the 
abdominal cavity, the septum transversum sur-
rounding it anteriorly and posteriorly thins and 
becomes membranous, giving origin to the ven-
tral mesentery.

The liver separates the ventral mesentery in 
two parts, one anteriorly, the falciform ligament, 
between the liver and the anterior wall, and the 
other posteriorly, the lesser omentum, between 
the liver on one side and the stomach and duode-
num on the other (Fig. 6).

The free end of the falciform ligament con-
tains the umbilical vein during fetal life, which 
will become the round ligament of the liver (also 
known as ligamentum teres hepatis) once it is 
obliterated at birth.

The caudal free end of the lesser omentum 
constitutes the hepatoduodenal ligament, which 
contains the hepatic triad made up by the hepatic 
artery, portal vein, and extrahepatic bile duct. The 
hepatoduodenal ligament will contribute to the 
delimitation of the Winslow foramen, which con-
nects the omental bursa to the main peritoneal 
cavity.

The mesoderm of the ventral mesentery will 
differentiate into a double-layered peritoneal 
sheath.

The septum transversum mesoderm surround-
ing the liver will differentiate in both an inner 
connective tissue capsule (Glisson’s capsule) and 
an external peritoneal single-layered sheath. The 
liver will thus become an intraperitoneal organ 
(Yamada 2011).

Not all liver surface will however face inside 
the peritoneal cavity as the mesoderm covering the 
liver cranially does not differentiate into perito-
neum. The area where the liver contacts the origi-
nal part of the septum transversum where the 
diaphragm develops will never be covered by peri-
toneum and is thus named the bare area of the 
liver.

Fig. 6  Development of the liver, gallbladder, and extra-
hepatic bile duct in the context of the ventral mesentery. 
Falciform ligament (1), lesser omentum (2), bare area of 
the liver (3), dorsal mesentery (4), peritoneal cavity (5), 
diaphragm (6), stomach (7)
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The circumference of the bare area of the 
liver, where the peritoneum reflects against the 
diaphragm, is called the coronary ligament.

10	 �Liver Localization Following 
Intestinal Folding

Liver development takes place around the mid-
line of the embryo, on the ventral side of the fore-
gut, in the context of the septum transversum. Its 
relative position to the gastrointestinal canal and 
its final location in the abdomen face relevant 
changes during the process of gastric rotation.

After week four, the foregut corresponding to 
the future stomach undergoes important mor-
phology modifications, mainly due to differential 
growth rate in its different portions.

First it undergoes a 90° axial rotation in the 
clockwise direction if seen from above, with its 
left wall rotating anteriorly (Fig. 7). Then as the 
lesser and bigger curvatures develop, it also 
undergoes a rotation on the coronal plane in the 
clockwise direction when seen from the front, 

which brings the pylorus, its distal end, upwards 
and towards the right.

Gastric rotation shifts the ventral mesentery to 
the right and so consensually does the liver, 
which locates in the right upper abdominal quad-
rant (right hypochondrium).

Another result of the axial rotation is the 
change in orientation of the lesser omentum, the 
portion of the ventral mesentery which connects 
the gastric lesser curvature to the hepatic hilum, 
from the sagittal to the coronal plane.

The continuity between liver, lesser omentum, 
and stomach on the coronal plane contributes to 
the delimitation of a recess of the peritoneal cavity 
behind it, known as lesser sac or omental bursa.
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Abstract
The liver is an intraperitoneal parenchy-
mal  organ located in the upper abdominal 
cavity, where it is suspended by a series of 
peritoneal reflections which connect it to 
adjacent structures and organs.

It has a complex vascular architecture, 
with one arterial system, fed by the hepatic 
artery, and two venous systems, the portal 
vein and the hepatic veins. In addition, the 
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liver harbours the  intrahepatic biliary tract 
which exits the organ as the common hepatic 
duct.

According to portal vein anatomy, individ-
ual regions of liver parenchyma can be identi-
fied, the liver segments, which are characterised 
by independent portal and arterial blood sup-
ply, as well as independent biliary and lym-
phatic drainage.

Anatomic complexity is further compli-
cated by the existence of common variants 
regarding vascular and biliary architecture. 
Less commonly, macroscopic liver morphol-
ogy or location variants can also occur.

The liver architecture  comprises the 
parenchyma, the connective tissue stroma, 
the sinusoids and the perisinusoidal spaces. 
These components have historically been 
described as anatomical units, the hepatic 
lobules, or as functional units, the portal 
lobules.

Liver anatomy may be  assessed by ultra-
sound (US), computed tomography (CT) and 
magnetic resonance imaging (MRI). 

1	 �Macroscopic Liver Anatomy

1.1	 �Liver Surface

The liver is the biggest abdominal organ, with a mean 
weight of 1.5–1.8  kg (Garby et  al. 1993; de la 
Grandmaison et al. 2001; Molina and DiMaio 2012).

It is situated in the upper abdomen, immedi-
ately caudally to the diaphragm.

The liver parenchyma is surrounded by an 
adherent connective tissue layer named Glisson’s 
capsule. It is a dense fibrous sheath with inter-
spersed elastic fibres, in the context of which run 
nervous fibres and blood and lymphatic vessels 
(Anastasi 2007).

The liver shape has been described as a partial 
volume of an ovoid or a wedge, cut by an oblique 
plane directed cranio-caudally, postero-anteriorly 
and from left to right.

Its biggest dimension is the transverse diame-
ter, ranging from 20 to 23 cm. Craniocaudally at 
the midpoint of the right lobe it measures 
13–16 cm (Kennedy and Madding 1977). It is 
important to note however that liver dimensions 
have high interindividual variability, due to both 
anatomic variations and pathology.

The most recognisable liver margin is the infe-
rior one, which spans in the upper abdomen from 
left to right.

We can recognise four faces of the liver: supe-
rior, inferior, right and posterior. The first three 
are continuous one to another, while the inferior 
face is separated from the superior by the acute 
inferior margin of the liver.

Traditionally anatomists have described the 
liver based on its macroscopic surface appear-
ance, and thus established a lobar subdivision 
according to evident fissures and ligaments. From 
this morphological standpoint we can distinguish 
two main lobes, the right and the left one, and 
two accessory lobes, the caudate and the quadrate 
lobes (Bismuth 1982).

The anterior face include  the falciform liga-
ment which runs on a vertical plane slightly to 
the right from the abdominal midline (Fig. 1).

The right lobe is typically bigger than the left 
lobe and occupies the right hypochondrium, 
while the left lobe usually spans in the anterior 
portion of the anterior epigastrium and protrudes 
into the left hypochondrium.

The inferior aspect of the liver is divided into 
four sectors by several dividing structures which 
collectively assume the shape of a “H”.

The left vertical arm of the H is composed of 
the round ligament anteriorly and the ligamentum 
venosum posteriorly. The round ligament termi-
nates at the hepatic hilum, where it reaches the 
left portal vein (LPV). The ligamentum venosum 
spans from the LPV to inferior vena cava (IVC).

The horizontal portion of the H corresponds to 
the liver hilum, which is defined by a transverse 
fissure known as porta hepatis.

Finally, the vertical right arm of the H is com-
posed of the inferior vena cava posteriorly and 
the gallbladder fossa (also known as liver bed) 
(Honda et al. 2008) anteriorly.
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In the region comprised between the two verti-
cal arms of the H, the two accessory lobes are 
recognisable, the caudate lobe posteriorly and the 
quadrate lobe anteriorly.

It is important to note that the bed of the gall-
bladder and IVC are not in close proximity, and 
thus the right vertical arm of the H is not continu-
ous, with no apparent obvious separation between 
the right and caudate lobes on the ventral surface; 
this caudate lobe continuation towards the right is 
known as caudate process. The medial aspect of 
the inferior caudate lobe is known as medial pap-
illary process or simply papillary process; it 
bulges towards the stomach on the left and its 
appearance may sometimes mimic a porta hepa-
tis lymph node or a pancreatic body lesion (Auh 
et al. 1984; Donoso et al. 1989).

1.2	 �Liver Relations with Adjacent 
Organs

Superiorly the liver is in relation to the inferior 
face of the diaphragm. Above the diaphragm are 
the right pleural space, middle and inferior right 
lung lobes, pericardial space and heart, namely 
the right ventricle and atrium.

The anterior face of the liver is in relation with 
the anterior portion of the diaphragm and the 
anterior abdominal wall.

On the inferior liver face we can identify some 
impressions on the surface, in the area where it 
contacts the adjacent abdominal organs (Fig. 2).

On the right lobe there is a posterior triangular 
impression for the right adrenal gland, a more 
prominent impression corresponding to the right 
kidney and a shallower anterior one, pertaining to 
the hepatic colic flexure.

The duodenum leaves an impression around 
the mid portion of the lower face, with the pyloric 
impression in the cranial portion of the quadrate 
lobe.

The stomach impression occupies the larger 
part of the inferior portion of the left lobe, with a 
distinct oesophageal groove in proximity to the 
fossa for the ductus venosus. The left lobe por-
tion cranial to lesser curvature of the stomach, as 
it does not receive impression by adjacent organs, 
slightly bulges backwards and is known as tuber 
omentale.

On most of its surface, the liver has an intra-
peritoneal localisation, which means that it is 
covered by the visceral peritoneum. The excep-
tions are constituted by the gallbladder fossa, 
where the liver is in contact with the gallbladder; 
the liver hilum, where the hepatic triad enters the 
liver parenchyma; and the liver bare area, where 
the liver is separated by the diaphragm by loose 
connective tissue interposition only. Besides the 
diaphragm, two other important structures make 

Fig. 1  Liver seen from 
the superior (1), 
posterior (2) and anterior 
(3) aspects. The 
coronary ligament 
encircles the liver bare 
area (a). On the anterior 
aspect the falciform 
ligament may be 
identified. On the 
posterior aspect the 
hepatic artery (b), portal 
vein (c) and common 
bile duct (d) can be seen 
at the liver hilum
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contact with the liver in the bare area: the retro-
hepatic inferior vena cava (Lowe and D’Angelica 
2016) and the right adrenal gland.

The peritoneal space between the liver and the 
right kidney is known as the hepatorenal recess or 
Morison’s pouch. Being a potential space, under 
normal circumstances this recess is empty and 
the right kidney is in close proximity to the liver 
surface. In the event of intra-abdominal fluid col-
lection (e.g., blood, ascites), the Morison’s pouch 
might expand, and separation between the liver 
and the right kidney thus becomes apparent. This 
region is actively assessed in abdominal imaging; 
as an example scanning of the hepatorenal space 
constitutes part of the FAST (focused assessment 
with sonography in trauma), an ultrasound proto-
col aimed at identification of fluid collection in 
trauma patients (Scalea et al. 1999).

1.3	 �Liver Ligaments

The hepatic ligaments are the falciform ligament, 
the round ligament, the two triangular ligaments, 
the hepatorenal ligament, the coronary ligament, 

the lesser omentum and the ligamentum 
venosum.

The falciform ligament is located on the ante-
rior surface of the liver. It consists of a double-
layered peritoneal sheath with a rounded 
triangular shape, resembling that of a sickle 
(hence the name, from “falx, falcis”, Latin for 
sickle). Its anterior side is convex, and inserts 
onto the anterior abdominal wall cranially from 
the umbilicus, following the anterior underside of 
the diaphragm towards IVC.

The inferior side of the falciform ligament 
is represented by its caudal free edge, where 
peritoneal reflection occurs. At the free edge 
corresponds a fibrous string, the round liga-
ment of the liver (also known as teres hepatis 
ligament), spanning from the umbilicus to the 
underside of the liver, where an umbilical fis-
sure is identifiable. It corresponds to the oblit-
erated umbilical vein, which in the foetus 
carries oxygenated blood from the umbilical 
cord towards the LPV.

The posterior side of the falciform ligament 
constitutes its hepatic insertion, corresponding to 
the interlobar fissure.

Fig. 2  Impressions of 
adjacent organs on the 
posterior aspect of the 
liver. Stomach 
impression (1), round 
ligament and ductus 
venosus (2), right 
adrenal gland 
impression (3), bare area 
of the liver (4), right 
kidney impression (5), 
duodenal impression (6), 
colic impression (7), 
tuber omentale (8), 
gallbladder (9), inferior 
vena cava (10)
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On the liver surface near IVC, the two perito-
neal leaflets of the falciform ligament diverge 
laterally and posteriorly towards the left and 
right lobe, respectively; they then abruptly con-
verge towards IVC, identifying with their lateral 
course two triangularly shaped peritoneal reflec-
tions, the left and right triangular ligaments.

Posteriorly to the right triangular ligament, the 
peritoneal reflection runs towards the anterior 
surface of the right kidney and the adrenal gland, 
constituting the hepatorenal ligament.

The whole reflection of the peritoneum around 
the supero-posterior aspect of the liver effectively 
encircles the bare area, and is collectively known 
as the liver coronary ligament.

The lesser omentum is a double-layered 
peritoneal sheath which spans on the coronal 
plane from the lesser curvature of the stomach 
and the proximal duodenum to the liver hilum. 
It can thus be divided into two parts, the hepa-
togastric ligament (pars flaccida) and the hepa-
toduodenal ligament (pars tensa). In the context 
of the hepatoduodenal ligament runs the 
hepatic pedicle, made of the hepatic artery, 
portal vein, common bile duct, nerves and 
lymphatics.

The ligamentum venosum corresponds to the 
fibrotic remainder of an obliterated foetal vein, 
the ductus venosus or Arantius’ duct. It spans on 
the posterior face of the liver from the left portal 
vein to the inferior vena cava, dividing the left 
lobe from the caudate lobe. The hepatogastric 
ligament follows the course of the ligamentum 
venosum, before its two layers separate to 
embrace the distal oesophagus (Lowe and 
D’Angelica 2016).

The liver, the stomach and the connecting 
lesser omentum form a continuous wall spanning 
on the coronal plane, which delimits anteriorly a 
recess of the peritoneal cavity known as lesser 
sac or omental bursa. The caudal free edge of the 
lesser omentum, which corresponds to the hepa-
toduodenal ligament, delimits the passage of 
communication between the main peritoneal cav-
ity and the omental bursa, known as omental 
foramen (also known as omental foramen or fora-
men of Winslow).

1.4	 �Liver Vascular Systems 
and Bile Ducts

In the liver we can distinguish three different vas-
cular systems: the arterial system, which supplies 
arterial blood; the portal venous system, which 
supplies venous blood to the liver from the guts, 
the pancreas and the spleen; and the hepatic 
venous system, which drains venous blood from 
the liver to the systemic circulation via the infe-
rior vena cava.

Unlike other organs, besides blood circulation 
the liver also harbours a complex ductal system 
responsible for bile excretion, the bile ducts.

It is important to consider the arterial, biliary 
and portal systems together as they are topologi-
cally strictly related throughout the liver. They in 
fact constitute the so-called portal triad, and as 
such branch together within the parenchyma. The 
portal triad runs within liver enveloped by a layer 
of connective tissue which separates it from the 
surrounding parenchyma, the hepatobiliary sheath. 
The Glisson’s capsule is in continuity with the 
hepatobiliary sheath at the liver hilum, where the 
portal triad, here composed by the common hepatic 
duct, the hepatic artery and portal vein, enters the 
parenchyma (Yamamoto and Ariizumi 2018). At 
the hilum the common hepatic duct (CHD) is the 
rightmost and most anterior of the three structures. 
The hepatic artery (HA) runs on the left side, while 
the portal vein runs posteriorly.

From the hilum the portal triad also spans out-
side of the liver, along the course of the hepato-
duodenal ligament.

1.4.1	 �Hepatic Artery
Around 25% of hepatic blood inflow is arterial 
(Sureka et al. 2015), and mostly comes from the 
common hepatic artery  (CHA), which is the 
rightmost of the three terminal branches of the 
celiac trunk, which in turn is the first major 
branch of the abdominal aorta. The CHA gives 
origin to both the right gastric and the gastroduo-
denal arteries and becomes the hepatic artery 
proper. It reaches the hepatoduodenal ligament, 
and heads towards the liver hilum running anteri-
orly to the portal vein (Draghi et al. 2007).

Liver Anatomy



20

At the liver hilum, before entering the paren-
chyma (Aoki et  al. 2016), the hepatic artery 
bifurcates into the right and left hepatic branches.

The right hepatic artery (RHA) is larger than 
the left, gives off a cystic branch for the 
gallbladder (Draghi et  al. 2007) and bifurcates 
into anterior and posterior branches just before 
entering the parenchyma (Aoki et al. 2016). The 
left branch divides into three vessels for the ante-
rior, posterior and caudate parts of the left lobe.

Hepatic arteries then give off segmental and 
subsegmental arteries that run and branch in the 
portal spaces, until they finally merge with liver 
sinusoids as perilobular arterioles (Draghi et al. 
2007).

1.4.2	 �Bile Ducts
The bile duct system directs bile flow in a hepa-
tofugal direction (that is to say directed away 
from the liver), from the hepatocytes which pro-
duce the bile to the gastrointestinal tract, namely 
the duodenum. Bile collected by the bile cana-
liculi converges towards the portal triad, where 
bile ducts are seen. Smaller bile ducts converge 
with one another in a rootlike system. We can 
recognise two main liver ducts, the left  hepatic 
duct (LHD) and the right  hepatic duct (RHD). 
The left collects bile from the individual seg-
ments of the left liver (see relevant paragraph), 
while the right recognises two tributaries, the 
right posterior hepatic duct (RPHD) and the right 
anterior hepatic  duct  (RAHD) (Gazelle et  al. 
1994).

RHD and LHD converge to form the common 
hepatic duct (CHD) which exits the liver at the 
hilum. The common hepatic duct receives the 
cystic duct, thus becoming the common bile duct 
(choledochus), which runs along the hepatoduo-
denal ligament, passes behind the proximal duo-
denum, crosses the head of the pancreas and 
reaches the second portion of the duodenum at 
the major duodenal papilla (ampulla of Vater).

1.4.3	 �Portal Vein System
As the name implies, the venous portal system 
revolves around the portal vein  (PV) (Fig.  3), 
which is responsible for around 75% (Sureka 
et al. 2015) of the liver blood supply.

It originates at the portal oliva, the confluence 
between the superior mesenteric vein and the 
spleno-mesenteric trunk (union of splenic and 
inferior mesenteric veins), in the retroperitoneum 
behind the neck of the pancreas around the level 
of L2 (Gilfillan and Hills 1950). As it travels 
towards the hepatic hilum passing behind the 
proximal duodenum, the PV  receives smaller 
venous vessels, namely the left and right gastric 
veins directly or via the splenic vein (Gilfillan 
and Hills 1950; Seong et al. 2012), cystic veins 
and irregular pancreaticoduodenal veins. It is 
particularly important to remember the connec-
tion between the left gastric vein and portal vein, 
as it can become an important portosystemic 

Fig. 3  Portal vein anatomy as seen on elaborated coronal 
contrast-enhanced CT.  Portal vein (a), superior mesen-
teric vein (b), inferior mesenteric vein (c), splenic vein 
(d). Notice the variant confluence of the inferior mesen-
teric vein, which normally drains into the splenic vein
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shunt in case of portal hypertension, thus feeding 
the oesophageal varices (Abdel-Misih and 
Bloomston 2010; Gilfillan and Hills 1950).

The PV  is valveless (Abdel-Misih and 
Bloomston 2010), has a length of around 70 mm 
(Gilfillan and Hills 1950) and has a maximum 
diameter just distal to the portal oliva around 10, 
with 13 mm being commonly considered as the 
upper limit (Stamm et al. 2016; Weinreb et  al. 
1982).

It runs in the context of the hepatoduodenal 
ligament along with the common bile duct and 
the hepatic artery, both of which are anterior to it.

The PV  reaches the hepatic hilum (corre-
sponding to the transverse fissure known as porta 
hepatis), and then divides into a right portal vein 
(RPV)  and a left  portal vein (LPV) for the 
respective lobes.

In the majority of cases (around 50%), the PV 
bifurcation occurs outside the Glisson’s capsule, 
that is to say it is extrahepatic. Alternatively it can 
be intrahepatic (25% of cases) or at the liver cap-
sule (25% of cases) (Madoff et al. 2002).

The LPV has an initial transverse (horizontal) 
portion and a subsequent umbilical portion (Rex 
segment (Puppala et  al. 2009)) which abruptly 
bends towards the umbilical fissure, thus entering 
the parenchyma (Abdel-Misih and Bloomston 
2010). The RPV is larger than the LPV (Sureka 
et al. 2015) and has a shorter extrahepatic course 
(Abdel-Misih and Bloomston 2010).

From the right portal vein originates the right 
anterior portal vein (RAPV) for segments S5 and 
S8, and the right posterior portal vein (RPPV) for 
segments S6 and S7. The LPV gives off segmen-
tal branches for segments S2 and S3, and termi-
nate bifurcating into two branches for S4.

Segment S1 receives portal branches from 
both the LPV and RPV (Schmidt et al. 2008).

1.4.4	 �Hepatic Veins
Venous blood of the liver is mainly collected by 
the hepatic veins, which drain into the IVC in its 
retrohepatic tract just below the diaphragm; like 
the PV, hepatic veins are valveless (Porth 2011). 
We can usually identify three main venous 
branches: the left, the right and the middle one. 
Typically the left and middle veins form a short 

common tract before reaching the IVC.  As 
opposed to the portal triad, hepatic veins are not 
encompassed by a surrounding connective tis-
sue sheath, as their tunica adventitia is in direct 
contact with the liver parenchyma (Clarkson 
2013). Segment S1 drains both in the hepatic 
vein system and directly in the IVC (via the so-
called Spieghel veins).

1.4.5	 �Minor Arterial and Venous 
Supply of the Liver

It is useful to remember that the liver also receives 
blood from the systemic circulation by arteries 
other than the hepatic artery (Prokop et al. 2006) 
and by venous systems other than the portal vein 
(Anastasi 2007).

Minor arterial blood supply to the liver (also 
called extrahepatic collateral blood supply) 
mainly comes from the right inferior phrenic 
artery. Other contributors can be the cystic artery, 
omental arteries, right renal capsular artery, left 
inferior phrenic artery and right internal mam-
mary artery (Miyayama et al. 2006).

While their interest might be limited in the 
healthy patient, they can become very relevant in 
case of certain clinical settings, for example in 
the embolisation of hepatocellular carci-
noma (HCC), where eventual extrahepatic collat-
eral blood supply has to be taken into account 
(Gwon et al. 2007).

Minor venous systems consist of the parabili-
ary venous system, cholecystic veins and 
epigastric-paraumbilical venous system. The 
parabiliary venous system exists in the context of 
the hepatoduodenal ligament, and collects blood 
from the head of the pancreas, the bile duct sys-
tem and the distal stomach; it usually drains 
inside the vena porta, but can sometimes enter the 
liver at the porta hepatis. The cholecystic veins 
collect blood from the pericholecystic liver 
parenchyma and might drain into the parabiliary 
venous system around the porta hepatis or 
directly into intrahepatic portal veins via the liver 
bed. The epigastric-paraumbilical system is com-
posed of the superior and inferior veins of Sappey 
and the vein of Burow that drain venous blood 
into the liver from body regions in the near vicin-
ity to the falciform ligament.
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The importance of these minor venous sys-
tems from a radiological standpoint lies in the 
fact that due to the nonportal nature of their blood 
supply to the liver, they might be responsible for 
focal metabolic alteration and subsequent pseu-
dolesion appearance at imaging, which typically 
occurs near the liver bed (cholecystic veins), on 
the dorsal aspect of S4 (parabiliary venous sys-
tem) and near the falciform ligament (epigastric-
paraumbilical system).

In addition to that, Sappey’s and Burow’s 
veins can also become a path of portosystemic 
shunt (from the portal venous system to the sys-
temic venous system) in case of portal hyperten-
sion (Yoshimitsu et al. 2001).

1.5	 �Hepatic Lymphatic Drainage

The lymphatic system is fundamental for both 
interstitial fluid homoeostasis and for immune 
response surveillance. In fact liver contribution to 
the lymph production is quite significant, as it 
can be considered among the most important 
organs from the quantitative perspective (Tanaka 
and Iwakiri 2016).

Lymphatic capillaries and vessels exist in the 
context of the liver parenchyma and are organ-
ised into two main drainage axes.

The first one develops along the portal 
spaces, and drains to the hepatic hilum and 
greater omentum nodes. The Winslow lymph 
node, a node in correspondence of the Winslow 
foramen which is typically bigger and dominant 
in the area, is part of this system. From these 
nodes, lymph is drained towards the celiac 
lymph nodes which in turn drain into the conflu-
ence between the main abdominal lymphatic 
vessels. The confluence might take the shape of 
a dilated collecting sac, named cisterna chyli, 
situated in the retroperitoneal space, spanning 
for around 5–7 cm in a right paramedian posi-
tion anteriorly to the bodies of the first two lum-
bar vertebrae and to the right with respect to the 
abdominal aorta (Standring et  al. 2009). From 
the confluence originates the thoracic duct, 
which will drain the lymph and chyle in the sys-
temic venous system (namely at the junction 

between the left subclavian and internal jugular 
veins).

The second lymphatic drainage axis accompa-
nies the venous drainage of the liver along the 
hepatic veins. The lymphatic vessels converge 
towards the inferior vena cava and together with 
it cross the diaphragm draining into mediastinal 
lymph node stations.

Lymphatic vessels that accompany portal 
veins and hepatic veins represent liver’s deep 
lymphatic system.

Lymphatic fluid also flows underneath the 
Glisson’s capsule, constituting the superficial 
lymphatic system. Depending on its location, this 
lymph can drain in both aforementioned draining 
axes. In particular, fluid from the convex liver 
surface tends to converge cranially along the cor-
onary ligament and to drain into mediastinal 
lymph nodes. Fluid from the posterior concave 
surface usually drains towards the liver hilum 
(Tanaka and Iwakiri 2016).

1.6	 �Liver Innervation

The hepatic nervous system is composed of a 
central autonomic component for the liver paren-
chyma and a peripheral somatosensory compo-
nent for liver capsule sensitivity.

Liver autonomic system comprises an anterior 
and a posterior plexus, widely interconnected and 
branching inside the liver parenchyma, the for-
mer following the hepatic artery and the latter 
following the portal vein and the bile duct. 
Sympathetic nerves come from the celiac and 
superior mesenteric ganglia, while parasympa-
thetic fibres originate from the anterior and pos-
terior vagal trunks (Lautt 2009; Standring et al. 
2009). The role of these nerves is extremely com-
plex, as they serve as sensory apparatus for a 
multitude of homeostasis parameters, namely 
temperature, blood pressure, osmolarity, and 
ionic and nutrient content of portal blood, as well 
as regulating liver circulation, bile excretion and 
hepatocyte metabolism (Jensen et al. 2013).

Glisson’s capsule is innervated by fine fibres 
from the lower intercostal nerves, which provide 
somatic pain sensitivity, which is prominent on 
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the superior surface and at the bare area of the 
liver (Standring et al. 2009). Capsule rupture or 
distension is thus responsible for sharp, well-
localised pain.

1.7	 �Liver Segmentation

While anatomically we distinguish the left and 
right liver lobes in relation to the falciform liga-
ment course, that does not hold true from a func-
tional and surgical standpoint.

To avoid confusion, we will use the terms right 
and left liver instead of right and left lobe when 
referring to functional anatomy (Bismuth 1982).

The left and right liver are separated by 
Cantlie’s line (Fig.  4), a line in the anatomical 
right lobe spanning from the inferior vena cava 
(left margin) to the middle of the gallbladder 
fossa, which is approximately aligned to the 
course of the middle hepatic vein and is almost 
vertical (Bismuth 1982).

The Cantlie’s line separates the parenchyma in 
a 60:40 ratio, the bigger portion pertaining to the 
right liver. Functional hemilivers are more sym-
metrical than the anatomical counterpart, as the 
left liver is bigger than the left lobe.

Based on the biliary tree anatomy, each hemil-
iver can be further divided into two, thus identify-
ing the four corresponding liver sectors: the right 
posterior, right anterior, left medial and left lat-

eral sectors. The right hepatic vein runs between 
the right posterior and right anterior sector, while 
the falciform ligament corresponds to the divi-
sion between the left medial and left lateral sec-
tors. This anatomic division is more popular in 
the USA, and was first described by Healey and 
Schroy (Healey and Schroy 1953). Note however 
that some authors consider a different left liver 
division, following portal vein second-order divi-
sion, where the medial and the lateral sectors are 
divided by the left hepatic vein as opposed to the 
falciform ligament (Bismuth 1982; Couinaud 
1957; Kimura et  al. 2015); hereinafter we will 
adopt this convention.

A further, third-degree subdivision can also 
be made, following the portal vein third-order 
ramification, thus identifying the hepatic 
segments.

The most widely accepted model for liver seg-
mental anatomy was first described by Couinaud 
(Couinaud 1957), and then popularised by 
Bismuth (Bismuth 1982; Bismuth et  al. 1982; 
Majno et  al. 2014), and is now the most com-
monly used in Europe. According to these 
authors, the liver is composed of eight anatomical 
segments, characterised by independent portal 
and arterial blood supply, as well as independent 
biliary and lymphatic drainage. The portal triad 
runs in the middle of the segments, while hepatic 
veins run at the periphery.

Each liver sector is divided into two seg-
ments, with the exception of the left lateral sec-
tor which corresponds to only one segment, 
segment number two (conventionally noted as 
S2). Starting from S2, segment numeration pro-
ceeds in clockwise order (with the exception of 
the cranial portion of S4). The left medial sector 
is divided by the course of the left hepatic 
vein  into S3 on the left and S4 on the right 
(Bismuth 1982).

The right liver recognises two cranial and two 
caudal sectors, identified by a horizontal plane 
corresponding to the portal vein bifurcation. Thus 
the right anterior sector corresponds to cranial 
segment S8 and caudal S5, and the right posterior 
to cranial S7 and caudal S6.

The biggest liver segments are segments S8 
and S4 (Murakami and Hata 2002).

Fig. 4  Liver lobes. (1) indicates the falciform liga-
ment.  The left liver lobe (violet)  is separated by the 
Cantlie’s line (2) from the right lobe (yellow)
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S1 has a more peculiar localisation and spans in 
the posterior aspect of the liver, comprised between 
the portal vein bifurcation anteriorly and the 
IVC posteriorly (Majno et al. 2014). It has a differ-
ent blood supply and venous drainage compared 
to the other segments as it receives arterial and 
portal branches from both the right and left divi-
sions of the portal system. Its blood does not only 
drain in the main hepatic veins but it also has its 
own hepatic veins which drain directly in 
the IVC. An interesting and exemplificative con-
sequence of this is that in case of Budd-Chiari syn-
drome, where venous hepatic outflow is obstructed, 
in the chronic phase the caudate lobe experiences 
hypertrophy as it is the only segment with func-
tioning venous drainage (Bismuth 1982).

Finally, a common variation of the aforemen-
tioned segmental division involves further biparti-
tion of segment 4 following the horizontal plane of 
the portal bifurcation in cranial 4a segment and cau-
dal 4b; caution must be taken using this convention 
in Japan, as there the nomenclature is reversed as 
S4a and S4b, respectively, correspond to the caudal 
and cranial portions of S4 (Onishi et al. 2000).

As you may have noted, liver segmentation is 
not as simple as one might expect, and different 
authors in the literature have proposed different 
takes on the subject, sometimes with major dif-
ferences, and other times with just a subtly differ-
ent approach. To make things worse, it is 
sometimes possible to encounter misquotes in the 
literature which may add to confusion.

Despite all these difficulties, in modern days 
the most adopted radiological approach to liver 
segmentation is quite straightforward. It is simi-
lar to that suggested by Bismuth, with a slight 
difference over left liver approach (Fig.  5) 
(Germain et al. 2014).

S1 is identified at the posterior aspect of the 
liver; it is delimited on the right by the Cantlie’s 
line, in front by the portal vein bifurcation and on 
the left by the fissure of the ligamentum venosum.

The remaining liver is divided into eight seg-
ments according to three vertical lines and one 
horizontal line. The vertical lines correspond to 
the plane of the right hepatic vein, the middle 
hepatic vein and the left hepatic vein. The hori-
zontal line corresponds to the plane of the portal 
veins. Four upper segments and four lower seg-

ments are thus identified. Going from left to 
right, the upper segments correspond to S2, S4a, 
S8 and S7. Again from left to right, the lower seg-
ments correspond to S3, S4b, S5 and S6.

1.8	 �Liver Variants

1.8.1	 �Intrahepatic Portal Vein 
Variants

Normal portal vein anatomy implies bifurcation 
into the left (LPV) and right (RPV) portal veins 
at the porta hepatis. The right hepatic vein then 
further bifurcates into the anterior (right anterior 
portal vein, RAPV) and posterior (RPPV) 
branches, respectively, for segments S5, S8 and 
S6, S7. This configuration is encountered in 
65–80% of patients (Schmidt et al. 2008).

a

b

Fig. 5  Liver segmentation according to Bismuth (a) and 
simplified (b). Notice the difference in left liver segmental 
division. The falciform ligament is denoted by the 
asterisk
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A well-known classification of portal system 
variants based on extensive data has been pro-
posed by Cheng (Fig. 6) (Cheng et al. 1996).

Normal anatomy corresponds to Cheng’s type I.
The most common variant is the trifurcate 

variant (type II), in which the portal vein directly 
gives origin to the left portal vein, RAPV and 
RPPV (Fig. 6 and Fig. 7). The right portal vein is 
not present. The second most common variant 
(type III or “Z anomaly” (Iqbal et  al. 2017)) 
implies direct origin of the RPPV from the main 
portal vein, which then bifurcates into the LPV 
and the RAPV. The main portal vein divides into 
the RPPV and LPV, and the RAPV arises from 

the LPV (Fig. 6). Type IV is similar to type III, 
but the RAPV originates from the distal portion 
of the LPV (Lee et al. 2013) (Fig. 6). Other vari-
ants are possible but very uncommon, collec-
tively accounting for around 2% of cases, 
including absence of portal vein branching, por-
tal vein duplication (Schmidt et  al. 2008), and 
LPV arising from RAPV. Awareness of portal 
vein branching pattern is important in planning 
liver surgery (to ensure that portal perfusion to 
the future liver remnant is not compromised), 
liver transplantation (to enable appropriate graft 
selection), and percutaneous interventional pro-
cedures (Carneiro et al. 2019).

Interesting variations are the quadrifurcation 
and absence of portal vein bifurcation (Schmidt 
et al. 2008).

The first entails portal vein division into a left 
portal vein and three right portal branches, 
respectively, for S6 and S7 and a single branch 
for S5 and S8 (Madoff et al. 2002).

In the second the horizontal portion (proximal 
part) of the left hepatic vein is absent, and blood 
reaches the vertical portion via a transverse ves-
sel departing from S8 and spanning the liver 
horizontally.

Finally it is interesting to note that patients 
with variant portal vein configuration tend to 
have higher percentage of liver biliary system 
variance (Schmidt et al. 2008).

1.8.2	 �Hepatic Artery Variants
Normal arterial anatomy is encountered in around 
55% of the population, making variants extremely 
common.

The well-established Michel classification 
(Fig. 8) differentiates ten layouts (Catalano et al. 
2008).

The standard layout (type I) entails right 
(RHA) and left (LHA) hepatic arteries originat-
ing from the common hepatic artery (CHA), 
branch of the celiac trunk.

The two most common variants with a preva-
lence of around 10% are type II, where the LHA 
arises from the left gastric artery, and type III, 
with origin of the RHA from the superior mesen-
teric artery.

Type IV represents association of type II and 
type III, but is more rare.

Fig. 6  Portal vein variants according to Cheng. Type I 
corresponds to normal layout. Portal vein (a), left portal 
vein (b), right portal vein (c), right posterior portal vein 
(d), right anterior portal vein (e)

Fig. 7  Maximum intensity projection (MIP) of a contrast-
enhanced CT scan at the level of the spleno-portal vein 
axis, showing variant intrahepatic portal vein trifurcation. 
Liver (a), portal vein (b), celiac artery (c), splenic vein (d), 
spleen (e), right (i) and left (f) kidney, aorta (g), inferior 
vena cava (h)
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Other two quite common variants with preva-
lence higher than 5% are type V, with an accessory 
LHA from the left gastric artery, and type VI, with 
an accessory RHA originating from the superior 
mesenteric artery. Once again, type VII represents 
presence of both type V and VI variants and is 
more rare. Variant VIII corresponds to accessory 
LHA originating from left gastric artery and RHA 
originating from superior mesenteric artery.

Type IX and type X correspond to a replaced 
CHA originating, respectively, from the superior 
mesenteric artery and the left gastric artery.

Finally, in some cases the Michel classifica-
tion falls short as unclassified variants do exist, 
namely the origin of the CHA from the abdomi-
nal aorta, or the presence of a double-hepatic 
artery (Covey et al. 2002).

1.8.3	 �Hepatic Vein Variants
Normal hepatic vein anatomy implies the pres-
ence of three main branches, the left, middle and 

right hepatic veins. The left hepatic vein drains 
segments S2 and S3. The middle hepatic  vein 
drains segment S4, while S5, S6, S7 and S8 are 
drained by the right hepatic  vein, which is the 
largest (Germain et al. 2014). In around 60% of 
the population, the left and middle hepatic veins 
form a common trunk before reaching the IVC 
(Catalano et al. 2008).

S1 drains both in the hepatic vein system and 
directly into the  IVC (Murakami and Hata 
2002).

Variants are more common in women 
(Germain et al. 2014).

The most common variant is the presence of 
an accessory right inferior hepatic vein draining 
the right posterior liver directly to the vena cava. 
Less frequently two accessory right hepatic veins 
can be seen.

Another quite common variant implies direct 
drainage of the left and middle hepatic veins, 
without the formation of a common trunk.

Fig. 8  Michel’s 
classification of hepatic 
artery variants. Normal 
(I), replaced LHA (II), 
RHA (III) or both (IV), 
accessory LHA (V), 
RHA (VI) or both (VII), 
accessory LHA and 
replaced RHA (or vice 
versa) (VIII), replaced 
CHA originating from 
superior mesenteric 
artery (IX) or left gastric 
artery (X). See text for 
description
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Other variants are the absence of the right 
hepatic vein and the bifurcation of the left or right 
hepatic veins.

1.8.4	 �Intrahepatic Bile Duct Variants
The most common intrahepatic bile duct configu-
ration is as follows: the left hepatic duct (LHD) 
drains the left liver segments and converges with 
the right hepatic duct (RHD) to form the common 
hepatic duct (CHD). The RHD is very short and 
recognises two tributaries, the right poste-
rior hepatic duct (RPHD), which drains segments 
S7 and S8 and has a more horizontal course, and 
the right anterior hepatic  duct (RAHD), which 
drains S5 and S8 and is more vertical. The RPHD 
joins the RAHD posteriorly from the left side 
(Gazelle et al. 1994).

Bile ducts from S1 can drain to the RHD or 
the LHD (Healey and Schroy 1953).

Normal intrahepatic bile duct configuration 
has a prevalence of around 60%, and thus ana-
tomic variants are quite common (Catalano et al. 
2008).

Several classification systems have been pro-
posed, namely by Couinaud (1957), Huang et al. 
(1996), Karakas et  al. (2008), Choi (2003), 
Champetier (1994) and Ohkubo (2004) (Deka 
et al. 2014).

According to Huang classification (Huang 
et al. 1996), RHD variants are identified by the A 
letter and include five types (Fig. 9); higher class 
number corresponds to rarer variant. A1 refers to 
the standard configuration. A2 is the most com-
mon variant, implying triple confluence between 
the RPHD, RAHD and LHD. In A3 the RPHD or 
RAHD joins the LHD, while in A4 and A5, the 
RPHD joins, respectively, the CHD and the cystic 
duct.

LHD variants are divided into six classes char-
acterised by the letter B.  B1 is standard 
configuration, with the duct from S2 and S3 
forming a common duct which joins the segment 
from S4. In B2, B3 and B4, the duct from S4 
drains, respectively, into the RHD, RAHD and 
CHD. In B5 S2 and S3 have independent drain-
age and S2 also collects S4 (Chaib et al. 2014). 
Finally in B6 S1 drains in the CHD. Again bigger 

number corresponds to rarer variants, with the 
exception of B5 and B6.

As from a surgical standpoint if the conflu-
ence between RPHD and RAHD is close to the 
confluence between LHD and RHD it is treated 
as a triple confluence (A2 variant), Karakas pro-
posed a variation on the Huang classification 
(Karakas et  al. 2008). In his system he divided 
Huang’s A1 into K1 and K2a (the latter indicat-
ing a RHD shorter than 1 cm), while variant K2b 
corresponds to trifurcation. Similarly Karakas 
divided A3 into K3a and K3b, the latter indicat-
ing a confluence between RPHD and LHD >1 cm 
from CHD origin.

Fig. 9  Right hepatic duct variants according to Huang. 
Right anterior duct (a), right posterior duct (b), right 
hepatic duct (c), left hepatic duct (d), common hepatic 
duct (e), common bile duct (f), gallbladder (g). A1 corre-
sponds to normal anatomy
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1.8.5	 �Subvesical Bile Ducts
Also known as Luschka’s ducts, the subvesical 
bile ducts are variant, accessory or aberrant bile 
ducts that run in close proximity to the gallblad-
der’s bed. Their clinical significance is mainly 
due to potential damage and subsequent bile 
leakage after cholecystectomy.

According to Schnelldorfer, four types of sub-
vesical bile ducts can be identified.

Type 1 subvesical bile duct is a bile duct run-
ning in close proximity to the gallbladder bed in 
an otherwise normal anatomy. Type 2 is a super-
numerary (accessory) bile duct with a subvesical 
course. Type 3 identifies bile ducts that directly 
drain into the gallbladder through the liver bed 
(hepaticocystic ducts). Type 4 is represented by 
numerous interconnected small bile ducts in the 
connective tissue of the gallbladder bed, typi-
cally connected to intrahepatic bile ducts but 
blinded on the opposite side (Schnelldorfer et al. 
2012).

1.8.6	 �Liver Location Variants
Despite being significantly rarer than vascular 
and biliary variants, macroscopic liver variants 
are possible, both regarding liver localisation and 
morphology.

While the liver is usually located directly 
beneath the diaphragm, the right hepatic flexure 
of colon might interpose between the two struc-
tures, in a variant known as Chilaiditi sign.

While this variant is mostly encountered as an 
incidental finding, it can sometimes cause 
abdominal pain and other symptoms, and in this 
case it is named Chilaiditi syndrome. The pres-
ence of interpositio coli has important conse-
quences on liver imaging: on conventional 
radiographs it has to be distinguished from pneu-
moperitoneum, and during ultrasound examina-
tion the presence of colic air limits the acoustic 
window for liver insonation.

More drastic liver localisation variation can 
occur in situs viscerum inversus, where a mir-
rored liver can be found on the left side of the 
upper abdomen. The most common situs varia-
tion is the situs viscerum inversus totalis, which 
is a complete mirrored image of the normal anat-
omy with all the organ on the opposite side when 

compared to the usual layout; it has an incidence 
of 1:8000 (Mujo et al. 2015). A rarer variation is 
the situs inversus with levocardia, where the 
abdominal organs are mirrored but the heart situs 
is not.

More complex laterality variations are seen in 
situs ambiguous or heterotaxy, where an undeter-
mined atrial arrangement is associated with 
abdominal organ malposition and dysmorphism. 
Despite the complexity of the matter, classically 
two types of heterotaxy have been defined, right 
isomerism (also known as asplenia) and left 
isomerism (also known as polysplenia). 
Simplifying, the former indicates that both sides 
of the body develop as the right side (thus the 
spleen is absent), while in the latter both sides 
develop as the left side (thus multiple spleens can 
be found). The effect of both these variations on 
the liver is typically a midline localisation (bridg-
ing liver) (Applegate et al. 1999). In right isomer-
ism, the inferior vena cava and the abdominal 
aorta tend to lie on the same side (ipsilateral) 
with respect to the midline. In left isomerism the 
intrahepatic inferior vena cava is typically pres-
ent, but drains towards the heart via the azygos or 
hemiazygos veins, as the suprarenal IVC is 
interrupted.

In extremely rare cases, accessory hepatic tis-
sue can be found outside the patient’s liver, a con-
dition named ectopic liver. These tissue islands 
have little or no connection with the liver paren-
chyma, with subsequent anomalous vascularisa-
tion and biliary drainage. They can be located both 
in the abdomen or in the thorax, the most common 
site being the gallbladder, and show increased risk 
of developing HCC (Leone et al. 2004).

1.8.7	 �Liver Morphology Variants
A relatively common and subtle liver morphol-
ogy variation entails the presence of accessory 
liver sulci across the surface of the organ. They 
typically appear at the right hepatic dome as a 
result of the presence of muscular bundles of the 
diaphragm which make an impression on the 
liver capsule. The possible presence of these vari-
ant sulci must be taken into account when evalu-
ating supposedly pathological peripheric liver 
alterations.
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Among liver morphology variations due to 
defective liver development, three different enti-
ties can be identified: agenesis, aplasia and hypo-
plasia (Fig.  10). Agenesis is referred to as the 
complete absence of a liver lobe, or part of it. In 
aplasia, one of the lobes is smaller, and its micro 
architecture is altered, with few hepatocytes, 
abnormal vessels, abundant connective tissue and 
bile ducts. A hypoplastic lobe is a volumetrically 
small lobe with preserved ultrastructure 
(Champetier et al. 1985). Before determining the 
presence of a defective liver variant it is however 

important to rule out acquired pathological or iat-
rogenic conditions, which are more common 
(Caseiro-Alves et al. 2013).

On the other side of the spectrum, some mor-
phology variants involve the presence of super-
abundant liver parenchyma. This kind of liver 
variation is not always easily distinguishable 
from pathological causes of liver enlargement 
(hepatomegaly).

Riedel’s lobe is a morphological variant of the 
right hepatic lobe (Fig. 11), which is unusually 
overdeveloped in the craniocaudal dimension, 

a b

Fig. 10  (a, b) Hypoplastic left liver lobe as seen on axial 
CT scan at the level of the hepatic veins confluence (a), 
and axial MIP reconstruction of the portal vein (b). Right 
(r), middle (m) and left (l) hepatic veins, splenic vein (s), 

portal vein (p), right branch of the portal vein (q). The left 
hepatic vein is quite small; the left branch of the portal 
vein is not clearly seen

a b

Fig. 11  (a, b) Riedel lobe as seen in coronal (a) and sagittal (b) contrast-enhanced CT. Note the liver extending cau-
dally (a) below the inferior pole of the right kidney (b)
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extending inferiorly beyond the limit of the costal 
cartilage. Its appearances can range from a thin 
tongue-like projection to a more conspicuous 
rounded mass. It is not strictly considered an 
accessory lobe (Yano et al. 2000), though some 
authors name it as such (Glenisson et al. 2014). 
Riedel’s lobe prevalence in the population is not 
consistent among different studies, ranging from 
3% to 30% (Yano et al. 2000). It is named after 
the German surgeon Bernhard Moritz Carl 
Ludwig Riedel (1846–1916) (Riedel 1888).

Finally the beaver tail liver, also known as 
sliver of liver, is an anatomic liver variant in 
which the left lobe is particularly developed in 
the latero-lateral dimension, and thus spans fur-
ther in the left hypochondrium, making extensive 
contact with the spleen (Fig.  12). Over this 
course, the left lobe characteristically curls along 
the curve of the anterior abdominal wall and 
seems to embrace the spleen which is deeper and 
posterior to it.

2	 �Microscopic Liver Anatomy

2.1	 �Hepatic Lobule (Classic 
Lobule)

The anatomical unit of the liver is named hepatic 
lobule. A normal liver contains about a million 
hepatic lobules, which measure about 2 × 0.7 mm.

The hepatic lobule consists of an hexagonal 
structure composed of plates of hepatocyte that 
from the periphery converge radially to the centre 
of the lobule, where the terminal hepatic vein 
(central vein) is located (Anastasi 2007) (Fig. 13).

2.1.1	 �Hepatocyte
Hepatocytes constitute 80% of the liver volume. 
They are polyhedral cells having one, two or 

Fig. 12  Beaver tail liver as seen in axial contrast-
enhanced CT. Notice the left liver lobe (a) reaching the 
spleen (b) on the left side. Right liver lobe (c), stomach 
(d), abdominal aorta (e), thoracic cavity (f)

Fig. 13  (A) Portal 
lobule. (B) Portal triads. 
(C) Hepatic lobule. (D) 
Liver acinus with the 
three functional zones
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more centrally placed nuclei with well-devel-
oped nucleoli. The hepatocytes are relatively 
long-living cells (lifespan of about 5  months) 
and are capable of incredible organ regeneration 
(after surgery, or during chronic hepatic disease) 
and turnover; hepatocytes share this high prolif-
erative capabilities with cholangiocytes, another 
cell type constituting the liver. This is due to the 
presence of stem/progenitor cells in the bile 
ductules that can migrate and differentiate either 
as hepatocytes or as cholangiocytes (Ross and 
Wojciech 2015).

For a simplified representation, we can assume 
that hepatocytes have four faces: two that face the 
perisinusoidal spaces, and the other two facing 
neighbouring cells and forming the bile 
canaliculi.

The hepatocyte cytoplasm is acidophilic and 
contains many components as follows:

–– Rough endoplasmic reticulum (RER) 
(basophilic regions) and free ribosome

Many enzymes located in the rER can degrade 
and conjugate toxins and drugs.

After massive administration of drugs, alcohol 
or chemotherapeutic agents, the volume of ribo-
somes and function of these enzymes increase 
with enhanced drug degradation and modifica-
tion of their pharmacokinetics.

RER also plays an important role in the assem-
bly of lipoproteins (VLDL) (Anastasi 2007).

–– Numerous mitochondria

The main function of mitochondria is the pro-
duction of ATP, the most important source of 
energy for cell metabolism.

–– Golgi complex

These cytoplasmic components are involved 
in VLDL synthesis, glycosylation of many pro-
teins and exocrine excretion of bile (Anastasi 
2007). They are most abundant near the bile 
canaliculi.

–– Peroxisomes

Each hepatocyte contains about 200–300 
peroxisomes. They contain many enzymes, 
namely “oxidases”, “catalase” and “alcohol 
dehydrogenase”. Oxidases generate hydrogen 
peroxide (H2O2), a very toxic substance for the 
cell that is degraded by catalase. This type of 
reaction is used by hepatocytes in many detoxi-
fication processes (e.g. detoxification of 
alcohol).

Peroxisomes are also involved in gluconeo-
genesis and metabolism of purine.

–– Deposit of glycogen
–– Lipid droplets
–– Lipofuscin pigments within lysosomes

2.1.2	 �Biliary Tree
The biliary tree is a system of channels of 
increasing diameter that flow the bile from the 
hepatocytes to gallbladder. These channels are 
lined by cholangiocytes, epithelial cells charac-
terised by the presence of tight junction between 
adjacent cells and a cilium that can change the 
flow and composition of bile (Anastasi 2007; 
Ovalle and Nahirney 2013). Cholangiocytes are 
small and cuboidal in shape in low-calibre bile 
ducts, but in larger ducts their volume is 
increased and their shape changes becoming 
columnar.

The bile canaliculus is the smallest branch of 
the biliary tree, which lies in the intercellular 
space between two adjacent hepatocytes and is 
formed by the apposition of the two hepatocytes’ 
cell membranes bounded by tight junctions; 
hepatocytic microvilli protrude into the canalicu-
lar lumen.

Bile canaliculi drain into the canals of Hering 
(Anastasi 2007) which are lined by both hepato-
cytes and cholangiocytes. They have a contractile 
activity that allows the flux of bile towards the 
intrahepatic bile ductule (1–1.5  μm) and the 
interlobular bile ducts (10–15 μm) which are part 
of the peripheral portal triad.

Near the canals of Hering there are many cell 
precursors that during extensive parenchymal 
damage can migrate and differentiate into hepa-
tocytes and/or cholangiocytes (Overi et  al. 
2018).
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The difference between the canals of Hering 
and intrahepatic bile ductule lies in the structure 
of the wall that in the latter is lined completely by 
cholangiocytes.

As the ducts get larger they gradually acquire 
connective tissue consisting of elastic fibres and 
smooth muscle cell.

Intralobular bile ducts join to form interlobu-
lar bile ducts, which subsequently merge into the 
right and left lobar ducts, whose confluence 
forms the common hepatic duct.

2.1.3	 �Sinusoid
The sinusoids are vascular canaliculi delimited 
by plates of hepatocytes. Sinusoids provide the 
hepatocytes with mixed arterial and portal blood 
and drain into the central vein (Fig.  14). 
Sinusoidal blood flows from the periphery to the 
centre of the liver lobule, in the opposite direc-
tion to the bile.

These sinusoids are lined by endothelial cells 
that have large fenestration (discontinuities of the 
wall) and lack basal laminae; there is therefore no 
real barrier between plasma within the sinusoids 
and the hepatocytes. During cirrhosis the number 
of fenestration is reduced and a complete basal 
membrane is formed (a process known as “sinu-
soidal capillarisation”).

The endothelial sinusoidal cells are the most 
important site for hyaluronic acid degradation; 
endothelial damage results in increased hyal-
uronic acid blood content.

The lining of sinusoids contains another type 
of cells named “Kupffer cell” or “sinusoidal mac-
rophages” that derive from monocytes; they are 
more numerous near the portal tracts. These cells 
are interspersed between the sinusoidal endothe-
lial cells without forming junctions with them; 
their cell processes can span into the sinusoidal 
lumen and remove many debris from bloodstream 
(old red cells and cellular fragments) and can 
response to many types of injury by proliferation 
and enlargement (activation of macrophages).

Kupffer cells play an important role in the 
metabolism of iron (Unigastro 2007).

Their most important role is to protect the 
liver from toxic damage and iron metabolism 
accumulating ferritin and hemosiderin.

Another cell type that we can find in the sinu-
soids are “pit cells”, large granular lymphocytes 
which have killer cell activity.

2.1.4	 �Space of Disse
The “space of Disse” or “perisinusoidal space” is 
a space between the sinusoidal basal surface of 
the hepatocytes and the basal surface of the endo-

Fig. 14  CV central vein 
with endothelial cells, S 
sinusoid, BD bile duct, 
PV portal vein, HA 
hepatic artery
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thelium. It is a zone of intercellular exchange 
between the blood and the hepatocytes and con-
tains small hepatocyte microvilli and other struc-
tures like plasma, connective tissue, nerve fibres 
and perisinusoidal cells as hepatic stellate cells 
(Ito cells) and pit cells (Anastasi 2007; Gartner 
2014). When the liver is compromised, hepato-
cytes release tumour growth factor β, and in 
response Ito cells begin to synthesise collagen, 
leading to fibrosis (Gartner 2014).

The microvilli increase the surface of 
exchange as much as six times and because 
there is not a real barrier between plasma and 
hepatocytes, all the elements produced and 
excreted in the perisinusoidal space are trans-
ferred immediately in the plasma (Ross and 
Wojciech 2015).

During the foetal period, this space contains 
“island of blood-forming cells” that can appear 
again in the adult during periods of chronic 
anaemia.

2.1.5	 �Ito Cell
Ito cells (or hepatic stellate cells) are perisinusoi-
dal lipocytes that lie within the hepatic plates 
between the bases of hepatocytes.

Normally they are in a non-proliferative state 
and represent the main vitamin A conservation site 
in the form of retinol ester (within cytoplasmic 
lipid droplets) and release it as retinol bound to 
RBP (retinol-binding protein) (Unigastro 2007).

Ito cells are the main responsible for fibrogene-
sis during many insults under the stimulus of 
“tumour growth factor beta” produced by hepato-
cytes (Gartner 2014). The process starts with cell 
proliferation and migration to the location of dam-
age, increased contractility, differentiation in myo-
fibroblasts and release of type I and type III collagen 
in the perisinusoidal space; this collagen is continu-
ous with the connective tissue surrounding the cen-
tral vein and the portal space. During fibrogenesis, 
Ito cells also lose most of intracellular vitamin A.

Due to this fibrotic tissue production, these 
cells are the most important cells in certain patho-
logic conditions such as cirrhosis, chronic inflam-
mation and portal hypertension.

2.1.6	 �Portal Triad
The portal triad, also known as portal area or por-
tal canal, is the region of connective tissues 
between hepatic lobules that contain branches of 
the portal vein, hepatic artery, lymph vessels and 
bile ducts (Fig.  15); each portal area is sur-
rounded by a plate of modified hepatocytes 
named limiting plate. The portal areas are located 
at alternative corners of the classic liver lobule.

The space of Mall is the narrow space that 
separates the limiting plate from the connective 
tissue of the portal area. Lymph from the space of 
Disse crosses the space of Mall and is then col-
lected in the lymph vessels in the portal area. 
80% of liver lymph drains in the thoracic duct.

Fig. 15  Portal triad. HA 
hepatic artery, BD bile 
duct, PV portal vein
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2.1.7	 �Blood Supply of Liver
The liver has a double blood supply; the hepatic 
artery provides oxygen-rich blood and supplies 
20–30% of the liver’s blood (Anastasi 2007).

The portal vein supplies 70–80% of liver’s 
blood; its content includes:

–– Nutrients from the alimentary canal
–– Endocrine products from the pancreas and 

enteroendocrine cells of gastrointestinal tract
–– Blood cells and blood degradation products 

from the spleen

Arterial and portal branches run together in 
the portal area.

Via the hepatic sinusoids, mixed portal and arte-
rial blood flows from the periphery to the centre of 
the hepatic lobules where the central vein collects it 
and routes it towards the hepatic vein system.

2.2	 �Portal Lobule

The portal lobule is the functional unit involved 
in bile secretion.

It is triangular in shape, with the three vertices 
positioned at the level of central lobular vein and 
the central axis corresponding to the interlobular 
bile duct of the portal triad of the classic lobule 
(Fig. 13). Bile flows from periphery to the centre 
of the portal lobule, towards the bile duct.

These portal lobules include portion of three 
adjacent hepatic lobules.

2.3	 �Liver Acinus (Acinus 
of Rappaport)

The liver acinus is the smallest functional unit of 
the hepatic parenchyma. It is lozenge shaped 
with the short axis lying along the border between 
two classic lobules (it contains distributing ves-
sels), and the long axis drawn between the cen-
tral veins of two contiguous lobules; as such, the 
liver acinus occupies two triangular portions of 
two adjacent hepatic lobules (Fig. 13).

The hepatocytes in a single acinus are divided 
into three concentric elliptical zones on the basis 
of the proximity to the short axis and therefore to 
the incoming blood, which reflects three different 

types of metabolic activity (Ross and Wojciech 
2015; Unigastro 2007).

–– Zone 1: It is the closest zone to the vessels that 
supply the hepatocytes with blood from 
branches of the hepatic artery (HA) and PV and 
is thus the least susceptible to ischaemia. It is the 
first zone to show changes after bile obstruction, 
toxic exposure and regeneration phenomena.

–– Zone 2: Intermediate zone.
–– Zone 3: Adjacent to the central vein, it repre-

sents the central part of the classic lobule; it is 
thus the most susceptible area to ischaemic 
damage, and the first to show fat accumula-
tion. It is the last to show changes after toxic 
substance exposure.

2.4	 �Liver Functions

The liver is the biggest gland of the human body 
and plays an important role in many and different 
functions (Unigastro 2007):

–– Biliary secretion and bilirubin metabolism
–– Hormones and drug metabolism and detoxifi-

cation of toxic substances
–– Production of many plasma protein
–– Lipid and lipoprotein metabolism
–– Carbohydrate metabolism
–– Urea metabolism
–– Blood deposit

2.4.1	 �Biliary Secretion and Bilirubin 
Metabolism

Every day the liver produces and secretes 600–
1200 mL of bile which is composed of water, bile 
salts, bile pigments (bilirubin), electrolytes (Na+, 
K+, Ca2+, Mg2+, Cl−), phospholipid (lecithin) and 
cholesterol (Gartner 2014; Unigastro 2007).

The bile has two main functions:

–– Digestion and absorption of lipid: Bile acids 
emulsify the big fat particles in little fat parti-
cles that are attacked by the pancreatic juice 
and facilitate transport to the intestinal mucosa.

–– Excretion of products that must be eliminated, 
such as bilirubin (terminal product of haemo-
globin catabolism) and excessive amount of 
cholesterol.
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2.4.2	 �Drug Metabolism 
and Detoxification of Toxic 
Substances

Hepatocytes are involved in the metabolism of 
many substances including drugs, toxics and 
xenobiotics.

As many of these molecules are hydrophobic, 
liver metabolism helps the excretion by transform-
ing them into more water-soluble substances.

Metabolism is performed in two phases 
(Biggio et  al. 2011; Ross and Wojciech 2015; 
Trevor et al. 2015):

–– Phase I: It includes oxidation, reduction, hydro-
lysis and deamination and is performed in the 
smooth endoplasmic reticulum by cytochrome 
P450s that are not highly selective in their sub-
strate, so a small number of P450 isoforms can 
metabolise thousands of drugs. The most impor-
tant P450 isoforms are CYP3A4/5 and CYP2D6 
that are able to metabolise 75% of all drugs.

If after phase I the substances are sufficiently 
polar they can be excreted; otherwise they must 
be subjected to phase II metabolism.

It is interesting to note that during phase I oxi-
dation some pharmacologically inactive com-
pounds can be converted into the active form.

–– Phase II: The xenobiotic metabolites are con-
jugated with a polar moiety (glutathione, ace-
tate, glucuronate, sulphate and methyl groups) 
that augments the molecular weight and ren-
ders the compound less active and more polar.

2.4.3	 �Production of Plasma Protein
Many proteins are produced and metabolised by 
liver (Ross and Wojciech 2015; Unigastro 2007):

–– Albumin: It is involved in plasma volume reg-
ulation by maintaining the oncotic pressure 
(Rugarli 2010).

–– Many carrier proteins: Albumin, ceruloplas-
min, glycoproteins (haptoglobyn, trasferrin 
and haemopexin).

–– Lipoproteins: Especially VLDL (the most 
important for the transport of triglycerides 
from the liver to other tissues).

–– α1-Anti-trypsin, α- and β-globulin (protease 
inhibitors),

–– Intracellular hormones.
–– Prothrombin, fibrinogen, coagulation factor 

(II, VII, IX, X, to maintain homeostasis).

The liver is also responsible for the metabo-
lism of amino acids and the conversion of non-
nitrogenous amino acid catabolites to glucose 
and lipids.

Liver failure has many repercussions on pro-
tein metabolism and homeostasis; the most 
notable are hypoalbuminemia, coagulation abnor-
malities and sarcopenia (Ruiz-Margáin et  al. 
2018). In fact during chronic liver failure, the pro-
tein deficiency produces an increased metabolic 
turnover of endogenous proteins (primarily from 
muscles) with subsequent loss of muscle mass.

2.4.4	 �Lipid and Lipoprotein 
Metabolism

The liver is involved in many processes 
involving lipid metabolism (Greenspan and 
Baxter 1994):

–– Oxidation of the fatty acids for energy 
production.

–– Synthesis of most lipoproteins which are nec-
essary for blood transport of cholesterol and 
phospholipids.

–– Production of cholesterol and phospholipids 
(Unigastro 2007): Most of the produced cho-
lesterol (80%) is secreted in the bile after 
being converted into bile salts; the remaining 
is secreted in the blood, carried by the 
lipoproteins.

–– Conversion of carbohydrates and proteins in 
lipids.

–– Production of biliary acids, which play a cru-
cial role in intestinal fat absorption.

A decrease in serum total cholesterol, LDL, 
HDL and triglycerides associated with deficiency 
of fat-soluble vitamin (A, D, E, K) (Tsiaousi 
et  al. 2008) may be found during chronic liver 
failure (Rugarli 2010).

2.4.5	 �Carbohydrate Metabolism
The liver plays a very important role in maintain-
ing blood sugar levels and performs numerous 
tasks in the management of carbohydrate metab-
olism (Rugarli 2010; Unigastro 2007):
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–– Glycogen storage: Glucose is accumulated in 
the liver in the form of glycogen. Excess blood 
glucose is removed and accumulated in the 
liver, and when necessary it can be released 
thanks to the activity of a phosphorylase. This 
function is important after dietary introduc-
tion of carbohydrates (accumulation of glu-
cose) and after many hours of fasting (release 
of glucose).

–– Conversion of galactose and fructose into 
glucose.

–– Gluconeogenesis: When glucose blood levels 
are low, the liver produces glucose in a pro-
cess known as gluconeogenesis. Large quanti-
ties of amino acids (from proteins) and 
glycerol (from triglycerides) are used for the 
production of glucose.

–– Production of many intermediate product of 
the glucose metabolism.

Hypoglycaemia and insulin resistance may be 
present during chronic liver failure (Johnston and 
Alberti 1976).

2.4.6	 �Urea Metabolism
NH3 (ammonia) is normally produced and 
absorbed in large part by the intestine and derives 
from proteins introduced with food. Ammonia is a 
toxic substance which is normally removed by the 
liver through the synthesis of urea (Rugarli 2010). 
During liver failure, the rising of ammonia blood 
levels and the capability of this substance to pass 
the blood-brain barrier are responsible for the 
development of hepatic encephalopathy. Effects 
of ammonia on the SNC include the following:

–– Changes the cell membrane functions with 
astrocyte swelling.

–– Changes the cell metabolism, with increasing 
the glutamine and GABA production. The lat-
ter has an important role as inhibitory 
neurotransmitter.

2.4.7	 �Other Metabolic Functions

–– Vitamin storage: The most abundant vitamins 
accumulated in the liver are vitamins A, B12 
and D (Ross and Wojciech 2015).

–– Iron deposit: Most of the iron in our body is 
located in haemoglobin molecules. The sec-

ond most important iron source is the liver, 
which accumulates iron in the form of ferritin 
(combined with apoferritin) when blood iron 
levels are high. When the amount of iron in 
the blood decreases the ferritin is released 
again from apoferritin.

–– Metabolism and storage of folic acid: Patients 
with liver failure have macrocytic anaemia.

–– Production of many coagulation factors (I, II, V, 
VII, IX, X), some of which are K vitamin depen-
dent (II, VII, IX, X). Haemorrhagic diathesis can 
arise during liver failure. Sometimes this condi-
tion may be due to a biliary salt loss with subse-
quent reduced vitamin K absorption.

2.4.8	 �Blood Deposit
Liver is an expandable organ that can store in its 
vessel a conspicuous amount of blood, which can 
be introduced into the general circulation in case 
of need.

Normally the liver contains 450 mL of blood 
(10% of the total volume of blood). When the 
pressure of right atrium increases, liver venous 
drainage is reduced and the blood content can 
increase up to 1 L.

3	 �Radiologic Liver Anatomy

3.1	 �Radiography

The liver is poorly examined by plain x-ray, due 
to the poor soft-tissue contrast in the upper 
abdomen.

On abdominal AP  x-ray films, the true liver 
boundaries can sometimes be identified. This is 
possible in physiologic or para-physiologic (vis-
ceral obesity) conditions, when its silhouette is 
outlined by adjacent fat. Pathologic condition, 
and in particular the presence of air inside the 
abdominal cavity (pneumoperitoneum), might 
also determine a clear outline of the liver. 
Apparent borders can be identified by liver super-
position over gas in adjacent organs, namely the 
stomach and the colon (Grainger 2001). The infe-
rior border of the liver in particular can be incon-
sistently identified thanks to the superposition of 
the gastric, duodenal and colic gas.

The hepatic dome is normally indirectly 
assessed as it contributes to the convex shape of 
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the right hemidiaphragm on chest X-ray. 
Pathological processes of the upper abdomen, the 
pleura or the pulmonary parenchyma may how-
ever alter this anatomic landmark, rendering the 
overall shape of the upper liver unrecognisable or 
providing false evidence of liver alteration.

Gaseous radiolucency can sometimes be seen 
between the liver and the diaphragm, in the 
absence of pneumoperitoneum. This phenome-
non is due to air inside the right colic flexure, 
which has a variant collocation under the right 
hemidiaphragm, and is known as interpositio coli 
or Chilaiditi sign. Differential diagnosis between 
this variant and pneumoperitoneum has to be 
taken into account; the presence of haustra might 
suggest the former.

No significant remark can be made about nor-
mal liver opacity, whereas some pathologic pro-
cesses might be evident on X-ray examination 
(such as presence of air and calcifications) 
(Cittadini et al. 2008).

3.2	 �Computed Tomography

Computed tomography (CT) is an X-ray-based 
tomographic approach which can provide exten-
sive anatomic information about the liver.

Liver CT examination takes place in the context 
of superior abdominal CT scan or whole-abdomen 
scans. Thorax scans inevitably include upper liver 
in the scanning volume due to the overlap of the 
anterior superior abdominal cavity and the poste-
rior thoracic cavity on the transverse plane.

For the same reason, correct liver imaging 
should always include scanning of the caudal 
thorax with a reasonable margin to prevent par-
tial clipping of the hepatic dome.

While modern volumetric CT acquisition 
allows for multiplanar reformats, the standard ref-
erence for liver imaging is the transverse plane. 
Additional  multiplanar reformations might be 
adopted for particular diagnostic needs. Sagittal 
and coronal reformats might also prove useful for 
correct evaluation of the liver dome, where partial 
volume artefacts are more common.

On unenhanced CT normal liver parenchyma 
has homogeneous density, which can vary 
between 55 and 65 HU (Boll and Merkle 2009).

For complete liver CT characterisation, 
contrast-enhanced CT (CECT) scan is mandatory 
(Fig. 16); CT contrast media are iodine based and 
are administered intravenously.

I

II

III

Fig. 16  (I–III) Axial CT scan images, showing liver 
parenchyma appearance in non-enhanced scan (I), late 
arterial (II) and portal venous phases (III). Non-enhanced 
and portal venous phases belong to the same patient. The 
arterial phase shows the enhanced hepatic artery entering 
the liver. Liver (a), pancreas (b), spleen (c), stomach (d), 
kidney (e), portal vein (f), inferior vena cava (g), abdomi-
nal aorta (h), hepatic artery (i)
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CECT is a dynamicscan, as liver parenchyma 
contrast  changes throughout time according to 
the time from contrast bolus injection.

Since liver scanning takes a finite amount of 
time and every scan increases the radiation dose 
delivered to the patient, only few selected phases of 
bolus dynamic are typically documented.

We can thus distinguish a non-enhanced 
phase, an early arterial phase, a late arterial 
phase, a portal venous phase and an equilibrium 
phase. Not all phases are always documented; 
selected phases are typically chosen according to 
the diagnostic setting.

In arterial phase (15–20 s after contrast injec-
tion initiation, p.i.), the contrast media is still con-
fined in the arterial system; the HA is clearly seen; 
liver parenchyma is not enhanced. In the late arte-
rial phase (25–35 s p.i.) (DeMaio 2010), structures 
getting blood from arterial circulation become 
enhanced; normal liver parenchyma does not show 
strong enhancement as the HA only provides 25% 
of liver blood inflow (Sureka et al. 2015) and ini-
tial enhancement of the PV is seen in this phase 
(Prokop et  al. 2006). In the portal venous phase 
(60–70  s p.i.) the PV  and hepatic parenchyma 
show maximum enhancement; hepatic veins show 
initial enhancement. In the equilibrium phase 
(2–3 min p.i.) contrast enhancement is less promi-
nent than in the venous portal phase and minimal 
difference is seen between contrast enhancement 
of different vascular structures and the 
parenchyma.

As morphological and vascular landmarks are 
clearly seen on contrast - enhanced CT scans, the 
segmental anatomy of the organ can be easily 
defined (Fig. 17).

3.3	 �Ultrasound

The liver is typically scanned in the context of an 
abdominal or upper abdominal US examination. 
In the adult, it requires the adoption of a convex 
transducers, with frequency ranging from 3.5 to 
5 MHz. In children or in case the area of interest 
is particularly superficial, a higher frequency lin-
ear transducer (7.5–10  MHz) might be used 
(Berzigotti and Piscaglia 2011).

Normal liver US  does not involve contrast 
media administration. In selected diagnostic set-
tings however, the usage of intravenously admin-
istered echogenic agents might prove useful 
(CEUS, contrast-enhanced ultrasound, see rele-
vant chapter).

CEUS is a dynamic exam, during which the 
operator can observe the progression of the echo-
genic bolus in the liver circulatory system and 
assess contrastographic behaviour of a particular 
area of interest. Important differences between 
contrast-enhanced CT and CEUS are that CEUS 
grants the possibility of continuous real-time 
scanning of bolus progression, typically limited 
to a single or few target areas, while CT provides 
imaging of few selected, brief time frames (ide-
ally instantaneous) in a panoramic fashion.

Normal localisation of the liver is in the right 
hypochondrium, epigastrium and part of the left 
hypochondrium. Under free breathing, the big-
gest sonographic window is typically identified 
in the epigastrium, between the costal cartilages, 
where the middle part of the liver parenchyma is 
seen (Fig. 18). Under this condition, both the left 
and right lobes are typically partially covered by 
the ribcage.

Inspiratory breath-hold forces diaphragm con-
traction and caudalisation, which brings the liver 
downwards and exposes more parenchyma to 
probe insonation below the costochondral arches.

Besides the thoracic cage, another factor to be 
taken into consideration as a possible obstacle to 
proper insonation is the presence of bowel and gas-
tric gas which might hinder hepatic evaluation due 
to acoustic shadowing. In these cases, patient 
mobilisation and gradual probe compression might 
prove useful to displace the interfering viscera.

Nevertheless, unfavourable patient anatomy, 
abundant gastrointestinal gas, scarce collabora-
tion or pathology may force the operator to prefer 
an intercostal sonographic window.

Finally, sonographic assessment might prove 
limited especially on the deepest part of the organ 
in case of voluminous patients (e.g. obesity, asci-
tes), as the US beam might get too attenuated for 
producing diagnostic image quality. The same 
concept applies to extensive alterations of liver 
parenchyma which might determine early 
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a b
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Fig. 17  (a–e) Liver segments seen on axial contrast-
enhanced CT from cranial (a) to caudal (e). On annotated 
images: lines spanning on the plane of the right hepatic 
vein (r), the middle hepatic vein (m), the falciform liga-

ment (f) and the limits of segment 1 (c). The plane of the 
portal vein branches delimits the upper from the lower 
segments
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degradation of the US  beam and thus hide the 
deepest structures (such as in liver steatosis).

An important landmark that should be 
explored during US  liver examination is the 
recess of Morison (Fig. 19), located between the 
posterior face of the liver and the anterior aspect 
of the right kidney. It is a peritoneal recess which 
is typically empty, with the two organs strictly 
adjacent one to the other.

The presence of material in the peritoneal cav-
ity, namely ascites or a haematic collection, might 
cause distension of the Morison pouch and sepa-
ration between the liver and the right kidney.

Liver parenchyma typically has homogeneous 
intermediate echogenicity, similar to that of the 
adjacent right kidney, which is usually used as a 
reference.

Liver contour is smooth. The inferior and left 
liver margin should be acute, with the left usually 
being more acute. The right hepatic cupola is 
rounded and in close contact with the diaphragm. 
Immediately cranially to it, a strongly hyperechoic 
interface is seen, due to the air content of the lung. 
Because of the reflective nature of this type of inter-
face, reflection artefacts of liver structures inside the 

thoracic cavity are typical of this area. Loss of air-
tissue interface constitutes an important sign of 
pathology, namely the presence of pleural effusion.

The left liver lobe is in contact cranially with 
the left hemidiaphragm; above it the pericardium, 
heart and heart chambers are easily seen.

Liver craniocaudal diameter at the right mid-
clavicular line is around 14  cm, being mainly 
influenced by body mass index (BMI) and height 
(Kratzer et al. 2003).

Vessel and bile ducts are distributed inside the 
parenchyma and appear as elongated anechoic 

e

Fig. 17  (continued)
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III

Fig. 18  (I–III) Ligamentum venosum and round liga-
ment of the liver as seen on ultrasound on axial (I and II) 
and sagittal (III) scanning planes. Liver parenchyma (c), 
vena cava (b), left hepatic vein (i), left portal vein (j), 
segment S1 (k), fissure for ligamentum venosum (m), 
round ligament (n)
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structures. Their calibre is not homogeneous 
throughout the organ, and the smallest peripheral 
branches are not resolved by US. The constitu-
ents of the portal triad (arteries, portal veins and 
bile ducts) widen towards the hepatic hilum, 
while hepatic veins widen towards the subdia-
phragmatic inferior vena cava.

At the liver hilum we can recognise the hepatic 
pedicle entering the parenchyma. The pedicle 
runs in the context of the hepatoduodenal liga-
ment and is made up by the common bile duct, the 
hepatic artery proper and the portal vein (Fig. 20), 
which is the most conspicuous of the three. 

Normal PV diameter at this level is inferior to 
13 mm (Berzigotti and Piscaglia 2011). Doppler 
imaging shows hepatopetal blood flow, a phasic, 
gently undulating spectral waveform, with a 

Fig. 19  Morison pouch on ultrasound on the sagittal 
plane. Liver parenchyma (c), right kidney (r), diaphragm 
(q), right thoracic cavity (s). Liver and kidney parenchyma 
have the same echogenicity; under normal circumstances 
the space between the two organs is a virtual peritoneal 
recess. Notice the presence of spurious echoes inside the 
thoracic cavity due to mirroring effect of liver structures 
caused by the diaphragm

I
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III

Fig. 20  (I–III) Longitudinal view of the portal vein on 
ultrasound from left (I) to right (III). Portal vein (a), 
inferior vena cava (b), liver (c), pancreas head (d), 
aorta (e), pancreas body (f), splenic vein (g)
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mean velocity between 16 and 40  cm/s 
(McNaughton and Abu-Yousef 2011).

The origin of the common hepatic artery 
(CHA)  from the celiac trunk is typically easily 
identified, due to the unmistakable shape of the 
celiac trifurcation (Fig. 21). Upon Doppler exam-
ination, blood flow in the HA  is pulsatile, and 
hepatopetal throughout the cardiac cycle, with a 
spectral waveform typical of a low-resistance 
artery. Normal RI ranges between 0.55 and 0.7 
(McNaughton and Abu-Yousef 2011).

Glisson’s capsule branching inside the liver 
parenchyma, the hepatobiliary sheath, is clearly 
visible on US as a hyperechoic layer surrounding 
the portal triad. This finding might however become 
less prominent in cases where background liver 

echogenicity is augmented such as in steatosis 
(Gluskin 2017).

The hepatic vein confluence into the vena 
cava can be easily seen just below the dia-
phragm. On the axial plane they can be seen 
radiating from the vena cava in a spoke-wheel 
configuration (Fig. 22). They are quite large ves-
sels, with a mean diameter around 15  mm 
(Draghi et al. 2007), gradually tapering towards 
the periphery.

Unlike the portal triad, the hepatic veins lack 
any hyperechoic external sheath, and no clear 
hyperechoic delimitation from the surrounding 
parenchyma is seen. Occasionally however, 
hepatic vein wall might be seen as a thin hyper-
echoic layer when it lays perfectly perpendicular 
to the incoming ultrasound waves.

On Doppler US, hepatic vein flow is typically 
tri- or quadri-phasic, predominantly antegrade (hep-
atofugal) (McNaughton and Abu-Yousef 2011).

3.4	 �Magnetic Resonance Imaging

In many instances, magnetic resonance represents 
the best performing radiology imaging technique 
for liver evaluation and lesion characterisation.

Current standards for liver imaging require 
adoption of magnetic fields upwards of 1.5 T.

The multiplanar and multiparametric capabili-
ties of MRI provide exhaustive information on 
both morphology and tissue characteristics. A 
notable advantage against CT is represented by 
the fact that thanks to the non-ionising properties 
of MRI, additional sequences do not increase the 
radiation dose to the patient.

Like CT, liver MRI can benefit from the adop-
tion of intravenous contrast media, which in the 
case of MRI are typically gadolinium based. 
Dynamic contrast enhancement protocol is thus 
possible, depicting arterial, venous and late phases.

Additionally, some MRI gadolinium-based 
agents (namely Gd-BOPTA and Gd-EOB-DTPA) 
benefit from a specific late hepatocyte and biliary 
phase, which adds important functional and mor-
phology information besides classical contrast 
dynamic shared with non-hepatospecific contrast 
agents (Fig. 23).

Interference of the nearby stomach and duo-
denum in obtaining clear depiction of liver 

Fig. 21  Axial view at the level of the celiac trunk. Aorta 
(e), celiac trunk (u), common hepatic artery (v), splenic 
artery (w), inferior vena cava (b)

Fig. 22  Axial view of the liver at the level of the hepatic 
vein confluence. Inferior vena cava (b), left (i), middle (x) 
and right (y) hepatic veins, branch of the right portal vein 
(a). The left and middle hepatic veins form a common 
trunk before reaching the IVC. Notice the different echo-
genicity of the vessel walls: the portal branch is strongly 
echogenic due to the hepatobiliary sheath, while the 
hepatic veins show echogenic walls only when perpen-
dicularly insonated (as in y)
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structures in certain sequences, namely the one 
aimed at depicting the biliary ducts, can be 
reduced by administering negative oral contrast 
media to reduce the signal from gastrointestinal 
content (e.g. superparamagnetic contrast 
agents).

Different clinical settings and pathologies call 
for different imaging protocols. We can however 
distinguish some sequences that are typically found 
in a liver MRI study: spoiled GE  T1-weighted 
sequences with fat suppression before and after e.v. 
contrast media administration (dynamic), in-phase 
and opposed-phase T1-weighted, T2-weighted with 
and without fat suppression, and diffusion-weighted 
sequences (Fig. 24). In addition, the assessment of 
the intrahepatic and extrahepatic biliary duct tree 
benefits from specific MR  cholangiopancreato-
graphic (MRCP) sequences.

Fast sequences, breath-hold acquisition and 
respiratory triggering are used to reduce motion 
artefacts, which are mainly due to diaphragm 
excursion.

The favourite imaging plane for liver paren-
chyma evaluation is the axial plane, while 

MRCP  sequences are typically assessed on the 
coronal plane.

Liver MRI is however a highly adaptable exam, 
where both sequences and imaging planes can be 
tailored to meet particular diagnostic needs.

In in-phase T1-w images, liver parenchyma 
signal is hypointense to fat tissue, but slightly 
more intense than the kidney, spleen and skeletal 
muscles.

Normal liver parenchyma in opposed-phase 
T1-w images shows analogous characteristics as 
the in-phase sequence, with the exception of the 
presence of solid black lines where an interface 
between water- and fat-rich tissues exists, such as 
around the capsule of the liver (Merkle and 
Nelson 2006).

In T2-w images liver is even more hypoin-
tense when compared to fat tissue, while it has 
signal similar to that of skeletal muscle; kidneys 
and the spleen are more hyperintense than the 
liver in this sequence. On fat-suppressed 
sequences, as the name implies, basic T1-w and 
T2-w signal characteristics are maintained, while 
fat tissue signal is minimised.

a b

c d

Fig. 23  Contrast enhanced MRI in the axial plane: T1W 
sequences with fat saturation in pre-contrastographic (a), 
arterial (b), portal venous (c) and hepatobiliary (d) phases. 
Notice the liver contrast enhancement as opposed to 

adjacent structures in the hepatobiliary phase; the strongly 
hyperintense signal at the liver hilum corresponds to the 
common hepatic duct
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Diffusion-weighted MRI sequences provide a 
means to assess the diffusivity of water molecules 
inside the liver parenchyma, a characteristic that 
may be altered in various conditions and patholo-
gies. Normal apparent diffusion coefficient 
(ADC) values for liver parenchyma vary between 
0.7 and 1.30 (Taouli and Koh 2010).

Finally MRCP sequences are particular T2W 
sequences where the only retained signal comes 
from stationary fluid; as the name suggests they 
are mainly used to assess both intra- and extrahe-
patic bile ducts and pancreatic ducts, of which 
they provide a high-contrast anatomic depiction 
(Fig. 25).

a b

c d

e f

Fig. 24  Liver appearance in the axial plane in different 
MRI sequences. T1 weighted (a), opposed-phase T1 
weighted (b), T1 weighted with fat saturation (c), T2 

weighted (d), Diffusion Weighted Imaging with high b 
value (e), Apparent Diffusion Coefficient Map (f)
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Abstract
Ultrasound (US) represents the first-line imag-
ing modality for initial diagnostic assessment 
of liver pathology and in many cases the opti-

mal modality for serial follow-up. US not only 
offers anatomic information with excellent 
spatial resolution in the near and mid field 
with grayscale imaging, but also provides the 
possibility to assess physiologic information 
about hepatic vasculature, making use of 
Doppler US techniques. Doppler US tech-
niques are capable of subjectively visualizing 
blood flow with color and also quantifying 
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flow characteristics using spectral analysis. 
The role of US in the evaluation of liver dis-
ease has been further augmented with the 
introduction of new technologies: contrast-
enhanced ultrasound (CEUS) and elastogra-
phy. Although aspects of these new techniques 
are still under development, promising results 
have been reported, placing them at the center 
of modern ultrasonographic assessment of 
liver pathology. As with every imaging modal-
ity, the physician performing the examination 
needs to be aware of the basic physical and 
technical principles of the technique, not only 
for better understanding of the technique’s 
parameters and capability to improve image 
quality by adjusting scanning parameters but 
also for prompt identification of artifacts and 
hence avoidance of misdiagnosis. A better 
understanding of the technique will lead to 
optimal image quality and better diagnostic 
confidence, for the benefit of the patient.

1  �Introduction

The terms “ultrasound” and “ultrasonography” 
(US) are usually interchangeably used to describe 
the same imaging technique. Nevertheless, and as 
Prof David Cosgrove has once eloquently pointed 
out, these terms are actually different, with the 
first describing the sound waves used to acquire 
images of the human body while the second 
referring to the imaging technique as an entirety 
making use of these sound waves to produce 
images (Cosgrove 2017).

Even with impressive advances in the fields of 
abdominal computed tomography (CT) and mag-
netic resonance imaging (MRI), US remains the 
first-line imaging modality for the patient pre-
senting with abdominal symptoms or laboratory 
findings suggestive of liver disease, while in cer-
tain cases it is the only modality needed to estab-
lish the diagnosis and follow-up the patient. 
Well-known advantages of this modality include 
low cost, good patient tolerability, widespread 
availability, absence of adverse effects on the 
patient with potential to be performed anywhere 

from the patient’s bedside to the emergency 
department, and the operating room. In addition, 
US has the advantage of providing a range of 
information related to anatomy (grayscale) and 
physiology of liver (color Doppler, pulsed-wave 
Doppler interrogation). The information pro-
vided by US has been developed by the incorpo-
ration of new US techniques including 
contrast-enhanced ultrasound (CEUS) and elas-
tography, justifying the term “multi-parametric 
ultrasound” or MPUS (Sidhu 2015).

Modern US devices have predefined settings 
for various scanning conditions and target organs, 
including liver in average-sized or obese patients. 
Nonetheless, it is essential for a physician who 
routinely performs US examinations to be famil-
iar with the technical principles of the imaging 
modality. This is invaluable in difficult scanning 
conditions, when adjusting a particular variable 
will improve image quality, and for early recog-
nition of artifactual findings. US technology has 
shown rapid advances, especially with the intro-
duction of contrast-enhanced ultrasound (CEUS) 
and elastography, as well as encouraging results 
but many aspects are still under development, 
with a promising future. It is crucial for the phy-
sician involved in these fields to be aware of the 
basic principles of these new technologies.

In this chapter, we discuss the basic principles 
associated with ultrasonographic techniques. Both 
conventional techniques such as grayscale and 
color Doppler technique and more recently devel-
oped techniques like CEUS and elastography are 
presented in terms of technical foundation.

1.1  �About Ultrasound Wave 
Production and Propagation

The creation of an image with US is achieved 
through the interaction of US waves with bio-
logic tissues and materials. The transducer repre-
sents the most important part acting as both the 
generator and transmitter of the US wave and the 
receiver of waves reflected by the body tissues. 
With increased rate at which transducers emit 
and receive US waves, the image produced is vir-
tually real time (typical frame rates are 12–30/s). 
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Ultrasound waves constitute mechanical pressure 
waves of alternating compression and refraction 
which need a material to be propagated through. 
Ultrasound waves used for diagnostic applica-
tions lie in the range of million cycles per second 
frequency (MHz), usually between 2.5 and 
18 MHz, depending on the targeted application. 
This range of frequencies is much higher than the 
audible range of frequencies (20–20,000 Hz). If 
plotted, an US wave is a sinusoidal curve, where 
the Y-axis represents pressure and the X-axis 
indicates time, with alternating positive and neg-
ative peaks (representing compression and rar-
efaction, respectively). Four principle 
characteristics govern an US wave: (a) wave-
length (λ) being defined as the distance in meters 
between two corresponding points of adjacent 
curves of the sinusoidal curve, (b) period (T) rep-
resenting the amount of time needed for a single 
cycle to be completed, (c) frequency (f) being 
the number of cycles per unit of time, and (d) 
amplitude which is the amount of pressure found 
between the line of zero and a maximum (posi-
tive or negative) peak. Frequency and period are 
associated with the equation f  =  1/T or T  =  1/f 
(Merritt 2018; Fulgham 2013).

The US transducer is an electronic device 
where US waves are generated and emitted. US 
waves are produced according to the piezoelec-
tric effect. An alternating current is applied to 
piezoelectric crystals within the transducer, 
allowing them to alternatively expand and con-
tract. This continuous change in the crystal’s 
shape is responsible for the production of US 
waves (Mason 1981). Ultrasound waves can 
travel through solid or liquid materials but not 
air; the existence of a “coupling medium” is 
needed between the transducer and the skin of the 
patient, usually with a gel. US waves emitted by 
the transducer travel the transducer’s direction 
(longitudinal waves) and are at least partially 
reflected in the contrary direction (back towards 
the transducer). Transverse waves are generated 
when US wave encounters tissues and travels on 
a direction perpendicular to that of the original 
beam. Longitudinal waves are exploited for the 
grayscale and Doppler techniques, while the 
transverse waves are used in shear wave elastog-

raphy. The velocity (v) of the US beam is propor-
tional to tissue stiffness and density but also 
depends on the beam’s characteristics based on 
the equation v = fλ. The velocity of US inside the 
body may vary slightly with the different tissues, 
but it is generally regarded as a constant: 
1540 m/s. The display of tissues exhibiting sig-
nificantly different values of velocity may lead to 
artifacts as the device considers that they travel 
with the average velocity. As a result, the visual-
ization of structures deeper than they really are is 
called the misregistration artifact. Wavelength 
(λ) is a key factor of spatial resolution and as pre-
viously shown is inversely related to frequency 
(λ  =  v/f). As a consequence, as the frequency 
drops from 10 to 1 MHz, the wavelength increases 
from 0.15 to 1.5  mm. For this reason different 
frequency transducers are selected for abdominal 
(lower frequencies) and superficial applications 
(higher frequencies). When the US waves 
reflected (or echoes) by the tissues reach the 
transducer, the piezoelectric effect is again used 
and these waves are converted to electricity, 
which in turn is used to generate the image dis-
played on the screen (Merritt 2018; Fulgham 
2013).

With this “bidirectional” nature of the piezo-
electric effect, the transducer acts both as a sender 
and as a receiver of ultrasound waves. In the 
majority of US modes, 2–4 ultrasound waves are 
successively emitted at a time (forming an ultra-
sonographic pulse). Once the pulse leaves the 
transducer, the latter then remains silent in order 
to receive the reflected waves. In fact, the trans-
ducer acts as a receiver for more than 99% of an 
US examination time. The frequency with which 
pulses are emitted constitutes an essential param-
eter of US imaging, the pulse repetition fre-
quency (PRF). Given that the velocity of US 
inside the body is assumed to be constant, the US 
device has the opportunity to time each pulse 
from transmission to reception and thus calculate 
the distance of any object reflecting the waves. 
This method of distance calculation is called the 
echo ranging and this mode of US function is 
termed the pulsed-wave US.

For an US wave to be reflected, a reflecting 
interface must be encountered within the tissues 
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examined. The term “reflecting interface” or 
“acoustic interface” describes the junction sur-
face of two materials or tissues with different 
acoustic impedance. Such interfaces reflect vari-
able proportions of an US pulse (the backscat-
ter) and generate variable intensities on grayscale 
imaging. If a wave travels through a perfectly 
homogeneous material containing no interfaces 
(or reflectors), then this material appears 
anechoic or cystic. The acoustic impedance (Z) 
of a particular tissue is calculated by the eq. 
Z = ρv, where ρ is the density of the medium and 
v the velocity of sound. The higher the difference 
in acoustic impedance in two tissues forming an 
interface, the higher the backscatter (for example 
in a junction of muscle and bone) and the brighter 
the pixel on screen. In interfaces with lower dif-
ference of acoustic impedance, only a small part 
of the beam is reflected backwards and a lot of 
sound energy continues forward.

Tissues cause a series of alterations in the 
emitted US wave including loss of energy, change 
of direction, and change of frequency. The term 
attenuation is used to describe the loss of kinetic 
energy of an US wave interacting with tissues. 
Different types of tissue cause different attenua-
tions to the US beam. For example, muscle causes 
higher attenuation compared with water and thus 
US waves travel easier through water than mus-
cle. Attenuation occurs with three mechanisms: 
absorption, scattering, and reflection. Absorption 
occurs when the mechanical kinetic energy car-
ried with US waves is converted to heat within 
the tissue. The higher the wave’s frequency, the 
more rapidly the wave is attenuated, which is 
another reason why low frequencies travel deeper 
inside the body and are used in liver 
US. Compensation for the attenuation exhibited 
by US waves reaching deeper parts of liver can be 
achieved with increasing gain settings and by 
using a lower frequency. Refraction is the inter-
action of an US wave with an acoustic interface, 
which it hits at an angle different than 90°, with 
part of the wave being reflected backwards at an 
identical angle and part being transmitted through 
the interface and at a different angle. Refraction 
is minimal when the insonation angle is 90° and 
then the risk for artifacts is minimal. Regarding 

reflection, two types of reflectors exist: the spec-
ular and the diffuse reflectors. Specular reflec-
tors are large and smooth interfaces reflecting 
echoes to the transducer like a mirror but only 
when hit by the US beam in a 90° angle (angle of 
insonation). Examples of specular reflectors are 
the vascular wall and the diaphragm. Diffuse 
reflectors are much more widespread inside the 
body and are small interfaces with dimension 
smaller than the US wave’s wavelength, thus 
scattering echoes towards every direction (and 
not exclusively back towards the transducer). 
This type of reflectors account for the echo-
genicity pattern encountered within the paren-
chyma of solid organs (liver, spleen, and kidney) 
(Merritt 2018; Fulgham 2013).

1.2  �Artifacts Associated 
with Ultrasound

The interaction of tissue with the ultrasonic 
waves results in changes in the wave’s character-
istics, which are predefined and, in some cases, 
assumed as constants by the US device for the 
purpose of forming the image. When some of the 
assumptions made by the device are significantly 
different from what happens to the wave, then 
artifacts occur.

The “increased through transmission” 
occurs when the US wave traverses a fluid-filled 
cystic structure, causing only minimal attenua-
tion. Consequently, echoes returning from the tis-
sues lying deeper to a cyst have greater amplitude 
than those returning from the adjacent hepatic 
parenchyma. This artifact is useful in confirming 
the cystic nature of a liver lesion and can be miti-
gated with adjusting time-gain compensation. 
The term “acoustic shadowing” refers to the 
strong attenuation of US wave reaching a strongly 
reflecting and absorbing acoustic interface, deep 
to which an anechoic shadow will appear. This is 
the case with calcifications of the liver paren-
chyma and gallstones. Since information lying 
behind the reflecting surface is lost, a spherical 
structure (gallstone) may appear crescent shaped 
and accurate measurements may not be possible. 
Changing the direction of the transducer and thus 

V. Rafailidis and P. S. Sidhu



55

angle of insonation may enable visualization of 
part of the hidden area. This problem can be miti-
gated by spatial compounding, another useful 
technique, where several overlapping scans are 
acquired of the same object but from different 
viewing angles. This technique results in 
improved image quality and better contrast-to-
noise ratio and reduces the extent of acoustic 
shadowing (completely eliminating it for small-
sized and fine calcifications). The edging arti-
fact occurs when sound waves are reflected away 
of the transducer by a curved surface due to the 
insonation angle used. As a result, information is 
lost along a line lying behind the rounded sur-
face. In liver imaging, this artifact can be found 
in the upper pole of the right kidney causing a 
deep-situated linear shadow. When an ultrasound 
wave is “trapped,” bouncing back and forth 
between at least two reflective interfaces, the 
reverberation artifact is created. The first echo 
reflected by the interface creates a bright area of 
pixels. The successive echoes arrive with a delay 
(interpreted by the device as deeper in location) 

but also attenuated due to longer transmission 
through tissue (and thus visualized with lesser 
brightness). As a result, the reverberation artifact 
is visualized by a number of successive echoes 
lying in increasing depth and with decreasing 
brightness. Changing the transducer’s position or 
angle of insonation may alleviate this artifact. A 
special form of reverberation is the so-called 
comet-tail artifact which occurs when the US 
beam hits a small but highly reflective object. 
This artifact appears as a triangular echogenic tail 
situated deep to a hyperechoic focus and is char-
acteristically associated with gallbladder adeno-
myomatosis where cholesterol crystals deposited 
within the Rokitansky-Aschoff sinuses are 
responsible for the generation of this artifact. 
Except for adenomyomatosis, the “comet-tail 
artifact” has also been associated with other 
benign conditions of the gallbladder such as 
chronic cholecystitis, xanthogranulomatous cho-
lecystitis, and cholesterolosis (Fig. 1) (Oh et al. 
2018). The refraction artifact is caused by the 
refraction of the ultrasonographic beam and leads 

a b

Fig. 1  Examples of the comet-tail artifact (arrowheads) 
in two cases of gallbladder adenomyomatosis. Note the 
increased through transmission of the ultrasound beam 

deep to the gallbladder (asterisk in a) and acoustic shad-
owing caused by gallstones (asterisks in b)
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to the false visualization of an object at a location 
different from the true. If part of the beam is ori-
ented perpendicular to the object and a different 
part detects it after being refracted, then two 
images of the same object will be displayed 
(Merritt 2018; Fulgham 2013).

1.3  �Grayscale Imaging

The signals received by the US device can be 
visualized in a number of ways. A-mode, the first 
technique introduced, is derived from amplitude 
and this technique simply produces a line repre-
senting the amplitude of the returning echoes in 
relation to time (and thus distance). In the 
M-mode (motion Mode) technique, the device 
displays the amplitude of returning echoes over 
time and thus visualizes moving reflectors. The 
mainstay of liver US is real-time grayscale 
B-mode (brightness mode or simply grayscale) 
technique. In this technique every pixel’s bright-
ness represents the amplitude of reflected signals. 
For a B-mode image to be produced, multiple US 
pulses are emitted in adjacent scan lines, cover-
ing the full length of the transducer’s surface and 
producing a two-dimensional image. The higher 
the brightness on grayscale technique, the stron-
ger the reflectivity of the underlying structure and 
current US devices may attribute up to 256 differ-
ent shades of gray to tissue. The image is 
refreshed with a frame rate ranging from 15 to 
40 frames/s, hence creating a real-time sense.

1.4  �Doppler US

Doppler US enables visualization and quantifica-
tion of blood flow in real time. The Doppler 
effect (named after the Austrian mathematician 
and physicist Christian Andreas Doppler) consti-
tutes the basic principle governing Doppler tech-
nique. According to this effect, the frequency of 
the sound wave reflected by a moving object 
depends on its velocity and direction. Given that 
the frequency initially emitted by the transducer 
is known and defined at the beginning of the 
examination, the shift in frequency (Δf) caused 

by a moving particle depends on the particle’s 
velocity. If the reflector is static, the returning 
frequency is the same with the emitted and thus 
the Δf is zero. If the reflector travels towards the 
transducer, the frequency reflected is higher, 
whereas the opposite happens when the reflector 
travels away of the transducer. This frequency 
shift can be readily detected and measured by the 
transducer. However, it is dependent on the angle 
created by the directions of the transducer and the 
moving object (the Doppler angle or θ). When 
the two directions are identical (θ  =  0°), the 
Doppler frequency shift is maximal, while it is 
zero when the transducer is oriented perpendicu-
lar to the moving particle (θ = 90°). As a result, 
the accuracy of Δf measurement and thus veloc-
ity estimation strongly depends on the Doppler 
angle. The equation attributed to Δf is 
ΔF = FR – FT = (2 × v × cosθ)/C where FR is the 
reflected frequency, FT the transmitted frequency, 
v the blood velocity, C the speed of sound in soft 
tissue (1540  m/s), and θ the Doppler angle of 
insonation (Merritt 2018; McNaughton and Abu-
Yousef 2011; Fulgham 2013).

In color Doppler ultrasound (CDUS), the 
frequency shifts detected within the imaging 
plane are visualized on a color map inside a box 
placed in the area of interest. The speed of blood 
flow is represented by the color’s brightness 
while different colors are used to demonstrate the 
blood flow’s direction. As a general principle, 
blue codes motion away from the transducer, 
while red demonstrates motion towards the trans-
ducer and the brighter the color, the greater the 
velocity. In liver imaging, this can be demon-
strated in CDUS of portal vein and hepatic artery. 
Under normal conditions, these should have the 
same color, although the latter exhibits pulsatil-
ity. In portal hypertension though, retrograde 
flow may be recorded in the portal vein. Accurate 
investigation of blood flow characteristics 
requires proper angle of insonation; it is essential 
that the Doppler angle is ≤60°. This can be 
achieved either by manually changing the posi-
tion of the transducer or by digitally “steering” 
the direction of the US pulse and thus achieving a 
correct Doppler angle (McNaughton and Abu-
Yousef 2011).
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In power Doppler ultrasound (PDUS), the 
US device examines only the amplitude of fre-
quency shift and attributes a color. Even though 
this mode does not provide information about 
velocity or flow direction, it is independent to the 
Doppler angle in comparison with CDUS.  The 
main advantage of PDUS is the improved sensi-
tivity to the detection of blood flow, even slow 
flow (Rubin et al. 1994).

Color Doppler ultrasound with spectral 
display (also referred to as pulsed-wave Doppler 
technique, spectral Doppler, spectral analysis, 
color duplex or triplex scan) is the mode combin-
ing the color information provided by CDUS 
with the display of a waveform characterizing a 
specific area of interrogation. This mode is valu-
able in assessing portal vein and hepatic artery 
hemodynamics. The term pulsed-wave Doppler 
has been described in contrast to the continuous-
wave Doppler, which is a non-imaging technique 
employing two transducers continuously emit-
ting and receiving US waves (one exclusively 
emitting and one receiving). The main disadvan-
tage of continuous-wave Doppler is that it lacks 
discrimination of motion originating from differ-
ent depths and cannot detect the source of a sig-
nal. Hemodynamic parameters usually assessed 
with spectral analysis include the peak systolic 
velocity (PSV), end diastolic velocity (EDV), 
pulsatility index (PI), and resistive index (RI). 
The RI is defined by the equation (PSV-EDV)/
PSV and the PI (PSV-EDV)/mean velocity. It 
should be noted that the PI of the portal vein is 
calculated differently, with the simple ratio of 
EDV/PSV (McNaughton and Abu-Yousef 2011; 
Merritt 2018; Fulgham 2013).

CDUS is valuable in liver imaging as it is used 
for evaluation of native liver blood vessels, tran-
sjugular intrahepatic portosystemic shunts 
(TIPS), and vasculature of the transplanted liver. 
Physicians performing US of the liver should be 
familiarized with normal and abnormal wave-
forms encountered in liver normal and abnormal 
vasculature. Fortunately, normal waveforms in 
liver have typical appearances and most liver 
conditions cause only a few characteristic wave-
form patterns. When it comes to the assessment 
of hepatic vessel waveforms the following terms 

can be used: (a) pulsatile flow referring to a 
waveform with abrupt increase of velocity in sys-
tole and gradual decrease in diastole, (b) phasic 
flow which shows gradual alterations (increases 
and decreases) in blood velocity, (c) non-phasic 
when there is a continuous flow with more or less 
a constant velocity, and (d) aphasic when there is 
no flow. Pulsatile flow is typical for arteries or 
abnormal veins, phasic flow is observed in nor-
mal veins, non-phasic flow is seen in abnormal 
veins, and aphasic flow is seen in occluded ves-
sels (McNaughton and Abu-Yousef 2011).

Three vascular structures should be examined 
in a Doppler examination of the liver: the portal 
vein, the hepatic artery, and the hepatic veins. 
The location of each vessel (being systemic arte-
rial, venous, or portal venous) and the pressure 
alterations generated by the heart create the char-
acteristic waveforms recorded in each case.

The hepatic artery (Fig. 2) is normally a low-
resistance artery with a pulsatile arterial wave-
form, characterized by an RI normally ranging 
from 0.55 to 0.7, but may be normal at 0.81 
(McNaughton and Abu-Yousef 2011). Values 
outside this range should be interpreted as abnor-
mal, suggestive of disease. In general, a very low 
RI of the hepatic artery may be the result of either 
proximal stenosis (e.g., arterial anastomosis in a 
liver transplantation or atherosclerosis of native 
hepatic artery) or vascular shunting in severe cir-
rhosis with portal hypertension, trauma, or Osler-
Weber-Rendu syndrome. A high RI cannot be 
readily interpreted as this is nonspecific and 
found in many conditions including the postpran-
dial state, advanced age, distal microvascular dis-
ease, chronic hepatocellular disease, hepatic 
venous congestion, cold ischemia posttransplan-
tation, and any stage of transplant rejection. 
Furthermore cirrhosis affects the arteries of the 
liver in a complicated way, with unpredictable 
measured RI. Consequently, the RI of the hepatic 
artery cannot be used alone to diagnose or grade 
cirrhosis. Doppler spectral broadening is a nor-
mal finding when interrogating the hepatic artery 
due to the small diameter of this vessel and the 
“dragging” effect the wall exerts on the 
peripherally moving red blood cells, moving with 
a slower velocity. The tardus-parvus waveform 
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is characterized by a low RI and subjectively a 
prolonged and low peak during systole, seen in 
the hepatic artery when a more proximal part of 
the vessel is stenotic (McNaughton and Abu-
Yousef 2011).

The portal vein (Fig. 3) exhibits a waveform 
which is always antegrade (or hepatopetal) and 
phasic (with one phase towards the liver) with 

gentle undulations of the velocity recorded. The 
velocity of the portal vein is relatively low (16–
40 cm/s) and the PI (defined as PSV/EDV in the 
case of the portal vein) should be higher than 0.5. 
Retrograde flow in the portal vein is an abnormal 
finding, termed hepatofugal. Causes of pulsatility 
in the portal vein include tricuspid regurgitation, 
right-sided chronic heart failure, cirrhosis with 

Fig. 2  Normal 
waveform recorded in 
the hepatic artery

Fig. 3  Normal 
waveform recorded in 
the portal vein
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arterio-portal shunting, and hereditary hemor-
rhagic telangiectasia. Portal vein Doppler inter-
rogation that should point towards portal 
hypertension includes low portal vein velocity 
(<16 cm/s), hepatofugal flow, open portosystemic 
shunts (umbilical vein), and increased diameter 
of the portal vein. Absent flow is recorded in 
cases of stagnant flow due to severe portal hyper-
tension, or portal vein thrombosis (either bland or 
malignant thrombus) causing complete occlusion 
of the lumen. Some blood flow signals will be 
appreciable in case of incomplete thrombosis. 
Clues for differential diagnosis of bland and 
malignant portal vein thrombosis can be found in 
Table 1.

The hepatic vein (Fig. 4) shows an antegrade 
flow (towards the cardiac chambers), with phasic 
alterations of the waveform and two or three dis-
tinct phases (changes in flow direction above and 
below the baseline) making the waveform resem-
ble the letter “W.” These changes in flow direc-
tion are caused by the pressure alteration within 
the cardiac chambers during systole and diastole. 
Pulsatile flow can be encountered in the hepatic 
veins in case of tricuspid regurgitation, or right-
sided chronic heart failure. Decreased phasicity 
in the hepatic veins can be seen in hepatic vein 
thrombosis (Budd-Chiari syndrome) and hepatic 
veno-occlusive disease or obstruction of the 
hepatic veins of any cause. No flow (aphasic 

Table 1  US findings helping differentiate bland and malignant portal vein thrombosis

Parameter Bland thrombus Neoplastic thrombus Comment
Echogenicity Echogenic Echogenic

Presence of adjacent liver mass
May be anechoic if acute

Portal vein diameter Increased if 
acute thrombosis

Usually enlarged but may be 
normal

Unreliable criterion

Color Doppler No blood flow 
signals

In some cases color signals 
within the thrombus

Spectral analysis No flow recorded Arterial (pulsatile) waveform
Collateral vessels Seen in chronic 

occlusion
Less frequently seen Also termed “cavernous 

transformation” and takes months to 
years to develop

Fig. 4  Normal 
waveform recorded in 
the hepatic vein
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waveform) is seen in thrombosis, although Budd-
Chiari syndrome may also present with partial 
(incomplete) obstruction and reduced phasicity 
or turbulence at the point of stenosis (McNaughton 
and Abu-Yousef 2011).

1.5  �Artifacts Associated 
with Doppler US

The twinkle artifact (Fig. 5) is a characteristic 
artifact occurring when an US pulse encounters a 
highly reflective surface and the color Doppler 
mode is active. The distortion of the US wave 
returning to the transducer is interpreted by the 
device as motion deep to the reflecting surface. In 
liver US, the twinkle artifact can be appreciated 
with gallstones or hepatic parenchyma calcifica-
tions, although not every calcification causes this 
type of artifact.

Aliasing is another crucial artifact commonly 
encountered with CDUS and spectral analysis. It 
is caused by a low frequency of successive pulse 
generation (insufficient PRF) which fails to 
detect blood movement with high velocity. As a 
rule of thumb, aliasing happens when the PRF is 
less than twice the shifted Doppler frequency. 
Aliasing appears on CDUS as turbulence (color 
mosaic) in the area containing the frequency 
shifts not detected. In spectral analysis, aliasing 
appears with truncation of the PSV and projec-
tion of this frequency shifts below the baseline. 
Aliasing phenomenon can be readily addressed 

by the following ways: (a) increasing the PRF, 
(b) increasing the Doppler angle of insonation, 
(c) decreasing the frequency of the emitted US 
wave, or (d) digitally lowering the baseline of the 
displayed waveform. Blooming artifact (or color 
bleed artifact) occurs when color blood flow sig-
nal is falsely visualized outside the vascular 
lumen and specifically extending outside the true 
boundaries of blood vessels. It is usually caused 
by inappropriately high color gain and may hide 
a hepatic artery lying adjacent to the portal vein 
(Merritt 2018; Fulgham 2013).

1.6  �Tissue Harmonic Imaging

Tissues in the human body may reflect the emit-
ted US wave in a nonlinear pattern, thus produc-
ing frequencies different from those emitted, 
which are called the harmonics and are character-
ized by greater frequency (double, triple of fun-
damental, etc.), lower amplitude, and less noise. 
As a result, if the transducer and the device are 
adjusted to selectively display harmonic frequen-
cies, it is possible to achieve less artifacts and 
improved resolution and image quality (Merritt 
2018; Fulgham 2013).

1.7  �B-Flow Imaging

B-Flow™ (GE Healthcare) is a blood flow visu-
alization technique marketed by a specific manu-

Fig. 5  Twinkle artifact 
observed on a color 
Doppler image of a 
gallbladder containing 
gallstones
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facturer which has the capability to display blood 
flow echoes in grayscale mode as a non-Doppler 
technique. The intensity of grayscale echoes 
depends on the reflector (red blood cells) speed 
and dynamics. Beyond visualizing blood flow 
with improved sensitivity and in real time, 
B-Flow is able to digitally suppress static tissue 
and noise in order to improve image quality. 
Compared with conventional color Doppler tech-
nique, B-Flow is independent of Doppler angle 
and overwriting artifact and achieves higher 
frame rate and spatial resolution. Doppler tech-
nique applies a high-pass filter in order to sup-
press frequency shifts of low amplitude which 
are caused by physiologic movements of the 
imaged tissue. Although this improves image 
quality, it also leads to obliteration of Doppler 
shifts generated by slowly flowing blood and as a 
consequence limits the technique’s sensitivity. 
This is not applicable to B-Flow technique which 
can adequately depict slow flow within a partially 
thrombosed portal vein or hepatic artery 
(Wachsberg 2007). The technique’s inherent 
advantages also render it valuable for evaluation 
of transjugular intrahepatic portosystemic shunt 
(TIPS) function where conventional color 
Doppler technique may provide misleading find-
ings because of its inherent limitations and 
artifacts.

2  �CEUS

2.1  �Introduction

The introduction of microbubbles as ultrasono-
graphic contrast agents has rendered contrast-
enhanced ultrasound (CEUS) a valuable 
complementary ultrasonographic technique for 
the evaluation of hepatic parenchyma microvas-
culature, with contrast agents and contrast-
specific imaging modes widely available (Claudon 
et  al. 2008). The interaction of the ultrasound 
beam with microbubbles and the post-processing 
of the US device allows the CEUS examination to 
depict micro- and macro-vascularity accurately.

CEUS offers the possibility to assess the per-
fusion pattern of a focal liver lesion in all vascu-

lar phases including the arterial, venous, and 
delayed phase. Although this can also be achieved 
with computed tomography (CT) and magnetic 
resonance (MR) imaging, CEUS is superior with 
real-time assessment of vascularity, potential of 
continuous scanning for >3 min, not feasible with 
CT where the evaluation is limited in three or 
four acquisitions and MR where more images 
can be obtained but only slower real-time scan-
ning is possible. The CEUS real-time capability 
is particularly valuable for evaluation of early 
arterial enhancement. A limitation of CEUS is 
that it can only assess a single lesion during the 
examination compared with the global imaging 
of CT and MR (Claudon et al. 2013).

2.2  �Physical Principles of CEUS

The advantages of CEUS stem from the charac-
teristics of the ultrasonographic contrast agents 
(UCA). These agents consist of microbubbles 
with a mean diameter of 2.5 μm (99% measure 
<11 μm). This is slightly smaller or equal to that 
of a red blood cell and hence the microbubble 
cannot traverse the vascular endothelium, ensur-
ing that the microbubble is strictly a blood pool 
contrast agent, a valuable intravascular “tracer,” 
accounting for the excellent contrast resolution 
between static tissue and micro- and macro-
vasculature (Cosgrove and Harvey 2009), and 
remains intravascular throughout the examina-
tion. Contrast agents used in CT and MR imaging 
diffuse into the interstitium which may obscure 
“washout” from a tumor in the portal and late 
venous phase (Wilson et al. 2007).

2.3  �Nonlinear Imaging

Contrast-specific US imaging techniques, a pre-
requisite for a CEUS examination, cancel the 
linear US signals originating from static tissue 
and exploit the nonlinear US signals originating 
from the microbubbles. This produces images 
exclusively visualizing the microbubbles 
(Claudon et  al. 2008). Static tissues tend to 
reflect the ultrasound beam and receive the 
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reflected sound wave at the same frequency as 
that initially emitted. Microbubbles demon-
strate a nonlinear response through two mecha-
nisms, (a) perform a stable nonlinear oscillation 
at low acoustic pressure and (b) perform a more 
intense oscillation in multiple axes, and are dis-
rupted with higher acoustic pressures resulting 
in a nonlinear response including a range of dif-
ferent frequencies. When exposed to the US 
beam, microbubbles act as resonant scatterers, 
oscillating in a nonlinear pattern, and produce 
harmonic frequencies, increasing the backscat-
ter signal by up to 30 dB. Currently, low acous-
tic pressure constitutes the standard method of 
imaging with CEUS.  Although static tissues 
primarily generate linear signals, nonlinear har-
monic signals may also be produced following 
distortion of US beam during propagation. 
These nonlinear harmonic signals are adverse, 
interfering with signals produced by microbub-
bles, and influence the image quality. These sig-
nals tend to increase with increasing mechanical 
index (MI), which is an indicator of acoustic 
pressure. The MI represents an estimation of the 
maximum amplitude of the pressure pulse 
exerted on tissues and thus the acoustic pressure 
of the ultrasound beam or the power of the sys-
tem. The MI can be calculated as the PNP (peak 
negative pressure of the ultrasound beam in 
MPa and derated for modeled attenuation) 
divided by the squared root of Fc (central fre-
quency of the ultrasound wave in MHz) 
(Claudon et al. 2013). Given that microbubbles 
are disrupted by high-MI US beams and static 
tissues respond nonlinearly, CEUS currently is 
performed using the low-MI technique. An MI 
value can be generally characterized as low 
when lower than 0.3, although currently avail-
able US devices can achieve MI as low as 0.05. 
If cancellation of static tissue signals is success-
fully performed, the initial image prior to the 
administration of microbubbles should be com-
pletely black. Nonetheless, heavily reflecting 
structures such as large blood vessels and dia-
phragm are still visible due to incomplete can-
cellation. Although this is inadvertent, it can be 
useful for orientation. Dual-display imaging is 
also useful in this respect with a low-MI gray-

scale image being displayed in one half of the 
image and the CEUS image being displayed in 
the other half. Although the low-MI grayscale 
image lacks the quality of normal MI grayscale 
image, it is sufficient for orientation purposes 
(Claudon et al. 2013).

2.4  �Harmonic Imaging

In the early clinical applications of CEUS devel-
opment, microbubbles were visualized using the 
conventional grayscale imaging or color Doppler 
technique and the increase of blood echogenicity 
or color signals caused were interpreted. This 
technique was not able to evaluate the tissue per-
fusion and microvascularity, and was essentially 
a “Doppler rescue” tool. When microbubbles 
oscillate in a nonlinear fashion, they tend to 
expand more than they contract, resulting in 
ultrasound reflection of both the fundamental 
(emitted) frequency and additional subharmonic 
frequencies (higher and lower). These frequen-
cies can be successfully detected and visualized 
using harmonic ultrasound imaging. With the 
introduction of pulse-inversion harmonic imag-
ing, exploitation of the different frequencies gen-
erated by the microbubbles and static tissues 
achieves exclusive visualization of the microbub-
ble, suppressing signals from tissue. The trans-
ducer emits a sequence of two pulses in rapid 
succession, which are identical in frequency and 
amplitude but the second is 180° out of phase 
compared to the first (an inverted copy of the 
first). As a consequence, static tissues reflect the 
same frequencies which are cancelled but when 
these two pulses hit microbubbles, the generated 
harmonic frequencies are added to produce a 
strong harmonic signal detectable by the trans-
ducer. Pulse-inversion technique is the basis of 
most contrast-specific methods used currently 
(Fig. 6). Amplitude and phase modulation CEUS 
technique represents another technique, a varia-
tion of the pulse-inversion technique, where the 
transducer emits a series of pulses with different 
strengths, with linearly reflected signals from 
static tissues cancelled while signals generated 
by the microbubbles are selectively visualized 
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(Eckersley et  al. 2005; Piscaglia et  al. 2012; 
Forsberg et  al. 1994; Dietrich et  al. 2011; 
Forsberg et  al. 2007; Forsberg et  al. 1996). In 
temporal maximum intensity projection imaging 
(MIP), similarly to CT, the ultrasound scanner 
records bright echoes for a selected time period 
and aggregates them to produce detailed images 
of the macro- and microvasculature. This type of 
imaging starts with a high-MI flash which dis-
rupts all the microbubbles and erases the image. 
Every microbubble appearing in-plane after that 
point is recorded and its signal added to the 
image.

CEUS with low-MI technique can adequately 
assess lesions lying up to 12–15  cm in depth, 
depending on machine’s capabilities, patient 
body habitus, and underlying liver parenchyma 
(cirrhosis or fatty infiltration). Increasing MI, 
lowering emitted frequency, or using lower fre-
quency transducers are beneficial in cases of deep 
lesions, although at the expense of increased 
microbubble disruption, especially in the near 

field. In general, the amplitude or power modula-
tion technique offers better depth penetration but 
lower spatial resolution as compared to pulse-
inversion technique (Dietrich et  al. 2018). The 
reflected signal’s intensity depends on two fac-
tors: (a) the concentration of microbubbles in the 
scanned area and (b) the frequency of the ultra-
sound beam. One useful coincidence is that com-
mercially marketed UCA has a frequency of 
optimal oscillation at approximately 3  MHz, a 
frequency commonly used in abdominal exami-
nations including the liver. This is the reason why 
only a small dose of microbubbles can achieve 
such an intense enhancement of the liver and an 
optimal signal-to-noise ratio. As with the propa-
gation of ultrasound in other tissues, the interface 
formed by the microbubble’s surface and the sur-
rounding aqueous medium functions as a reflec-
tor of the ultrasound beam. This reflection results 
in the enhancement of blood echogenicity and 
the improved contrast between the blood and sur-
rounding tissues.

Fig. 6  Diagrammatic representation of low-MI, pulse-
inversion CEUS technique. Two US pulses equal in 
amplitude but with 180° difference in phase are initially 
emitted (left hand of the image). Static tissue (orange 

color) reflects the same pulses which are thus cancelled 
(right hand of the image). Microbubbles (blue color) gen-
erate harmonic frequencies which can thus be selectively 
detected by the transducer
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The term dynamic contrast-enhanced ultra-
sound (also abbreviated as DCE-US) refers to the 
quantification of enhancement using the time 
intensity curve (TIC) analysis. This analysis can 
be performed either after a bolus injection of a 
dose of microbubbles or with the intravenous 
infusion of microbubbles and the disruption-
replenishment technique. In TIC analysis the 
quantitative parameters assessed include the time 
to peak enhancement duration of enhancement, 
and wash-in and washout times. Quantification of 
enhancement in DCE-US needs specialized soft-
ware which can be found incorporated in some 
US devices. Alternatively, VueBox® (Bracco 
Suisse SA, Suisse) represents an example of 
commercially available software for this purpose 
in the off-line setting. DCE-US primary applica-
tions include the evaluation of a tumor’s treat-
ment response in oncologic patients and the 
evaluation of inflammation in bowel wall in 
patients with inflammatory bowel disease 
(Dietrich et al. 2018; Lassau et al. 2011; Tranquart 
et al. 2012; Hudson et al. 2009).

2.5  �US Contrast Agents

Ultrasound contrast agents (UCA) are microbub-
bles consisting of a contained gas within a shell 
of either protein (albumin) or phospholipid. A 
summary of the currently commercially available 
UCA is detailed in Table 2.

Despite small differences between UCAs, 
their behavior after intravenous administration is 
similar, quickly enhancing the arteries, hepatic 
parenchyma, and veins and then gradually dissi-
pating after some minutes. SonoVue®/Lumason® 
(Bracco SpA) is able to enhance tissues for 
3–8 min depending on the duration and continu-
ity of scanning. An exception to this behavior is 
Sonazoid® (GE Healthcare), which demonstrates 
an extended late phase, known as “post-vascular 
phase” or “the Kupffer phase.” This phase is 
unique in that it starts when the UCA disappears 
from the vascular bed and is visualized within the 
hepatic and splenic parenchyma, having been 
phagocytosed by Kupffer cells (Strobel et  al. 
2005; Dietrich et al. 2018).

Table 2  Currently commercially available UCA

Agent Company Outer shell Inner gas Approved indications Countries licensed
SonoVue®/
Lumason®

Bracco 
Imaging SpA, 
Milan, Italy

Lipid Sulfur 
hexafluoride

Left ventricle opacification/
endocardial border definition in 
echocardiography
Diagnostic assessment of 
macrovasculature including 
extracranial carotid and peripheral 
arteries
Diagnostic assessment of 
microvasculature in liver and 
breast lesions (also for pediatric 
use in liver assessment)
US of the excretory urinary tract 
in pediatric patients for detection 
of vesicoureteral reflux

EU, Norway, 
Switzerland, 
China, 
Singapore, Hong 
Kong, South 
Korea, Iceland, 
India
USA (Lumason®)

Sonazoid® GE 
Healthcare

Lipid Perflubutane Liver
Breast

Japan, South 
Korea, Norway

Definity®/
Luminity®

Lantheus 
Medical 
Imaging

Lipid Perflutren Left ventricle opacification/
endocardial border definition in 
echocardiography
Liver
Kidney
Diagnostic assessment of vessels

USA, Canada, 
Europe, 
Australia, parts 
of Asia

Optison® GE 
Healthcare

Albumin Perflutren Left ventricle opacification/
endocardial border definition in 
echocardiography

USA, Europe
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2.6  �Tips for Reporting 
and Performing CEUS

When reporting a CEUS examination of the liver, 
it is important to comment on the degree of 
enhancement and the timing (phase) of enhance-
ment. The terms “hyperenhancing,” “isoenhanc-
ing,” and “hypoenhancing” can be used to 
describe a lesion with higher, equal, or lower 
enhancement compared with adjacent liver paren-
chyma, respectively. The term “non-enhancing” 
can be attributed to a lesion that exhibits no 
enhancement such as a simple cyst. A description 
of the enhancement pattern should be made for all 
phases of enhancement (arterial, portal venous, 
and late phases). If the agent Sonazoid® is used a 
description should also be included for the post-
vascular phase. The term “wash-in” refers to the 

period starting from the arrival of microbubbles 
in the field of examination and lasts up to the time 
point of maximum enhancement of the lesion 
under examination. The term “wash-in” can be 
used both in qualitative characterization of 
enhancement in routine reports and in quantita-
tive analysis of enhancement using specialized 
software. “Peak enhancement” refers to the maxi-
mum enhancement observed and “washout 
phase” corresponds to the period of gradually 
decreasing enhancement starting right after the 
point of peak enhancement. The pattern of 
enhancement should be characterized in terms of 
timing (as quick or slow) and in terms of quality 
(homogenous or heterogeneous and centripetal or 
centrifugal) (Fig. 7).

Prior to the administration of microbubbles it 
is crucial to decide which is the best position of 

a

c

b

Fig. 7  Liver hemangioma (arrows) appearing hyperechoic on grayscale US (a) and demonstrating early peripheral 
nodular enhancement on CEUS (b) and gradual centripetal filling over time (c)
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the patient both for patient convenience and for 
optimal lesion visualization. Secondly, it is 
important to decide whether the lesion should be 
scanned on a transverse or longitudinal plane 
given the displacement of the lesion with respira-
tory movements. Quiet breathing or suspension 
in neutral position may be a better choice com-
pared with full inspiration when it comes to 
CEUS examination.

An adequately sized intravenous catheter 
(usually 20 gauge) should be placed, usually in 
an antecubital vein, in order to minimize micro-
bubble disruption during administration. Central 
lines and port systems can also be used if there is 
no filter but careful evaluation is required as the 
contrast arrival time will be shortened (Eisenbrey 
et al. 2015). The agent should be administered at 
1–2 mL/s and followed by 10 mL saline flush.

The contrast agent dose is vital for quality of 
examination. A lower dose will result in inade-
quate enhancement of organs in the late phase 
and nondiagnostic examinations for the assess-
ment of washout. Excessively high doses of 
microbubbles will result in artifacts such as 
acoustic shadowing and signal saturation hinder-
ing quantification. A second dose of UCA can be 
administered if needed, for instance if more than 
one focal liver lesion needs to be characterized. 
In this case, a period of 10–15 min is needed for 
the disappearance of the initial dose of micro-
bubbles. For SonoVue®/Lumason® 2.4 mL (half 
the commercially available vial) although 1.2 mL 
could also be used, depending on the US device’s 
sensitivity. For Sonazoid® the recommended dose 
is 0.015 mL/kg (approximately 0.5–1 mL).

As a general rule, the focus of the US device 
should be placed just deep to the lesion being 
investigated in order to achieve uniform acoustic 
field, improved sensitivity to microbubbles, and 
lower disruption rate (Dietrich et al. 2018).

The gain is adjusted in order to achieve opti-
mal image quality; this should be set slightly 
above the noise threshold, so that the image prior 
to the administration of microbubbles appears 
dark with only minimal noise. Setting the gain 
too low would cause not detecting some micro-
bubble signals while setting it too high would 
lead to signal saturation and thus non-
visualization of part of the microbubbles due to 

clipping of echoes above certain amplitude 
(Dietrich et al. 2018).

The dynamic range (also known as compres-
sion) of the US device corresponds to the range 
of different signal intensities that can be dis-
played. In other words, a wide dynamic range 
results in more gray levels being visualized and 
hence better differentiation of different degrees 
of enhancement. A small dynamic range is ade-
quate if very low signal is expected but a wide 
dynamic range should be opted for in case of 
quantification analysis, in order to avoid signal 
saturation (Dietrich et al. 2018).

The frame rate is important as some highly 
vascularized lesions may exhibit a wash-in rate 
of only a second, and an adequately high frame 
rate (at least 15 frames/s) should be set prior to 
the administration of UCA. However, increased 
frame rate leads to microbubble disruption and 
cannot be applied for the entire duration of the 
examination. As a consequence, a high frame rate 
can be used in the first part of the examination 
(evaluation of arterial phase) and then the frame 
rate can be lowered in the rest of the examination 
to prevent disruption of microbubbles and achieve 
longer enhancement time (Dietrich et  al. 2018; 
Greis 2014).

2.7  �Artifacts in CEUS

CEUS has some artifacts which may lead to diag-
nostic errors and misinterpretation, with aware-
ness of these artifacts allowing avoidance. 
Appropriate setting of the US device prior to the 
examination is crucial to avoid these artifacts. 
Two major sources of artifacts during CEUS 
examinations are inappropriately high MI and 
gain (Claudon et al. 2013; Dietrich et al. 2011).

The nonlinear propagation artifact or pseudo-
enhancement occurs when the ultrasound wave 
traverses an area with high concentration of 
microbubbles and exhibits nonlinear propaga-
tion. This effect generates echoes similar to those 
produced by microbubbles. Differentiation of 
these two can be done by realizing the different 
nature of artifactual echoes, or by identifying 
those bright areas in the low-MI grayscale image. 
This artifact can be mitigated if a lower dose of 
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UCA is used or by avoiding scanning on a plane 
with a vascular structure lying above the target 
lesion (Dietrich et al. 2018; Fetzer et al. 2018).

The use of an inappropriately high MI may 
result in disruption of the microbubble shell. 
After the shell’s destruction, the contained gas 
diffuses and as a result the UCA no longer reflects 
the ultrasound wave. This can be caused by con-
tinuous and prolonged scanning, as well as a 
high-MI pulse, perceived as a loss of enhance-
ment over time or at depth of the examined field. 
This loss of enhancement can be misinterpreted 
as washout of a malignant tumor, especially if 
identified in a limited part of the examined field 
of view. Disruption of microbubbles could also 
be caused by changing the contrast-specific (low-
MI) mode used in a regular (high-MI) grayscale 
technique for any reason. Normally, once the 
UCA is administered no changes in the scanning 
protocol should be made. Care should be taken to 
minimize disruption of microbubbles by the use 
an MI as low as possible and tailoring the scan-
ning protocol. An accepted manner to scan a 
CEUS examination of the liver would be to con-
tinuously record a cine loop from the time of 
injection and up to 60 s (thus recording the com-
plete arterial phase). After this point static images 
or short cine loops can be recorded with an inter-
val of 30–60  s, in order to thoroughly examine 
the washout pattern without microbubble disrup-
tion (Dietrich et al. 2018). Disruption of micro-
bubbles is prominent in the upper part of the US 
image (the near field), so loss of enhancement in 
this area should be expected without optimal 
scanning conditions. This manifests as a linear 
area of no (or reduced) enhancement when swip-
ing through the hepatic parenchyma in an area 
that was previously scanned in a continuous fash-
ion. This results from holding the transducer in 
the same plane for several minutes, causing focal 
disruption of microbubbles. Microbubbles in 
adjacent areas are not insonated and are pre-
served. If a swiping maneuver is performed for 
detection of additional washed-out lesions after 
the initial part of the examination, the area ini-
tially scanned will appear hypoechoic (Fetzer 
et al. 2018).

Aggregation of microbubbles or use of an 
excessive dose of microbubbles can cause exces-

sive scattering of ultrasound wave and thus 
acoustic shadowing and obscuration of the far-
field area. Consequently the dose of the UCA 
should be adapted to the patient’s body habitus, 
transducer, frequency used, and clinical indica-
tion (Dietrich et al. 2018).

2.8  �Safety Profile of UCA

UCAs are safe, and the reported incidence of side 
effects is low. These agents have no side effects 
on the liver and kidneys, and are not excreted via 
the renal pathway, requiring no laboratory test to 
be performed prior to administration. The inci-
dence of severe hypersensitivity events is lower 
compared with contrast agents used in CT and 
comparable with MR agents. In CEUS abdomi-
nal applications, life-threatening anaphylactoid 
reactions have been reported in 0.001% of cases, 
while no death was recorded in more than 23,000 
patients. Allergic reactions with a potential to 
cause death have been encountered in less than 
0.002% of examinations performed (Piscaglia 
and Bolondi 2006; ter Haar 2009). A series of 
studies on the safety of UCA with data on more 
than 6000 patients have shown that headache, 
nausea, chest pain, and discomfort are the most 
common adverse reactions encountered, all with 
frequency of ≤2.1%. In the majority of cases, 
adverse reactions resolve spontaneously within a 
short time interval with no need for treatment. 
The overall reported mortality rate associated 
with SonoVue® (Bracco SpA) is low, at 14 deaths 
in 2,447,083 patients exposed to this agent 
(0.0006%, the mortality for iodinated contrast is 
approximately 0.001%), all with an underlying 
medical condition reported to have played a role 
in the adverse outcome. The safety of UCA has 
also been demonstrated in studies with large 
series of patients examined for cardiologic appli-
cations of CEUS (Appis et al. 2015). Deaths in 
critically ill patients undergoing contrast echo-
cardiographic examinations have been reported 
but no evidence of causal relationship with 
microbubbles has been documented (Main et al. 
2009).

SonoVue® was initially contraindicated in 
patients with known right-to-left shunts, unstable 
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coronary syndromes, congestive heart failure, 
severe pulmonary hypertension, and pregnancy 
or breast-feeding. Nonetheless, in June 2014 the 
decision was made to remove the contraindica-
tion for patients with recent acute coronary syn-
drome or clinically unstable ischemic heart 
disease (Appis et al. 2015). Notwithstanding the 
excellent safety profile reported for UCA, resus-
citation facilities and trained personnel should be 
readily available in US departments where CEUS 
is performed.

In theory, it is possible that the interaction of 
ultrasound beam and microbubbles could gener-
ate bio-effects. No clinical evidence is available 
for any negative effects on the human liver. 
Studies performed in vitro have shown sonopora-
tion, hemolysis, and cellular death occurring as a 
consequence of these effects. Experiments in 
small animal models have shown that disruption 
on a microvascular level is possible when UCAs 
are exposed to an ultrasound beam (Skyba et al. 
1998). Low MI should be used for CEUS exami-
nations of the liver to prevent these theoretical 
risks and care should be taken to weigh benefits 
and risks when using high-MI technique. UCAs 
should not be administered 24 h prior to a session 
of extracorporeal shock wave therapy.

CEUS is performed off-label in the pediatric 
population and in a series of applications apart 
from liver in the adult population (Sidhu et  al. 
2018). Nevertheless, the Food and Drug 
Administration (FDA) has approved the use of 
Lumason® (equivalent of SonoVue® for USA, 
Bracco, SpA) for pediatric liver imaging and 
characterization of focal liver lesion (Sidhu et al. 
2018; Lumason 2017).

3  �Elastography

3.1  �Introduction to Technical Basis 
of Elastography

In general, the stiffness of any tissue can be mea-
sured using some form of elastography, which 
can be considered a form of digital palpation. A 
variety of terms can be found in the literature and 
awareness of the basic terms is desirable. There 

are elastographic methods using imaging tech-
niques (primarily US and currently MR) and 
non-imaging techniques. Elastographic tech-
niques not relying on imaging which take mea-
surements of a defined region are usually referred 
to as “point elastographic methods.” The term 
“elastometry” is attributed to the measurement 
of a characteristic of elasticity of tissue, which 
can be based both on imaging and non-imaging 
techniques. The term “elastogram” refers to any 
image presenting information related to any elas-
tic property of tissue (Dietrich et al. 2017). As an 
umbrella definition, “elastography” is a tech-
nique which measures and displays the biome-
chanical properties of tissue related to the elastic 
restoring forces acting against shear deformation 
caused by an applied force. This definition can be 
applied to any form of elastography (Dietrich 
et al. 2017; Sigrist et al. 2017).

The elastic modulus is a property of materials 
(or tissues) which describes their stiffness and 
can be defined as the ratio of the stress and strain 
(stress/strain) and the corresponding curve calcu-
lated during elastic deformation of the tissue. As 
a result, the higher the elastic modulus, the stiffer 
the tissue and vice versa. Depending on the vari-
ables placed in the elastic modulus equation and 
the method of deformation, three moduli can be 
calculated: (a) the elastic modulus or Young’s 
modulus (ratio of longitudinal stress to strain), 
(b) the shear modulus, and (c) the bulk modulus, 
with the first being the most commonly used in 
applications of elastography. All forms of elas-
tography consist of three basic steps: (a) applica-
tion of stress to tissue, (b) tissue response (strain) 
measurement, and (c) estimation of parameters 
(Jeong et  al. 2014; Nowicki and Dobruch-
Sobczak 2016).

Elastographic techniques can be broadly clas-
sified into two categories: (a) displacement or 
strain elastographic imaging and (b) shear wave 
elastography (SWE). With liver applications, 
shear wave speed elastographic techniques are 
the most commonly used, followed by displace-
ment and strain imaging for focal liver lesions 
(Dietrich et  al. 2017). In SE there is a quasi-
static mechanically induced applied force which 
can be originated either actively and externally 
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from pressure applied to the transducer during 
the measurement or passively from internal 
physiological movements such as pulsation of 
heart and blood vessels or respiratory move-
ments. These forces cause axial displacement of 
the tissues under the transducer, which can be 
measured and converted to strain or strain rate. 
The methods for measuring displacement 
include speckle tracking using radiofrequency 
backscatter or Doppler processing. Being quali-
tative in nature, this technique produces color 
maps refreshed at the same rate with US frame 
rate. Although qualitative, this technique can 
provide quantitative data when the strain of an 
area is divided by a reference area (usually sub-
cutaneous fat or adjacent normal parenchyma) in 
order to calculate a ratio. However, these meth-
ods are still currently under development and are 
not recommended for clinical practice, espe-
cially in liver imaging. Strain elastography 
works better with superficial structures such as 
breast and thyroid (Sigrist et al. 2017; Dietrich 
et al. 2017).

In acoustic radiation force impulse imaging 
(ARFI), there is an ultrasound-induced and 
focused dynamic radiation force impulse (lasting 
for only 0.1–0.5  ms) applied at a certain depth 
which measures displacement and provides qual-
itative data about a predefined area in a single 
image. The displacement of tissue is propagated 
in the longitudinal direction (parallel to US 
beam) and can be measured (Dietrich et al. 2017; 
Sigrist et al. 2017).

The main SWE techniques include transient 
elastography (TE), point SWE (pSWE or ARFI 
quantification), and two-dimensional and three-
dimensional SWE (2D-SWE and 3D-SWE). In 
all techniques the US transducer applies a per-
pendicular stress force on the target tissue to 
cause “shear” or change of tissue initial shape. 
Once the tissue is displaced, transversely propa-
gating ultrasound waves appear, travelling at 
very low velocity. These transverse waves are 
termed “the shear waves” and constitute the 
basis of SWE. The tissue response to the applied 
force can be measured by the machine by suc-
cessively obtaining and comparing images with 
the reference image. Depending on the specific 

elastographic technique the M-mode or the 
Doppler technique can be used to measure the 
Young’s modulus or the velocity of a shear wave, 
respectively (Jeong et  al. 2014). In TE which 
was the first commercially available technique 
and the most widely validated, a mechanically 
induced impulse produced by an external 
mechanical vibrator causes the production of 
shear waves and then quantitative data of this 
wave’s speed can be obtained in a single mea-
surement by a transducer. This technique is 
designed only for liver elasticity measurement 
and is used by non-imaging specialists. Similarly, 
with pSWE or ARFI quantification, the ultraso-
nographic transducer produces a focused high-
intensity radiation force impulse at a predefined 
depth which produces quantitative measure-
ments of shear wave speed in a single measure-
ment. In this method grayscale US images are 
used only for orientation and selection of area of 
measurement, while no elastogram is produced. 
In 2D-SWE and 3D-SWE, radiation forces emit-
ted by the transducer produce shear waves whose 
speed can be quantified over a predefined area. 
Color maps (elastograms) containing this infor-
mation can be produced and measurements 
(including statistical variables such as mean and 
standard deviation) can be performed based on 
regions of interest (ROI) defined by the physi-
cian performing the examination. The results of 
this technique are expressed either in m/s (for 
actual shear wave speed measurements) or in 
kPa (for the Young’s modulus E as converted by 
speed measurements).

A difference between pSWE and 2D-SWE is 
that with pSWE the reading is provided follow-
ing a single-shot emission and is available instan-
taneously, whereas in 2D-SWE scanning is 
continuous for 4–5 s, until a stable SWE image is 
acquired, so that the physician can choose an 
adequate ROI and obtain the measurement. In 
2D-SWE information regarding the quality of 
estimations is available and pixels containing 
inaccurate measurements can be discarded, 
avoiding false measurements. Variations exist 
among different manufacturers regarding the 
technique’s principles and visualization of mea-
surement quality. The Young’s modulus (E) is 
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measured in kPa and can be calculated with the 
equation E = 3ρcs

2, where cs represents the speed 
of shear waves and ρ the tissue density. It is gen-
erally preferred to rely on measurements of speed 
rather than Young’s modulus for several reasons. 
Firstly, since the equation of the Young’s modu-
lus needs many assumptions which are not always 
met, it can lack validity. For this reason, the Food 
and Drug Administration has only approved sys-
tems presenting measurements of shear wave 
speed. Secondly, confusion can occur in the lit-
erature as the elastic modulus of a tissue can be 
estimated using both the shear modulus (G) and 
the Young’s modulus (E). Although both vari-
ables are measured in kPa, they are not directly 
comparable as a conversion is needed using the 
equation E  =  3G (Dietrich et  al. 2017; Sigrist 
et al. 2017). An overview of elastographic tech-
niques can be found in Fig. 8 and a comparative 
presentation of them in Table  3. Manufacturers 
offering the various elastographic techniques in 
commercially available systems can be found in 
Table  4. Examples of elastographic techniques 
can be found in Fig. 9.

3.2  �Tips for SWE of Liver

Shear wave elastography can be used to investi-
gate the degree of fibrosis and indirectly portal 
hypertension. Patients should be examined in the 
supine position with their right arm extended, 
with the transducer placed in an intercostal space, 
to visualize the right liver lobe. Any areas of arti-
fact, large blood vessels, the liver capsule, and 
the gallbladder should be avoided. Optimal qual-
ity measurements in pSWE and 2D-SWE are 
produced when the ROI is placed at least 1–2 cm 
and up to 6 cm deep to the liver capsule. SWE 
measurements are better when performed with 
the patient holding their breath in a neutral posi-
tion for a few seconds, as deep inspiration affects 
measurements. The right liver lobe is used as 
measurements are significantly higher and more 
variable in the left liver lobe (Horster et al. 2010; 
Karlas et al. 2011). Fasting for at least 2 h and a 
10-min rest period are recommended prior to 
SWE examination. The studies on normal values 
of various techniques have been summarized 
(Dong et al. 2017) as have cutoff values of SWE 

a b c d e

Fig. 8  Overview of US elastographic techniques. The 
measured physical quantity differs between techniques. 
The displacement caused by external or physiologic inter-
nal compression is measured in strain imaging (a). In 
ARFI (b) the displacement caused by an ARFI is mea-
sured. The speed of shear waves generated perpendicular 

to the direction of US beam is measured in SWE (c–e). A 
mechanical vibrating device compresses the tissue and 
shear waves are produced in TE (c). Shear waves pro-
duced by an ARFI can be measured in one focus (pSWE-
D) (d) or an area (2D-SWE-E) (e)
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(pSWE, 2D-SWE, etc.) in liver disease. The 
exact range of normal values of SWE measure-
ments varies among different manufacturers, 
techniques, and even models of the same manu-
facturer so the relative literature should be con-
sulted (Dietrich et al. 2017).

Liver stiffness assessed with SWE reflects 
liver fibrosis. Nevertheless, a number of physio-
logic and pathological confounding factors exist, 
influencing the measurements. Food ingestion 
increases measurements for more than 2  h. 
Diseases affecting SWE measurements include 
hepatic inflammation, obstructive cholestasis, 
hepatic congestion, amyloidosis, lymphoma, and 
extramedullary hemopoiesis. As a consequence, 
laboratory examinations should be taken into 
consideration and SWE measurements should 

not be performed if AST and/or ALT are increased 
>x5 the normal limits (Dietrich et al. 2017).

It is generally recommended that ten valid 
measurements of pSWE are obtained and the 
median is reported. If the mean and standard 
deviations are used, a low standard deviation 
shows good quality of measurements. pSWE is 
characterized by excellent intra- and interob-
server reproducibility for evaluation of liver stiff-
ness in healthy subjects and patients with chronic 
liver disease (Dietrich et  al. 2017; Fang et  al. 
2018; Fang et al. 2017).

In 2D-SWE it is important to have homoge-
neous color filling in the color map obtained dur-
ing the examination. As with pSWE, in 2D-SWE 
the color box should be placed at least 2 cm deep 
to the liver capsule. The ROI for measurement 

Table 3  Comparative presentation of shear wave elastography (SWE) methods for evaluation of hepatic parenchyma

Transient elastography (TE) Point-SWE (pSWE) 2D-SWE
Dynamic stress caused by an 
external mechanical vibrator

Dynamic stress by ARFI in 
the direction of US beam in 
a single focal location

Dynamic stress induced by ARFI in the direction of 
US beam and in multiple focal zones

The stiffness is estimated 
along an US A-line
Shear waves are measured 
parallel to excitation
The region is fixed and cannot 
be adjusted by the user

Shear waves are generated 
and measured 
perpendicular to the plane 
of excitation

Shear waves are generated and measured 
perpendicular to ARFI application
Multiple focal zones are examined in a rapid 
succession, allowing for real-time monitoring of 
shear waves in two dimensions

An US transducer is used to 
calculate both Cs and E 
(quantitative analysis)

Both Cs and E can be 
reported (quantitative 
analysis)

Both Cs and E can be reported (quantitative 
analysis)

Nor grayscale image is 
provided nor elastogram

Grayscale image used for 
orientation and selection of 
an appropriate point for 
measurement of elasticity
No elastogram is produced

Grayscale image used for orientation and selection 
of an appropriate ROI for measurement of elasticity
Color elastogram is produced in real time and is 
superimposed on grayscale image. This is used to 
place a ROI for measurement of elasticity

Cs speed of shear waves, E Young’s modulus, US ultrasound, ARFI acoustic radiation force impulse, ROI region of inter-
est, SWE shear wave elastography, TE transient elastography

Table 4  Manufacturers offering the various elastographic modes in commercially available systems

Elastographic technique Manufacturers and systems
SE Esaote, GE, Hitachi Aloka, Philips, Samsung Medison, Siemens, Toshiba, 

Ultrasonix, Mindray Zonare
ARFI Siemens (Virtual Touch® Imaging VTI/ARFI)
TE Echosens (FibroScan®)
pSWE Siemens (Virtual Touch® Quantification (VTQ/ARFI) Philips (ElastPQ®), 

Hitachi Aloka, Esaote
2D-SWE SuperSonic Imagine, Philips, Toshiba, GE, Siemens, Mindray Zonare
Combination of TE and 2D-SWE GE
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should be placed in the middle line of the elasto-
gram (not on the edges) and over a homoge-
neously isoechoic part of the liver, containing no 
nodule, blood vessel, or any artifact. With 
2D-SWE there is no agreement as to objective 
quality criteria for measurements. For the Logiq 
E9 device (GE Healthcare, USA), the manufac-
turer recommends that an IQR/M value lower 
than 30% should be calculated for measurements 
with outliers being excluded from analysis for the 
benefit of measurement consistency and hence 
accuracy. The stability of consecutive elasto-
grams during scanning with 2D-SWE is another 
indicator of quality. As with pSWE, it is essential 
that physicians starting to apply this technique 
should follow the manufacturer’s advice on qual-
ity control of measurements. Regarding reporting 
2D-SWE results, 3–15 measurements have been 
suggested in the literature; 3 measurements 
appear sufficient for adequate assessment of liver 
fibrosis and portal hypertension. Both mean and 
median value can theoretically be used for report-
ing results but since median and interquartile 

range (IQR) are more appropriate for non-
normally distributed data, these may be prefera-
ble. Excellent intra-observer agreement has been 
reported for 2D-SWE measurements both in 
healthy subjects and in patients with liver dis-
ease. Factors hindering appropriate examination 
and leading to failure include obesity, poor breath 
hold, large amounts of ascites, pulsatility induced 
by the heart, poor ultrasound window, an exami-
nation depth of less than 4 cm, and technical arti-
facts (Dietrich et al. 2017).

As a general rule, SWE measurements cannot 
be compared between different US systems, 
manufacturers, and techniques since different 
acquisition techniques and parameters apply and 
two different variables may be measured: shear 
wave speed (measured in m/s) or Young’s modu-
lus (measured in kPa). Factors known to affect 
the variability of measurements include the depth 
of measurement, transducer frequency, position 
of the transducer in subcostal or intercostal 
approach, operator experience, and patient 
characteristics.

a

c

b

Fig. 9  Example of ARFI® (Siemens) pSWE in a case of cirrhosis (a), a 2D-SWE (by GE) in a normal volunteer (b), 
and in a case of cirrhosis (c)
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3.3  �Technical Comments on US 
of Liver Transplantations

Liver transplantation is a valuable method of 
treatment for end-stage liver disease and differ-
ent types of liver transplantation exist including 
(a) whole-liver transplantation from a cadaveric 
donor, (b) split-liver transplantation where a liver 
from a cadaveric donor is divided and trans-
planted to two recipients, and (c) living donor 
liver transplantation where usually a relative of 
the recipient provides a section of his/her liver. 
US plays a pivotal role in detecting and follow-
ing up complications in the early and late postop-
erative period. A list of the complications 
encountered post-liver transplantation can be 
found in Table  5. Radiologists scanning liver 
transplants need to be aware of normal findings 
in order to avoid misdiagnosis (Crossin et  al. 
2003).

In an attempt to achieve sufficient liver vol-
ume for an average-sized adult, the right lobe 
(segments 5–8) is most commonly implanted in 
the recipient with segments 4–8 only being 
required for larger recipients. The transplanted 

liver has the potential to augment in volume dur-
ing the weeks following the operation, reaching 
its normal capacity. Knowledge of the various 
surgical techniques is essential for adequate US 
examination of the transplanted liver. During 
liver transplantation, one biliary anastomosis 
and four vascular anastomoses need to be per-
formed. (a) Choledocho-choledochostomy is 
the end-to-end anastomosis performed between 
the donor’s common bile duct and the recipient’s 
common hepatic duct. During this technique, the 
sphincter of Oddi is successfully preserved, thus 
preventing the reflux of enteric fluids into the 
biliary tree. When the recipient’s common 
hepatic duct is abnormal though, it is resected 
and a choledochojejunostomy is preferred, 
albeit a higher risk for complications such as 
bleeding, leakage, or breakdown of the anasto-
mosis and infection. Resection of the gallblad-
der is routinely performed in all liver transplants. 
(b) The anastomosis between the donor’s and the 
recipient’s hepatic arteries is a “fish-mouth” 
anastomosis performed between the donor’s 
common hepatic and splenic artery branches (or 
alternatively the celiac axis) and the recipient’s 

Table 5  A summary of complications post-liver transplantation

Category of complications Complications
Vascular Hepatic artery • Thrombosis

• Stenosis
• Pseudoaneurysm

Portal vein • Thrombosis
• Stenosis

Inferior vena cava • Thrombosis
• Stenosis

Biliary ducts • Leak and perihepatic fluid collection formation (biloma)
• Stricture
• Stones/sludge
• Dysfunction of the sphincter of Oddi
• Recurrence of disease

Liver parenchyma Neoplastic 
conditions

• Recurrence of neoplasia
• Posttransplantation lymphoproliferative disorder

Parenchymal 
conditions

• Infarct
• Abscess
• Biloma
• Conditions preexisting in donor liver (hemangioma, cyst, etc.)
• Metastasis

Perihepatic space • Fluid collection (bile, blood, pus, lymph, or ascites)
• Ascites

Right adrenal gland • Hemorrhagic and enlarged due to venous ischemia
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right and left hepatic artery bifurcation (or the 
gastroduodenal/proper hepatic artery bifurca-
tion). In patients with dual vascular supply of the 
native liver, the larger artery is chosen during the 
surgery, while in case of severe stenosis of the 
hepatic artery or coeliac axis, a graft (the donor 
iliac artery) is used to connect the aorta with the 
hepatic arteries. (c) The portal vein anastomosis 
is an end-to-end anastomosis, although a venous 
graft may be used to connect the superior mesen-
teric or splenic vein with the donor portal vein in 
case of thrombosis. (d) The supra- and infrahe-
patic vena cava anastomoses are typically per-
formed with an end-to-end pattern although 
end-to-side or side-to-side patterns may be opted 
for depending on surgical conditions (Crossin 
et al. 2003).

A liver transplant should be routinely exam-
ined with grayscale for evaluation of paren-
chyma and biliary tree and Doppler techniques 
for evaluation of the vasculature. CEUS has 
been shown to improve the diagnostic accuracy 
for detection of liver transplantation complica-
tions such as hepatic artery stenosis and throm-
bosis, portal vein stenosis and thrombosis, 
biliary strictures at the anastomotic site, and 
biliary-arterial fistulas. Microbubbles can be 
administered both intravenously and intra-cavi-
tary through percutaneous catheter tubes of the 
biliary tree (Clevert et al. 2009; Ren et al. 2016; 
Berry and Sidhu 2004; Daneshi et  al. 2014; 
Crossin et al. 2003; Rafailidis et al. 2018). The 
transplanted liver parenchyma appears homoge-
neous on grayscale or mildly heterogeneous in 
texture. The intrahepatic bile ducts should 
exhibit no dilatation. Free fluid can be observed 
intra-abdominally or in the perihepatic space 
during the first week and up to 10 days after the 
operation. In patients where a T tube is placed 
within the biliary tree, the extrahepatic biliary 
ducts may appear thick walled. The surgical sta-
ples appear as echogenic spots, possibly causing 
mild acoustic shadowing. Vascular complica-
tions can be firstly appreciated on grayscale 
technique but confirmation with Doppler tech-
nique is a prerequisite for diagnosis. On spectral 
analysis, all vascular structures demonstrate 
waveforms similar to those of the native liver 

(Crossin et  al. 2003). If findings suggestive of 
complications (stenosis or thrombosis) are dem-
onstrated, an angiographic method such as 
MDCTA should be performed for confirmation.
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Abstract
Multidetector Computed Tomography (CT) 
plays a pivotal role in the evaluation of liver 
pathologies due to its fast acquisition time, 
thinner image thickness and narrow collima-
tion, resulting in high temporal and spatial 
resolution, fundamental to detect subtle liver 
lesions and to optimize radiation exposure.

State-of-the-art liver imaging requires 
proper patient preparation, the implementation 
of optimized contrast dye injection strategies, 
and a thorough CT scanner configuration.

A multiphasic CT examination is mandatory 
to maximize diagnostic performances in terms 
of lesion identification and is the current choice 
in daily clinical practice. In the other hand, func-
tional imaging, such as CT perfusion, provides 
quantitative parameters that improve diagnostic 
capabilities in selected cases. Operators needs to 
know different imaging reconstruction strategies 
and master all the available post-processing 
techniques, in order to select the best option in 
every clinical scenario. Over the last decades, 
Dualenergy CT has further expanded the diag-
nostic possibilities in liver imaging and is cur-
rently widely implemented in multiple 
Institutions worldwide. Eventually, photon-
counting CT is the very latest technical advance-
ment in CT imaging and is at the forefront of 
scientific research, bearing the potential to revo-
lutionize liver imaging.

1  �Introduction

Multiphasic computed tomography (CT) is one 
of the leading imaging techniques in the evalua-
tion of liver diseases. Since its introduction in the 
1970s, multiple technical improvements have 
expanded its clinical capabilities to the point that 
CT currently plays a pivotal role in the diagnosis 
and management of liver diseases, both in emer-
gency and in elective clinical scenarios. This 
chapter provides a technical overview on multi-

phasic liver CT, including patient preparation, 
contrast media administration techniques, CT 
technical parameters, current technology, and 
future perspectives.

2  �Patient Preparation

No specific patient preparation is recommended, 
but fasting for at least 6 h prior to the examina-
tion in case of intravenous contrast medium (CM) 
administration is required.

Positive oral CM is not deemed necessary for 
abdominopelvic CT scan: neutral contrast agent, 
as water, may be used as equally effective with a 
dose of 500–600 mL (Lee et al. 2013, 2016).

As general recommendation to a CT scan, it is 
advisable to remove any clothes and, if possible, 
any metallic item which can produce artifacts, 
reducing diagnostic performance of the examina-
tion (Barrett and Keat 2004).

A proper peripheral intravenous access must 
be placed to ensure high-quality angiographic 
and parenchymal studies. Choosing the most 
appropriate vascular access allows to avoid com-
plications such as extravasation of CM: the pre-
ferred route is the antecubital or forearm area. 
However, central lines such as peripherally 
inserted central catheters or port-a-cath devices 
might be used, as long as long they are marked as 
“power injectable,” not exceeding the maximum 
flow rate printed on the catheter itself (Williamson 
and McKinney 2001).

Patients who undergo CT scan with intrave-
nous administration of iodinated CM must be 
screened to estimate the risk of renal and nonre-
nal adverse reactions.

2.1  �Renal Adverse Reactions

Renal adverse effects consist of renal function 
deterioration in a short time window after intra-
vascular administration of iodinated CM (van der 
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Molen et  al. 2018a). Until a few years ago any 
decrease in renal function occurring after CM 
administration used to be considered as contrast-
induced nephropathy in the absence of an alterna-
tive etiology. However, a high rate of fluctuation 
in kidney function occurs even in patients with-
out exposure to iodinated CM (Bruce et al. 2009), 
making it challenging to determine whether or 
not CM is the actual determinant of renal func-
tion deterioration. Postcontrast acute kidney 
injury (PC-AKI) is defined as an increase in 
serum creatinine (sCr) ≥0.3  mg/dL (or 
≥26.5 μmol/L), or sCr ≥1.5–1.9 times baseline, 
within 48–72 h of intravascular administration of 
CM (Thomas et al. 2015; Ad-Hoc Working Group 
of E et al. 2012). The most important risk factors 
for PC-AKI are impaired renal function (eGFR 
less than 30 mL/min/1.73 m2 before CM intrave-
nous administration), dehydration, and repeated 
CM administration within a short interval (48–
72 h) (van der Molen et al. 2018a). Other possible 
predisposing factors may be identified in old age, 
female gender, low BMI, cardiovascular diseases, 
and metabolic factors (Moos et al. 2013; Kanbay 
et al. 2017; Kwasa et al. 2014).

Patient’s serum creatinine level is necessary to 
derive the estimated glomerular filtration rate 
(eGFR) by applying the modification of diet in 
renal disease (MDRD) equation or the chronic 
kidney disease epidemiology collaboration 
(CKD-EPI) equation. The latter formula is rec-
ommended since it allows a more accurate cate-
gorization of patients at lower risk of chronic 
kidney disease into higher eGFR categories (van 
der Molen et  al. 2018a). Each patient eGFR 
should be estimated before the CT examination 
in order to safely inject CM.

Details about PC-AKI and its medical man-
agement go beyond the purpose of this chapter. 
However, it is worth to mention that oral hydra-
tion alone does not prevent PC-AKI and that 
modern nonionic iodinated CM can also be safely 
administered to patients with hematologic disor-
ders with normal renal function (van der Molen 
et al. 2018b). As a general rule, the incidence of 
PC-AKI is related to the dose of CM and there-
fore it is recommended to use the lowest dose of 
contrast medium to obtain a diagnostic examina-
tion (Stacul et al. 2011).

3  �Contrast Media Administration

The CM intensifies the attenuation differences 
between healthy liver parenchyma and focal liver 
lesions, improving lesions’ conspicuity and 
detectability. A multiphasic approach is manda-
tory to correctly identify and characterize focal 
liver lesions.

Liver contrast enhancement (CE) results 
from distribution of CM into the extravascular 
interstitial space and is related to iodine concen-
tration and iodine delivery rate (IDR—mg of 
iodine entering the circulation per second, 
which depends on flow rate) and amount of 
injected CM. The quality of liver enhancement 
during the arterial phase is strictly dependent on 
the injection rate, while parenchymal enhance-
ment during portal venous phase and delayed 
phase is determined by the total dose of iodine 
administered and is less dependent on the injec-
tion rate, due to CM recirculation phenomenon 
(Bae 2010). The optimal flow rate for a proper 
CE of liver parenchyma should be 3–4 mL/s or 
higher, allowing for an optimal temporal separa-
tion between pure arterial and portal venous 
phase. Injection rates of 5–10 mL/s are gener-
ally reserved to CT perfusion studies (Laghi 
2007).

Highly concentrated CM (350, 370, and 
400  mgL/mL) allows to reach adequate IDRs 
even when a low flow rate is mandatory due to 
small-caliber i.v. access. When highly concen-
trated CM, even if in a small volume, is adminis-
tered at a fixed injection rate, a fast delivery of 
iodine mass per unit time occurs, resulting in an 
earlier and greater arterial peak enhancement 
even if shorter in duration: the magnitude of 
overall hepatic enhancement is not substantially 
affected during venous and delayed phases, but 
the detection of hypervascular lesions is improved 
(Awai et al. 2002).

A parenchymal enhancement of 50  HU is 
required for diagnostic purposes and it has been 
demonstrated that the iodine load required to 
reach such enhancement is slightly higher than 
500  mgL/kg (Heiken et  al. 1995). Therefore, 
patient’s size plays a fundamental role in contrast 
enhancement and has to be considered when per-
forming a contrast-enhanced CT scan. Although 

Computed Tomography of the Liver



80

total body weight is the most widely used param-
eter in clinical practice, it must be considered that 
body fat contributes minimally in dispersing 
CM. Therefore, the risk of adjusting the amount 
of iodine load for the body weight, using a 1:1 
linear scale, is an overestimation of the required 
amount of CM in obese patients. It has been 
established that lean body weight (LBW) is a 
more accurate method to estimate the iodine dose 
required to obtain a congruous liver enhancement 
(Kondo et al. 2010). LBW can be estimated by 
Boer formula (Boer 1984):

	 LBWmale
Boer = ( ) + ( ) −0 407 0 267 19 2. • . • .W H 	

	 LBWfemale
Boer = ( ) + ( ) −0 252 0 473 48 3. • . • .W H 	

where W represents the patient weight in kilo-
grams and H the patient height in meters, or by 
James formula (James et al. 1976), as follows:
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where W represents the patient weight in kilo-
grams and H the patient height in meters.

While both formulas provide equal results in 
the vast majority of patients, Boer formula better 
estimates the LBW in obese patients, and there-
fore it is one of the first choices in such subpopu-
lation (Caruso et al. 2018).

Additional patient-related parameters affect-
ing contrast enhancement include cardiac output, 
age, gender, venous access, and some pathologic 
hepatic conditions such as hepatomegaly and/or 
diffuse parenchymal diseases such as cirrhosis, 
which may be associated with decreased hepatic 
enhancement because of reduced portal venous 
perfusion related to fibrosis and increased hepatic 
resistance (Bae 2010).

A saline chaser (up to 50 mL) should follow 
the CM injection to improve bolus geometry and 
avoid the waste of a certain volume of CM that, 
otherwise, would remain in “dead spaces” such 
as the injector tubing, the peripheral veins, the 
right heart, or the pulmonary circulation. The 
bolus chaser also increases hydration and washes 

out any residual CM which may obstruct the i.v. 
access, especially in case of central venous 
access.

Scanning the liver at predetermined time 
points and employing fixed scan delay without 
taking into account specific patient and/or CM 
characteristics should be avoided (Laghi 2007). It 
is strongly preferable to employ precise methods 
to monitor CM arrival time and accurately calcu-
late the scan delay, such as test bolus and bolus 
tracking:

•	 Test bolus consists of injecting a small bolus 
(10–20  mL) of CM before injecting the full 
amount of CM, after placing a region of inter-
est (ROI) in a target district, generally at the 
starting level of the diagnostic sca. Sequential 
monitoring images are acquired, obtaining a 
time-enhancement curve of contrast enhance-
ment within the ROI. The interval time needed 
to determine the peak of contrast enhance-
ment is used to estimate scan delays for full-
bolus diagnostic CT.

•	 Bolus tracking method consists of the injec-
tion of full diagnostic bolus of CM, adminis-
tered without performing any prior test, while 
scanning a single level in upper abdomen with 
a ROI placed in aorta, generally at the level of 
celiac axis during a pre-contrast acquisition. 
Low-radiation-dose sequential images are 
acquired every 1–3  s providing a time-
attenuation curve which maps the arrival time 
of contrast material; when a predetermined 
threshold (generally around 150–180 HU) has 
been reached, the diagnostic scan is triggered. 
An additional delay, called diagnostic delay, 
corresponding to the interval time running 
from the trigger to scan initiation, must be 
added.

4  �MDCT: Technical Parameters

Since its advent, multi-detector CT represented a 
dramatic technical advance over single-detector 
scanners. Its rapid volume coverage speed and 
faster acquisition time, combined with thinner 
image thickness and narrow collimation, result in 
time-efficient image acquisition of large body 
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volumes and, therefore, in high temporal and spa-
tial resolution.

Thin sections minimize partial-volume arti-
facts but also increase image noise and decrease 
length of coverage (Hu et  al. 2000). A reduced 
coverage can be counteracted by increasing the 
pitch, defined as the ratio between the distance of 
the CT table per 360° gantry rotation and the 
X-ray beam collimation width. A pitch ≤1 is gen-
erally considered adequate in liver imaging 
(Laghi 2007).

Tube potential (kVp) and tube current (mAs) 
are the two main parameters affecting radiation 
exposure. A kVp reduction improves tissue con-
trast, but also increases image noise: in standard 
liver imaging a tube potential of 120 kVp is usu-
ally preferred, reserving 140  kVp for obese 
patients.

Automated tube voltage and tube current 
modulation systems have been introduced with 
the aim to optimize the radiation exposure. 
Depending on the attenuation differences of the 
various anatomic regions obtained during the 
scout scan, such systems automatically module 
kVp and mAs throughout the diagnostic scan to 
achieve a predefined level of image noise, reduc-
ing radiation exposure (Spearman et al. 2016).

5  �Multiphasic Approach

Liver parenchyma ought to be studied before and 
after i.v. CM administration, by adopting proper 
delayed scan times in order to obtain arterial 
phase, portal-venous phase, and delayed phase, 
chosen on a case-by-case basis, aiming at tailor-
ing the scan protocol to each patient and clinical 
scenario.

5.1  �Unenhanced Phase

Although its utility is sometimes debated, the 
unenhanced phase still plays an important role 
in liver imaging. In fact, in several clinical sce-
narios, it proves to be a very helpful tool in the 
characterization of focal lesions such as focal 
hemorrhage, fat, or calcifications, which are 
easily recognized before contrast enhancement 

(Casillas et  al. 2000; Patnana et  al. 2018; 
Pickhardt et  al. 2012). Additionally, an unen-
hanced phase should be performed in the evalu-
ation of every cirrhotic liver and during 
follow-up of oncologic patients, in which non-
contrast images may reveal a useful tool to dif-
ferentiate benign from malignant focal liver 
lesions (Federle and Blachar 2001). CT scans 
acquired prior to CM injection are also 
extremely important in monitoring patients who 
underwent hepatic chemoembolization, 
demonstrating in detail the distribution of 
chemoembolization material (Johnson and 
Fishman 2013).

5.2  �Contrast-Enhanced Phases

Liver has a unique dual circulatory dynamic: 
approximately 75–80% of the hepatic blood flow 
is supplied by the portal venous system, whereas 
the remaining 20–25% comes from the hepatic 
artery. Inherent consequences reflect in both nor-
mal and pathologic vasculature of liver paren-
chyma and focal lesions, respectively.

Hepatic arterial phase (AP) depicts liver 
parenchyma at the time CM reaches the aorta and 
the hepatic arteries, before it circulates through 
the spleen and the mesentery opacifying the por-
tal venous system, generally 30–40  s later 
(Federle and Blachar 2001).

In a proper AP liver parenchyma is minimally 
enhanced and hepatic arteries display a conspicu-
ous opacification. No enhancement of the hepatic 
veins should be obtained, whereas just some 
enhancement of the portal vein should be accom-
plished. AP can be subdivided into an early arte-
rial phase (EAP) and a late arterial phase (LAP), 
during which the hepatic enhancement predomi-
nantly reflects the arterial inflow through the 
hepatic arteries and an initial, thus relatively 
minor, tranche of splanchnic venous inflow 
through the portal vein (Foley 2002).

EAP starts approximately 25 s after initiating 
contrast injection, and lasts approximately 
8–10  s. Therefore, to obtain a proper EAP by 
means of bolus tracking technique, a diagnostic 
delay ≤6 s should be selected (Laghi 2007; Foley 
2002). Acquiring such phase should be reserved 
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to cases in which CT angiography would be of 
proven benefit by providing a tool for therapy 
planning. The most frequent indications to per-
form an EAP are:

•	 Defining arterial anatomy and anomalies, such 
as arterial stenosis, aberrant or replaced 
hepatic arteries

•	 Preoperative imaging in patients who are can-
didates for surgical hepatic resection and/or 
percutaneous ablation therapy

LAP occurs 35–45 s after initiating CM injec-
tion and has a temporal window of approximately 
8–10  s. Therefore, to obtain a proper LAP by 
means of bolus tracking technique, a diagnostic 
delay of approximately 20  s should be selected 
(Laghi 2007; Foley 2002).

Hypervascular liver lesions, either benign or 
malignant, receive nearly all their blood supply 
from prominent neovasculature arising from the 
hepatic artery. Thus, they are best demonstrated 
during the LAP, in which they receive all their 
functional blood flow through the hepatic artery, 
virtually without any dilution from the unen-
hanced portal vein flow, enhancing to a greater 
degree than liver parenchyma (Foley 2002). 
Additionally, in clinical scenarios of portal hyper-
tension, such as in liver cirrhosis, portal venous 
inflow is reduced, further increasing hypervascu-
lar lesion conspicuity during LAP images.

Right after the arterial circulation, the contrast-
enhanced blood flows through the spleen, gut, 
and mesentery until it opacifies the portal vein. A 
dataset acquired at this time point is defined por-
tal venous phase (PVP) and yields the maximal 
liver parenchymal enhancement. PVP occurs 
60–80 s after initiating CM injection and is the 
most widely used acquisition phase in routine 
abdominal imaging, both in general-purpose 
abdominal CT scans and in oncologic settings 
(Foley 2002).

An adequate PVP shows homogeneous liver 
enhancement with a conspicuous opacification of 
hepatic veins and portal vein, which appear 
hyperdense compared to liver parenchyma 
(Federle and Blachar 2001). Such phase maxi-
mizes the detectability of hypovascular lesions, 

due to the combination of minimal arterial 
hepatic flow supplying these lesions and the sig-
nificant enhancement of liver parenchyma (Soyer 
et al. 2004). On the contrary, hypervascular liver 
lesions may not be detectable on PVP since they 
enhance to the same degree of surrounding 
parenchyma.

Delayed phase (DP) occurs subsequently to 
PVP, begins 100–120 s after CM injection, and is 
characterized by gradual CM distribution in the 
hepatic interstitial spaces. Consequently, attenua-
tion differences between focal liver lesions and 
liver parenchyma are minimized (Federle and 
Blachar 2001). Main indications for performing a 
DP are the investigation of hepatocellular carci-
noma (Furlan et  al. 2011), cholangiocarcinoma, 
and detection of liver metastases (Kanematsu et al. 
2006). In clinical routine it is also useful to charac-
terize cavernous hemangiomas, identified by the 
typical centripetal enhancement pattern (Kim et al. 
2001). Figure 1 provides an overview of the differ-
ent phases routinely acquired in liver imaging.

More delayed CT image set may be addition-
ally acquired 10–15 min after CM injection only 
with specific indications, generally including 
suspected cholangiocarcinoma, primary scleros-
ing cholangitis, or any focal hepatic mass associ-
ated with intrahepatic bile duct obstruction: in 
such cases, in fact, it has been established that the 
presence of a large component of fibrosis causes 
a very characteristic prolonged stromal enhance-
ment (Federle and Blachar 2001).

6  �CT Perfusion

CT liver perfusion (CTP) is a promising func-
tional imaging technique that aims to provide 
information about regional and global liver 
microcirculation and to improve the evaluation of 
hepatic parenchyma through the possibility of an 
early characterization of focal liver lesions 
(Meijerink et al. 2008). Perfusion imaging quan-
tifies the transport of blood to a unit volume of 
tissue, per unit of time, through dynamic CT 
acquisitions, by repeatedly scanning the liver 
multiple times at short time intervals, during and 
after CM injection.

D. De Santis et al.



83

The basic principle of CTP is based on tissue 
attenuation changes, expressed in HU, which are 
directly proportional to the local concentration of 
CM within the tissue’s microvasculature and 
interstitial space, as a function of time: the 
increase and subsequent decrease of CM concen-
tration provide quantitative information about 
blood flow characteristics and allow quantifica-
tion of the tissue vascularity (Sahani 2012).

Conventional CT can only achieve a qualita-
tive assessment of contrast enhancement, since 
any time point during arterial, portal, and delayed 

phases represents a mixed result of entering and 
exiting of CM; CTP overcomes such limitations 
by allowing quantitative measurements (Kartalis 
et al. 2017).

The proper CTP protocol consists of a pre-
contrast image acquisition, required to identify 
the optimal scan coverage, followed by dynamic 
sequential CT scanning of same volume, over 
time, after intravenous injection of CM 
(Kambadakone and Sahani 2009). The sequential 
dynamic image acquisition is necessary to obtain 
a time-attenuation curve (TAC), corresponding to 

a b

c d

Fig. 1  Multiphasic liver CT examination. (a) Unenhanced 
phase demonstrates slightly higher parenchymal density 
than the portal venous system. A microcalcification is also 
easily identifiable. During late hepatic arterial phase (b) 
the aorta and the hepatic artery are the vessel character-
ized by the highest attenuation values, while portal vein 
and liver parenchyma enhance to a lesser degree. 

Subsequent portal venous phase (c) maximizes portal vein 
attenuation and liver enhancement, while the hepatic 
artery density is reduced. During delayed phase (d) the 
contrast medium is distributed in the hepatic interstitial 
spaces, and thus the attenuation differences between ves-
sels and liver parenchyma are reduced
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the arterial input function, which enables the 
evaluation of blood flow and its possible altera-
tions. The TAC of the tissue being analyzed is 
compared to the time-intensity curve of a ROI 
placed into the lumen of the vessel supplying the 
tissue of interest. Because of dual circulatory 
liver dynamic, two different ROIs should be 
placed in the portal vein and in the abdominal 
aorta, respectively. This particular approach 
allows the estimation of both intravascular and 
extravascular properties. A single-input model 
assuming only a unique vascular supply has been 
proposed; however, it has not been validated 
because the separation of arterial and portal blood 
supply is an important information for character-
ization of focal lesions, enabling an early detec-
tion of alterations in liver perfusion (Kim et al. 
2014).

After CM injection, it is possible to identify 
two different phases: perfusion phase and inter-
stitial phase (Kartalis et al. 2017; Kambadakone 
and Sahani 2009):

•	 Perfusion phase (also called first-pass phase) 
is an intravascular phase study during which 
iodine is largely contained within the lumen of 
the vessels. It lasts approximately 40–60 s and 
it is mainly determined by the blood flow.

•	 Interstitial phase (also called second-pass 
phase or delayed phase) is an extravascular 
phase during which iodine passes into the 
extravascular-extracellular compartment. It 
lasts approximately 2–10  m and it is mostly 
influenced by CM passive diffusion, largely 
depending on the blood volume and the per-
meability of the capillaries to CM.

To achieve precise time-intensity curves CT 
scans are acquired without any table feed, during 
a scan time of 55 s with a gantry rotation time of 
0.5  s. During first-pass phase one image/s is 
obtained, whereas a lower temporal resolution 
can be applied during the second-pass phase, 
allowing one image every 10 s (Sahani 2012).

A small volume of high-concentrated CM 
(30–60 mL followed by a 50 mL saline flush) has 
to be injected at >4–5 mL/s to obtain a short and 
sharp bolus. A tube voltage of 80–100 kVp with 

a tube current of 50–120 mAs may be employed 
to perform CTP, in order to maximize iodine con-
spicuity. A 5 mm image reconstruction thickness 
is usually suggested (Kim et al. 2014).

To avoid errors in the calculation of perfusion 
values, it is important to prevent beam-hardening 
artifacts performing CTP in areas without any 
metallic device and try to reduce motion and 
respiratory artifacts giving proper instruction to 
the patient regarding breath-holding.

CTP-acquired sets of images may be evalu-
ated with three different methods (Kartalis et al. 
2017):

	1.	 Qualitative analysis, based on visual evalua-
tion of TAC shape, morphology, and color-
coded perfusion maps

	2.	 Semiquantitative analysis, based on measure-
ment of TAC peak enhancement times and 
peak attenuation values

	3.	 Quantitative analysis, based on the applica-
tion of kinetic models

Only the latter method allows the calculation 
of various perfusion parameters in the tissues 
being analyzed and it is, therefore, the more pre-
cise and recommended.

CTP quantitative analysis includes three dif-
ferent methods of study, which may be used for 
quantification of tissue perfusion and/or permea-
bility (Sahani 2012; Kim et al. 2014):

•	 Model-free maximum slope method: Both 
hepatic arterial and portal perfusion are calcu-
lated (in mL/min/100  mL) using the time to 
peak splenic enhancement, which is consid-
ered as a time point indicating the end of arte-
rial phase and the beginning of the portal 
venous phase of liver perfusion and, thus, used 
to separate HAP from PVP.

This method is very often used for the quanti-
fication of liver perfusion parameters, although it 
takes into consideration only the first-pass phase 
of the liver TAC.  It assumes that there is no 
venous outflow (to achieve a condition of no 
venous outflow a very high injection rate of 
15–20  mL/s should be employed, which is not 
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technically feasible in routine clinical practice) 
(Kim et al. 2014) and parameters such as blood 
volume, mean transit time (MTT), or capillary 
permeability surface product may not be 
calculated.

•	 Compartment model-based method: This ana-
lytical method is subdivided into two different 
mathematical modeling, usually indicated as 
“single compartment” and “dual compart-
ment,” respectively. The single compartmen-
tal model considers CM as confined in only 
one compartment, represented by both intra-
vascular and extravascular spaces, freely 
communicating through sinusoid fenestrae. It 
is based on Fick’s principles and estimates 
perfusion parameters from the maximal slope 
or from the peak height of the liver time-inten-
sity curve normalized to the arterial input 
function. Parameters calculated by this ana-
lytical methods are (1) blood flow (BF, 
expressed as mL/min/100 mL) indicating vol-
ume flow rate of blood through liver vascula-
ture; (2) blood volume (BV, expressed in units 
of mL/100  mL) representing the volume of 
blood flowing in the vasculature; and (3) MTT, 
indicating the average time it takes the blood 
to pass from the arterial to the venous flow.

The dual (or two)-compartment model assumes 
that CM is distributed between vascular and inter-
stitial space considered as two separated compart-
ments, allowing the evaluation of capillary 
permeability and the estimation of second-pass 
phase-related parameters, such as permeability 
surface area product (PSAP) and flow extraction 
product (FEP). PSAP is the result of permeability 
per total surface area of capillary endothelium in a 
unit mass of tissue (measured as mL/min/100 mL), 
whereas FEP is the result of blood flow per extrac-
tion fraction (EF, measured as mL/min/100 mL), 
with the latter representing the amount of CM 
passing in the extravascular space in a single pas-
sage through the vasculature.

•	 Distributed parameter model-based method: 
This analytical method assumes that there is a 
concentration gradient from the arterial inlet 

and the venous outlet at capillary level and a 
backward flux from the extravascular-
extracellular compartment to the intravascular 
compartment. The parameters calculated by 
using a distributed model-based method are 
blood flow, blood volume, MTT, and 
permeability.

Even a combination of all these methods may 
be used.

Through the analysis of these quantitative 
parameters, functional information reflecting 
blood flow status is captured: because many liver 
diseases may affect the dual blood supply in a 
predictable way, CTP can be useful for diagnosis, 
risk stratification, and therapeutic monitoring of 
many pathologic processes (Fig. 2).

Allowing an estimation of angiogenesis, CTP 
may provide information regarding differential 
diagnosis between benign and malignant lesions: 
increased hepatic arterial blood flow and 
decreased portal venous flow, frequently observed 
in cirrhosis and liver tumors, both primary and 
metastatic, may be easily assessed (Ippolito et al. 
2012; Guyennon et al. 2010).

CTP may also allow the prediction of progno-
sis based on tumor vascularity, reflecting tumor 
neoangiogenesis, that is known to be related to 
tumor aggressiveness (Garcia-Figueiras et  al. 
2013). Additionally, it may predict early response 
to oncologic therapy and monitor patients during 
treatment, especially assessing tumor response to 
antiangiogenic therapy which often induces dis-
ease stabilization, rather than changing tumor 
size, detectable by CTP much earlier than conven-
tional morphologic imaging (Jiang et al. 2013).

Promising results have been accomplished 
also using CTP for early identification of tumor 
recurrence and for assessment of vascular layout 
after interventional procedures (Weidekamm 
et al. 2005; Choi et al. 2010).

Recent technical advances are addressing 
CTP’s major limitations of high radiation expo-
sure and motion artifacts, mainly by implement-
ing low-tube-voltage techniques, iterative 
reconstruction algorithms, and motion correction 
tools of image registration software (Ng et  al. 
2011).
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CTP still presents some limitations such as 
limited accessibility to perfusion software and 
lack of standardization in methods. However, 
these still unsolved problems are being addressed 
in the last few years.

7  �Image Reconstruction

Over the years, different reconstruction algo-
rithms have been developed to determine voxel 
attenuation values from raw and projection data. 
To date, reconstruction algorithms may be 
divided into two major categories:

•	 Analytical algorithms, with filtered back pro-
jection (FBP) being the most representative

•	 Iterative algorithms, such as statistical based 
and model-based reconstruction

7.1  �Filtered Back Projection

It has been the standard CT reconstruction 
method for many years, due to its computational 
stability and short reconstruction time. FBP is a 
simple analytic method which ensures an ade-

quate image quality by transforming intensity 
values transmitted at the detector in attenuation 
values in the projection domain. The latter are 
then filtered, using different reconstruction algo-
rithms termed “kernels,” to exploit peculiar 
image characteristics. Each kernel, in fact, has its 
trade-off between spatial resolution and noise: 
depending on the specific clinical application, a 
sharper or a smoother kernel may be used to 
obtain images with higher spatial resolution and 
increased image noise (e.g., to evaluate lung 
parenchyma) or images with lower noise and 
reduced spatial resolution, as recommended for 
imaging the liver and other soft tissues. 
Eventually, filtered projection data are back pro-
jected in the image domain (Geyer et al. 2015).

Various FBP-type algorithms were developed 
for different generations of CT scanners; how-
ever, all these approaches are based on simplifi-
cations such as the pencil-beam geometry of the 
X-ray and the intensity measurement performer 
only on a point located at the detector cell center, 
which affect the robustness.

Additionally, image acquired in specific clini-
cal scenarios (reduced tube output or CT imaging 
of obese patients) may be affected by consistent 
image noise, due to the small number of photons 

Fig. 2  Liver CT perfusion of a hepatocellular carcinoma. 
A region of interest is placed within the liver lesion and 
different parameters (blood flow, blood volume, time to 
start, time to peak, and permeability) are visually dis-

played on color-coded maps and precisely quantified 
(lower right). Time-attenuation curve (upper right) is 
eventually generated to depict variations of perfusion 
parameter as function of time
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reaching the detectors. The result is increased 
image noise and blooming artifacts, which inter-
fere with structure delineation and impair detect-
ability of low-contrast lesions (Geyer et al. 2015; 
Fleischmann and Boas 2011).

7.2  �Iterative Reconstruction

Iterative reconstruction (IR) was firstly intro-
duced in 1970 and was originally implemented as 
reconstruction method in first cross-sectional 
images. However, due to lack of computational 
power and large amount of data in CT imaging, it 
was not clinically applicable for routine exami-
nations. Recently, the advances of computational 
power and the greater attention given to radiation 
exposure have driven the renaissance of IR 
approach and the development of a variety of 
specific algorithms (Willemink and Noel 2018).

IR algorithms rely on a multistep image pro-
cessing. First, an initial image estimation is cre-
ated from the projection data, and the second step 
consists of the generation a new simulated image 
via a forward projection. Subsequently, the two 
images are compared, and in case of discrepancy, 
the first image is updated, through cyclic itera-
tions, according to preselected objective param-
eters inherent in the algorithm.

Iterations may take place in the projection 
domain, in the image domain, or in both spaces, 
and these corrections are repeated until only min-
imal differences between the two datasets are 
found. Eventually, the final image is generated, 
characterized by both noise and artifact reduction 
and improved contrast and spatial resolution. 
Although the precise mechanism of each recon-
struction algorithm is vendor specific and propri-
etary, IR algorithms may be classified into 
statistical based IR and model-based IR, depend-
ing on the models underlying the algorithm 
employed during the reconstruction process 
(Patino et al. 2015). However, irrespective of the 
algorithm being used, all IR techniques enable 
artifact reduction and, moreover, radiation dose 
savings without an excessive increase of image 
noise, which represents the main limitation of 
FBP in achieving diagnostic examinations at low 
radiation exposure. When applied in clinical 

practice, IR ensures high image quality and con-
sistent dose reduction compared with FBP, down 
to 75% in selected clinical scenarios (Fig.  3) 
(Geyer et al. 2015; Willemink et al. 2013).

IR techniques have demonstrated their bene-
fits also in liver imaging by improving lesion 
conspicuity and reducing image noise (Marin 
et  al. 2010; Lv et  al. 2015; Yu et  al. 2013). 
Additionally, achieving dose reductions without 
affecting image quality may result to be particu-
larly useful also in hepatic perfusion imaging, 
which traditionally requires high radiation doses. 
One of the limitations affecting IR is the genera-
tion of “plastic” or “blotchy” datasets, due to 
image oversmoothing. To mitigate this effect, 
hybrid reconstruction algorithms, combining 
FBP and IR, have been developed (Geyer et al. 
2015).

In the last few years the scientific commu-
nity has been working on applying artificial 
intelligence (AI) to improve CT images’ recon-
struction process, mostly employing neural net-
works, aiming at further optimizing image 
quality and reducing both radiation exposure 
and reconstruction time. Even though AI is not 
yet available for clinical implementation, it is 
expected to play an important role in IR in the 
foreseeable future (Litjens et  al. 2017; Wang 
and Summers 2012).

8  �Post-processing Techniques

The term “post-processing” refers to a specific 
procedure which enables to display CT images 
with characteristics—such as orientation and/or 
thickness viewing—different from those shown 
in the original presentation. Most common post-
processing techniques include:

•	 Multiplanar reformatting (MPR)
•	 Maximum intensity projection (MIP)
•	 Minimum intensity projection (MinIP)
•	 Volume rendering (VR)

Each of these tools yields different insights 
into patients’ anatomy and shows its peculiar 
strengths and limitations which impact clinical 
applications.
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8.1  �Multiplanar Reformatting (MPR)

It refers to planar cross sections oriented through 
planes other than the axial one, such as coronal 
and sagittal ones (Fig.  4). For non-orthogonal 
structures being imaged, oblique planes can also 
be derived. MPR utility in liver imaging has 

been especially established in lesion detection 
in difficult locations, such as subcapsular ones, 
and/or in heterogeneous parenchyma, such as 
occurs in cirrhotic liver. MPRs are also useful in 
the assessment of lesion-enhancing patterns and 
in the evaluation of tumor vascularity, for either 
vascular displacement, encasement, invasion, or 

a b

c d

Fig. 3  (a) Shows a CT image reconstructed using filtered 
back-projection algorithm. Modern iterative reconstruc-
tion algorithms can be applied with low strength (b), 
medium strength (c), or high strength (d). Increasing lev-
els of strength indicate a greater noise removal. The 

choice of the appropriate strength level depends on the 
clinical purpose and the optimal trade-off between dose 
reduction and image quality improvement. Despite less 
noisy, high strength levels (d) may result in “plastic” 
appearance
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neoangiogenesis. Additionally, MPR reformat-
ting may play an important role in preoperative 
planning, before hepatic surgery (Kamel et  al. 
2003).

8.2  �Maximum Intensity Projection 
(MIP)

It employs parallel-viewing rays traced from the 
expected position of the operator and projected 
through the CT volume: only the highest density 
voxels detected along the ray path are depicted to 
be displayed along a predefined axis of the image, 
generating MIP images. MIP post-processing 
allows structures that are not in the same plane to 
be visualized along their entire length, such as 
occurs in hepatic arteries, providing also useful 
information about tumor vascularity, feeding ves-
sels, and draining veins (Fig. 5). In general terms, 
MIP images are useful for depiction of vascular 
anatomy, providing CT angiography images use-
ful in both preoperative planning of interven-
tional procedures (i.e., chemoembolization) and 
postoperative evaluation of vascular complica-
tions (i.e., after liver transplantation), resulting as 
a valid tool also in focal lesion characterization 
due to increased conspicuity (Johnson and 
Fishman 2018).

8.3  �Minimum Intensity Projection 
(MinIP)

Conversely to MIP, only the lowest attenuation 
values detected along the ray path in each view 
are depicted to generate MinIP images. It is very 
useful in displaying structures with lower attenu-
ation values such as the bile ducts and the hepatic 
biliary tree, showing more evident margins 
(Fig. 6) (Maher et al. 2004).

a b c

Fig. 4  Multiplanar reformatting images of the liver. Axial 
image (a) shows a hypovascular liver lesion located in the 
VII segment. Sagittal (b) and coronal (c) reformats allow 

for a more precise anatomical assessment especially in 
cases of subcapsular lesions

Fig. 5  Maximum intensity projection on the axial plane 
at the level of the hepatic hilum allows to depict on a sin-
gle image the course of the hepatic artery (arrow) and the 
portal vein (asterisk) along with its intrahepatic branches
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8.4  �Volume Rendering (VR)

It produces 3D images, which can depict an entire 
organ or volume of interest in a single image. It 
consists of interpolating all data from scanned 
volume to provide realistic visualizations of 
objects, presented from multiple-view angles and 
freely rotating around an arbitrary point or plane 
of interest. All voxel values are assigned a color 
and an opacity level (from 0% to 100%) which 
may be interactively adjusted to alter the display 
in real time, possibly enhancing the visualization 
of particular structures within the imaged volume 
(Fig.  7) (Maher et  al. 2004; Furlow 2014). VR 
enables the depiction of both hepatic arterial and 
venous anatomy with an optimal visualization of 
vascular details and potential anatomical vari-
ants, even better than angiography; moreover, it 
can provide a detailed overview of the liver archi-
tecture as well as orientation and characterization 
features of contingent masses. Moreover, VR 
reformatting may allow calculation of precise 
hepatic volumetry, which represents a clinical 
need in case of surgical planning for both liver 
transplantation and atypical resections, to evalu-
ate remnant liver volume. Completely manual, 
semiautomatic, and completely automatic soft-
ware are available to calculate liver volume, 

allowing a complete assessment in a single study, 
obviating other radiological procedures (Cai 
et al. 2016; Lodewick et al. 2016).

Post-processing reformatting enables faster 
and more efficient interpretation of CT images 
and, with increasing computer processing power, 

a b

Fig. 6  Minimum intensity projection on the axial plane 
(a) and coronal plane (b) provides a comprehensive over-
view of the full extent of pneumobilia in a patient who had 

undergone endoscopic retrograde cholangiopancreatogra-
phy. Pneumobilia involves the common bile duct and the 
intrahepatic ducts of liver segments II and IV

Fig. 7  Three-dimensional volume rendering of the liver 
on the axial plane provides a comprehensive overview of 
parenchyma and vessels, such as the portal vein (asterisk) 
and the hepatic veins (arrow)
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accuracy, specificity, and post-processing speed 
are expected to further improve.

9  �Dual-Energy CT: Basic Principles 
and Technical Parameters

Dual-energy CT (DECT), also referred to as spec-
tral CT, relies on a simultaneous acquisition of two 
datasets at different X-ray tube energy levels: a 
low-energy image dataset, acquired at 70–80 kVp, 
and a high-energy image dataset, typically 
acquired at 140–150  kVp. Various DECT tech-
niques have been implemented, exploiting differ-
ent methods to generate the two energy spectra:

•	 Dual-Source DECT (dsDECT): A single 
gantry is equipped with two independent 
X-ray tubes operating at two different poten-
tials, with two corresponding opposite detec-
tor rows.
Low-energy tube commonly operates at 
80  kV, and high-energy tube operates at 
140 kV. Depending on the scanner, other volt-
age settings such as 70, 90, and 100 kVp for 
low-energy tube and 150 kVp for high-energy 
tube are possible, especially in second- and 
third-generation dsDECT scanners (Siegel 
et  al. 2016; McCollough et  al. 2015; Flohr 
et al. 2006; Johnson et al. 2007). Disadvantages 
of such technology are the smaller field of 
view of the high energy, which may reduce the 
capability of evaluation of peripherally located 
abdominal structures in larger patients and the 
possibility of reduced material decomposition 
accuracy in rapidly moving structures 
(Forghani et al. 2017a).

•	 Rapid-switching DECT (rsDECT): The 
gantry is equipped with a single X-ray tube, 
performing multiple rapid alternations 
between high kVp and low kVp during a sin-
gle gantry rotation. Such technology has a 
shorter temporal offset compared to dsDECT, 
leading to reduced beam-hardening artifacts 
and improved material decomposition accu-
racy. However, to adapt the two scan acquisi-
tions at each position, rsDECT gantry rotation 
time is slower than in dsDECT, which might 

result in higher motion artifacts and nullify the 
short temporal offset (Furlow 2015).

•	 Dual-layer detector DECT (dlDECT): A 
combination of a single X-ray source, operat-
ing at a single tube potential, and a “sand-
wich” detector. The innermost layer of the 
detector is composed by a yttrium-based scin-
tillator absorbing low-energy photons selec-
tively, whereas the outermost detector consists 
of Gd2O2S2 and absorbs high-energy photons 
(Siegel et al. 2016; McCollough et al. 2015). 
Spectral separation is limited because it occurs 
at the level of the detectors. Additionally, this 
design does not permit alterations of the spec-
tra at the source. However, it ensures excellent 
temporal and spatial registration. More disad-
vantages are related to cross-scatter photons: 
low-energy photons may hit the outermost 
layer and vice versa, resulting in a contamina-
tion of datasets between the two detector lay-
ers (Forghani et al. 2017a).

•	 Twin-beam DECT: A combination of a sin-
gle source and a single detector in which a 
split filter, consisting of gold, capable to 
decrease X-ray photon energy, and tin, capa-
ble to increase X-ray photon energy, is applied 
right after the X-ray source to obtain spectral 
separation. The resultant X-ray beam is split 
along the z-axis in a low-energy half and a 
high-energy half (Forghani et al. 2017a; Goo 
and Goo 2017).
Advantages of this design include full FOV, 
relative hardware ease, and lower cost.
Among the disadvantages, the need of a helical 
scan, to avoid a different portion of the patient 
being irradiated by the low- and high-energy 
spectra, must be considered. Additionally, the 
central part of the beam is composed by a 
mixed energy spectrum, disabling material dis-
crimination from that portion of the data. 
Eventually, cross-scatter photons from one 
side of the beam may contaminate data at the 
other side of the beam (Forghani et al. 2017a).

•	 Sequential DECT: Two spiral or sequential 
scans are sequentially acquired at two different 
X-ray beams. This DECT design was the first 
one ever experimented, and may be performed 
in both volume and helical modes. In volume 
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mode, consecutive scans of the anatomic sec-
tion are obtained using two single-rotation 
acquisitions, performed with different milliam-
perage settings for each kVp; however, this 
method was significantly affected by long 
interscan delay. The helical mode consists of 
consecutive scans of the entire volume obtained 
switching the tube potential at each anatomic 
section level (McCollough et  al. 2015). The 
time delay between the two scans is relatively 
long and the temporal skew between the acqui-
sitions is a significant disadvantage which may 
impair temporal registration, especially in mov-
ing organs or during contrast opacification. 
Furthermore, spectral data may be significantly 
distorted by any patient motion between the 
different acquisitions (Siegel et  al. 2016; 
Forghani et al. 2017a).

10  �Dual-Energy CT: Post-processing

10.1  �Blended Images

Typically, the two image datasets acquired at high 
and low energy levels are by default blended together 
to generate images resembling conventional 
120 kVp CT datasets, which radiologists are familiar 
with in clinical practice (Forghani et al. 2017b).

Blended images may be derived from linear 
blending algorithms with different proportion of 
low- and high-energy data in order to exploit dif-
ferent material characteristics: shifting blending 
ratio toward lower energies results in images with 
increased iodine signal but noisier, whereas mov-
ing blending ratio toward higher energies results 
in less image noise, as well as reduced iodine 
attenuation (Fig. 8) (Scholtz et al. 2015; Tawfik 
et al. 2012; Yu et al. 2012). Nonlinear blending 
algorithms may selectively combine information 
from both datasets with different weighting fac-
tors, improving contrast resolution and tissue 
characterization (Bongers et al. 2016).

10.2  �Basis Material Decomposition

My means of basis material decomposition 
(BMD) the chemical composition of different 
materials is obtained by quantifying the X-ray 
attenuation measured at different X-ray energies.

SECT can differentiate tissues only on the 
basis of their attenuation coefficient (HU). 
However, HU shows consistent overlap between 
tissues and materials characterized by very dif-
ferent chemical composition. On the contrary, 
DECT uses the unique linear attenuation 
coefficients (μ) obtained by imaging at two dif-
ferent energies, and by modeling the energy 

a b c

Fig. 8  Blended images generated by third-generation 
dual-energy dual-source CT scanner. Data from low-kVp 
tube and high-kVp tube are merged together to generate 
datasets resembling conventional 120 kVp images radiol-
ogist are accustomed to. (a) Depicts an image generated 
by a linear mixing of 90% data from low-kVp tube and 
10% data from high-kVp tube. (b) Was generated by a 
blend of 60% data from low-kVp tube and 40% data from 

high-kVp tube, while (c) derives blending 30% data from 
low-kVp tube and 70% data from high-kVp tube. The 
higher the contribution of low-kVp tube data in the gene-
sis of the image, the higher the image contrast and beam-
hardening effect. The blending ratio can be freely modified 
by the operator based on the specific diagnostic task. 
Image courtesy of Dr. Moritz H.  Albrecht—University 
Hospital Frankfurt
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dependence of the photon on material mass den-
sity (ρ) and atomic number (Z), material-specific 
information may be obtained, providing diagnos-
tic capabilities far beyond conventional CT (Silva 
et al. 2011; Marin et al. 2014).

Two different approaches are used, depending 
on the employed DECT technology:

•	 Two-material decomposition, used in single-
source DECT

•	 Three-material decomposition, used in dual-
source DECT

The first approach uses a specific algorithm 
applied in the projection space domain, before 
images are reconstructed from the low- and high-
energy datasets: two selected materials having 
different atomic numbers and mass attenuation 
coefficients, most commonly including water and 
iodine, are used to obtain two sets of images. 
Consequently, all human tissues are expressed as 
function of the chosen basis pair. The second 
approach uses a different algorithm applied in the 
image space domain, after imaging reconstruc-
tion, and is based on the decomposition of three 
primary elements, generally iodine, soft tissue, 
and fat (Siegel et al. 2016). Precisely identifying 
iodine-containing pixels allows to generate a 

selective iodine material density display and sub-
tract them from enhanced image, generating a 
virtual unenhanced display which corresponds to 
water material density image (Silva et al. 2011). 
Material decomposition can also be used in liver 
imaging to assess liver fat quantification (Hyodo 
et al. 2017).

10.3  �Iodine Maps

Material decomposition allows quantifying the 
iodine content of a single pixel, expressed as mg/
mL, with the consequent generation of selective 
images, representing iodine content in tissues. 
Such iodine-specific DECT datasets are named 
iodine maps and consist of images generated by 
assigning a color to the voxels containing iodine. 
They can be overlaid to standard grayscale 
images, allowing both qualitative assessment of 
iodine presence and quantitative measurement of 
the amount of iodine within a region of interest 
(Fig. 9) (Foley et al. 2016). Quantitative assess-
ments and selective visualization of iodine CM 
permit to improve the conspicuity of iodine 
uptake and, thus, of lesion characterization 
(Siegel et al. 2016; Krauss 2018; Muenzel et al. 
2017a).

a b

Fig. 9  Iodine map encodes the iodine distribution in each 
CT voxel and can be superimposed onto conventional CT 
dataset, with different percentages, resulting in a color-
coded iodine overlay image (a: 50% superimposition; b: 

100% superimposition). Red pixels reflect the presence of 
iodine, while the intensity of the color correlates with the 
amount of iodine. Image courtesy of Dr. Moritz H. 
Albrecht—University Hospital Frankfurt
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10.4  �Virtual Non-contrast Images

The precise quantification of iodine distribution 
allows also the virtual removal of the iodine com-
ponent from the CT number in each image voxel, 
produced by subtracting the iodine map from the 
enhanced DECT image (Kartalis et al. 2017; Goo 
and Goo 2017). The resultant virtual non-contrast 
(VNC) images have nowadays comparable image 
quality to true unenhanced datasets (Fig.  10). 
They allow substantial radiation dose and scan-
ning time reduction by replacing true unenhanced 
images (Sauter et  al. 2018). However, when 
assessing liver lesions after transarterial chemo-
embolization with lipiodol as a drug delivery sys-
tem, true unenhanced images may be required for 
diagnostic purposes, since VNC alone might 
erroneously suggest enhancement and presence 
of viable tumor (Flemming et al. 2016).

10.5  �Virtual Monoenergetic Images

X-ray beam used in conventional single-energy 
CT is polyenergetic, meaning it is composed by a 
broad spectrum of photons at different energy 
levels. DECT allows to generate virtual monoen-

ergetic images (VMIs), which are particularly 
useful in reducing beam-hardening artifacts and 
increasing iodine attenuation.

VMIs are created in the projection domain or 
in the image domain, depending on the DECT 
technology (Yu et  al. 2012). Low-keV VMIs, 
approximating the iodine K-edge (33.2 keV), are 
characterized by high contrast resolution. On the 
other hand, they are also intrinsically noisy. 
Conversely, high-keV VMIs are characterized by 
less image noise and reduced beam-hardening 
artifacts; nevertheless, they have low contrast 
resolution. It has been demonstrated that 
60–75 keV VMIs may be considered equivalent 
to conventional 120  kVp SECT (Siegel et  al. 
2016) (Fig. 11).

Additionally, VMI may improve tissue char-
acterization through the evaluation of the “spec-
tral attenuation curves” generated by graphically 
plotting the attenuation values of a material as a 
function of energy, for every monochromatic 
energy of the spectrum. For example, iodine is 
known to show an attenuation peak at lower ener-
gies: only structures significantly enhancing after 
CM administration demonstrate sharp, sloping 
curves at lower kiloelectron-volt values, whereas 
structures not showing consistent CM 

a b

Fig. 10  Virtual non-contrast image (a) has comparable 
image quality of corresponding true non-contrast dataset 
(b), potentially allowing for a significant radiation dose 

saving by avoiding the need of a pre-contrast scan. Image 
courtesy of Dr. Moritz H. Albrecht—University Hospital 
Frankfurt
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enhancement display a relatively flatter kiloelec-
tron-volt curve (Agrawal et al. 2014).

11  �Future Perspective: Photon-
Counting CT

CT scanners currently used in clinical practice 
are equipped with energy-integrating detectors. 
Such detector technology operates with a two-
step process: the first step consists of absorbing 
the X-rays and converting them in visible light, 
which in turn is converted into electric signal by 
a photodiode. The amplitude of the electric signal 

is proportional to the total amount of energy that 
reaches the detectors.

Conversely, photon-counting detectors 
directly convert X-ray photons in electric signal, 
without the need of generating visible light. The 
height of the electrical pulses generated by each 
photon is proportional to the individual photon 
energy. The number of pulses exceeding a certain 
energy (set as threshold) contributes to the 
genesis of the image, while pulses below the 
energy threshold are considered as electronic 
noise and hence excluded from photon counts. 
Main advantages over photon-counting detectors 
over energy-integrating detectors are noise 

a b

c d

Fig. 11  Virtual monoenergetic images generated at (a) 
40 keV, (b) 70 keV, (c) 100 keV, and (d) 130 keV. Low-
keV monoenergetic images maximize iodine attenuation 
but are affected by relatively high image noise. Conversely, 

high-keV monoenergetic images are characterized by 
lower vascular contrast but reduce calcium blooming and 
beam-hardening artifacts. Image courtesy of Dr. Moritz 
H. Albrecht—University Hospital Frankfurt
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reduction and consequent increased signal-to-
noise ratio and increased spatial resolution.

More importantly, photon-counting detectors 
also differentiate multiple contrast agents (such 
as gadolinium and iodine); such characteristics 
might result in a single-acquisition multiphasic 
examination by injecting multiple contrast media 
at specific time points and then scanning the 
patient just once, reconstructing arterial and por-
tal venous phase in post-processing. The imple-
mentation of this technology would be beneficial 
in terms of radiation dose savings and small 
lesion characterization, due to the perfect ana-
tomic match of the different reconstructed phases. 
Photon-counting CT scanners (Muenzel et  al. 
2017b; Willemink et  al. 2018) for humans are 
currently available only for research use. 
Manufacturers and researchers are actively work-
ing to optimize such CT systems and implement 
photon-counting CT in clinical practice in the 
foreseeable future.
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Abstract
Magnetic resonance imaging (MRI) is one the 
leading imaging modalities to evaluate liver 
diseases, with an active role both on focal liver 
lesions and diffuse parenchymal evaluation. 

Despite its diagnostic capabilities, MR imag-
ing is far more difficult to manage than com-
puted tomography (CT). The aim of the 
current chapter is to review the protocols for 
liver imaging using standard technical specifi-
cations able to provide reproducible image 
quality, and to review advanced applications 
encompassing quantification issues, allowing 
therapeutical monitoring and disease follow-
up. The chapter also adresses strategies to 
derive functional information, especially 
using diffusion-weighted imaging and dedi-
cated liver specific contrast agents. Its scope is 
to allow the reader an in-depth vision of mod-
ern MR of the liver from a clinical point of 
view, proposing imaging protocols effective at 
1.5 and 3T magnets.
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1  �Introduction

Magnetic resonance imaging (MRI) actually 
plays an important role in the detection and char-
acterization of focal liver lesions as well as evalu-
ation of diffuse hepatic diseases, proving to be 
more efficient than computed tomography (CT).

This imaging modality enables a comprehen-
sive assessment of tissue characteristics through 
its multiparametric capabilities, providing accu-
rate qualitative and quantitative data (Donato 
et  al. 2017; Guglielmo et  al. 2014; Van Beers 
et al. 2015). To fully harness the potentialities of 
MRI in liver study, it is important to optimize 
parameters in order to reduce artifacts and 
improve imaging interpretation, selecting the 
adequate contrast agent for each clinical situation 
(Bitar et al. 2006; Donato et al. 2017; Guglielmo 
et al. 2014). The aim of this chapter is to review 
basic and advanced protocols needed to produce 
a diagnostic MR study of the liver.

2  �Standard Liver Protocols

2.1  �Basic Sequences

Sequences applied in liver MRI can be divided 
into two main groups: fast or turbo spin echo (or 
FSE, characterized by multiple “refocusing 
pulses” of 180° after the initial 90° radiofre-
quency (Rf) pulse) and gradient echo (or GRE, 
where the phase coherence after the initial 90° 
pulse is regained by the inverted rephasing lobe 
of the frequency-encoding gradient) (Pooley 
2005). For FSE moderately T2-weighted (−w) 
imaging with TE of 60–120  ms (ideally 
80–100 ms) or heavily T2-w sequences (SSFSE 
or HASTE) using a longer TE in the range of 
160 ms (ideally 180–200 ms) may contribute to 
differentiate cysts and hemangiomas from other 
solid liver tumors (Fig.  1). Since gradient echo 
sequences (GRE) are highly sensitive to suscepti-
bility artifacts, induced by the presence of iron, 

a b

c d

Fig. 1  Mandatory pre-contrast sequences in a liver MRI study. (a) HASTE sequence in the coronal plane. (b) T2 
sequence with fat suppression in the axial plane. (c, d) T1 GRE in and out of phase
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calcium, air, or metal (Donato et al. 2017), they 
can be applied to disclose individual proton spe-
cies, such as detection of microscopic fat (in 
focal liver lesions such as hepatocellular adeno-
mas or diffusely in liver steatosis) using opposed-
phase images (Fig. 1). The TE in opposed phase 
should be lower than in-phase (usually 2.3  ms 
and 4.6 ms at 1.5T, respectively), and as low as 
possible in order to reduce the T2* decay. Short 
time inversion recovery sequences (STIR) are an 
alternative to FSE T2-w FS sequences. With this 
type of sequence focal liver lesions display higher 
contrast-to-noise ratio (CNR) due to the profound 
fat signal suppression but unfortunately spatial 
resolution is hampered making it seldom used in 
liver MR protocols. For contrast-enhanced imag-
ing, 3D GRE T1-w fat-saturated sequences are 
usually applied, and allow obtaining high SNR, 
spatial resolution, and image detail when com-
pared with 2D techniques (Guglielmo et al. 2014; 
Matos et al. 2015).

2.2  �Specified Techniques 
to Optimize Liver MRI Study

2.2.1  �Modified Dixon Technique
Modified Dixon technique is based on the prin-
ciple of chemical shift between water and fat pro-
tons, which difference is directly proportional to 
the intensity of the static magnetic field. With this 
technique, it is possible to null more homoge-
neously the fatty components without the use of 
additional fat-selective gradient pulses. With this 
approach, four sequences can be simultaneously 
acquired within the same breath-hold, in-phase, 
opposed-phase, water-only, and fat-only images, 
contributing to increase image quality and reduce 
the overall scan time (Pokharel et al. 2013).

2.2.2  �Free-Breathing Sequences: 
Multiphasic Liver Imaging 
and Compressed Sensing

Dynamic contrast-enhanced MR of the liver (DE-
MR) is acquired during a single breath-hold 
typically of 15–20 s, using 3D GRE T1-w gradi-
ent-echo fat-suppressed sequences (Kaltenbach 
et  al. 2017). In the last decade, free-breathing 

sequences have been developed using a combina-
tion of central k-space sampling (keyhole tech-
nique) with radial acquisition of the k-space data. 
This modification makes the acquisition less sen-
sitive to respiratory artifacts since acquisition of 
the relevant k-space to provide image contrast is 
performed first reducing motion-related 
artifacts.

Late arterial phase acquisition—correspond-
ing to the best hypervascular tumor-related 
enhancement—is critical for detection of small 
hypervascular lesions, namely hepatocellular 
carcinoma, in order to increase sensitivity. 
However, obtaining this phase may be techni-
cally challenging because it depends on many 
variables: patient’s cardiac output, type of con-
trast agent, rate of contrast injection, and imaging 
protocol (Clarke et al. 2015). Using the keyhole 
strategy, it is possible to obtain several phases of 
liver enhancement in the same breath-hold period 
(Chandarana et al. 2013). As such, it is possible 
to obtain three or more sets of images (each for 
4–5  s) within the same breath-hold period of 
15–20 s. Adding the multicoil compressed sens-
ing reconstruction technique with the highly 
accelerated free-breathing volumetric dynamic 
MRI technique with radial sparse parallel MRI 
(acronyms: GRASP from Siemens manufacturer 
and Hypersense from General Electric) instead of 
one, several phases can be acquired (10–20) of 
the whole liver in a free-breathing mode (Fig. 2).

2.3  �Diffusion-Weighted Imaging 
(DWI)

This technique has been increasingly applied to 
liver MRI and has revealed itself as an integral 
part of state-of-the-art MR liver studies, increas-
ing clinical confidence and reducing false posi-
tives. DW-MRI is based on the physical process 
of random movement of water molecules in the 
extracellular and intravascular spaces, which is 
not entirely free since it depends on physical 
interactions with biological barriers like cell 
membranes, macromolecules, and flow within 
tubular structures (like vessels and ducts) (Lewis 
et al. 2014; Matos et al. 2015). Tissues with dif-
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ferent cellularity allow different degrees of water 
proton mobility and consequently DWI derives 
image contrast from these differences. Different 
series of DW images are generally acquired (two 
or more) through modification of the gradient 
strength and magnitude, referred to as b-value. At 
a b-value of 0  s/mm2 no diffusion gradient is 
applied and consequently no diffusion informa-
tion is retrieved, giving similar information as 
T2-w FS sequences. In images obtained with a 
low b-value (b < 100 s/mm2) rapid movement of 
water molecules inside the vessels translates into 
marked signal attenuation of these structures, 
resulting in a “black blood” effect improving con-
spicuity for lesions located near the dark vessels. 
At higher b-value images (b 500–1000  s/mm2), 
water movement restriction in highly cellular tis-
sues translates into persistent bright appearance, 
with greater SNR and CNR and less artifacts 
(Fig. 3) (Chilla et al. 2015; Lewis et al. 2014).

The interpretation of DW images can be done 
visually but also quantitatively, through the 
apparent diffusion coefficient (ADC) map (Boyle 
et al. 2006). The ADC map reflects the intrinsic 
tissue properties and is the graphical representa-
tion of the ratio of DW signal intensities.

2.4  �Contrast Agents

T1-w two- (2D) or three-dimensional (3D) 
gradient echo (GRE) sequences with fat sup-
pression (or nulling) are the sequences of 
choice in dynamic liver MRI (Huh et al. 2015; 
LeBedis et al. 2012; Thian et al. 2013). These 
sequences offer a very good temporal resolu-
tion being obtained during a single breath-
hold, with suitable spatial resolution and 
signal-to-noise ratio (Huh et  al. 2015; Thian 
et al. 2013). TR and TE should be as short as 
possible since a short TR reduces acquisition 
time and increases T1 weighting, while short 
TE reduces susceptibility artifacts. Tipically, 
the flip angle varies from 10° to 15°. Fat sup-
pression is essential since it minimizes abdom-
inal wall artifacts by suppressing subcutaneous 
fat. Some of the most employed 3D GRE 
sequences in liver examination are VIBE 
(Volumetric Interpolated Breath-Hold 
Examination; Siemens Healthcare, Erlangen, 
Germany), LAVA (Liver Acquisition Volume 
Acceleration; GE Healthcare, Milwaukee, WI, 
USA), and eTHRIVE (enhanced T1-high-
resolution isotropic volume excitation; Philips 

Fig. 2  Dynamic contrast-enhanced 3D GRE using the 
free-breathing multiarterial compressed sense technique. 
More than 15 phases of free-breathing liver images are 
obtained increasing the diagnostic capabilities of 

CE-MRI. To note the enhancing nodule at segment 1, tak-
ing up Gd-EOB-DTPA in the transitional phase (last 
image)
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Healthcare, Best, The Netherlands) (Huh et al. 
2015, Thian et al. 2013).

There are three major types of MRI contrast 
agents, according to its biodistribution: (1) non-
specific extracellular gadolinium agents, (2) 
hepatobiliary-specific agents, and (3) blood pool 
agents (Bashir 2014; LeBedis et  al. 2012). 
Extracellular Gd chelates remain the most 
commonly used, with wide applicability in liver 
and other organ imaging. They are the best docu-
mented and those who have the longest clinical 
experience (LeBedis et  al. 2012; O’Neill et  al. 
2015). Currently, with the generalized use of mac-
rocyclic agents instead of those with a linear con-
figuration, no additional cases of nephrogenic 
systemic fibrosis (NSF) are being reported. This is 
due to the stability of the Gd molecule of macrocy-
clic agents avoiding decomplexation of the metal 
from the chelating agent DTPA.  Dynamic con-
trast-enhanced imaging is performed in order to 
encompass the late arterial, portal venous, and 

interstitial or delayed phases (Fig. 4). To achieve 
the most effective late arterial phase, the peak of 
the contrast bolus and the acquisition of the central 
lines of k-space, which encode tissue contrast, 
should be synchronized. An individual, tailored, 
acquisition delay is preferred than a fixed delay, 
either using a test bolus or bolus-tracking tech-
niques (Bashir 2014; LeBedis et  al. 2012; Wile 
and Leyendecker 2010). Typically, the late arterial 
phase (occurring 30–40 s after the beginning of the 
contrast injection) is recognized by excellent arte-
rial enhancement, enhancement of the main portal 
vein, and absence of contrast in the hepatic veins.

Hepatobiliary-specific agents are multiphasic 
agents that combine extracellular and hepatocyte-
selective properties. After reaching the hepatic 
sinusoids, these agents are transported across the 
functioning hepatocytes via membrane receptors 
at the sinusoidal pole of the hepatocytes and are 
eliminated via the biliary tract, by transporting 
polypeptides located at the biliary pole of the 

a b

c d

Fig. 3  Diffusion-weighted imaging obtained with 
b-values of 50 (a), 100 (b), and 800 s/mm2 (c) showing 
restricted diffusion of metastases in the right liver lobe. 

(d) Corresponding ADC map depicting lower ADC val-
ues. Note the sub-centimeter subcapsular lesion (arrow), 
easily detected with DWI
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hepatocyte. Currently, two Gd-based 
hepatobiliary-specific agents are available in the 
majority of countries: gadobenate dimeglumine 
(Gd-BOPTA, MultiHance®, Bracco Imaging, 
Milan, Italy) and gadoxetic acid (Gd-EOB-
DTPA, Primovist®, Bayer Schering Pharma AG, 
Berlin, Germany) (Donato et al. 2017).

Gd-BOPTA-recommended dose is 0.1 mmol/
kg administered in a bolus injection (2  mL/s). 
Only 5% of the contrast is cleared by the biliary 
tract, with the remaining being eliminated by 
renal excretion. The hepatobiliary phase is 
achieved 1–2  h following contrast injection 
(LeBedis et  al. 2012). It has a better dynamic 
phase imaging compared to Gd-EOB-DTPA 
and extracellular agents. Gd-EOB-DTPA- 
recommended dose is 0.025 mmol/kg and about 
50% is excreted by the biliary system. The patient 
can be scanned only once with a waiting time to 
allow for hepatocyte uptake around 10–20  min 
after injection depending on the baseline liver 
function (Fig.  5). Increasing the flip angle to 

30–35° in the hepatobiliary phase acquisition 
improves CNR of liver lesions by increasing the 
signal of the enhanced liver and biliary tract and 
decreases the signal intensity of non-enhancing 
structures (Guglielmo et  al. 2014; Thian et  al. 
2013).

a b

c d

Fig. 4  Contrast-enhanced dynamic multiphase liver 
study. (a) Plain 3D T1 GRE with the Dixon technique 
water images. (b) Arterial phase acquired 35 s after intra-

venous contrast injection. Portal venous (c) and late inter-
stitial (d) phases, obtained, respectively, 70 s and 5 min 
after contrast administration

Fig. 5  Hepatobiliary phase 20  min after intravenous 
administration of the hepatobiliary contrast Gd-EOB-
DTPA. Vivid enhancement of the right hepatic duct in a 
patient with normal liver function and biliary excretion of 
the contrast media
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3  �Liver MRI at 1.5T and 3T

Scanners operating at a 3T magnetic field are 
being used more and more frequently in clinical 
practice over the last decade. The stronger static 
magnetic 3T field (when compared to 1.5T) 
translates into increased SNR, and spatial and 
temporal resolution (Chang et  al. 2008). T1 
relaxation time of a proton refers to the time nec-
essary for its return to the original energy state 
after excitation by the RF pulse. T1 values 
depend on the proton microenvironment 
(decreasing with greater structural organization) 
and the static magnetic field strength (increasing 
in stronger fields, being therefore longer at 3T 
when compared to 1.5T) (Chang et  al. 2008). 
In-phase and out-phase sequences at 3T imaging 
suffer modifications, since the precession fre-
quencies of water and fat protons are reduced to 
half of the values found at 1.5T. At 3T the short-
est out-phase and in-phase TEs are 1.15 ms and 
2.3 ms, respectively (Chang et al. 2008; Ramalho 
et al. 2007).

Although liver tissue T1 relaxation times sub-
stantially increase at 3T, the higher magnetic 
field strength results in minimal changes for T1 
gadolinium-shortening effects, leading to higher 
liver-to-lesion contrast, which can be used to 
improve contrast resolution; use of thinner 
slices; or reduced scan time, which is important 
in uncooperative patients (Chang et  al. 2008; 
Huh et al. 2015).

Performing exams with a stronger magnetic 
field has some disadvantages, resulting from a 
greater radiofrequency power transmission to the 
patient (especially in T2-w TSE sequences due to 
the larger number of RF pulses) resulting in high 
SAR values (Girometti 2015). The so-called 
standing wave or dielectric artifact is also more 
common at 3T imaging, occurring in patients 
with large abdominal diameters (such as obese or 
when ascites is present), that exceeds the RF 
pulse wavelength, resulting in heterogeneous 
deposition of energies and large variations in sig-
nal intensities (Fig.  6) (Chang et  al. 2008; 
Girometti 2015; Huh et al. 2015).

Protocols for 1.5T and 3T liver MRI exams 
are hereby presented below:

Fig. 6  Dielectric artifact observed at a 3T MR study in a 
patient with ascites, rendering the study unreadable

Sequence Plane
TR 
(ms)

TE 
(ms)

Flip 
angle

Fat 
saturation Matrix

FOV 
(mm)

No. of 
slices

Slice 
thickness 
(mm)

HASTE Coronal 900 77 150° None 256 × 243 400 40 5
HASTE Axial 900 77 150° None 256 × 218 400 44 5
T2 TSE FS Axial 1550 93 150° Fat sat 384 × 269 380 20 8
T1 GRE in and out of phase Axial 100 2.27

5.19
70° None 256 × 192 380 20 8

Diffusion Axial 2300 70 90° Fat sat 160 × 120 450 20 8
T1 3D GRE VIBE Axial 4.88 2.38 10° Fat sat 256 × 205 380 60 3
T1 3D GRE VIBE 
hepatobiliary

Axial 4.88 2.38 30° Fat sat 256 × 205 380 60 3

Liver MRI protocol for 1.5T
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4  �Quantitative MR for Diffuse 
Liver Diseases: Fat, Iron, 
and Fibrosis

4.1  �MR Techniques 
for Quantification of Hepatic Fat 
(Proton Density Fat Fraction)

4.1.1  �MR Spectroscopy
Both fat and water contain protons that process at 
a characteristic frequency. The intensity of its 
signal is proportional to the amount of those pro-
tons, or proton density (PD). MR spectroscopy is 
a technique that measures the amplitude of each 
peak in the frequency spectrum. Therefore, in a 
fat-water admixture such as a fatty liver, knowing 
a priori the resonance frequencies of fat and 
water protons, their concentrations can be mea-
sured directly from their spectral signal (Yokoo 
and Browning 2014). Hepatic fat (triglyceride) 
signal has multiple frequency components, the 
dominant one being located at a frequency shift 
of 420 Hz (1.46 ppm) relative to water peak, on 
3T magnetic field. Fat proton density results from 
the sum of these diverse multiple fat peaks, and 
proton density fat fraction can be determined by 
measuring the sum of the fat peaks and the water 
peak. MRS is an accurate and reproducible 
method for quantification of proton density fat 
fraction (PDFF), being considered the imaging 
gold standard for hepatic fat quantification 

(Reeder et al. 2011). However, it is time consum-
ing, it needs dedicated software tools, it is limited 
to a small sampling volume (1 to 2  cm voxel), 
and it is only available in specialized hospital or 
research centers (Reeder et al. 2011; Yokoo and 
Browning 2014).

4.1.2  �Multi-echo Chemical Shift-
Encoded Sequences

In the last decade, advanced multi-echo chemical 
shift-encoded (MECSE) GRE MR sequences 
have emerged as an accurate tool for PDFF quan-
tification (Reeder et  al. 2011) (Fig.  7; see also 
chapter “Liver Steatosis and NAFLD”, Figs. 12–
15). These sequences, performed with more than 
3 echoes (usually between 6 and 12), take advan-
tage of the chemical shift of water and fat pro-
tons, separating the fat and water signal intensities 
and allowing to quantify fat fraction. For precise 
fat quantification, these sequences must be cor-
rected for the main confounding factors such as 
the T1 and T2* relaxation effects and the fat 
spectral complexity (Reeder et  al. 2011, 2012; 
Yokoo and Browning 2014). The effect of T2* 
relaxation between different echoes may con-
found PDFF quantification, particularly when 
there is concomitant iron deposition in the liver 
parenchyma, but also in normal livers. By using 
more than three echoes, the signal-fitting model 
of the multiple echoes allows to quantify fat and 
also to estimate the T2* relaxation. The T2* 

Sequence Plane
TR 
(ms)

TE 
(ms) Flip angle

Fat 
saturation Matrix

FOV 
(mm)

No. of 
slices

Slice 
thickness 
(mm)

HASTE Coronal 2500 121 119° None 384 × 326 380 32 5
HASTE Axial 2500 117 158° None 320 × 304 400 40 4
T2 TSE FS Axial 3000 94 84° SPAIR 384 × 314 380 40 4
T1 GRE VIBE in and out 
of phase

Axial 4.39 1.37
2.81

9° None 320 × 240 370 64 3

Diffusion (b 50,100 e 
800)

Axial 4600 43 90° SPAIR 134 × 134 380 35 5

T1 3D GRE VIBE 
DIXON

Axial 4 1.31
2.54

9° DIXON 320 × 320 370 80 2.5

T1 3D GRE VIBE 
DIXON hepatobiliary

Axial 4 1.31
2.54

9° 
(DIXON)
30° 
(VIBE)

DIXON 320 × 320 370 80 2.5

Liver MRI protocol for 3T
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estimation will be used to correct the effect of 
T2* relaxation on PDFF quantification and, fur-
thermore, because liver T2* is related to the 
amount of iron deposition, it can also be used for 
simultaneous quantification of iron deposits 
(Donato et al. 2017; França et al. 2017; Reeder 
et  al. 2011, 2012; Yokoo and Browning 2014). 
Fat protons have a shorter T1 relaxation time than 
water protons. Therefore, a significant bias in fat 
fraction estimation will occur if the acquisition is 
T1 weighted. The T1 relaxation effect can thus be 
minimized using a low flip angle (<10°) (Liu 
et al. 2007). Finally, the fitting model should also 
incorporate the multiple frequencies of fat spec-
trum to take into account the spectral complexity 
that results from multiple proton resonance fre-
quencies of triglycerides (Reeder et  al. 2011, 
2012, Yokoo and Browning 2014).

Quantification of PDFF can be performed 
using in-house advanced methods or commer-
cially available sequences, in both 1.5-T and 
3.0-T MR equipment. Fat measurements can be 
presented in parametric maps, demonstrating the 
hepatic PDFF values, pixel by pixel, with the 
advantage to demonstrate the distribution of fat 
throughout the liver parenchyma. MECSE-MR 
imaging sequences are accurate for quantification 
of hepatic steatosis (França et al. 2017; Idilman 
et al. 2013; Tang et al. 2013) and a recent meta-
analysis from the RSNA Quantitative Imaging 

Biomarker Alliance PDFF Committee has dem-
onstrated that MR imaging PDFF measurements, 
when compared with MR spectroscopy, have an 
excellent linearity, bias, and precision across dif-
ferent manufacturers, field strengths, and recon-
struction methods (Yokoo et al. 2018).

4.2  �MR Techniques 
for Quantification of Hepatic 
Iron Overload

MR imaging is sensitive to the presence of iron 
due to its paramagnetic effect on the neighbor-
hood protons, increasing the T2* signal decay. 
The T2* signal decay is, therefore, proportional 
to the amount of iron concentration. There are 
two methods to quantify liver iron concentration 
(LIC): the signal-intensity ration (SIR) and relax-
ometry methods.

4.2.1  �Signal Intensity Ratio Methods
The most widely used method for quantification 
of LIC is a SIR method that requires five different 
IP GRE sequences and compares the signal inten-
sity between the liver and a non-overloaded refer-
ence tissue (paraspinal muscles) (Gandon et  al. 
2004), using an algorithm available on a free 
website, and it was calibrated for 1.5-T and, more 
recently, for 3.0-T (Paisant et al. 2017). However, 

a b c

Fig. 7  Hepatic fat and iron quantification using a MECSE 
MR sequence. Hepatic fat (PDFF, %) and iron (R2*, s−1) 
can be measured with ROIs placed in the liver paren-
chyma (a), or in PDFF and R2* parametric maps (b, c). In 

this patient with nonalcoholic fatty liver disease, there is 
severe steatosis (PDFF 30%) and also mild elevation of 
R2* (150 s−1) indicating coexistent iron deposition

Magnetic Resonance Imaging of the Liver: Technical Considerations
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these measurements can be biased by coexisting 
hepatic steatosis and/or muscle fatty infiltration 
and overestimated iron overload (Castiella et al. 
2010). Consequently, this algorithm was recently 
modified, and now it uses a SIR method for heavy 
overloads and relaxometry for low or moderate 
overloads.

4.2.2  �Relaxometry
Relaxometry methods use a series of images 
acquired with increasing TE, with a SE or a 
multi-echo GRE sequence. The liver signal inten-
sity is modeled as a function of TE, using a 
mono-exponential or bi-exponential decay 
model, calculating the signal decay constants (T2 
or T2*) or the signal decay rates (R2 or R2*, 
which is the inverse of T2 or T2*) (Fig.  8). 

Hepatic T2 and T2* (or R2, R2*) are closely 
related to LIC, and several papers calibrated 
relaxometry measurements against liver biopsies, 
to generate empirical calibration curves between 
MR measurements and LIC (mg Fe/g or μmol 
Fe/g) (Garbowski et  al. 2014; Hankins et  al. 
2009; Henninger et  al. 2015; St Pierre 2005; 
Wood 2005). LIC can be estimated from the R2* 
or T2* measurements, using these calibration 
curves, as long as they are calculated with vali-
dated acquisition and analysis protocols.

The most used R2 relaxometry method (St 
Pierre 2005) is available as a commercial service 
(FerriScan®) and requires five T2-weighted 
sequences, acquired during free breathing, and 
images are forwarded for centralized image data 
analysis and quantification. These SE techniques 
are less sensitive to external magnetic inhomoge-
neities; however they are more prone to artifacts, 
since they require longer acquisition time than 
R2* techniques (Sirlin and Reeder 2010).

On the other hand, R2* relaxometry methods 
are performed with GRE multi-echo sequences, 
during one or two breath-hold acquisitions 
(Garbowski et  al. 2014; Hankins et  al. 2009; 
Henninger et al. 2015; Wood 2005). T2* or R2* 
measurements are then calculated using commer-
cial post-processing software or in-house-
developed software (Fig.  8). For precise 
quantification, even in heavily overloaded livers, 
the first echo should be as short as possible (less 
than 1 ms) and the echo spacing should be short 
enough (1 ms or less) (Yokoo and Browning 2014).

Furthermore, as mentioned above, the MECSE 
MR sequences that are used for PDFF quantifica-
tion can also be used for simultaneous R2* esti-
mation and LIC quantification (see Fig.  6; 
chapter “Liver Steatosis and NAFLD”, Figs. 
12–15) (França et al. 2017; Martí-Bonmatí et al. 
2011; Sirlin and Reeder 2010; Yokoo and 
Browning 2014).

Although MR imaging is being widely used 
for LIC quantification, there is still a lack of stan-
dardization and consensus across different meth-
ods, mainly because relaxation rates are 
dependent on imaging acquisition parameters 
and magnetic field strengths (Yokoo and 
Browning 2014).

Fig. 8  R2* relaxometry for hepatic iron quantification, 
using a multi-echo GRE sequence with 12 TEs. The plot 
of mean SI within a circular ROI is modeled as a function 
of TE, as a bi-exponential decay curve. The estimated R2* 
is 530 s−1, corresponding to LIC of 86 μmol/g dry liver
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4.3  �MR Advanced Techniques 
for Quantifying Hepatic Fibrosis

Imaging evaluation of hepatic fibrosis is widely 
performed with ultrasound-based methods, such 
as transient elastography or shear wave elastogra-
phy. Nevertheless, MR techniques have the 
advantage to analyze a larger volume of liver 
parenchyma and to allow deeper penetration into 
tissues. Therefore, MR imaging techniques allow 
assessing the whole liver and, moreover, provide 
morphologic information and are not limited by 
obesity or ascites. Furthermore, evaluation of 
liver fibrosis can be performed as a part of a tai-
lored liver evaluation, together with quantifica-
tion of liver steatosis and iron overload.

4.3.1  �MR Elastography
MR elastography (MRE) is an advanced MR 
imaging technique that quantifies the liver stiff-
ness, measuring the speed of shear waves propa-
gating through the liver. For this technique, a 
dedicated hardware is required, an acoustic driver 
system that is located outside the magnet, cou-
pled to a passive driver that is placed overlying 
the liver, which is used to induce the shear waves 
(Venkatesh et  al. 2013). A phase-contrast MR 
sequence with motion-encoding gradients detects 
the shear waves, which are converted in quantita-
tive maps (elastograms) of tissue stiffness (mea-
sured in kPa). MRE can be implemented on most 
conventional MR system, using modified GRE, 
SE, or echo-planar imaging sequences (Venkatesh 
et  al. 2013), and the propagating waves in the 
liver are usually well tolerated.

The mechanical properties are not dependent 
on magnetic field strength and MRE measure-
ments can be performed in 1.5T–7T equipment 
(Venkatesh et al. 2013). Liver stiffness increases 
with the progression of liver fibrosis and several 
studies demonstrated that MRE has a high sensi-
tivity and specificity for diagnosing and staging 
liver fibrosis, in patients with chronic liver dis-
eases from different etiologies (Godfrey et  al. 
2013; Singh et al. 2015a, b). Furthermore, MRE 
is robust across different MR manufacturers, field 
strengths, and pulse sequences (Petitclerc et  al. 
2016; Yin et al. 2016).

MRE performance is not significantly affected 
by gadolinium administration (Hallinan et  al. 
2015), neither by obesity nor by ascites (Petitclerc 
et  al. 2016). Nevertheless, liver stiffness mea-
surements can be confounded by liver inflamma-
tion and moderate-to-severe iron overload 
(Horowitz et  al. 2017; Petitclerc et  al. 2016; 
Venkatesh et  al. 2013). Modified SE MRE 
sequences provide higher SNR images and are 
advantageous in patients with iron-overloaded 
livers, in whom the conventional GRE MRE 
failed due to low liver signal intensity (Mariappan 
et al. 2016; Wagner et al. 2016).

4.3.2  �T1 Mapping
Measuring the liver T1 relaxation time (T1 rho) 
may provide information about the tissue compo-
sition, as T1 relaxation increases with higher 
fibrosis stages (Petitclerc et al. 2016).

A single breath-hold shortened modified look-
locker inversion recovery (shMOLLI) sequence 
is acquired to obtain T1 relaxation time maps of 
the liver (Banerjee et  al. 2014; Donato et  al. 
2017). This technique has the advantage of 
requiring neither contrast agent nor additional 
hardware. Nevertheless, contradictory results 
were reported about the role of T1 relaxation for 
staging hepatic fibrosis, and more investigational 
and clinical studies are still required (Petitclerc 
et al. 2016).
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Abstract
Nuclear medicine techniques allow the func-
tional evaluation of the liver and the biliary 
system. Biliary scintigraphy using techneti-
ated iminodiacetic acid (IDA) derivatives 
explores the biliary excretion from the uptake 
at the vascular pole of the hepatocyte to the 
bile excretion in the intestinal lumen. Positron 
Emission Tomography (PET), either in a PET/
CT scanner or in a PET/MR tomograph, relies 
on 18F-fluoro-deoxy-glucose (18F-FDG) or 
labelled choline to detect more aggressive and 
less aggressive hepato-cellular carcinomas 
(HCC) respectively. Neuroendocrine tumors 
arising in the gastroenteric tract or in the pan-
creas (NET-GEP) are best evaluated by DOTA 
compounds (DOTATOC, DOTANOC, and 
DOTANOE), labelled with 68Ga. They share 

a high affinity for the SSR-2, which is widely 
expressed in NET-GEP and represents an 
excellent opportunity for the evaluation of the 
primary tumor and the metastatic disease, 
including the liver.

1  �Introduction

The liver is divided into two lobes (right and left 
lobe) and is characterized by a double blood sup-
ply (hepatic artery arising from the celiac trunk 
and portal vein, draining the GI tract) mixing at 
the capillary level in the hepatic sinusoids.

Functional liver anatomy is segmental, based 
on the distribution of arterial, portal, and biliary 
system (left lobe: S2, S3; right lobe: S4, S5, S6, 
S7, S8; S1 is functionally independent).

1.1  �Biliary Scintigraphy

Biliary scintigraphy allows the evaluation of the 
hepatocyte function (radiopharmaceutical uptake 
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at the vascular pole of the hepatocyte) and of the 
bile excretion.

1.1.1  �Radiopharmaceuticals
The radiopharmaceuticals used for the hepatic-
biliary scintigraphy are derivatives of the imino-
diacetic acid (IDA). They are labelled with 99mTc 
and are taken up from the bloodstream, after 
intravenous injection, from the vascular pole of 
the hepatocyte, sharing the transporter with 
endogenous bilirubin. The most frequently used 
molecules are disofenin (DISIDA) and mebro-
fenin (bromide) (Figs. 1 and 2).

The excretion at the biliary pole is fast, 
because these compounds are not conjugated 
with glucuronic acid, as is the case for bilirubin; 
therefore they appear in the biliary system in few 
minutes and their concentration in liver paren-
chyma is usually halved in 15–20 min after the 
maximum uptake, usually reached in 3–5 min.

Since endogenous bilirubin competes for the 
same membrane transporter, hyperbilirubinemia, 
as in jaundice, can impair the radiopharmaceuti-
cal uptake. In this case, the standard dose (around 
185 MBq in adults) can be increased proportion-
ally, to guarantee an adequate visualization of the 
liver and the biliary system.

1.1.2  �Patient Preparation
Patients should fast for 6–10  h (minimum 4  h, 
maximum 24 h). Of note, the fasting period must 
not exceed 24 h, to avoid excessive bile concen-
tration and retention in the biliary tree, which can 
determine false-positive readings. The same con-
sideration applies to total parenteral nutrition. 
Therefore, it is advisable to postpone the exami-
nation or, alternatively, to pretreat the patient 
with cholecystokinetic drugs (e.g., sincalide), if 
allowed.

Smoking and alcohol consumption should be 
avoided during the 24 h preceding the examina-
tion, because they can interfere with radiophar-
maceutical absorption and/or excretion.

Some drugs may influence the sphincter of 
Oddi function (e.g., opiates) or gallbladder con-
traction (atropine, somatostatin analogues, sin-
calide). It is possible to exploit some 
pharmacological effects to test, for instance, the 

gallbladder filling, administering morphine, or 
gallbladder contraction after sincalide.

Therefore, a detailed pharmacological history 
is mandatory during the examination, as in most 
scintigraphic studies.

When biliary atresia is suspected in neonates 
and infants, it is highly recommended to prevent 
abdominal skin contamination due to micturition. 
The positioning of a urine-collection bag will 
markedly simplify image interpretation.

1.1.3  �Acquisition Protocol
Dynamic acquisition (matrix 128 × 128, 30–60 s/
frame) in the anterior projection (patient lying 
supine) starts immediately after i.v. tracer injec-
tion, using a large field-of-view (LFOV) gamma 
camera, fitted with a low-energy high-resolution 
(LEHR) parallel-hole collimator.

The field of view includes the whole liver, the 
upper abdomen, and at least a portion of the car-
diac region.

The usual duration of the acquisition is 
between 45 and 60  min. Delayed images are 
acquired (most often after a lipid-rich meal) as 
the clinical situation requires (e.g., non-
visualization of the bowel), up to 24  h after 
injection.

Tomographic images (single-photon emission 
tomography, SPET) can be useful when a biliary 
leakage is suspected, particularly if hybrid SPET/
CT is available.

A double-head gamma camera is preferred, 
fitted with LEHR parallel-hole collimator, to 
keep the acquisition duration around 25–30 min 
(matrix 128 × 128, 360 degrees orbit, 120 frames, 
25–30 s/frame).

1.1.4  �Image Evaluation
Visual evaluation of all the images represents the 
first essential step. The parameters to consider 
are liver uptake, visualization of the intrahepatic 
tree and extrahepatic biliary ducts, gallbladder 
visualization (if any), and timing of radiotracer 
appearance in the small bowel.

Time-activity curves (region of interest drawn 
on heart, liver, main branches of the biliary tree 
and bile ducts, gallbladder, and small bowel) may 
help in image interpretation. The most used 
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Fig. 1  99mTc-IDA derivates in a child after S2–S3 left 
split liver transplantation. Upper left: two frames (5 min 
each) 20  min after the injection demonstrating good 
uptake of the graft. Upper right: two frames (5 min each) 

1.5 h after injection showing dilatation of the intrahepatic 
biliary tree (white arrow) and initial visualization of the 
drainage (asterisk), clearly visible at 2.5 and 3.5  h. At 
3.5 h the biliodigestive anastomosis (hash) can be seen

a b c

d e f

Fig. 2  18F-FDG PET/MR in a patient affected by hepa-
tocellular carcinoma. In S8 an area of intense uptake 
(SUV Max 11) of the radiopharmaceutical corresponding 
to the lateral portion of an area (40 × 30 mm) previously 

treated. (a) DWI (b800); (b) T2 TSE fat saturated; (c) 
18F-FDG PET; (d) T1 postcontrast (arterial phase); (e) T1 
postcontrast (venous phase); (f): fused c + e

Nuclear Medicine of Hepatobiliary System (SPECT and PET)
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numerical parameters are liver-Tmax (time 
needed to reach the maximal activity in liver 
parenchyma), liver-T50 (time needed to reach 
50% of maximum activity), and gallbladder ejec-
tion fraction (the percentage difference in 
background-corrected activity between maxi-
mum gallbladder filling and post-emptying 
image).

Circulating activity decreases fast in normal 
patients, reaching a nadir in around 5 min. The 
liver parenchymal uptake shows an early increase, 
with a maximum between 10 and 20 min postin-
jection, followed by a fast decrease, leaving very 
low activity at 60 min.

The intrahepatic biliary tree is usually visual-
ized between 5 and 20 min postinjection, whereas 
the visualization of the gallbladder is highly vari-
able, depending on its filling status and on the 
contraction/relaxation of the sphincter of Oddi.

The radiotracer usually reaches the small 
bowel in 20–40 min.

Bowel non-visualization, even after 24  h, is 
highly suggestive of biliary atresia in icteric neo-
nates and infants, whereas biliary obstruction 
leads to variable delays in bile outflow and bowel 
visualization.

Acute cholecystitis is characterized by non-
visualization of the gallbladder, even 60  min 
postinjection and after morphine administration. 
Sometimes, a thin rim of enhanced uptake is 
present in the gallbladder bed (rim sign).

The radiotracer appears in the abdominal cav-
ity in case of biliary leakage.

Bilio-digestive anastomosis, using a bowel 
loop as biliary reservoir, is prone to acute and 
chronic cholangitis and the hepatic-biliary scin-
tigraphy can identify the stasis in a malfunction-
ing bowel loop, which is a major risk factor.

1.1.5  �Main Indications
Functional assessment of biliary function/post-
surgical hyperplasia

Biliary atresia
Integrity of biliary tree/biliary extravasation
Acute cholecystitis
Patency of bilio-enteric surgical anastomosis
Enterogastric reflux

1.2  �Liver PET Studies

Positron-emission tomography (PET) uses 
positron-emitting radiopharmaceuticals and 
plays a crucial role in many diagnostic protocols, 
particularly in oncology, where the most widely 
used tracer is 18F-fluoro-deoxy-glucose (18F-
FDG). PET scans are typical hybrid examina-
tions, obtained on a combined PET and CT 
scanner (PET/CT). In recent years the first clini-
cal hybrid PET/MR scanners have been intro-
duced, opening exciting perspectives.

18F-FDG depicts the glucose metabolism and 
shows a physiologic uptake in the liver paren-
chyma. Therefore, it is useful to identify lesions 
with metabolic activity greater than the surround-
ing liver, as in the case of most metastatic lesions 
and in cholangiocarcinoma.

The glycolytic activity of hepatocellular carci-
noma (HCC) does not differ, in many cases, from 
the normal liver metabolism, but increases sig-
nificantly in high-grade lesions, when the tumor 
becomes more aggressive and is less differenti-
ated. Therefore, the degree of 18F-FDG uptake 
corresponds roughly to the aggressiveness of 
HCC and can contribute to the grading of the 
disease.

Labelled choline, either with 11C or with 18F, 
detects low-grade HCC and has been proposed to 
stage at least the more complex cases of HCC, 
particularly aiming at extrahepatic disease.

18F-FDG and labelled choline are ideal candi-
dates for the characterization of doubtful hepatic 
lesions, as is the case in multifocal disease after 
treatment, whether by TACE or by microwave 
ablation. The introduction of hybrid PET/MR 
scanners opens further perspectives in this evolv-
ing field.

Metastatic liver involvement at diagnosis is 
frequent in neuroendocrine tumors arising in the 
gastroenteric tract or in the pancreas (NET-GEP). 
NET-GEP metastasis shows a variable uptake of 
18F-FDG, which is proportional to their aggres-
siveness. The same holds true for the primary 
tumor, which is often very small. Somatostatin 
receptors (SSR) are highly expressed in the vast 
majority of NET-GEP and radiolabelled com-
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pounds have been targeted both to their diagnosis 
and treatment. The most efficient PET radiophar-
maceuticals are the DOTA compounds 
(DOTATOC, DOTANOC, and DOTANOE), 
labelled with 68Ga. They share a high affinity for 
the SSR-2, which is widely expressed in NET-
GEP and represents an excellent opportunity for 
the evaluation of the primary tumor and of the 
metastatic disease, including the liver.

The treatment of metastatic NET-GEP is often 
difficult, even if they are often slow-growing 
tumors, because the disease can be already diffuse 
at the diagnosis. Radiometabolic therapy can con-
trol the disease with very limited side effects, using 
for instance DOTATE labeled with a beta-emitter 
(177 LU). The integrated approach of lesion char-
acterization and radio-metabolic treatment repre-
sents a classical example of theranostics.
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Liver biopsy is considered nowadays the most 
reliable tool to diagnose diffuse hepatic disease, 
despite improvements in serological and radio-
logical techniques. The indications for this inva-
sive technique must be weighed against the small, 
but not negligible, risk of complications 
(Tannapfel et al. 2012).
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The diagnostic accuracy of liver biopsy 
encloses several factors, e.g. patient cooperation, 
operator skills and experience, use of image 
guidance or assistance, biopsy technique, needle 
gauge, type of needle, number of biopsy passes, 
nature of the underlying histology and lesion size 
(Szymczak et al. 2012).

Nowadays liver biopsy might be taken percu-
taneously (via a needle through the skin or with 
an endoluminal biliary biopsy during percutane-
ous transhepatic biliary drainage) and transve-
nously (through the blood vessels).

1	 �Percutaneous Liver Biopsy

1.1	 �Historical Background

Paul Ehrlich is credited with the first liver aspi-
ration in 1883 and subsequently the first percu-
taneous liver biopsy for diagnostic purposes 
was reported in 1923 (Bingel 1923). The tech-
nique has been modified since then, and over the 
past 50 years it has become a central investiga-
tion of hepatic disease. The low mortality (0.01–
0.17%) and the relatively low morbidity of this 
procedure have meant that liver biopsy has 
become widely used (Sherlock and Dooley 
1997).

1.2	 �Introduction

Correct diagnosis of hepatic lesions has a funda-
mental importance in oncology as it allows 
patients with malignant lesions to undergo the 
most appropriate treatment and those with benign 
lesions to avoid surgical interventions. Despite 
improvements in serological and radiological 
techniques, currently liver biopsy remains the 
most reliable method to obtain a suspicious lesion 
sample and a correct diagnosis (Bravo et al. 2001; 
Dezsofi and Knisely 2014; Myers et  al. 2008; 
Rockey et al. 2009).

Percutaneous liver biopsy is a safe and effec-
tive invasive procedure, provided that the indica-

tions, contraindications, risk factors for 
complications and failure are considered care-
fully (El-Shabrawi et al. 2012; Holtz et al. 1993; 
Matos et al. 2012; Mogahed et al. 2016; Ozawa 
et  al. 1994; Potter et  al. 2011; Sparchez 2005; 
Westheim et al. 2012).

There are a number of variables within the lit-
erature that influence the diagnostic adequacy 
and accuracy of liver biopsy that include patient 
cooperation and body habitus, operator grade and 
experience (Szymczak et al. 2012), use of image 
guidance or assistance, biopsy technique, needle 
gauge, type of needle, number of biopsy samples, 
nature of the underlying histology and lesion size 
(Howlett et al. 2012).

US is the first choice for the guidance of per-
cutaneous biopsy of hepatic lesions, to reduce the 
risk of complications (Kader et al. 2003).

US has a lot of advantages, including real-
time capability, absence of radiation hazard, 
easy accessibility and low cost. But on the other 
hand, US cannot recognize all focal hepatic 
lesions.

1.3	 �Patient Selection

Not all patients with liver injury may undergo a 
percutaneous liver biopsy. Patients must be eval-
uated to recognize who can be submitted to the 
procedure (indications, alternative methods).

Radiologist should know the medical history 
of a patient and previous imaging studies (Lee 
et al. 2012; Veltri et al. 2017).

Then, it is necessary to check the patient’s 
medications and suspend any anticoagulant/anti-
platelet medications (Aspirin/Plavix discontin-
ued 7–10  days prior and resumed 48–72  h 
post-procedure; warfarin discontinued 5–7 days 
prior and resumed the day following the proce-
dure; heparin should be withheld 6–12 h prior to 
the procedure) (Gopal et al. 2011).

If the patient has any type of coagulation 
anomalies, these must be corrected (e.g. low 
platelet count, INR, PT, APTT, chronic renal fail-
ure, haemodialysis) (Douketis et  al. 2012; 
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Hinojar et  al. 2015; Patel et  al. 2012; Rockey 
et  al. 2009; Scheimann et  al. 2000; Veltri et  al. 
2017).

Patients with cardiovascular issues (coronary 
stents, prosthetic valves) should be evaluated by 
a cardiologist, to be able to suspend therapy 
safely (Gopal et al. 2011).

1.4	 �Contraindications 

Even though image-guided  percutaneous liver 
biopsy is a relatively non-invasive procedure, 
there are defined absolute and relative contraindi-
cations  (Bravo et  al. 2001; Gopal et  al. 2011; 
Rockey et  al. 2009). The first ones prohibit the 

procedure, and the second ones allow it to be per-
formed (Figs. 1, 2, 3, 4, 5 and 6).

Identifying contraindications is important to 
avoid the major complications associated with 
the procedure (Mogahed et al. 2016).

The relative contraindications include all 
those conditions that increase the risk of compli-
cations. They should be promptly recognized 
and, when possible, corrected. They include the 
inability of the patient to cooperate (in this case 
general anaesthesia may be considered), coagu-
lopathies, use of antiplatelet/anticoagulant drugs 
within 7–10  days (e.g.  coumadin), presence of 
ascites (if difficult to reach the liver, the solution 
is to precede the biopsy with a paracentesis), obe-
sity, known focal hepatic lesions (with histological 

a b

Fig.  1  Percutaneous biopsy of a lesion in the left lobe of the liver. (a) Pre-biopsy observation; (b) biopsy of the 
lesion with evidence of needle tracking

Fig. 2  Percutaneous 
liver biopsy materials: 
iodine solution, 
lidocaine hydrochloride 
2%, formaldehyde 
solution, guide brackets, 
sterile probe cover and 
sterile ultrasound gel, 
18G side-cutting biopsy 
needle
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diagnosis), vascular anomalies, bacterial cholan-
gitis, unavailability of blood products for transfu-
sion and premature infant.

Absolute contraindications are rare and 
include uncorrected severe coagulopathy (pro-
thrombin time 3–5 s more than control, platelet 
count <50,000/mm, INR >1.5, prolonged bleed-
ing time >10 min, factor VIII or IX deficiency, 
von Willebrand disease, hereditary bleeding dis-
orders, sickle cell anaemia), intrahepatic abscess, 
history of unexplained bleeding (e.g. hyperfibri-
nolysis), hepatic infection, extrahepatic biliary 

obstruction, hydatid cyst (it causes anaphylaxis), 
lack of a safe access and refusal of consent.

1.5	 �Patient Preparation

The first step before performing a percutaneous 
liver biopsy is to obtain the informed consent by 
the patient (Scheimann et  al. 2000; Veltri et  al. 
2017).

On the day of procedure, the patient must be 
fasting. Basal vital signs (blood pressure, heart 
rate, respiratory rate) and O2 saturation are moni-
tored (Davignon et  al. 1979; Eachempati 2013; 
Fleming et  al. 2011; Horan et  al. 1987; Park 
1996). An intravenous access is taken (Gopal 
et al. 2011).

Uncooperative patients (e.g. children) require 
sedation and the biopsy procedure is performed 
in an OR.

1.6	 �Procedure

A supine position is required with the right hand 
of the patient comfortably resting behind the 
head. In case of multiple hepatic lesions, it is nec-
essary to recognize the target lesion (accessibil-
ity). A preliminary US exam is performed before 
the procedure to localize the lesion and a proper 

a

b

c

d

Fig. 3  Semi-automatic transjugular liver biopsy system: 
The four different parts from top to bottom are (a) the blue 
7-French curved-ended sheathing catheter equipped with 
its antireflux valve, (b) the white 5-French end-hole 
straight catheter used to facilitate introduction of the 

sheathing catheter, (c) the black 5-French end-hole cathe-
ter which will be coaxially inserted into the sheathing 
catheter before descending on a stiff metal guide wire and 
(d) the biopsy needle in the “armed” position

Fig. 4  Transjugular liver biopsy: Tru-Cut technique. The 
sheathing catheter is within the right hepatic vein and the 
needle moves forward in the hepatic parenchyma
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site for the biopsy (away from gallbladder, large 
vessels or bile ducts, lung, kidney—Fig  1a); a 
mark is made on the patient’s skin (Mogahed 
et  al. 2016; Veltri et  al. 2017; Al Knawy and 
Shiffman 2007; McGrath and Sabharwal 2011).

The biopsy site is sterilized using iodine solu-
tion (for patients with iodine allergy, using 
Citroclorex 2%). Asepsis is required; the operator 

uses a sterile pack to cover the region of interest 
and a sterile probe cover with a sterile adapter.

Before biopsy, it is necessary to use a local 
anaesthetic with lidocaine hydrochloride 2%, 
injected between the skin and the hepatic capsule 
(for children, lidocaine 1%). It is important to 
ensure that anaesthetic is not injected into a vas-
cular structure (Rockey et  al. 2009; Mogahed 

a b

Fig. 5   Percutaneous Transhepatic Cholangio-Biopsy forceps device. (a) Materials; (b) detail of the forceps tail

a b

Fig. 6   Percutaneous Transhepatic Cholangio-Biopsy procedure. The biopsy forceps device is inserted using a guide 
wire, positioned over the biliary obstruction, (a) and then is pushed open within the tissue (b)
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et  al. 2016; Veltri et  al. 2017; McGrath and 
Sabharwal 2011; Lorentzen et al. 2015).

Patient must be collaborative; in particular he/
she has to hold his breath during procedure. In 
patients who have difficulty complying with 
breath holding, they may be allowed to breathe 
once the needle tip is deep into the liver capsular 
surface (Gopal et al. 2011).

Biopsy is performed using an 18G side-cutting 
biopsy needle and by tracking needle penetration 
on US (Fig. 1b). US confirms the achievement of 
the tissue core and the absence of immediate 
complications. In case of failure or inadequate 
sample, biopsy can be repeated, but in the eventu-
ality of repeated unsuccessful attempts, the 
biopsy can be reprogrammed another day 
(Howlett et  al. 2012). The sample is quickly 
placed in a formaldehyde solution and sent to the 
histological analyses.

To prevent and recognize the complications, 
an US scan post-procedure is useful.

1.7	 �Post-procedure 

Patient is kept in for rest and monitored for 6 h 
after the biopsy (basal vital signs and O2 satura-
tion). Only conscious patients can eat. A dosage 
of haemoglobin after the procedure can control 
and prevent the anaemia; in patients with haemo-
globin level drop and hypotension, a transfusion 
is required. In case of pain, analgesics can be 
administered to the patient. Rest from lifting 
heavy weights and physical activity is recom-
mended for 48 h post-procedure (Mogahed et al.  
2016; Gopal et al. 2011).

1.8	 �Materials and Devices

The liver biopsy devices (Fig. 2) used most are 
the core-aspiration needles (Menghini, Jamshidi 
or Klatskin style) and sheathed cutting needles 
(either manual or spring loaded, often referred to 
as a “Tru-Cut style” in reference to one of the 
earliest cutting devices).

The cutting needle devices pass into the 
hepatic parenchyma using a troughed needle 
before an outer sheath or hood slides over this to 

secure a core of tissue. The calibre of (most) cur-
rent cutting needles is about 18 gauge. Conversely, 
the traditional core-aspiration technique relies on 
suction generated via a syringe in conjunction 
with a flat or a bevelled (Menghini or Klatskin) 
needle tip. Newer automated core needle devices 
have recently emerged; these utilize a tiny inflec-
tion of the cannula at its tip, which serves to trap 
the specimen and obviates the need for suction 
(Howlett et al. 2012).

To avoid multiple steps through the liver 
parenchyma, increasing the risk of bleeding, it is 
very common to use a needle with Chiba tip, 
equipped with cannula with Chiba and internal 
chuck.

The radiologist can place the Chiba needle 
and through it, he/she can take several samples of 
the lesion to be analysed.

1.9	 �Complications 

In only 13% of cases patients develop complica-
tions after the procedure  (Bravo et  al. 2001; 
Rockey et al. 2009; Veltri et al. 2017; Gopal et al. 
2011; Howlett et al. 2013). Liver cirrhosis, malig-
nancy, advanced age, impaired coagulation and 
number of passes are risk factors for serious com-
plications in adults (McGill et  al. 1990; 
Wawrzynowicz-Syczewska et al. 2002).

The biopsy complications are divided into 
major and minor (Cadranel et al. 2000; Neuberger 
et al. 2004; Pawa et al. 2007; Perrault et al. 1978; 
Stone and Mayberry 1996).

Major complications are bleeding in the peri-
toneal cavity (within 2  h after procedure, the 
symptoms are hypotension and tachycardia), due 
to a penetration in a branch of artery or portal 
vein (Atwell et  al. 2010); biliary peritonitis or 
pleuritis (after a puncture of a bile duct or gall-
bladder perforation); haemobilia (GU bleeding, 
biliary pain and jaundice); intrahepatic 
hematoma; haemothorax; bacteraemia, septicae-
mia; shock; and death (1:10,000).

Minor complications are pain (84% patients); 
vasovagal reactions (mild transient hypotension); 
intrahepatic or subcapsular haematomas (often 
asymptomatic); pancreatitis after biopsy of an echi-
nococcal cyst; puncture of adjacent abdominal 
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organs; pneumothorax; pneumoperitoneum; pneu-
moscrotum; subcutaneous emphysema; subphrenic 
abscess; infection; and breaking of biopsy needle.

2	 �Transjugular Liver Biopsy

2.1	 �Introduction

In most patients, percutaneous biopsy is the pre-
ferred method to obtain hepatic tissue for its sim-
plicity, ease and safety.

However, there are conditions, such as ascites 
and haemostatic defect, where percutaneous 
access is contraindicated because it is associated 
with a high risk of haemoperitoneum, which can 
be life threatening (Tobkes and Nord 1995).

In these cases, transjugular biopsy of the liver 
has become an accepted alternative method to 
obtain liver tissue specimens (Rosch et al. 1973) 
and it is generally considered effective, safe and 
well tolerated and major complications are 
extremely rare (Dohan et al. 2015).

2.2	 �Indications

Severe coagulation disorder and moderate or 
severe ascites resulting from advanced chronic 
liver disease or fulminant hepatic failure are the 
commonest indications for transjugular liver 
biopsy (McAfee et al. 1992).

In particular, transjugular liver biopsy can be 
performed in early acute liver failure for diagnos-
tic, prognostic or therapeutic purpose, for exam-
ple in acute alcoholic hepatitis, due to the need 
for specific corticosteroid treatment and the fre-
quency of haemostatic disorders (Donaldson 
et al. 1993; Rockey et al. 2009).

In fact, liver biopsy via the venous system is 
performed without penetrating the liver capsule, 
and consequently it reduces the risk of bleeding 
(Rosch et al. 1973; Tobkes and Nord 1995).

Biopsy via the intravenous system is also chosen 
when additional procedures such as the measure-
ment of the hepatic venous pressure gradient are 
required as part of the diagnostic evaluation, so that 
it is possible to perform both procedures through 
the same jugular access (McAfee et al. 1992).

Other less common reasons for using a tran-
sjugular approach to liver biopsy include pre-
viously failed percutaneous liver biopsy; a 
small, hard, cirrhotic liver; obesity with a 
difficult-to-identify flank site; and comorbidi-
ties that could lead to excessive bleeding dur-
ing percutaneous biopsy (i.e. suspected 
vascular tumour, haemodialysis and chronic 
renal insufficiency or peliosis) (McAfee et al. 
1992; Rockey et al. 2009).

Finally, transjugular liver biopsy can be an 
option in selected focal liver lesion, especially in 
case of previous failed percutaneous biopsy. In 
this circumstance, it is necessary to use ultra-
sound (US) or computed tomographic (CT) guid-
ance for obtaining needle biopsy specimens (Ble 
et al. 2014).

2.3	 �Contraindications

There is no specific contraindication for transjug-
ular liver biopsy, and for each patient risks and 
benefits should be considered (Ble et al. 2014).

The main limits are thrombosis of the right 
internal jugular vein or inability to access it.

Although, in this case, there are other possi-
bilities to perform the venous access, such as via 
the right external jugular vein, the left internal 
jugular vein or the femoral vein, these should be 
the final chance, because they are riskier than the 
conventional route (Yavuz et al. 2007).

Another limit for transjugular liver biopsy is 
hepatic venous occlusion; in such cases some 
authors have described the transcaval biopsy 
technique as a proven, safe and viable option for 
obtaining liver samples (Mammen et al. 2008).

Other contraindications for transjugular liver 
biopsy described in literature are hydatid cysts, 
cholangitis and thrombosis of the hepatic veins 
(Dohan et al. 2014).

2.4	 �Patient Preparation

Patient should be informed about the technique 
and its risks; he/she must have fasted for at least 
6  h and a written informed consent should be 
obtained. Moreover, clotting studies, serum 
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creatinine and an adequate management of anti-
coagulant therapy are required before the exam.

There is no consensus regarding the need for 
antibiotic prophylaxis and it should be managed 
on a case-by-case basis. The transjugular liver 
biopsy is performed in an interventional radiol-
ogy room, under strictly aseptic conditions, and 
patient’s vital signs (blood pressure, oxygen satu-
ration, electrocardiographic parameters and heart 
rate) are monitored during the procedure. A 
peripheral venous access should be placed, and 
oxygen may be administered via a nasal 
cannula.

Light conscious sedation with benzodiaze-
pines may be employed to relieve anxiety and 
minor discomfort (in particular, midazolam does 
not influence hepatic haemodynamics), while 
general anaesthesia is necessary for uncoopera-
tive and paediatric patients.

2.5	 �Procedure 

The patient is positioned supine, with the head 
slightly turned in the opposite direction of the 
puncture site (preferentially right internal jugular 
vein).

Previous US evaluation gives precise informa-
tion of topographic location of the right internal 
jugular vein and confirms its permeability; if this 
access is not feasible, left internal jugular, exter-
nal jugular, subclavian or even femoral vein can 
be used  (Ble et  al. 2014; Dohan et  al. 2014; 
Kalambokis et al. 2007).

After skin disinfection, positioning of a sterile 
drop and subcutaneous local anaesthetic infiltra-
tion, under ultrasonographic guidance, the right 
internal jugular vein is punctured using an 
18-gauge needle connected to a saline-filled 
syringe.

Under fluoroscopic control, a 0.035-in. 
J-tipped guidewire is inserted into the vein and a 
9–10 French (11  cm long) introducer is passed 
through according to Seldinger technique over 
the guide wire.

A 5-French end-hole catheter and a J-tipped 
0.035-in. flexible hydrophilic guide are launched 
through the introducer via the superior vena cava, 

right atrium, inferior vena cava and right hepatic 
vein or an appropriate alternative hepatic vein 
and a hepatic venogram is obtained to confirm 
the correct position of the catheter (3–4 cm from 
the inferior vena cava). Hepatic venous pressure 
gradient (HVPG) can be measured at this point. 
Once hepatic venous pressure gradient is mea-
sured, the catheter for the biopsy should be 
placed.

The specimens could be obtained by Menghini 
technique (aspiration system, using Colapinto 
needle) or Tru-Cut technique (cutting sys-
tem) (Figs. 3 and 4).

Menghini technique: A 9-French tetrafluoro-
ethylene (TFE) sheath catheter with curved tip is 
positioned into the hepatic vein and then the 
Colapinto needle is advanced into the sheath until 
it reaches the hepatic vein and successively is 
moved forward 1–2 cm into the liver parenchyma, 
with the patient holding his/her breath. To per-
form the puncture, a syringe is attached to the 
edge of the needle and aspiration force should be 
applied while puncturing.

Tru-Cut technique: A 7-French curved-end 
sheathing catheter is introduced into the hepatic 
vein and the sampling system is introduced coax-
ially to carry out the biopsy.

The direction of the needle tip is based on the 
hepatic vein selected: anteriorly if the right 
hepatic vein is catheterized or posteriorly if the 
median vein is catheterized. Biopsy through the 
left hepatic vein is used less because of a higher 
risk of extracapsular puncture due to lower left 
lobe dimensions. The starting point of the biopsy 
should be at 3–4 cm from the hepatic vein. It is 
important to remember that the semi-automatic 
sampling system moves forward for  at least 
24 mm and because of this the procedure should 
be checked regularly to ensure that the distal end 
of the biopsy needle is not too close to the liver 
capsule to reduce the risk of capsular rupture or 
bleeding. Moreover, after each pass, contrast 
medium should be injected to detect possible 
contrast leak.

If the liver specimen is absent or inadequate, 
other attempts may be made until success is 
achieved. It is recommended to take three biopsy 
samples, but two  samples seem to be sufficient 
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(depending on the size of the first two samples 
and their degrees of fragmentation).

There are no specific indications about post-
operative care of these patients; however the 
authors recommend to monitor patient’s vital 
signs for the next 2–4 h. Additionally if the cap-
sule has been punctured the patient should be 
observed closely for at least 12 h.

In case of increased right upper quadrant pain, 
dyspnoea or vital sign change, it is mandatory to 
perform further exams and appropriate explora-
tions to detect potential complications.

2.6	 �Complications 

The total rate of complications in a systematic 
review of 62 series was 7.1%, divided into minor 
complications (6.5%), major complications 
(0.5%) and death (0.09%) (Kalambokis et  al. 
2007).

According to the Society of Interventional 
Radiology, minor complications are transitory 
abdominal pain, capsule perforation without hae-
modynamic effect, pyrexia, limited intrahepatic 
haematoma and other very exceptional complica-
tions such as a biliary fistula, or hepatic artery 
aneurysm. Other minor complications related to 
the puncture of the internal jugular vein such as 
neck pain, haematoma in the neck, accidental 
puncture of the carotid artery and even pneumo-
thorax are much rarer when US guidance is used.

Major complications (Dohan et  al. 2014, 
2015) consist of haemoperitoneum, large hepatic 
haematoma, ventricular arrhythmia, pneumotho-
rax, inferior vena cava or renal vein perforation 
and respiratory arrest. Death occurs almost exclu-
sively due to hemoperitoneum and ventricular 
arrhythmia.

3	 �Percutaneous Transhepatic 
Cholangio-Biopsy (PTCB)

3.1	 �Introduction

Tumours affecting the biliary system, despite the 
recent advances in diagnostic imaging, are often 

too small to have specific imaging findings to 
allow the differentiation between the malignant 
structures from benign ones (Ierardi et al. 2014). 
In these cases, tissue sampling becomes essential 
to diagnose the real nature of the obstruction; 
according to the current European Society for 
Medical Oncology (ESMO) guidelines, histolog-
ical confirmation is mandatory before any non-
surgical treatment such as chemotherapy, 
radiation therapy and biliary stenting (Valle et al. 
2016). Percutaneous FNAB with US or CT guid-
ance is often unsuccessful in biliary tumours 
(Jung et al. 2002).

Endoluminal techniques used for obtaining 
biliary samples can be shortly divided into those 
that require a percutaneous or an endoscopic 
access tract. Percutaneous-based methods include 
percutaneous transhepatic cholangiogra-
phy (PTC), brush cytology, and cholangioscopy, 
while endoscopy-based methods include endo-
scopic retrograde cholangiopancreatography 
(ERCP) and endoscopic ultrasound (EUS). When 
accessing the biliary tree using ERCP- and PTC-
based methods, either washings or brushings can 
be taken and sent for cytology (Patel et al. 2015).

Cytological sampling performed during per-
cutaneous transhepatic biliary drainage (PTBD) 
or endoscopic retrograde cholangiopancreatogra-
phy (ERCP) has been proven to be safe and popu-
lar (Ierardi et al. 2014) and represents the most 
commonly used technique since it is relatively 
simple and requires little time, but offers insuffi-
cient sensitivity of 30–60% (Kulaksiz et al. 2011; 
Selvaggi 2004; Rossi et  al. 2004; Volmar et  al. 
2006).

PTBD is today considered a well-established, 
non-surgical method of relieving obstructive 
jaundice; collection of bile for cytologic exami-
nation is easy but often non-diagnostic (Jung 
et  al. 2002). Endoluminal biliary biopsy during 
PTBD has been first reported almost 40 years ago 
(Elyaderani and Gabriele 1980) and several stud-
ies have described the safety and efficacy of the 
method using different forceps sets (Inchingolo 
et al. 2018; Andrade et al. 2017; Li et al. 2014, 
2016; Park et  al. 2017). The transluminal 
approach offers a direct and accurate route for the 
biopsy of biliary tumours, and a specimen can be 
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obtained from a region that appears abnormal on 
a cholangiogram even when the tumour respon-
sible for the stricture is not clearly visible at CT 
or at US. Forceps biopsy also enables the acquisi-
tion of deeper samples than does brush cytology. 
Forceps biopsy procedures were reported during 
PTBD to have greater accuracy and sensitivity 
(80–90%), with a specificity of 100% (Ierardi 
et  al. 2014; Jung et  al. 2002); this technique, 
however, has shown a poor negative predictive 
value.

PTCB  is usually performed to diagnose the 
nature of a biliary obstruction. The lesions 
responsible for this obstruction, in most cases, 
are cholangiocarcinoma,  HCC, fibrous tissue 
from chronic inflammation of the bile duct, meta-
static lymph nodes or masses that compress the 
bile duct, and metastatic invasion of the biliary 
tree. Most of the studies on this technique show 
that the sensitivity of forceps biopsy with malig-
nant tumours other than cholangiocarcinoma is 
lower that its sensitivity in patients with cholan-
giocarcinoma, so we can say that cancer originat-
ing in the biliary system is the best indication for 
PTBC (Jung et al. 2002; Li et al. 2016).

3.2	 �Contraindications

No absolute contraindications to the procedure 
are reported in literature.

Relative contraindications are, more or less, 
the same of the other interventional procedures 
on the liver and biliary tract that are sepsis, chol-
angitis, coagulopathy and allergy to iodinated 
contrast; in addition, large ascites can displace 
the liver from the abdominal wall, increasing the 
technical difficulty of percutaneous intervention.

3.3	 �Procedure

Usually the procedure is performed during con-
scious sedation (Jung et al. 2002) and under local 
anaesthesia at the puncture site (Inchingolo et al. 
2018). Some authors (Ierardi et al. 2014; Andrade 
et  al. 2017; Jung et  al. 2002) recommend the 
administration of broad-spectrum antibiotics for 

both the drainage and the biopsy procedures. 
Heart rate, electrocardiographic trace, oxygen 
saturation, respiratory frequency and blood pres-
sure are usually monitored throughout the proce-
dure (Ierardi et al. 2014).

PTCB can be performed during the placement 
of the biliary drainage or some days after, for 
alleviation of cholangitis and haemobilia 
(Andrade et al. 2017; Jung et al. 2002).

Following percutaneous transhepatic access, a 
cholangiography has to be performed to identify 
the site of the obstruction. Then, under fluoro-
scopic guidance, the biliary obstruction is negoti-
ated using a catheter and a hydrophilic guide wire. 
After lesion crossing, a sheath is positioned within 
the obstruction, over a super-stiff guide wire, 
positioned within the duodenum. The super-stiff 
guide wire is left for safety; then the biopsy for-
ceps device is inserted by the wire, through the 
sheath, and is pushed and advanced open within 
the lesion under fluoroscopic guidance, using the 
sheath for support, trying to obtain specimens at 
the centre of the stricture (Figs. 5 and 6). Usually 
four hands are necessary for this procedure. Three 
to five biopsy specimens are taken from the lesion; 
they are fixed with formalin and sent to the pathol-
ogy department for analysis. Then an internal–
external biliary draining catheter is positioned; if 
the obstruction cannot be outdated, an external 
drainage has to be placed. Finally, a cholangio-
gram is performed to evaluate the potential 
extravasation of contrast material from the biopsy 
site (Ierardi et  al. 2014; Inchingolo et  al. 2018; 
Andrade et al. 2017; Jung et al. 2002).

3.4	 �Complications

Complications are rare (4–6%) (Jung et al. 2002; 
Park et al. 2017; Li et al. 2014), and are usually 
haemobilia or biloma. No major complications 
are reported in literature (Ierardi et  al. 2014; 
Inchingolo et al. 2018).

Theoretically, PTCB could cause vascular or 
bile duct rupture leading to bile leakage and hae-
mobilia, but this is rare in practice because, even 
if portal bile duct structures lie adjacent to the 
lumen, fat and fibrous connective tissue fill the 
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spaces between them (Li et al. 2016). The com-
plications reported are usually caused by the 
puncture of the liver or by the drainage process 
rather than by the biopsy procedure (Ierardi et al. 
2014; Jung et al. 2002; Park et al. 2017; Perez-
Johnsto et al. 2018) and can also be infection or 
tumour seeding along the course of the biliary 
catheter (Venkatanarasimha et al. 2017).
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1	 �Introduction

Interventional radiology plays a double role in 
the imaging of the vascular diseases of the liver: 
diagnostic and interventional, each with individ-
ual claims but often closely related.

Ultrasonography (US) and contrast-enhanced 
cross-sectional imaging (mainly CT angiography 
and less frequently MR angiography) represent 
important noninvasive diagnostic tools in the 
study of hepatic vascular diseases.

Nowadays US with color Doppler mode is a 
safe technology mostly used in the follow-up and 
early detection of abnormal hepatic vascular 
flow. Although in the literature there are many 
useful criteria in the diagnostic process, they are 
not properly easy to study in a substantial number 
of patients. In this context contrast-enhanced 
ultrasonography (CEUS) is spreading as an alter-
native tool in assessing hepatic vessel patency 
(for example in portal thrombosis study).

CT angiography is a high-performance nonin-
vasive imaging that, despite its static nature, is 
often essential before any therapeutic approach 
because it provides a panoramic anatomy of 
hepatic vessels.

On the other hand, interventional radiology 
holds a central position in the diagnostic process 
of hepatic vascular disease, in particular through 
the opportunity to perform highly sensitive 
dynamic exams, by making angiography the 
diagnostic gold standard in many vascular 
abnormalities.

While the utility of diagnostic angiography 
could be questioned given the number of noninva-
sive imaging techniques, its interventional role 
continues to grow. Many vascular interventional 
procedures are increasingly gaining ground: percu-
taneous transluminal angioplasty, stent placement, 
arterial embolization, transjugular intrahepatic 
portosystemic shunt, and portal embolization.

It is important to underline that interventional 
radiology is not in opposition to traditional surgi-
cal approaches, but it is complementary to it. 
This is especially true with regard to vascular 
complications following liver transplantation, 
where critical patients have to be handled by a 
multidisciplinary team, in particular during the 

first 30  days after surgery characterized by a 
greater number of complications, usually with 
high mortality rate.

1.1	 �Hepatic Artery Angiography

Diagnostic hepatic artery angiography, even 
including celiac and superior mesenteric arteries, 
is performed under conscious sedation to deter-
mine liver arterial supply and patency of the por-
tal vein in a later phase. Variant hepatic artery 
anatomy is present almost in half of the popula-
tion. This evaluation is usually done using the 
femoral route; brachial or radial approaches are 
also feasible, especially in cases with bilateral 
femoro-iliac occlusion, extremely tortuous iliac 
axes, or femoral surgical grafts.

The technique includes the infiltration of the 
skin and subcutaneous tissue with a small amount 
of local anesthetic (lidocaine 1%) before punctur-
ing the common femoral, brachial, or radial 
artery; single-wall puncture is preferable. 
Therefore a short 0.035″ guidewire is advanced to 
introduce a 4–5 French sheath. Especially in the 
presence of atheromatous or calcified iliac arter-
ies, a 0.035″ hydrophilic coated guidewire is 
advanced in the abdominal aorta, in order to move 
a diagnostic catheter (with a Rosch Celiac, Cobra 
1, or Sidewinder configuration) towards the celiac 
artery. After the catheterization of the celiac 
artery, which is approximately at the level of T12, 
a selective angiography is performed injecting 
30 mL of iodinated nonionic contrast, preferably 
at high concentration (320/370 mgI/mL), at 
5 mL/s. When the diagnostic problem is focused 
on the arterial supply, arterial and parenchymal 
phases are usually performed, with a frame rate of 
acquisition of at least 3 frames/s in the first phase 
and of 2 frames/s in the parenchymal one. Long 
acquisition is used to visualize the portal system.

1.2	 �Hepatic and Portal Vein 
Technique

Venous access is necessary to perform several 
diagnostic or therapeutic hepatic interventional 
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radiology procedures, via jugular vein, like 
hepatic vein pressure gradient (HVPG) measure-
ment or transjugular intrahepatic portosystemic 
shunt (TIPS), and percutaneously for the portal 
access, like portal embolization.

Local anesthesia (i.e., lidocaine) on the access 
site is performed; subsequently venous puncture 
is done under ultrasound guidance with the 
Seldinger technique.

An access system is then positioned, appropri-
ately as per type, caliber, and length for the mate-
rials necessary for the procedure.

Further details are provided in the dedicated 
sections of this chapter.

2	 �Hepatic Vein Pressure 
Gradient (HVPG)

2.1	 �Introduction

Portal hypertension (PH) is a frequent clinical 
syndrome defined as a pathological increase in 
portal pressure gradient (PPG) which is the dif-
ference in pressure between the portal vein and 
the inferior vena cava and represents the perfu-
sion pressure of the liver with portal blood.

The normal range of the PPG is 1–5 mmHg; 
values between 5 and 9 mmHg represent subclin-
ical portal hypertension.

When the PPG increases to ≥10 mmHg, com-
plications of portal hypertension can arise; these 
complications incorporate formation of portosys-
temic collaterals, varices (e.g., esophageal, gas-
tric, and hemorrhoids), congestive gastropathy, 
hypersplenism, disturbance in the metabolism of 
drugs or endogenous substances that are nor-
mally eliminated by the liver, and severe ones, 
such as upper gastrointestinal bleeding resulting 
from ruptured gastroesophageal varices, ascites, 
spontaneous bacterial peritonitis, hepatorenal 
syndrome, porto-pulmonary hypertension, and 
hepatic encephalopathy.

The causes of portal hypertension can be clas-
sified according to their anatomical location as 
prehepatic (involving the splenic, mesenteric, or 
portal veins, e.g., portal vein thrombosis), intra-
hepatic (parenchymal liver disease), and posthe-

patic (diseases involving the hepatic venous 
outflow, e.g., Budd-Chiari syndrome).

Hepatic cirrhosis is the main cause of this syn-
drome in Western countries; it is the 14th most 
common cause of death worldwide but 4th in 
central Europe (Tsochatzis et al. 2014).

The measurement of the portal vein pressure 
was first attempted by Hallion and Francois-
Frank but was invasive and impractical in terms 
of clinical practice (Hallion and Francois-Frank 
1896).

Myers and Taylor first described the measure-
ment of wedged hepatic venous pressure 
(WHVP), which reflected sinusoidal pressure, an 
indirect measure of PVP (Myers and Taylor 
1951).

The currently preferred technique for deter-
mining portal venous pressure involves, through 
catheterization of the hepatic vein, measurement 
of the hepatic venous pressure gradient (HVPG) 
which is the difference between the WHVP and 
the free hepatic venous pressure (FHVP):

	 HVPG WHVP-FHVP= 	

This method has almost totally replaced direct 
measurement of portal pressure by more invasive 
techniques, such as splenic pulp puncture and 
percutaneous transhepatic or transvenous cathe-
terization of the portal vein. These last direct 
techniques for determining the portal pressure 
gradient require the simultaneous puncture of a 
hepatic vein and are used only in specific cases, 
almost entirely to determine presinusoidal portal 
hypertension.

The WHVP is measured by occluding the 
hepatic vein; stopping the blood flow causes the 
static column of blood to equalize in pressure 
with the proximal vascular territory, in this case, 
the hepatic sinusoids. So WHVP is a measure of 
hepatic sinusoidal pressure, not of portal pres-
sure. In the normal liver WHVP is slightly lower 
(approximately 1  mmHg) than portal pressure; 
this fact is due to the low-resistant sinusoidal 
system that dissipates most of the pressure 
(Groszmann and Wongcharatrawee 2004). In 
liver cirrhosis the connections between sinusoids 
are disrupted by the presence of fibrous septa and 
nodule formation and consequently the static col-
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umn of blood created by occluding the hepatic 
vein cannot be dispersed (Bosch et al. 2006). So 
in this case WHVP gives an accurate estimate of 
portal pressure gradient (PPG) (Perello et  al. 
1999).

FHVP is a measure of the pressure of the 
unoccluded hepatic vein.

There are two techniques for measuring 
WHVP: catheter advancement technique and bal-
loon occlusion technique. In the former, the cath-
eter is pushed down in the hepatic vein until it 
cannot be advanced further; this results in a com-
plete obstruction of the venous flow and the pres-
sure recorded in this occluded position is the 
WHVP.

The second one, the balloon occlusion tech-
nique, was validated by Groszmann et al. (1979). 
It requires the use of a balloon-tipped catheter; 
inflation and deflation of the balloon within the 
hepatic vein allow measurement of wedged and 
free pressures without the need to advance and 
retract the catheter for each WHVP and FHVP 
determination.

Using the catheter advancement technique the 
WHVP is measured in a small hepatic venule. 
Keiding and Vilstrup showed different values of 
the WHVP when the catheter is advanced in dif-
ferent hepatic veins and the heterogeneity of 
sinusoidal involvement in diseases like liver cir-
rhosis is probably the cause of these differences 
(Keiding and Vilstrup 2002; Maharaj et al. 1986).

In contrast, the balloon occlusion technique is 
preferred because it allows measurement in the 
hepatic veins at the lobar and sublobar levels. The 
obtained pressure is an average of pressures in 
several segments of the liver and thus represents 
more accurately the true portal venous pressure 
(Groszmann and Wongcharatrawee 2004).

2.2	 �Technique

Patient should be informed about the technique 
and its risks; he/she must have fasted for at least 
6  h and a written informed consent should be 
provided.

Clotting studies, serum creatinine, and an ade-
quate management of anticoagulant therapy are 

required before the exam. A peripheral venous 
access should be placed.

The procedure is performed in an interven-
tional radiology room, under strictly aseptic con-
ditions, and patient’s vital signs (blood pressure, 
digital oxygen saturation, electrocardiographic 
parameters, and heart rate) are monitored during 
the procedure.

Conscious sedation with low-dose midazolam 
(0.02  mg/kg intravenously) increases patient 
comfort and relieves anxiety without modifying 
hepatic pressures (Steinlauf et al. 1999).

Previous US evaluation gives precise informa-
tion of topographic location of the right internal 
jugular vein and confirms its permeability; if this 
access is not feasible, left internal jugular, ante-
cubital vein, or femoral vein can be used.

Doppler US should be used to facilitate venous 
localization and puncture and to avoid 
complications.

After skin’s disinfection, positioning of a sterile 
drop, and subcutaneous local anesthetic infiltra-
tion, under US guidance, the right internal jugular 
vein is punctured using an 18-gauge needle con-
nected to a saline-filled syringe.

Under fluoroscopic control, a 0.035  in. 
J-tipped guidewire is inserted into the vein and 
the introducer is passed through according to 
Seldinger technique over the guidewire.

A J-tipped 0.035 in. flexible hydrophilic guide 
and an end-hole catheter or a balloon-tipped 
catheter are inserted  through the introducer via 
the superior vena cava, right atrium, inferior vena 
cava, and right hepatic vein or an appropriate 
alternative hepatic vein.

FHVP is measured by maintaining the tip of 
the catheter “free” in the hepatic vein, at 2–4 cm 
from its opening into the inferior vena cava 
(Fig. 1). The FHVP should be similar in value to 
the inferior vena cava (IVC)  pressure; IVC 
pressure should be measured at the level of the 
hepatic vein ostium. A difference of >2  mmHg 
signifies that the catheter is probably inadequately 
placed or that a hepatic vein obstruction exists.

WHVP is measured by occluding the hepatic 
vein, either by “wedging” the catheter into a 
small branch of a hepatic vein or by inflating a 
balloon at the tip of the catheter.
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The slow injection of 2–5 mL of contrast dye 
confirms the accurate occlusion of the hepatic 
vein; this method should be in a typical “wedged” 
pattern (sinusoidogram) without observing any 
reflux of the contrast or its washout through 
shunts with other hepatic veins (Figs. 2 and 3). If 
adequate occlusion is not achieved, the reading 

should not be considered and a new reading is 
taken and occlusion reconfirmed.

It is important that the WHVP readings should 
always be taken before injecting the contrast 
medium; otherwise the value would be falsely 
high and the catheter should be carefully washed 
with heparinized saline solutions before taking 
each set of readings.

As mentioned above the use of a balloon-
tipped catheter, the preferred technique, reduces 
measurement variability.

FHVP and WHVP should be measured until 
the value remains stable and all measurements 
should be taken at least in duplicate (Groszmann 
and Wongcharatrawee 2004; Kumar et al. 2008).

2.3	 �Complications

There are no absolute contraindications to HVPG 
measurement.

If the patient is allergic to iodine contrast 
medium it can be avoided and CO2 can be used 
instead.

In the presence of known episodes of cardiac 
arrhythmia the catheter in the right cardiac atrium 
must be moved carefully.

Fig. 1  The measurement of the free hepatic vein 
pressure

Fig. 2  The measurement of the WHVP with the catheter 
advancement technique

Fig. 3  The measurement of the WHVP with the balloon 
occlusion technique; note that with this technique a 
greater volume of hepatic parenchyma is examined com-
pared to the catheter advancement technique
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Although coagulation disorders are common 
in patients with cirrhosis, only cases of severe 
thrombocytopenia (platelet levels <20,000/dL) or 
a low prothrombin ratio (below 30%) call for the 
replacement of platelets or transfusion of fresh 
frozen plasma.

The procedure of measuring the HVPG has 
proved to be extremely safe and usually carries 
only a modest discomfort (Bosch et  al. 2009). 
Complications are infrequent (<1% of cases); 
most of them are related to local injury at the 
venous access site (e.g., leakage, hematoma, arte-
riovenous fistulae) and with the use of US guid-
ance for performing the venous puncture this risk 
is greatly reduced.

Passage of the catheter through the right 
atrium might cause supraventricular arrhythmias 
(most commonly ectopic beats), but these are 
self-limited in most cases.

In the medical literature there are no reports of 
serious complications.

In Berzigotti et al. (2013) experience no fatali-
ties have occurred in over 12,000 procedures in 
30 years. In addition, hepatic vein catheterization 
offers the possibility to perform liver biopsies in 
patients with poor coagulation and contraindica-
tions for transcutaneous liver biopsies (Huet and 
Pomier-Layrargues 2004).

2.4	 �Indications

Normal portal pressure (determined by the 
HVPG) ranges from 1 to 5  mmHg. Pressure 
above this limit defines the presence of portal 
hypertension, regardless of clinical evidence 
(D’Amico and Garcia-Tsao 2001; Groszmann 
et al. 2003).

An HVPG value of 6–9 mmHg corresponds to 
preclinical sinusoidal portal hypertension, 
whereas clinically significant portal hypertension 
is diagnosed when HVPG is ≥10  mmHg, at 
which point clinical manifestations of portal 
hypertensive syndrome, such as varices, bleed-
ing, gastropathy, and ascites, might appear 
(Garcia-Tsao et al. 1985; Groszmann et al. 1990, 
2005; Ripoll et al. 2007).

HVPG measurement is the gold standard 
method to assess the presence of clinically sig-
nificant portal hypertension (CSPH) CSPH, 
which is defined as HVPG ≥10  mmHg, in 
patients with compensated advanced chronic 
liver disease (cACLD) (De Franchis 2015).

In addition to diagnosing portal hypertension 
by pressure criteria, the patterns of the HVPG, 
WHVP, and FHVP obtained during portal pres-
sure measurement can be used to delineate the 
types of portal hypertension and its possible 
causes.

Any condition that interferes with the blood 
flow from the spleno-mesenteric-portal axis to 
the inferior vena cava can cause portal hyperten-
sion so the latter is classified according to the site 
of obstruction as prehepatic, intrahepatic, and 
posthepatic.

Intrahepatic portal hypertension can be further 
subclassified into presinusoidal portal hyperten-
sion (e.g., schistosomiasis, sarcoidosis, tuberculo-
sis), sinusoidal portal hypertension (e.g., cirrhosis), 
and postsinusoidal portal hypertension.

In patients with portal hypertension of 
unknown causes a normal HVPG with normal 
WHVP and FHVP is typical of prehepatic and 
presinusoidal intrahepatic portal hypertension. In 
these cases the catheter is not in continuity with 
the actual area of increased resistance, so the 
recorded pressure will be that of the normal sinu-
soids. The finding of an increased HVPG owing 
to an increase in WHVP indicates an intrahepatic 
sinusoidal hypertension, which is most frequently 
due to cirrhosis. In postsinusoidal intrahepatic 
portal hypertension and in posthepatic portal 
hypertension (e.g., Budd-Chiari syndrome) an 
increased FHVP and WHVP are found, while the 
HVPG remains normal.

The measurement of the HVPG moreover 
manages the clinical evolution of liver disease 
and the pharmacological therapy.

The main therapeutic goal for portal hyperten-
sion should be preventing its complications, such 
as varices hemorrhage, ascites, spontaneous bac-
terial peritonitis, and hepatorenal syndrome.

It has been demonstrated that there are thresh-
old HVPGs necessary for the development of 
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ascites and gastroesophageal varices, respec-
tively, 8–10 mmHg for ascites and 10–12 mmHg 
for varices (Bosch et al. 1986; Rector 1986).

It was demonstrated that varices never bleed 
when the HVPG is less than 12  mmHg 
(Groszmann et  al. 1990). A reduction in the 
HVPG to less than 12 mmHg is considered the 
single most useful prognostic indicator of portal 
hypertension complications and is the most 
important goal in pharmacologic therapy of por-
tal hypertension.

In addition Feu and colleagues demonstrated 
that a 20% or greater reduction in HVPG from 
baseline after the initiation of beta-blocker ther-
apy is associated with a significant reduction in 
the risk of variceal bleeding, even if the absolute 
HVPG of less than 12 mmHg is not reached (Feu 
et al. 1995).

It has been well demonstrated by many studies 
that the HVPG is a reliable parameter for predict-
ing survival in cirrhotic patients (Vorobioff et al. 
1996; Gluud et al. 1988; Merkel et al. 1992).

Transition from a compensated to a decom-
pensated stage of cirrhosis is marked by the 
development of the complications of portal 
hypertension and the risk of developing these 
complications can be reduced by decreasing the 
portal pressure.

Albrades et al. (2014) showed that in cirrhotic 
patients treated pharmacologically for the pre-
vention of variceal rebleeding, the long-term 
probability of survival was significantly higher 
for those who had an HVPG reduction of 20% or 
more from baseline or to less than 12  mmHg 
(defined as HVPG responders) than for 
nonresponders.

HVPG also is linked with the hepatocellu-
lar carcinoma (HCC).

Ripoll and colleagues showed that in patients 
with cirrhosis the risk of developing HCC is con-
siderably higher in patients with clinically sig-
nificant portal hypertension (HVPG ≥10 mmHg) 
than who have HVPG values <10 mmHg (Ripoll 
et al. 2009).

Moreover, in patients with well-compensated 
cirrhosis and resectable  HCC, the presence of 
clinically significant portal hypertension mark-
edly increases the risk of unresolved hepatic 

decompensation occurring within 3  months of 
hepatic resection (Llovet et al. 1999; Forner and 
Bruix 2009).

Thus according to Barcellona Clinic Liver 
Cancer  (BCLC) staging surgical resection for 
HCC should be restricted to patients without clini-
cally significant portal hypertension.

3	 �Transjugular Intrahepatic 
Portosystemic Shunt (TIPS)

3.1	 �Introduction

Transjugular intrahepatic portosystemic shunt 
(TIPS) is a direct communication between the por-
tal system and the systemic venous circulation 
(Fig. 4) and allows the correction of portal hyper-
tension in order to obtain a decrease of the hepatic 
vein pressure gradient (HVPG) at a value 
<12 mmHg or a reduction of at least 20% thanks to 
the portal decompression through a low-resistance 
vascular pathway (Reiberger et al. 2017).

3.1.1	 �TIPS History
TIPS discovery occurred in the 1960s, thanks to 
an accidental portal access during the first tran-
sjugular cholangiographic investigations; subse-
quently, in 1969, Rösch et  al. advanced the 
hypotheses of a “radiologic portocaval shunt” 
(Rösch et  al. 1969). Thirteen years later 
Colapinto et al. performed the first human bal-
loon-dilated transjugular portosystemic shunt, 
but only the application of a metallic stent by 
Richter et  al. guaranteed a longer term TIPS 
patency revealing TIPS as a valid alternative to 
the surgical portosystemic shunts (Colapinto 
et al. 1983; Richter et al. 1989).

With expanded polytetrafluoroethylene 
(e-PTFE)-covered stents TIPS procedure gained 
more and more acceptance as a treatment for the 
complications of portal hypertension until in 
2004 Gore Viatorr® endoprostheses were 
designed for a longer TIPS patency and to date 
represents a well-accepted minimally invasive 
nonsurgical method for the establishment of a 
bypass in a congested hepatic vascular bed 
(Saad 2014).
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3.2	 �Indications

TIPS represents the treatment for some portal 
hypertension complications, mainly variceal 
hemorrhage and refractory ascites (Copelan et al. 
2014; Fagiuoli et al. 2017).

3.2.1	 �Variceal Hemorrhage
In portal hypertension a hepatofugal portal circu-
lation may be established, due to a diffuse paren-
chymal obstacle or a vascular obstruction, and 
the blood flow gathers its way back to the right 
heart reaching the vena cava system through ana-
tomical venous shunts, the portosystemic anasto-
mosis (Wachsberg et al. 2002).

When portal hypertension is such that HVPG 
>10 mmHg, the flow in the esophageal and para-
esophageal varices gets prominent and the higher 
the gradient the higher the likelihood of variceal 
hemorrhage, with 12 mmHg considered as gradi-
ent threshold for bleeding (Garcia-Tsao et  al. 
1985). Risk factors for variceal bleeding are the 
stage of liver disease (i.e., Child-Pugh class A, B, 
or C) and the superficial aspect and dimensions 
of the varices (F1, F2, or F3 according to JRSPH 
classification) (Beppu et al. 1981). Gold standard 

for esophageal varix diagnosis is esophago-
gastro-duodenoscopy (EGDS), which must be 
performed at the moment of cirrhosis diagnosis 
and then repeated for periodical follow-up 
(Garcia-Tsao et al. 2007).

About 50% of cirrhotic patients develop 
esophageal varices and since variceal hemor-
rhage is a life-threatening complication associ-
ated with higher morbidity and mortality rate 
(10–20% of patients die within 6 weeks), its pre-
vention is of primary interest to consent the 
improvement of survival rates (Garcia-Tsao et al. 
2007; Triantos and Kalafateli 2014; Garcia-Tsao 
and Bosch 2010).

Nowadays preventive therapy of esophageal 
varices mainly employs endoscopic procedures 
(i.e., endoscopic variceal band ligation, EVL; 
endoscopic injection sclerotherapy, EIS) (Kim 
2014). When the rupture of varices occurs, there 
is a severe gastrointestinal hemorrhage that mani-
fests itself through hematemesis and, sometimes, 
melena or hematochezia; in these cases, once the 
hemodynamic stabilization is achieved, the thera-
peutic protocol (Baveno V) foresees the combi-
nation of pharmacologic, antibiotic, and 
endoscopic treatment, and the latter should be 

HV

RPV

Intrahepatic
Portosystemic

Shunt

Fig. 4  Scheme of an 
intrahepatic shunt 
between hepatic vein 
(HV) and right portal 
vein (RPV)
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performed ideally between 6 and 12  h from 
admission, especially when cirrhosis is suspected 
(De Franchis 2010).

The insertion of the Sengstaken-Blakemore 
tube in the esophagus is effective in most cases 
(up to 80%) in which conventional medical and 
endoscopic treatments fail; however the bleeding 
relapses are constant after the decompression of 
the balloons (esophageal and gastric); therefore 
this procedure should be considered as a bridge 
therapy to a definitive therapeutic intervention 
(Kim 2014).

TIPS positioning is strongly advised as sec-
ondary prevention of esophageal variceal rebleed-
ing, to treat uncontrollable variceal hemorrhage 
and portal hypertension gastropathy, or when 
ascites is concomitant to variceal hemorrhage 
(Copelan et al. 2014).

Furthermore, recent meta-analyses confirmed 
the superiority of TIPS over EVL in preventing 
rebleeding of esophageal varices and high-risk 
patients (i.e., Child-Pugh class C10-13 patients, 
Child-Pugh class B patients with active variceal 
bleeding, patients with HVPG >20  mmHg) 
treated with early TIPS intervention (<72 h) are 
more likely to survive or to not show significant 
bleeding than after an endoscopic treatment 
(Zheng et al. 2008; Deltenre et al. 2015).

3.2.2	 �Refractory Ascites
Ascites is associated with cirrhosis in 75% of 
cases and develops in 50% of cirrhotic patients, 
representing the most common manifestation of 
decompensation (Moore and Aithal 2006).

It is defined as an accumulation of fluid in the 
abdominal cavity in amounts above 250 mL and 
up to 10 L or more, due to two main pathogenetic 
mechanisms: portal hypertension that induces 
extravasation of fluids from the congested hepatic 
sinusoids and splanchnic capillaries, and renal 
sodium retention. This mechanism perpetuates in 
a vicious cycle, leading towards a progressive 
deterioration of the patient’s conditions (Salerno 
et al. 2010).

At early stage of ascites-complicated cirrho-
sis, a therapeutic strategy that maintains a nega-
tive sodium balance, reducing its intake (that 

should be between 5 and 5.2 g NaCl/die, to avoid 
malnutrition) and increasing its renal excretion 
by diuretics administration, is sufficient (Runyon 
2004; Wong 2012).

The evaluation of diuretic therapy effective-
ness foresees patient’s weight daily monitoring; 
up to 10% of patients do not obtain satisfactory 
results, due to the refractoriness of ascites at 
maximal doses of diuretics or due to their side 
effects (i.e., dysionemia, renal failure, encepha-
lopathy), and therefore requires the execution of 
evacuative paracentesis (Moore and Aithal 2006).

Due to the poor prognosis of patients with 
refractory ascites, liver transplantation should be 
considered, but TIPS seems to improve the 
transplant-free survival of these patients and is 
preferable to repeated paracentesis of large vol-
umes (Salerno et  al. 2007; Garcia-Tsao 2005). 
Indeed natriuresis improves within a month after 
TIPS positioning; however, in order to obtain 
ascites clearance, patients should follow a 
sodium-restricted diet for a while, or continue 
diuretic therapy and within 12 months from TIPS 
procedure 80% of them achieve a complete reso-
lution of ascites.

3.2.3	 �Other Portal Hypertension-
Related Conditions

In changes of the gastric mucosa (i.e., portal 
hypertensive gastropathy, PHG) endoscopically 
described as “snakeskin” lesions, TIPS 
positioning may improve gastric perfusion 
(Copelan et al. 2014).

Hydrothorax can be found in cirrhotic patients 
(5%) with refractory ascites because of the 
migration of ascitic fluid through the diaphragm 
into the pleural cavity (Strauss and Boyer 1997). 
At its first diagnosis, an investigative thoracente-
sis for the differential diagnosis should be per-
formed; evacuative thoracenteses may be 
necessary in addition to salt restriction and use of 
diuretic drugs. In this situation TIPS can help in 
relieving hydrothorax-related respiratory dis-
comfort (Dhanasekaran et al. 2010).

Budd-Chiari syndrome is a rare condition 
caused by an occlusion of the hepatic veins (2 out 
of 3), due to thrombosis or ab extrinsic compres-
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sion, in which TIPS represents the most common 
interventional measure, recommended in case of 
thrombolytic therapy failure (pharmacological and 
interventional), low functional liver reserve, or 
HVPG >10  mmHg, or is considered as a bridge 
therapy to liver transplantation (Ryu et al. 1999).

In case of advanced cirrhosis and clinically 
significant portal hypertension, systemic and 
splanchnic vasodilatation compromises renal 
perfusion causing acute kidney injury (AKI) and 
hepatorenal syndrome (HRS). Patients with 
HRS-AKI have more than one indication for 
TIPS placement, which may improve renal func-
tion (Rossle and Gerbes 2010).

Hepatopulmonary syndrome (HPS) occurs 
when a hepatopathic patient experiences dyspnea 
and hypoxemia due to an abnormal gas exchange, 
caused by vasodilatation of pulmonary capillar-
ies. There is no evidence for TIPS effectiveness 
on this, but neither for TIPS to be unsafe if placed 
in these patients in order to treat other concomi-
tant complications of portal hypertension 
(Martínez-Pallí et al. 2005).

Other particular conditions for TIPS position-
ing could be to maintain or achieve eligibility for 
liver transplantation with mild portal vein throm-
bosis, to reduce morbidity and mortality prior to 
extrahepatic major surgery, as access for portal or 
mesenteric endovascular intervention (i.e., throm-
bolysis, thromboaspiration) or as palliative mea-
sure in oncologic patients (Wallace et al. 2004).

On the contrary, TIPS should never be estab-
lished in patients with no proven portal hyperten-
sion or in clinical conditions that may increase 
the risk of post-intervention complications 
(Krajina et al. 2012; Dariushnia et al. 2016), such 
as elevated right or left heart pressure, severe pul-
monary hypertension, heart failure or sever car-
diac valvular insufficiency, rapidly progressive 
liver failure, severe uncontrolled hepatic enceph-
alopathy, uncontrolled systemic infections or 
sepsis, polycystic liver disease, extensive primary 
or metastatic hepatic malignancy, and severe 
uncorrectable coagulopathy.

Finally, TIPS should never be performed as 
primary prophylaxis of gastroesophageal variceal 
hemorrhage, with the exception of selected high-
risk patients.

3.3	 �Preoperative Assessment

3.3.1	 �Anatomical References
For liver anatomy, refer to Chap. 2; here are some 
considerations related to the specific procedure.

Liver’s vascularization is composed of two dif-
ferent types of afferents, the hepatic artery proper 
and the portal vein. The hepatic artery proper is 
the only liver arterial blood provider, and accounts 
only for the 25% of the hepatic blood needs; the 
remaining 75% of liver blood supply is granted 
by the portal vein that divides into two lobar 
veins, the right and left portal vein (RPV, LPV): 
this bifurcation may be extrahepatic (48%) and 
intrahepatic (26%), or in correspondence of the 
hepatic hilum (26%) (Schultz et  al. 1994). The 
short but capacious RPV  (see Chap. 2 for ana-
tomical details) continues on the same direction 
of the portal trunk, with just a slight change of the 
axial angle and divide in the right anterior branch 
of portal vein (RAPV) and right posterior branch 
of portal vein (RPPV) which subdivide into supe-
rior and inferior segmental branches to supply the 
right lobe of the liver; the LPV is long twice as 
much as the RPV, but has half of its caliber and 
arises from the portal vein’s trunk with an acute 
angle. The LPV turns medially toward the liga-
mentum teres, supplying the lateral segments (II 
and III) of the left lobe and describes a wide and 
anteriorly concave curve and ends in the superior 
and inferior segmental branches of segment 
IV. The cystic vein drains into the RPV or, some-
times, into the PV’s trunk, while the ligamentum 
venosum (or umbilical vein, normally nonfunc-
tional) drains into the LPV.

Despite the relative infrequency of portal vein 
anatomic variants (15%), four  different vari-
ants of portal vein branching have been catego-
rized according to Cheng et al. (1996):
–– Type I represents the classical anatomy men-

tioned above (65–75%).
–– Type II consists of the trifurcation of the portal 

trunk: RAPV, RPPV, and LPV (9–11%).
–– Type III occurs when the RPPV is the first col-

lateral of the portal trunk which ends with 
RAPV and LPV (5–13%).

–– Type IV is characterized by the emergence on 
the RAPV from the distal tract of the LPV.
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Even if the portal bifurcation absence is rare 
(1%), when unrecognized it can seriously com-
promise TIPS procedure’s success.

The venous drainage of the liver occurs through 
three hepatic veins, which converge into the infe-
rior vena cava (IVC): the right hepatic vein 
(RHV); the middle hepatic vein (MHV) which 
may drain into the IVC with a common trunk with 
the left hepatic vein (LHV) in 60% of popula-
tion;  and the LHV. These three venous trunks 
receive blood from smaller veins, the collector 
canals, which originate from the merging of the 
sublobular veins, the very first venous structure 
draining the hepatic functional unit. Anatomical 
variants of this district, such as accessory hepatic 
veins, are not infrequent, as the presence of super-
numerary hepatic veins; the absence of one or 
more hepatic veins might be observed, too.

Normal and variant anatomy of the portal 
branching and hepatic veins should be accurately 
acknowledged and identified on preoperative 
computed tomography (CT) scan, considering 
that the vessels involved in a desired TIPS should 
be the right hepatic vein and the right portal vein 
(Saad et al. 2008).

Portal vein variants of interest when creating a 
TIPS are type II and III. Furthermore, since the 
portal vein puncture may cause bleeding when 
accomplished externally to the hepatic paren-
chyma, the location of the portal vein bifurcation 
should be considered prior to TIPS positioning.

Abdominal ultrasound and CT are employed 
also for the assessment of portal vein patency and 

the presence of primary or metastatic hepatic 
malignancy (Fig. 5).

3.3.2	 �Medical Evaluation
The evaluation of cardiac performance status, 
hepatic functional reserve, renal function and 
coagulation capacity are mandatory prior to a 
TIPS intervention (Chana et al. 2016).

An abnormal thrombocytic count and coagu-
lopathy, not infrequent in cirrhotic patients, 
should be adjusted prior to the intervention; 
although there are controversies on the cutoffs to 
be obtained before the procedure, a platelet count 
>50,000/mm3 and an INR <1.5 are advisable. 
Platelet infusion as well as fresh frozen plasma 
may be used for the correction of INR and throm-
bocytic count, respectively.

It should be considered also that TIPS inter-
vention foresees the use of generous amounts of 
contrast agent that may furtherly deteriorate an 
already compromised renal function.

Since portosystemic hepatic encephalopathy 
(PHE) is a possible complication of TIPS cre-
ation, the presence of hepatic encephalopathy 
(HE) must be evaluated before the intervention.

Such a comprehensive medical workup may 
not be feasible in emergency scenarios; neverthe-
less a baseline hemato-chemical and bio-humoral 
screening should always be performed and a 
strict control for the maintenance of hemody-
namic stability is required (Krajina et al. 2012).

MELD score allows the stratification of 
patients’ survival prognosis in accordance to the 

a b

Fig. 5  Preoperative CT scan showing portal and mesenteric vein thrombus (arrows in A and B)
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risk of post-TIPS hepatic decompensation 
(Farsad and Kolbeck 2014): when MELD score 
is >20 (or CTP score >C13) TIPS intervention is 
avoided, except for patients with hepatorenal 
syndrome who present a particularly high level of 
creatinine value.

Twenty-four hours prior to the intervention, 
prophylactic broad-spectrum antibiotic therapy 
(i.e., ceftriaxone intravenous administration) has 
begun and in case of known allergy to iodinated 
contrast medium, premedication with corticoste-
roids is recommended at least 12  h before the 
procedure.

A paracentesis (accompanied by volume 
replacement) can be performed the day before the 
procedure if needed: this allows the reduction of 
the angle between the hepatic veins and the infe-
rior vena cava, and therefore an easier access to 
the hepatic venous system, in addition to better 
fluoroscopic images. If the presence of hydrotho-
rax severely compromises the patient’s respiratory 
performance, drainage should be considered.

Finally, fasting is required at least within 6 h 
before the procedure and informed consent must 
not be forgotten.

3.4	 �Procedure

For the TIPS positioning procedure, as well as for 
other interventional radiology procedures, a mul-
tidisciplinary team composed of interventional 
radiologist(s), anesthetist, radiology technician, 
and specialized nurse is required.

The patient, lying upon an angiographic table, 
is positioned with the head slightly turned to the 
left. Factors related to the patient’s status will 
affect the choice between deep sedation and gen-
eral anesthesia (Chana et  al. 2016). Conscious 
sedation induced by sedative agents with a short 
action (e.g., midazolam, propofol, and fentanyl) 
may be employed together with supplemental 
oxygen supply. Many patients complain of great 
discomfort due to prolonged time in obliged 
supine position and balloon dilatation of the 
intrahepatic tracts; furthermore there is no guar-
antee of airway protection and ventilation may be 
compromised, so the feasibility of a prompt shift 

to general anesthesia should always be ensured. 
General anesthesia on the other hand is the pre-
ferred choice of many operators, especially when 
procedural complications occur. To permit a 
quick post-procedural recovery, the most appro-
priate dosage of short-acting agents should be 
aimed. Tracheal intubation is the safest option as 
it prevents the occurrence of chemical pneumo-
nia due to gastric reflux during the procedure. 
Furthermore, controlled ventilation permits 
breath holds whenever the radiologist needs the 
patient to be motionless, like during the most 
delicate phases of the shunt creation. In case of 
emergency TIPS positioning, general anesthesia 
and airway protection with tracheal intubation 
are mandatory.

Continuous cardiac activity monitoring with 
ECG is required and extreme caution should be 
paid while maneuvering the guidewire through 
the right atrium, because arrhythmic events may 
follow accidental cardiac inner wall 
stimulation.

At least two cross-matched blood units should 
be available during the procedure. It should be 
kept in mind that patients who experienced vari-
ceal bleeding are likely to have undergone mul-
tiple transfusions in the past: extended 
crossmatching is required by the possible pres-
ence of atypical antibodies in the blood.

3.4.1	 �Materials

3.4.1.1  TIPS Set and Stent
To date, five different sets to perform a transjugu-
lar venous hepatic access are available: the Ring, 
the Rösch-Uchida and the Haskal set provided by 
Cook Medical (Bloomington, IN, USA), the 
AngioDynamics set (Albany, NY, USA), and the 
Gore set (W. L. Gore & Associates, Inc., Newark, 
DE, USA).

The shunt can be created with bare metal 
stents (Wallstent™ Boston Scientific, 
Marlborough, MA, USA) or graft stents covered 
in expanded polytetrafluoroethylene (Gore 
Viatorr® ePTFE-coated stent grafts); the latter, 
nearly exclusively used for TIPS creation, is con-
stituted by auto-expandable Nitinol covered in its 
last 4/5 by a thin layer of ePTFE and its employ-
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ment results to be safe and effective (Vignali 
et al. 2005). Because of its low permeability to 
mucin and bile, the outer surface of this device 
inhibits the hyperplastic growth of the nearby 
liver parenchyma. While the ePTFE-covered por-
tion (4–8  cm) is designed to be placed in the 
intrahepatic and hepatic venous tracts, the bare 
part (2  cm) of the stent is planned to be posi-
tioned in the portal vein.

The stent’s diameter (8, 10, or 12 mm) is cho-
sen taking into account the HVPG, the patient’s 
age, his/her general clinical conditions, his/her 
hepatic encephalopathy grade, and his/her car-
diac performance status (Fanelli et  al. 2006; 
Schepis et al. 2018).

3.4.1.2  Balloons
Before and after TIPS placement, angiographic 
balloons are used for pre-dilatation of the intrahe-
patic tract and for dilatation of the stent after being 
completely released. The two types of balloon 
most used nowadays are Mustang balloon dilata-
tion catheter (Boston Scientific, Marlborough, 
MA, USA) and ATB PTA dilatation catheter 
(Cook Medical, Bloomington, IN, USA).

3.4.2	 �Technique
TIPS creation can be considered a multistep pro-
cedure divided into four main phases (Keller 
et al. 2016) (Fig. 6).

3.4.2.1  Jugular Vein Puncture
The midportion of the right internal jugular vein 
is the preferred access point because the apex of 
the lung is usually lower and on this side it is pos-
sible to establish a more direct path for the 
achievement of the hepatic vein district. Since the 
common carotid artery is located next to this 
vein, the puncture should be performed under 
ultrasound guidance with an 18 G needle at the 
apex of the triangle drawn from the two ends of 
the sternocleidomastoid muscle. Successful 
access occurs in 75–99% of cases, depending on 
the experience of the operators. If the right jugu-
lar vein should not be available (e.g., agenesis, 
occlusion, or surgical ligation), the right external 
jugular vein, the left internal jugular vein, or the 
subclavian vein may be chosen.

For the technique of performing jugular 
venous access under ultrasound guidance, see the 
introductory part of the chapter.

3.4.2.2  Hepatic Vein Cannulation
Once in the jugular vein, a 0.035″ guidewire is 
driven down to the inferior vena cava. Passing 
through the atrial chamber caution is required for 
the avoidance of extrasystole. Then, a 12 F intro-
ducer sheath is advanced in the right atrium. 
Once the path to the inferior vena cava is gained, 
a curved catheter is used for the catheterization of 
the hepatic vein and the venous district’s anatomy 
is eventually studied with a venogram (iodinated 
contrast or CO2 may be used).

3.4.2.3  Portal Vein Access
Subsequently, the metal cannula of the TIPS set 
is used to direct the stylet, anteriorly when aim-
ing the RPV or posteriorly when aiming the LPV, 
through the hepatic parenchyma for 4–5 cm. The 
stylet’s access point to the portal vein should ide-
ally be 1–2 cm from the portal bifurcation; this 
allows the Gore Viatorr® TIPS stent graft to 
assume a gentle curve that optimizes the shunt 
flow, reducing the risk of excessive turbulence 
and consequent obstruction.

After the removal of the stylet and a slow nee-
dle retraction together with a gentle syringe aspi-
ration, once blood withdrawal is observed, 
contrast medium is injected to check whether the 
landing site is in the targeted portal vein or not.

Several attempts may be required for the 
attainment of a successful puncture, especially in 
cirrhotic patients who usually present a distorted 
intrahepatic vascular anatomy. Ultrasound guid-
ance may be employed to facilitate the 
intrahepatic puncture and minimize the risk of 
hemorrhage. This is the most critical step of TIPS 
procedure, as it may be complicated by hepatic 
capsule perforation, hepatic artery puncture, bili-
ary duct puncture, or extrahepatic portal tract 
puncture.

The degree of portal hypertension is then 
determined by measuring the HVPG, as dis-
cussed before in this chapter.

A portography is finally performed for an 
appropriate portal system anatomy study, the 
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measurements of the shunt’s length, and the defi-
nition of varices. Very curved shunt courses 
require to take into account a 1–2 cm longer stent 
graft compared to the measured shunt’s length.

3.4.2.4  Stent Graft Deployment
Dilatation by an angiographic balloon of the 
intraparenchymal tract of the shunt precedes the 

placement of the stent that is subdivided into two 
steps: the release of the uncovered portion of the 
stent and then  of the covered portion. A 12F 
introducer sheath is advanced in the portal system 
for at least 3 cm. Once the stent graft has been 
introduced in it, this can gently be unsheathed to 
permit the endoprosthesis’ uncovered portion 
expansion in the portal vein. This is a delicate 

a b

c d

Fig. 6  After catheter-blocked transhepatic portography 
through a sheath placed in the right hepatic vein and tran-
shepatic puncture (not shown), the portal system is 
achieved (a) and direct portography is performed using a 

marked pigtail catheter used for choosing the right length 
of stent (b); (c) dilatation of the transhepatic tract with 
angiographic balloon; (d) post-dilatation of the Gore 
Viatorr® stent
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phase as a wrong positioning of this stent graft’s 
portion cannot be corrected; moreover, in liver-
transplant candidates, the positioning of both 
TIPS ends is particularly critical and has to be as 
precise as possible (Krajina et  al. 2012). The 
introducer sheath is then retracted until a higher 
resistance, due to the transition from the portal 
vein tract to the intrahepatic tract, is felt; continu-
ing in the retraction of the introducer into the 
inferior vena cava or the right atrium, the stent is 
allowed to be completely released with the proxi-
mal end at the junction of the chosen hepatic vein 
with the inferior vena cava. Keeping the system 
firmly still, the PTFE-covered portion is then 
deployed by pulling its constraining cord.

Stent dilatation by angiographic balloon is 
then performed; under-dilatation may be chosen 
to target a precise HVPG value or prevent exces-
sive shunt.

To prevent thrombus formation inside the 
TIPS endoprosthesis 5000 IU of heparin could be 
administered immediately after its positioning.

Finally, a portogram is performed to check the 
shunt’s functioning and another HVPG 
measurement is obtained to calculate the 
ΔHVPG: the procedure’s hemodynamic success 

is achieved if HVPG is reduced to a value 
<12 mmHg or at least 20%.

3.4.3	 �Challenges
Compared to surgical shunts, TIPS procedure has 
lower mortality and morbidity rates: a fatal peri-
procedural complication occurs in 1.7% of 
patients (range 0.6–4.3%) (Krajina et al. 2012). 
Some procedural related events that may cause 
the patient’s death, like extrahepatic portal vein 
puncture (2%), hepatic arterial vessel laceration 
(1%), or transcapsular puncture with transjugular 
needle (<1%) should be avoided. Other nonfatal 
periprocedural complications include neck hema-
toma due to accidental carotid puncture (1%), 
pneumothorax due to an overly low attempt of 
jugular puncture (<1%), and biliary duct lesion 
with consequent hemobilia (10%).

3.4.3.1  Portal Vein Thrombosis
In the case of cirrhosis complicated by PVT, the 
TIPS positioning requires, in addition to the 
venous transjugular access, portal access via 
transhepatic or trans-splenic track. Portal recana-
lization attempts can also be undertaken 
(Lombardo et al. 2018) (Fig. 7).

a b

Fig. 7  Transhepatic puncture in a patient with portal 
thrombosis. Gooseneck catheter introduced via trans-
splenic percutaneous access (yellow arrow in a) used to 

catch the guidewire introduced via transjugular access 
(thin yellow arrow in b), allowing to reach the portal 
system
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3.5	 �Follow-Up

In patients that after the intervention present nor-
mal coagulative parameters, prophylactic antico-
agulation therapy should be initiated (12,500 IU 
of heparin per 500 mL of physiological solution 
for the first 24 h, and subsequently 0.4 mg of low-
molecular-weight heparin—LMWH—twice a 
day for at least 1 week). Further anticoagulation 
is not recommended, except for patients who 
underwent TIPS positioning with Budd-Chiari 
syndrome indication (i.e., massive hepatic vein 
thrombosis) or who experience PVT: in these 
cases INR target is >2 (Krajina et al. 2012).

The prophylactic antibiotic therapy initiated 
before the intervention has to be prolonged for at 
least 48 h after the procedure.

Post-procedure hospitalization foresees the 
evaluation of the liver’s functional status. 
Whenever clinical abnormal findings should be 
encountered, the recovery is prolonged for fur-
ther investigations and management.

TIPS patency should be evaluated with 
US  examination within 1–5  days from the 
procedure.

After TIPS creation, the worsening or out-
break of HE may be detected by the evaluation of 
sleep pattern behaviors, working capacity, and 
changes of personality and of speech abilities. 
Psychometric tests are useful tools for the detec-
tion of subclinical HE (Campagna et al. 2017).

Impaired liver function may follow TIPS 
intervention: liver sufferance is presented with 
abnormal increase of serum bilirubin 
concentration.

Patients should be signed off only when their 
clinical status is sufficiently good and no labora-
tory examinations are out of range. At discharge, 
patients are provided with detailed dietary 
instructions as well as with prophylactic therapy 
for PHE.

Follow-up in patients with TIPS foresees a 
periodic evaluation of nutritional status, func-
tional status, grade of encephalopathy, liver and 
renal functions, as well as status of the pathology 
for which TIPS was indicated. This allows to 
understand if the clinical endpoints of each 

patient have been reached or not and to perform 
further examinations or modify the therapy 
appropriately.

3.5.1	 �Ultrasonographic Examination
Due to its noninvasive nature, US is the first-line 
examination method for patients with TIPS.  In 
patients who received a Wallstent™ (bare metal 
stent), the first investigation should be performed 
24 h after the procedure, aiming the ruling out of 
the immediate onset of complications such as 
stent occlusion or insufficient shunt flow (if these 
are encountered, a prompt TIPS angiographic 
revision is required) (ŽiŽka et al. 2000). On the 
contrary, patients who underwent the positioning 
of a Gore Viatorr® TIPS endoprosthesis have no 
recommendation for such early examination. 
This is due to the fact that a thin air layer may be 
trapped between the stent’s ePTFE sheets, imped-
ing a proper TIPS insonation and resulting in a 
false-positive evaluation for occlusion (Ferral 
et al. 2016). Therefore, the first radiological eval-
uation of these patients should be carried out 
5–10 days after the intervention. From then on, 
follow-up should be performed every 6 months 
even if shorter intervals (i.e., 3 months) between 
one and another examination may be required in 
case of critical patients (Darcy 2012). 
Furthermore, the success of radiological follow-
up also depends on the patients’ compliance to 
attend such clinical investigations. US  is 
employed for the assessment of the liver’s anat-
omy as well as for the ruling out of nodular 
lesions, but it is a valid method for the detection 
of shunt malfunctioning and occlusion too (85–
100% sensitivity; 96–100% specificity) 
(Kanterman et al. 1997).

The caliber of the portal vein and of the stent 
graft should be measured for the evaluation, 
respectively, of possible excessive ectasia or ste-
noses. Ultimately, the TIPS diameter, measured 
on its proximal, middle, and distal tracts, is com-
pared to the nominal caliber of the endoprosthe-
sis’ design. Color Doppler US  could give 
information about the intra-TIPS blood flow and 
the assessment of TIPS patency, in addition to 
portal blood flow direction (Feldstein et al. 1996).
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The baseline portal vein blood flow speed 
(Vmax  10–20  cm/s) rises two- to fourfold after 
the insertion of TIPS in the hepatic paren-
chyma. Therefore, in patients with TIPS, a por-
tal vein blood flow slower than 30  cm/s is 
suspicious of TIPS malfunctioning, and a blood 
flow speed lower than 20  cm/s is most likely 
indicative of endoprosthesis stenosis (ŽiŽka 
et al. 2000).

For ePTFE-covered stents, mean intra-TIPS 
flow rates <90 cm/s or >250 cm/s have to be con-
sidered suggestive of TIPS malfunctioning and 
hence worthy of further investigation (i.e., angio-
graphic revision), even if there are no cutoff val-
ues in literature.

Contrast-enhanced ultrasound (CEUS) allows 
a direct evaluation of the TIPS patency and may 
serve as a complementary tool to the otherwise 
insufficient ultrasonographic investigation by 
showing enhancement defects or even a total 
absence of enhancement (Micol et  al. 2012). 
Thus, in the follow-up of patients with TIPS, 

CEUS could play a bridge role between Doppler 
ultrasound examination and angiographic TIPS 
revision (Figs. 8 and 9).

The contrast agent used for CEUS consists of 
sulfur hexafluoride microbubbles stabilized by a 
shell of phospholipids that allows a notable 
increase of the ultrasound backscatter with or 
without contrast medium flowing movement and 
has the capability to entirely remain in the blood-
stream and not permeate into the extravascular 
space.

The use of CEUS contrast agents has been 
demonstrated to be safe with a very rare inci-
dence of side effects (Piscaglia and Bolondi 
2006). There is no need for a laboratory workup 
prior to the examination and it is enough to keep 
the patient monitored for at least 15 min after the 
contrast agent injection. Ultrasound contrast 
agent administration is forbidden in patients 
affected by allergy to sulfur hexafluoride or any 
other component, cardiac right-to-left shunt, 
severe pulmonary hypertension, uncontrollable 

Fig. 8  Contrast-enhanced ultrasound well demonstrating stent patency (yellow arrow)
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hypertension, acute respiratory distress 
syndrome, and severe cardiac disease that contra-
indicates the use of dobutamine.

Informed consent should always be obtained 
before the use of ultrasound contrast agent as 
well.

3.5.2	 �Complications
The complications can be technical (i.e., related 
to the procedure), or resulting from the success-
ful realization of the shunt, or directly related to 
the TIPS; the main conditions are listed in Table 1 
(Gaba et al. 2011).

3.5.2.1  Arterial Injury
The accidental puncture of an arterial branch dur-
ing the procedure may lead to the development of 
a fistula, which must be corrected by emboliza-
tion or covered stents to treat hemorrhage 
(Fig. 10).

3.5.2.2  Acute Hepatic Failure
Hepatic parenchymal ischemia can occur due to 
reduced sinusoidal flow and can be treated by 
reducing the caliber of the stent (Fig. 11).

3.5.2.3  Portosystemic Hepatic 
Encephalopathy (PHE)
The most common medical complication of TIPS 
positioning is a higher incidence of PHE, a medi-
cal condition caused by an excess of toxins in the 
central nervous system because of bypass of 
bloodstream hepatic filter and characterized by 
confusion, disorientation, obtundation, anomalous 
sleep patterns, and a general compromised quality 
of life (Riggio et al. 2008; Madoff et al. 2004).

Clinical classification of PHE, that may be 
classified as episodic, recurrent, or persistent 
according to its periodicity, is based on the West-
Haven criteria or Glasgow coma scale (GCS). 
The main risk factors for the reoccurrence or new 
outbreak of PHE are history of PHE, older age, 
bigger shunt caliber, creatinine blood levels, 
hyponatremia, and liver dysfunction. Such TIPS 
complication may be prevented by aiming a 
lower HVPG reduction, reaching a compromise 
between portal hypertension decrease and control 
of excessive blood shunting. Furthermore, treat-
ment of precipitating factors prior to TIPS 
positioning assures a lower risk of PHE outbreak. 
Medical prophylaxis foresees the administration 
of lactulose, which causes ammonia to transform 
into ammonium, excreted in stool.

Table 1  Main complications related to TIPS procedure

Complications Frequency (%)
Arterial injuries 2
Nontarget TIPS insertion Rare
Liver capsule transgression 33
Acute hepatic encephalopathy 5–35
Acute hepatic failure Rare
Early acute occlusion <5
Hernia incarceration 25
Infection 1

a b

Fig. 9  Contrast-enhanced ultrasound showing stent occlusion (yellow arrow in a) then confirmed at TIPS revision (yel-
low arrow in b, DSA image)
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PHE has been encountered in up to 35% of 
patients who underwent TIPS intervention, but 
among these only 8% are refractory to medical 
management; in this case a re-intervention to reduce 
the flow of shunting blood could be necessary and 
liver transplantation should be considered.

4	 �Portal Venous Embolization 
(PVE)

4.1	 �Introduction

Surgery is nowadays the gold standard for radical 
treatment in patients with primitive neoplastic or 

metastatic liver disease. The available options are 
liver transplant or resection. Because of the lim-
ited number of organs available, liver resection is 
the most common procedure in the treatment of 
neoplastic liver disease. In more than 45% of 
patients extended liver surgery is needed to 
achieve clear margins and liver ability to regener-
ate has allowed larger and larger resection. 
However, the wider the resections the higher the 
risk for the patient of liver insufficiency. This is 
more pronounced in the early postoperative 
period, with a mortality rate ranging from 3.2% 
to 7% after major liver resections that reaches 
32% in patients with cirrhosis (Broering et  al. 
2002).

a b c

Fig. 10  Accidental puncture of an arterial branch during TIPS creation (a), treated by embolization with spirals (b, c)

Fig. 11  Ischemia of the 
VI hepatic segment and 
part of the VII segment 
after creation of TIPS
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In order to support a rapid growth of the future 
liver remnant (FLR) in 1965 portal vein ligation 
was initially reported in humans as part of a two-
stage extended hepatectomy. In 1982 preoperative 
portal vein embolization (PVE) was performed in 
patients with cholangiocarcinoma, while the first 
use of preoperative PVE for patients with hepato-
cellular carcinoma was reported in 1986 (Makuuchi 
et al. 1990). The main aim of PVE is the complete 
occlusion of the portal branches feeding the future 
resected liver segments in order to induce hyper-
trophy of the FLR and atrophy of the embolized 
liver parenchyma (Denys et al. 2010).

A further procedure is liver venous depriva-
tion (LVD). It consists in the simultaneous embo-
lization of right portal vein (RPV) and the right 
and/or intermediate hepatic veins, in order to 
increase the damage to the embolized liver lead-
ing to increased hypertrophy of the contralateral 
parenchyma (Panaro et al. 2019).

Since its original description indications for 
PVE have been expanded and now include any 
primary or metastatic liver cancer requiring bet-
ter FLR prior to hepatectomy.

4.2	 �PVE and Surgical Portal Ligature

The effectiveness of right portal vein occlusion in 
large hepatic resections is well known but it is still 
unsure whether surgical portal ligation has to be 
preferred over the interventional PVE, or vice versa.

In literature there are studies that proved that 
PVE can reach a FLR growth between 10% and 
46% after 2–8  weeks (Liu and Zhu 2009). 
Similarly other studies found a growth of 38% in 
8 weeks after surgical portal ligation (Aussilhou 
et  al. 2008). In conclusion there is still no evi-
dence that can help choose between interven-
tional and surgical treatment (Pandanaboyana 
et al. 2015).

4.3	 �Technical Considerations

There are no absolute contraindications to PVE.
Relative contraindications are uncorrectable 

coagulopathy, tumor invasion of the portal vein, 
tumor precluding transhepatic access, biliary dil-
atation (pre-procedural positioning of a biliary 
drainage is recommended in these cases), portal 
hypertension, and renal failure.

Intravenous broad-spectrum antibiotic pro-
phylaxis is given on the day of the procedure to 
minimize the possibilities of biliary sepsis.

Local anesthetic (1% lidocaine hydrochloride) 
and intravenous sedatives are administered.

Ultrasonography is used to find the best route 
to the portal venous system; it is recommended 
not to pass through the tumor during the access in 
order to avoid neoplastic seeding.

Under sterile conditions a 21-gauge needle is 
used to enter the portal system by ultrasonic or 
fluoroscopic guidance (Fig. 12).

a b

Fig. 12  (a) Fluoroscopic guided access to portal system with a 21-gauge needle. (b) US-guided access to portal system 
with a 21 Gauge needle

A. Pauro et al.



153

The percutaneous procedure can be performed 
using an ipsilateral or contralateral percutaneous 
access.

The ipsilateral approach has the advantage 
that it does not damage the FLR, but it is more 
technically difficult because of the sharp angula-
tion encountered in cannulating portal branches. 
It consists of the puncture of a peripheral right 
portal vein and a 180° reverse-curved catheter to 
embolize ipsilateral portal branches (Fig. 13).

The contralateral approach has the advantage 
of cannulation without pronounced angulation 
and allows a prograde delivering of embolic 
agents and contrast; nonetheless it may injure the 
FLR. In the contralateral approach the portal vein 

of segment three is usually punctured as it is the 
most anterior branch (Fig. 14).

In both cases at least 1  cm proximal to the 
main portal vein should be left untouched, in 
order to allow surgical control during the resec-
tion. Five-French materials are usually 
recommended.

It has also been described a trans-ileocolic 
approach that is now rarely used. It requires gen-
eral anesthesia and a surgical incision to extract a 
portion of the ileum in order to cannulate an ileo-
colic vein.

A final portography must be performed to ver-
ify the correctness of the procedure, the complete 
occlusion of targeted liver segments, and redistri-

a b c

Fig. 13  (a) Portography realized with a 5F catheter and a contralateral access. (b) Following portal embolization. (c) 
Post-procedure portography confirming the effectiveness of the treatment

ba

Fig. 14  (a) Portography performed with a 5 French catheter inserted with an ipsilateral access. (b) Mix of NBCA and 
Lipiodol in the right lobe following PVE
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bution of flow to the FLR branches only. 
Embolization has to involve the entire portal 
branch with its distal ramification to prevent 
porto-portal shunts (Denys et  al. 2010; Liu and 
Zhu 2009; Narula and Aloia 2017).

There are various embolic agents that can be 
used but any large randomized study has ever 
been performed to compare their efficacy; up-to-
date information is derived from small retrospec-
tive studies and expert opinion.

Two products are not recommended in PVE: 
gelfoam because of the high rate of recanaliza-
tion and alcohol because of a significant post-
procedural morbidity (parenchymal necrosis and 
venous thrombosis).

Recommended embolic agents are cyanoacry-
late and microspheres. N-butyl-cyanoacrylate 
(NBCA) has been used mixed to lipiodol show-
ing good results and low morbidity. Spherical 
microparticles are mostly used in North America 
and are associated with coil embolization at the 
end of the procedure; most teams start with 300–
500  μm particles followed by 700–900  μm 
spheres (Denys et al. 2010).

4.4	 �Complications

CIRSE guidelines indicate a minor and major 
post-procedural complication rate of less than 
20–25% and 5%, respectively (Denys et  al. 
2010).

Puncture-related complications include 
mechanical injuries to vessel, biliary structure, 
and pleura (Narula and Aloia 2017). They are the 
majority of complications, so that many authors 
advice for the ipsilateral approach.

The most common complication of percuta-
neous transhepatic procedures is hemorrhage; 
after PVE it occurs in 2–4% of patients. Bleeding 
can present as subcapsular hematoma or hemo-
peritoneum and it can be immediate or delayed. 
Bleeding sources include intercostal artery, 
portal vein, hepatic vein, and hepatic artery. 
Transarterial embolization can be an effective 
treatment.

Biliary injuries are usually less common 
because biliary puncture is rarer and it becomes 

symptomatic less frequently. The main manifes-
tations are bile leak, which necessitate biliary 
drainage, and hemobilia treated with emboliza-
tion of the underlying artero-biliary fistula.

Pneumothorax and hemothorax can also hap-
pen but they are rare.

Embolization-related injuries are non-targeted 
embolization, portal vein thrombosis, liver 
infarction, portal hypertension, post-embolization 
syndrome, and recanalization (Narula and Aloia 
2017).

Non-targeted embolization strongly depends 
on the embolic materials. Especially for inexperi-
enced operators, liquid embolic materials can 
flow distally and inadvertently embolize areas of 
the FLR, forcing the surgeon to enlarge the resec-
tion (Fig. 15).

 PVT is one of the most dangerous complica-
tions because it can cause acute liver failure and 
jeopardize post-PVE surgery; immediate treat-
ment is mandatory (Yeom and Shin 2015).

Post-embolization syndrome includes minor 
symptoms such as abdominal pain, fever, nausea, 
and vomiting. It happens rarer than in arterial 
embolization probably because PVE mainly acti-
vates apoptosis mechanism rather than ischemic 
necrosis so inflammatory mediator release is 
limited.

Half of the patients after PVE show little liver 
enzyme alteration 3 days after the embolization 
which returns to baseline after 7–10  days (Liu 
and Zhu 2009).

Fig. 15  Radiopaque material in the left hepatic lobe in a 
non-targeted PVE
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Complications are more frequent in patients 
with chronic liver disease overall.

4.5	 �Outcome

The degree of hypertrophy and the time interval 
through which it manifests after PVE have a great 
variability among patients. In patients with a nor-
mal functioning liver the regeneration time is 
about 2  weeks and it grows 12–21  cm3/day. 
Otherwise in patients with cirrhosis the growth is 
limited to 9 cm3/day (Madoff et al. 2002).

There are several factors that inhibit FLR 
growth, such as pre-procedural chemotherapy, 
high bilirubin levels, and diabetes mellitus.

The risk of neoplastic progression after PVE 
is still under debate. Several studies report a risk 
of neoplastic progression of 25% during the 
period the FLR growth is expected (Hoekstra 
et al. 2012). Some patients with liver metastasis 
from colon-rectal cancer had a pre-procedural 
chemotherapy, because literature reports that the 
risk of disease progression is low if the time 
between the end of chemotherapy and PVE is 
short (Simoneau et al. 2015).

Regarding the two-stage hepatectomy (resec-
tion of the lesions in the FLR followed by PVE 
and subsequently by the resection of the contra-
lateral neoplastic lobe) the survival rate at 5 years 
is between 51% and 32% with a median survival 
time of 39.6 months (Brouquet et al. 2011; Narita 
et al. 2011).

5	 �Posttransplant Vascular 
Complications

5.1	 �Introduction

Vascular complications (VCs) following ortho-
topic liver transplantation (OLTx) are linked to 
a high incidence of both graft loss and 
mortality.

After the transplant the hepatic artery becomes 
the primary blood supply to the graft and the only 
one to the biliary tree; although liver parenchyma 

is partially supplied by the portal vein, the 
absence of hepatic arterial flow (possible native 
collaterals are lost) can lead to acute graft isch-
emia and biliary tree complications.

For this reason it is really important to have a 
good timing of diagnosis and to perform the best 
therapeutic management in order to improve the 
outcomes of liver allograft recipients.

In a recent review the overall incidence of 
VCs in adult patients was quite different among 
different centers (Piardi et al. 2016). However, it 
is around 7% in deceased donor liver 
transplantation and around 13% in case of living 
donor liver transplant.

In order to detect complications correlated 
with OLTx, physicians should perform careful 
surveillance with US and, in particular to detect 
VCs, using color and Doppler mode.

Once a suspected VC is recognized, it must be 
evaluated with second-level imaging examina-
tions, as CT angiography or angiography. In case 
of confirmation of VCs it has to be managed 
promptly.

While in the past the surgical treatment was 
considered the first approach towards these com-
plications, nowadays the advances in endovascu-
lar intervention have increased and made it a 
viable therapeutic option.

With regard to the type and entity of VCs, we 
can perform surgical revascularization, retrans-
plantation, percutaneous transluminal angio-
plasty with or without stenting, intra-arterial 
thrombolysis, embolization, or conservative 
approach (Chen et al. 2014).

In this text, for the sake of simplicity, we will 
distinguish the VCs that regard the blood inflow 
from the ones that regard the blood outflow. 
Kinking or sudden bleeding, stenosis, and throm-
bosis can arise at any of the vascular anastomoses, 
although with a different rate: arterial complica-
tions are the most common (overall incidence 
5–10%), accounting for more than 50%, VCs 
after OLTx, while both portal and caval venous 
complications are less frequent (in both cases 
overall incidence about 2%) (Piardi et al. 2016).

The knowledge of postoperative anatomy is 
the key to assess the best management.
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OLTx involves four anastomotic sites, each 
with specific VCs:

•	 Hepatic artery anastomosis: conduits or jump 
grafts or end-to-end anastomosis, typically 
end-to-end hepatic artery anastomosis

•	 Portal vein anastomosis: commonly end-to-
end recipient portal vein to donor portal vein 
anastomosis

•	 Hepatic veins/inferior vena cava anastomosis: 
piggyback reconstruction, interposition; caval 
anastomosis for whole grafts; end-to-end 
anastomosis between the graft hepatic venous 
outflow and the recipient hepatic veins (split 
graft)

•	 Common bile duct anastomosis

5.2	 �Arterial Complications

A transplanted liver maintains a dual-inflow 
blood supply as a native one, portal and arterial, 
but after OLTx, the arterial blood gives a major 
contribution to the irroration of the hepatic graft, 
perfusing both liver parenchyma and biliary tree.

It is important to remember that in an OLTx 
recipient there are no arterial collateral vessels 
(which could prevent liver parenchymal ischemia 
during a hepatic artery occlusion) due to total 
hepatectomy, and if arterial inflow is reduced, the 
allograft may survive only if new arterial collat-
erals have developed due to insufficient portal 
inflow (Panaro et  al. 2011). Arterial collaterals 
can develop as early as within 2 weeks.

The hepatic artery complications following 
OLTx are:

•	 Thrombosis
•	 Stenosis
•	 Pseudoaneurysm and rupture
•	 Splenic steal syndrome

Furthermore, although the definition of early 
and late complications is a problem, in this text 
complications will be classified in this way: early, 
with maximum onset within 1  month of trans-
plant, and late, with onset more than 1  month 
after transplant.

We would like to underline the importance of 
early complications, because they are associated 
with higher graft loss and mortality rates.

5.2.1	 �Hepatic Artery Thrombosis 
(HAT)

HAT is defined as a complete thrombotic occlu-
sion of the hepatic artery and it represents the 
most frequent and severe VCs following OLTx.

HAT is the second leading cause of graft loss 
after primary nonfunction (Meek et al. 2018).

In a systematic review a HAT overall inci-
dence of 4.4% was reported after OLTx. In adults, 
the incidence of HAT was 2.9% (Bekker et  al. 
2009). Late HAT is less prevalent, counting for 
less than 2% of cases.

HAT can be classified in early HAT and late 
HAT, each one characterized by different clinical 
expressions, depending on the timing of the onset 
and on the existence of arterial collateral 
vessels.

While early HAT has an acute presentation 
with variable but severe clinical course (from an 
elevation in liver enzyme to ischemic biliary 
necrosis, primary dysfunction, and graft loss), 
late HAT, due to existence of collaterals, is usu-
ally less serious with 15–23% mortality rate and 
the majority of patients are asymptomatic or can 
present biliary complications (Nikeghbalian et al. 
2007; Stange et al. 2003; Gunsar et al. 2003).

Most patients with early HAT presented acute 
fulminant hepatic failure (30%). In most cases, 
they undergo a retransplant (81%) (Pareja et al. 
2010).

Up to 20% of HAT cases are probably due to 
surgical technical problems in the arterial anasto-
mosis (such as technical imperfections, kinking, 
stenotic anastomosis). There are many other 
causes, often unacknowledged, as the median 
arcuate ligament celiac artery compression, 
which discussion is beyond the purpose of this 
chapter.

5.2.1.1  Diagnosis
Early diagnosis is pivotal to treat the complica-
tion and to try to prevent graft loss.

During allograft recipient follow-up it is man-
datory to recognize patients with abnormal bio-
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logical findings and/or morphological 
(ultrasonography) exams suggestive of HAT.

Doppler US is the gold standard for screening 
protocols (Vaidya et al. 2007).

Abdominal contrast-enhanced computed 
tomography (CT) angiography or  DSA usually 
allows to confirm the diagnosis: in particular, 
DSA may detect predisposing anatomical anom-
alies and allow therapeutic management at the 
same time.

 US diagnosis of hepatic artery thrombosis is 
based on the absence of Doppler arterial signal at 
the hilus as well as in the intrahepatic arterial 
branches.

In 2010 Pareja et  al. established a screening 
protocol for early HAT: Doppler US within 48 h 
after OLTx and 7 days later. If this was not con-
clusive, they performed CEUS or CT. There are 
many other ultrasound protocols suggested in the 
literature (Murata et al. 2016).

Once diagnosis of HAT has been confirmed, 
arteriography or a retransplantation, depending 
on the degree of liver graft damage, must be 
performed.

In HAT follow-up, collaterals can be identi-
fied during angiography examination as early as 
2 weeks after OLTx.

After the first month, considering that intimal 
hyperplasia can induce progressive hepatic artery 

stenosis and secondary late HAT, a yearly 
Doppler US assessment should be performed.

5.2.1.2  Therapeutic Management 
and Prognosis
In general, the therapeutic options for manage-
ment of HAT are revascularization (surgical or 
endovascular), retransplantation, and observation 
(20% of cases).

Traditional percutaneous endovascular revas-
cularization includes intra-arterial thrombolysis 
(IAT), percutaneous transluminal angioplasty 
(PTA), and stent placement.

Endoluminal success is defined as the com-
plete resolution of the thrombus without residual 
thrombus or arterial anatomic defects that reduce 
the arterial diameter lumen more than 50% (Saad 
et al. 2007) (Fig. 16).

Murata et al. reported an overall technical suc-
cess with endovascular treatment of 77.8% 
(Murata et al. 2016).

Even if efficacy (around 50% in literature) and 
safety of thrombolytic treatment are proven, also 
with different drugs (urokinase, streptokinase, 
alteplase) and doses, there are no currently spe-
cific guidelines for thrombolytic therapy. 
Furthermore, considering that anatomic defects 
can lead to rethrombosis, IAT should be associ-
ated with underlying anatomic defect treatment if 

a b c

Fig. 16  Direct anastomosis of the donor hepatic artery to 
the supraceliac aorta with extension graft. Supraceliac 
arterial graft occlusion. (a) Contrast-enhanced CT, axial 
scan, arterial phase. Extensive peri-anastomotic stenosis 
of arterial inflow; intraparenchymal arterial branches were 
patent. (b) DSA confirmed graft occlusion; hepatic artery 

and its intraparenchymal branches are not displayed. (c) 
Intra-arterial thrombolysis was performed and partial 
patency of arterial graft was restored (not complete endo-
luminal success). There is a residual discrepancy between 
donor and recipient hepatic arteries with persistent filling 
defects
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present: association of IAT with PTA and/or 
stenting showed better efficacy and survival rates 
when compared to IAT alone (Zhang et al. 2017) 
(Fig. 17).

In Zhou et  al.’s experience, early diagnosis 
and treatment of HAT are very important for suc-
cessful revascularization by thrombolysis 
because urokinase therapy is more effective when 
the clots are fresh. In the same study the quantity 
of urokinase used in patients with HAT was as 
much as 950,000 units to nine million units (Zhou 
et al. 2005).

Dose and timing of IAT may vary; Zhou et al. 
recommend the administration of a 100,000–
250,000 IU bolus, followed by a second infusion 
of 250,000–750,000  IU 30  min later in case of 
unsatisfactory result. After this, a continuous per-
fusion of 50,000–100,000  UI/h is administered 
for 12–24 h. During the treatment, at least every 
12 h, a DSA imaging is performed.

The catheter sheath should be maintained for 
2–3 days after initial recanalization of the hepatic 
artery so that thrombus recurrence can be detected 
and rethrombolysis can be performed immediately.

Thrombolysis is stopped if no significant dif-
ferences during monitoring or if bleeding com-
plications occur.

Finally, some patients could survive without 
revascularization or retransplantation. Fouzas 
et  al. (2012)  described how these patients with 
hepatic artery thrombosis can develop arterial 
collaterals, which maintain adequate blood 
inflow and allow conservative treatment (Fig. 18).

Based on the relative lack of utility of revascu-
larization of late HAT and the contraindication to 
early postoperative thrombolysis, Saad et al. pro-
posed that the clinical utility window of IAT 
should be from 1–3 weeks to 1–3 months post-
transplantation, unless there are contraindica-
tions (Saad et al. 2007).

Despite encouraging results of endovascular 
interventions, the efficacy and risk of complica-
tions (mainly represented by hemorrhage risk) 
make this therapeutic option still controversial. 
Moreover, in some cases, endovascular approach 
is not conclusive and anastomotic revision and 
retransplantation are necessary.

In a meta-analysis of 2009 HAT was a major 
cause of graft loss (53.1%) and mortality (33.3%) 
in the early postoperative period (Bekker et  al. 
2009).

The main complication of thrombolysis is 
anastomotic and intra-abdominal bleeding (about 
20% of cases in literature). More safer and effec-

a b

Fig. 17  (a) Digital subtraction angiography  (DSA) 
shows celiac trunk stenosis and complete occlusion of left 
hepatic artery; right hepatic artery is patent but of narrow 
caliber. (b) After balloon angioplasty (PTA) and stent 
placement in celiac trunk and intra-arterial thrombolysis 

and PTA in hepatic artery main branches, DSA shows 
optimal results (good caliber of celiac trunk, left hepatic 
artery patent, and minimal residual stenosis of right 
hepatic artery) with improved hepatic arterial inflow
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tive therapy can be obtained if the infusion cath-
eter is placed inside the thrombus (Figueras et al. 
1995). Furthermore selective thrombolysis has 
several advantages, such as a smaller thrombo-
lytic dose and a highly localized concentration 
with a little influence on systemic coagulation.

The complications of PTA include thrombo-
sis, vascular dissection, pseudoaneurysm, and 
arterial rupture with arterial bleeding (up to 5% 
of cases).

In recent years the use of Penumbra System 
(PS; Penumbra, Alameda, Calif)  has been 
described to perform thromboaspiration of 
thrombi in the hepatic artery of patients with high 
risk of thrombus fragmentation-distal emboliza-
tion and bleeding (Gandini et al. 2016).

Meek et al. tried to treat HAT using a mechan-
ical endovascular approach, a stent retriever 
device for revascularization (Meek et al. 2018).

5.2.2	 �Hepatic Artery Stenosis (HAS)
HAS following OLTx can be defined as a narrow-
ing of the hepatic artery diameter, more or less 
extended along the vessel; significant HAS is 
defined on angiography as a narrowing of the 
hepatic artery diameter greater than 50% (Saad 
et al. 2005).

HAS occurs from 2% to 13% of transplants 
(Piardi et al. 2016). It was assumed that HAS can 
progress to HAT considering that HAS and HAT are 
part of the same contiguous ischemic spectrum.

Similar to HAT, HAS may be divided into two 
groups: early HAS and late HAS.  Chen et  al. 
reported an overall HAS incidence of 2.8%, with 
an early HAS incidence of 40% vs. a late HAS 
incidence of 60% (Chen et al. 2009).

In several studies, up to 60% of the cases HAS 
occur at the level of the hepatic artery anastomo-
sis (Fig. 19).

Patients with HAT can show a variable symp-
tomatology, ranging from normal liver function 
to transplant failure secondary to ischemia or 
necrosis; most commonly, they only present with 
abnormal liver function tests; for this reason, 
most HAS are detected during routine Doppler 
US screening.

5.2.2.1  Diagnosis
Doppler US  efficiency in the early diagnosis of 
HAS has been reported in several studies.

Dodd III et al. criteria for HAS diagnosis consist 
of a tardus parvus waveform: resistive index (RI) 
less than 0.5, systolic acceleration time (SAT) 
greater than 0.08 s, and peak systolic velocity (PSV) 

a b

Fig. 18  (a) Celiac axis DSA shows complete occlusion 
of the proper hepatic artery; left gastric artery is patent 
and hypertrophic, with hepatic collaterals. (b) Same 

patient, superior mesenteric artery (SMA) angiogram: 
hypertrophic peripancreatic arcades provide collaterals 
from the SMA to the intraparenchymal hepatic artery
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greater than 200  cm/s (Dodd III et  al. 1994). 
Intrahepatic arterial branches have to be visualized.

To exclude HAT with the development of col-
lateral vessels, that shows a dampening of the sys-
tolic peak with normal RI, similar to tardus parvus 
waveform, it is necessary to detect a focal postste-
notic systolic peak velocity greater than 200 cm/s, 
diagnostic for hepatic artery stenosis (Zheng et al. 
2017; Hom et al. 2006).

With regard to the many questionable cases and 
considering that measuring the acceleration time is 
hard and imprecise, arterial RI should be used 
solely as a screening method for detecting abnor-
mality of arterial flow and further imaging meth-
ods such as contrast-enhancement CT angiography 
and standard angiography are used to confirm the 
diagnosis. Conventional angiography is the gold 
standard for HAS diagnosis (Frongillo et al. 2013).

5.2.2.2  �Therapeutic Management 
and Prognosis

The therapeutic management of HAS includes 
surgical revision, retransplant, or percutaneous 
endovascular interventions (PTA with or without 
stent placement).

Endovascular treatment success has been 
defined by luminal restoration with 30% residual 
stenosis and without consequences such as dis-
section (rate limiting or not) or arterial leaks/rup-
ture (Saad et al. 2005).

It is demonstrated that early HAS manage-
ment with PTA has 6-month HAT rate of 19%, 
compared to HAT rate of 65% in untreated 
patients with HAS.

Similar to Abbasoglu et  al.  (1997), Saad 
et  al. (2005)  reported 81% successful PTA 
treatment of significant HAS, with incidence of 
immediate complications (dissection and arte-
rial rupture) around 7% and of delayed compli-
cations (HAT) within 30 days of PTA occurring 
in 5% of cases.

Different rates of restenosis have been reported 
in literature, from no restenosis to rates as high as 
75%. It is been proved that repeated endovascular 
treatment of recurring HAS improves the rate of 
success (Sommacale et al. 2013).

Ueno et  al.  (2006) documented that hepatic 
artery stent placement is feasible and shows low 
complication rate.

Stent placement has been employed when 
there was >30% residual stenosis or when a flow-
limiting dissection was present.

Saad et  al. (2005 and 2007)  reported that 
restenosis after a stent placement occurred later 
than after angioplasty alone (Fig. 20).

Prompt early diagnosis of HAS and percuta-
neous endovascular revascularization are usually 
successful with long-term graft and patient sur-
vival, in particular if stenosis is not associated 
with biliary complications.

The reported risk of procedural complications 
after endovascular treatment of HAS is quite 
variable, ranging from 0% to 23% in the 
literature.

In pediatric patients stent placement is recom-
mended only if angioplasty fails or if other 
procedure-related VCs occur (hepatic artery dis-
section or rupture) because its long-term patency 
is not known and a possible retransplantation has 
to be taken into account considering the patient’s 
age (Miraglia et al. 2009).

Fig. 19   DSA shows a focal >70% narrowing and kink-
ing of the hepatic artery. Surgical arterial anastomotic 
revision was performed
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5.2.3	 �Hepatic Artery 
Pseudoaneurysm (HAP)

HAP is defined as a pulsating, encapsulated hema-
toma in communication with the lumen of a rup-
tured vessel (Sueyoshi et  al. 2005): blood leaks 
through the artery wall and it pools outside of it.

There is a persistent communication between 
the hepatic artery, patent, and resultant perfused 
sac; it is contained by the media or adventitia or 
simply by soft-tissue structures surrounding the 
injured vessel (Saad et al. 2005).

Post-OLTx HAPs are classified as intra- or 
extrahepatic; while intrahepatic ones are 
uncommon and secondary to percutaneous tran-
shepatic interventions, extrahepatic HAPs are 
more common (69–100% of post-OLTx HAP) 
and usually due to local infection, from both bac-
terial and fungal organisms, in anastomotic site.

Additionally, HAPs have been described sec-
ondary to salvage procedures related to throm-
bolysis and angioplasty for hepatic artery 
(Fistouris et al. 2006).

The clinical presentation is not specific: from 
asymptomatic state to abdominal pain with fever, 
and from self-limiting hemobilia to hemorrhagic 
shock.

5.2.3.1  Diagnosis
The diagnosis of HAP is made by Doppler US, 
contrast-enhanced CT angiography, or DSA, but 
almost 50% of HAP is not recognized before rup-
ture (Volpin et al. 2014).

5.2.3.2  �Therapeutic Management 
and Prognosis

The management of HAP can be carried out by a 
surgical team (mainly hepatic artery ligation) or 
an interventional radiologist.

Hepatic artery ligation mortality rate is quite 
variable: from high mortality rate of 60% to 
35%.

There are only few case reports of patients 
treated with endovascular approach because of 
the low incidence of this VC.  Different tech-
niques are available: intentional occlusive embo-
lization (in order to produce an intentional 
thrombosis of the hepatic artery to stop bleeding 
without preserving arterial inflow) and bare 
stents and covered stents. Selective embolization 
(in order to perform an intentional thrombosis of 
the pseudoaneurysm with preservation of the 
arterial inflow) is usually reserved for intrahe-
patic HAP.

a b

Fig. 20  (a) Celiac axis DSA shows patent arterial anasto-
mosis between the recipient’s celiac trunk and donor’s 
superior mesenteric artery (SMA); the right hepatic artery 
arises from SMA in donor and after OLTx, in recipient, its 

caliber is narrow in the origin site. (b) Post-balloon angio-
plasty (PTA) and stent placement DSA shows suboptimal 
results with residual <30% stenosis and improved arterial 
hepatic inflow
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The use of coil has been reported to embolize 
the hepatic artery and the HAP exclusion with a 
covered stent inserted into the hepatic artery.

Embolization can lead to subsequent graft 
ischemia. Furthermore, a large percentage of 
these pseudoaneurysms are mycotic, and a stent 
graft may become an infectious nidus, reducing 
the survival of the graft.

Detecting HAP before rupture should improve 
outcome, with 100% successful therapy; from 
this perspective, it seems legit in the early man-
agement of HAP to perform prompt percutane-
ous endovascular approach, to take time and 
stabilize patients. Surgical intervention is an 
option if endovascular management has failed or 
once patients are stabilized (Piardi et al. 2016).

5.2.4	 �Hepatic Artery Rupture (HAR)
HAR is defined as a severe hemorrhage from the 
trunk or from a main branch of the hepatic artery, 
resulting in the absence of the arterial blood sup-
ply of the graft.

Clinical presentation is always sudden hemor-
rhage: hemoperitoneum, gastrointestinal bleed-
ing, hematoma, and hemobilia.

5.2.4.1  �Therapeutic Management 
and Prognosis

It is usually a complication of HAP or of its treat-
ment; it requires an aggressive treatment, usually 
emergency major surgery: anastomotic revision, 
aorto-hepatic grafting, hepatic artery ligation, or 
emergency/elective retransplantation.

However, some endovascular possibilities are 
available. Goldsmith et al. (2017) placed a bare-
metal self-expanding stent and did a prolonged 
balloon tamponade; if this treatment was not suc-
cessful they used a covered balloon-expandable 
coronary stents (2.5–3.5 mm) off-label.

Other options for treating active extravasation 
include embolization of the hepatic artery when 
low-profile covered stents are not available or 
cannot be delivered to the site of vessel injury.

Anyway, the reported mortality rate for endo-
vascular management is high.

Kim et  al. (2004) underlined that endovas-
cular treatment of hepatic artery rupture is not 

always feasible, listing some critical points in 
this kind of approach, in particular the diffi-
culty of superselective catheterization of bleed-
ing arteries.

5.2.5	 �Arterial Steal Syndromes
The arterial steal syndromes, currently diagnosed 
on  DSA, are characterized by low arterial flow 
towards the graft caused by a shift of flow into an 
enlarged splenic artery (splenic artery steal syn-
drome, the most frequent) or into the 
gastroduodenal artery (gastroduodenal artery 
steal syndrome). Overall incidence is 4.7%.

On Doppler  US, there is a high RI  of the 
hepatic artery with absent diastolic flow.

 DSA  is required for the diagnosis: slow 
hepatic artery flow as opposed to splenic artery 
flow in the absence of significant hepatic artery 
anatomical defects, often associated with large 
caliber of the splenic artery with earlier preferen-
tial splenic parenchymal perfusion compared to 
the liver (Nüssler et al. 2003).

Endovascular proximal splenic artery emboli-
zation is currently considered the best approach 
towards this syndrome; it can reverse flow abnor-
malities and improve liver function tests in most 
cases. Coil embolization of the splenic artery has 
been reported to be safe and effective.

Common complications of splenic artery 
embolization  include splenic infarction, abscess 
formation, and sepsis (Zhu et al. 2011).

5.2.6	 �Non-hepatic Arterial Bleeding
OLTx is often associated with abdominal bleed-
ing, especially during early postoperative period. 
A study reported a 9% overall incidence of post-
operative abdominal bleeding within 1  month 
(Jung et al. 2012).

The most frequent non-hepatic arterial bleed-
ing sites are the inferior phrenic arteries (the right 
ones are especially important because they can 
act as extrahepatic collateral vessels), the right 
and left epigastric arteries, and the intercostal 
arteries.

The treatment of the rupture of these vessels is 
performed mainly by transarterial embolization 
with microcoils.
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5.3	 �Venous Complications

Venous VC linked to OLTx overall incidence is 
less than 3%, quite lower than arterial VCs 
(Pawlak et al. 2003; Pérez-Saborido et al. 2011).

Like arterial VCs, they represent an important 
cause of morbidity and mortality after OLTx, 
especially if they occur in the early postoperative 
period (Woo et al. 2007).

Furthermore, the dramatic nature of these 
complications lies in its higher incidence in pedi-
atric transplants than in adult transplants 
(Orlandini et al. 2014).

Venous VCs after OLTx shall include portal 
(thrombosis and stenosis) and caval (thrombosis, 
stenosis, and kinking) problems.

As arterial VCs, they can be distinguished in 
early or late complications.

Currently, a vast majority of authors agree on 
endovascular intervention management of venous 
complications considering the good outcomes.

5.4	 �Portal Vein Complications

The incidence of portal vein complications after 
liver transplantation is low, ranging from 1% to 
3% of patients. These complications are more 
common with split liver and also in pediatric 
transplantation.

5.4.1	 �Portal Vein Thrombosis (PVT)
The incidence of PVT following OLTx is between 
0.3% and 2.6%  (Piardi et  al. 2016), occurring 
more frequently within 3 months after transplant 
(Kyoden et al. 2008).

Similar to HAT, the clinical presentation 
depends on the timing of thrombosis and portal 
hypertension development: when it occurs early, 
there is a severe acute liver insufficiency with 
graft failure; meanwhile if it occurs later, porto-
caval collateral circulation could exist and the 
clinical course will be mild (abdominal pain and/
or elevated liver enzymes).

The most common causes of PVT are techni-
cal surgical errors related to venous redundancy 
and kinking and/or stenosis of the anastomosis. 
Other reported risk factors exist, such as early 

PVT caused by coronary vein steal after OLTx, 
but their discussion is beyond the aims of this 
chapter (Koo et al. 2008).

PVT has been associated with technical surgi-
cal problems, discrepancy between donor and 
recipient calibers, and hypercoagulability state; 
furthermore it can occur also in the case of ele-
vated downstream flow resistance, such as in 
inferior vena cava stricture, or low portal inflow, 
related to arterial steal syndromes (see below) 
(Girometti et al. 2014).

5.4.1.1  Diagnosis
Portal VCs are usually detected by Doppler 
US or CEUS.

Doppler US is the most used examination: it 
should document the absence of flow in the main 
extrahepatic trunk, with or without definite delin-
eation of an intraluminal echogenic thrombus on 
B-mode. There is not a specific protocol, but it is 
recommended to perform a daily evaluation of 
the main liver vessels.

Recently the use of CEUS has been proposed 
to avoid frequent false-positive results after pre-
liminary Doppler US (Lee et al. 2013).

Furthermore, contrast-enhanced CT or 
contrast-enhanced MR should be used in patients 
who have been diagnosed with PVT by  US to 
achieve a detailed characterization (collateral 
mapping, detection of local factors, and compli-
cations) (Rodrigues et al. 2017).

The invasive angiographic approach is 
reserved for the cases with uncertain diagnosis on 
noninvasive imaging and it is used when an endo-
vascular treatment could be performed. On por-
tography, stenosis is considered hemodynamically 
significant when the prestenotic/poststenotic 
pressure gradient is >5 mmHg.

5.4.1.2  Therapeutic Management 
and Prognosis
The Yerdel classification system of PVT is 
based on partial or complete obstruction of the 
lumen and extension into the splenic vein or 
superior mesenteric vein (SMV) (Yerdel et  al. 
2000). The approach to surgical management 
and portal vein reconstruction is dictated by the 
grade of PVT.

Hepatic Angiography and Vascular Interventional Radiology



164

Conservative management with anticoagula-
tion (vitamin K antagonists or heparins) is the 
current mainstay of treatment of PVT, getting 
thrombosis and secondary complications under 
control.

Kaneko et  al. (2003) described a case of an 
OLTx recipient treated conservatively with anti-
coagulation after an early diagnosis of PVT.

However PVT remains a life-threatening event 
associated with a high rate of graft loss or death 
and in patients not responding to anticoagulation 
(with thrombus extension or worsening symp-
toms) an alternative approach should be 
considered.

If in the past the first choice of treatment of 
PVT was the surgical approach, through throm-
bectomy, anastomosis revision, or retransplanta-
tion, currently, except early PVT, percutaneous 
endovascular procedures are the first-line treat-
ment for PVT following OLTx, and the portal 
VCs in general.

These include percutaneous thrombolytic 
therapy, transhepatic portal vein angioplasty with 
or without stent placement, and thrombectomy 
(Chamarthy et al. 2016).

Percutaneous thrombolysis involves adminis-
tration of low-dose thrombolytic agents close to 
the clot; it can be direct using transhepatic, trans-
splenic, and transjugular intrahepatic portal 
venous accesses or indirect when thrombolytic 
drugs are administered into the superior mesen-
teric artery.

Transjugular intrahepatic puncture is the most 
used approach in PVT and it is usually followed 
by TIPS to enhance venous outflow (Saad 2012).

Another advantage of the TIPS approach is 
that it may reduce the risk of intraperitoneal 
bleeding.

The main complications of endovascular 
thrombolytic therapy are risk of vessel injury, 
re-thrombosis, and pulmonary embolism and 
bradycardia if performed after creation of 
TIPS.

While the disadvantages of TIPS approach 
are that it takes longer, has more complications, 
and may need anesthesia, the percutaneous 
direct approach may have an increased bleeding 
risk.

Endovascular thrombectomy requires 
mechanical thrombus fragmentation by means of 
pigtail catheter, balloons, or dedicated devices 
(balloon thrombectomy, rheolytic thrombectomy, 
and suction thrombectomy) (Seedial et al. 2018).

The fragmented thrombus should be aspired 
using an aspiration catheter or a thrombectomy 
device (Uflacker 2003).

This method is mainly used in patients with 
contraindications to thrombolytic agents, but it 
may be associated with thrombolysis: the main 
reason of thrombolysis failure is the size of the 
thrombus and fragmentation facilitates the action 
of thrombolytic agents. In addition, thrombolysis 
dissolves the smaller thrombi not targetable by 
mechanical actions.

Percutaneous thrombectomy can also be per-
formed through the TIPS by pulling a Fogarty 
catheter from the portal vein and into the  IVC 
(Saad 2012).

Balloon angioplasty with or without stenting 
is meaningful in case of residual or refractory 
thrombosis of previous thrombolysis/thrombec-
tomy because it can treat the underlying causes of 
PVT; it increases luminal gain, helps to decrease 
the risk of recurrent thrombosis, and removes any 
residual thrombus (Baccarani et al. 2001).

Moreover, initial angioplasty and/or stenting 
can help to restore the patency of the portal vein 
without prolonged thrombolysis and it reduces 
the risk of intrahepatic embolism that might 
occur during a thrombectomy or thrombolytic 
procedure (Adani et al. 2007).

The risks of this management are the suture 
dehiscence during angioplasty, the long-term 
patency rate being not excellent, and the interfer-
ence of the stent with future surgical treatment.

To summarize, according to the time of onset 
of thrombosis, the management is different:

•	 Complete PVT within the first 48  h post-
OLTx: surgical approach is mandatory (revi-
sion of the anastomosis or retransplantation).

•	 PVT at 48  h and within 30  days post-OLTx 
(early PVT): primarily endovascular approach, 
regardless of complete or partial PVT.

•	 Later than 30  days (late PVT): management 
depends on clinical course; if liver function 
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tests are normal, observation may be justified 
(there is the development of hepatoportal col-
laterals), while if PVT is symptomatic it 
should be treated with percutaneous or surgi-
cal approach. In particular, if liver function 
exams are stable and the intrahepatic portal 
vein is patent due to cavernous transforma-
tion, a conservative management is to be con-
sidered (Shibata et al. 2005).

PVT is associated with poor survival without 
treatment, whereas the success rate with differ-
ent endovascular methods ranges from 68% to 
100% with mortality and morbidity rates of 0% 
and 11%, respectively (Cavallari et al. 2001).

Durham et  al.  (1994) reported that technical 
success is probably around 55–70% and the mid- to 
long-term patency is probably as high as 50–60%.

5.4.2	 �Portal Vein Stenosis (PVS)
PVS is a rare vascular complication, with inci-
dence rate reported to be less than 3% (Woo et al. 
2007).

If treated late, it could lead to portal hyperten-
sion and its corollary signs, up to graft 
dysfunction.

In the past, surgical treatments have been con-
sidered the standard for PVS; recently percutane-
ous endovascular management has become 
established due to its minimal invasiveness and 
low complication and high success rates (Vignali 
et al. 2004).

Early PVS evolves into an early thrombosis if 
not treated promptly.

Most patients with PVS are asymptomatic; 
when symptomatic they may show signs of portal 
hypertension (gastroesophageal varices, ascites, 
and splenomegaly). Abnormal liver function tests 
are not constant.

Similar to PVT, the main risk factors of PVS 
are surgical technical complications: in children 
with split OLTx and living-donor liver graft there 
are a relatively short donor portal vein segment 
and usually a mismatched diameter between 
native portal vein segment and donors’ one.

Other predisposing factors for portal compli-
cations are preexisting thrombosis and large por-
tocaval collaterals.

Late PVS may have different etiologies and be 
secondary to fibrosis or intimal hyperplasia.

5.4.2.1  Diagnosis
Doppler US is the first examination to screen for 
VCs, but definite and objective criteria for PVS 
do not exist (Piardi et al. 2016).

The PVS criteria for diagnosis include nar-
rowing portal caliber, abnormal velocities at 
the anastomotic site (PSV greater than 
125 cm/s; anastomotic to preanastomotic seg-
ment PSV rate greater than 3:1), and scarcity 
of flow of the intrahepatic portal vein. If find-
ings are suggestive of PVS, contrast-enhanced 
CT should be performed to confirm the diagno-
sis (more than 50% narrowing of the main por-
tal venous diameter with or without poststenotic 
dilatation).

Contrast-enhanced CT or MRI angiography 
could also be used to detect a focal stenosis 
because it is hard to investigate by Doppler US.

When a patient is asymptomatic, indirect por-
tography is an option to detect a PVS; percutane-
ous transhepatic portography is performed when 
the measurement of portal pressure gradients is 
required. Criteria for diagnosing PVS are steno-
sis more than 50% of the main portal venous 
diameter and a pressure gradient across the ste-
nosis >5 mmHg.

Although a pre-post-anastomotic pressure 
gradient >5  mmHg has been considered diag-
nostic of PVS, there are no standard criteria to 
define a pressure gradient as significant. Park 
et al. showed that trans-stenotic pressure gradi-
ent does not appear to be directly related to the 
clinical and therapeutic results (Park et  al. 
2005).

If PVS is suspected, operative therapeutic 
management is necessary to prevent PVT and 
other complications. Some authors recommend 
the use of anticoagulant therapy for the preven-
tion of recurrent PVT (Sanada et al. 2010).

5.4.2.2  �Therapeutic Management 
and Prognosis

As in arterial VCs, classically and especially in 
very early portal VCs, surgical treatment (anasto-
motic revision or retransplantation) was usually 
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performed, while nowadays interventional radi-
ology is the first-line treatment for PVS follow-
ing OLTx.

The approach can be transhepatic or transjug-
ular, and unlike in PVT the most used is the first 
one (Glanemann et al. 2001).

In case of asymptomatic patients with PVS 
diagnosis and normal hepatic function test, man-
agement may be conservative and an appropriate 
follow-up is normally sufficient (Kaneko et  al. 
2003).

Percutaneous treatment includes balloon 
angioplasty with or without stent placement, or 
primary stent placement (Ko et al. 2007).

Technical success of the procedure was 
defined as <30% residual stenosis at portography 
with the absence of varices or collateral circula-
tion (Park et al. 2005).

Shibata et  al. (2005)  reported that a single-
balloon dilatation was sufficient to maintain por-
tal vein patency with relative low recurrence rate 
(28.6%); similar results have been experienced 
by Park and colleagues.

Stents have usually been used to treat 
recurrent and elastic portal venous stenosis 
following balloon angioplasty. Majority early 
PVS is secondary to technical factors (tight 
suture line, discrepancy of the PV size) that 
does not benefit from balloon angioplasty 
alone.

Ko et  al. (2007) performed primary stent 
placement rather than balloon angioplasty with 
positive technical and clinical outcome in almost 
78% of patients.

Wei et  al. (2009) performed first balloon 
angioplasty and then placed a balloon-
expandable metallic stent in order to reduce the 
incidence “jump forward” of the stent (the most 
common displacement during stent deploy-
ment), achieving promising results although 
PVT or stent-edge stenosis may occur.

It seems reasonable that angioplasty with 
stenting can restore the normal portal flow once 
and for all, reducing the number of procedure-
related complications, especially in PVS with 
fibrosis or intimal hyperplasia etiology (most late 
PVS).

5.5	 �Caval Complications

Hepatic blood outflow obstruction following 
OLTx is mainly related to VCs in caval anasto-
mosis site, i.e., kinking, stenosis, or thrombosis 
of inferior vena cava or hepatic veins.

These VCs are relatively uncommon, with a 
reported incidence of less than 2% (Zhang et al. 
2017).

Hepatic vein stenosis is more likely to occur 
after living-related transplants because the pres-
ervation of the recipient IVC with the piggyback 
technique has been associated with an increased 
risk of thrombosis or stenosis.

Clinical course of hepatic vein occlusion may 
vary from mildly abnormal liver function tests to 
an acute Budd-Chiari syndrome with abdominal 
pain, ascites, and hepatomegaly, or from lower 
limb edema and pericardial and pleural effusion 
to hypotension leading to allograft loss and mul-
tiorgan failure.

Almost 20% of patients are asymptomatic 
because chronic hepatic venous obstruction is 
associated with intrahepatic and portosystemic 
collateral vessels.

Usually, technical factors lead to venous 
obstruction in the early postoperative period, 
whereas the delayed presentation may be related 
to intimal hyperplasia, perivascular fibrosis, or 
extrinsic caval compression (Darcy 2007).

5.5.1	 �Diagnosis
Diagnosis should be achieved by Doppler  US, 
contrast-enhanced CT, and RM, and finally, if 
findings are suggestive of venous outflow impair-
ment, by cavography.

Although Doppler US  is useful, venography 
and pressure measurements are still considered to 
be the gold standard.

Usually the gradient across the hepatic venous 
anastomosis is assessed to prove the diagnosis: a 
gradient higher than 10 mmHg is one commonly 
used threshold, but a gradient ranging from 3 to 
20 mmHg has been considered to be the thresh-
old of abnormality in different studies.

For this reason, stenoses have to be validated 
considering symptoms and response to treatments.
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5.5.2	 �Therapeutic Management 
and Prognosis

Modified piggyback consists of a complete resec-
tion of the recipient inferior caval vein and inter-
position of the donor intrahepatic part of the vena 
cava with two end-to-end anastomoses; it is 
reported a three-vein technique for anastomosis 
with a low rate of these VCs.

Except for severe allograft dysfunction and 
multiorgan failure requiring retransplantation, 
percutaneous radiological intervention is the 
first-line treatment for liver blood outflow VCs 
in order to attempt to rescue the outflow 
patency, reserving surgery for a lower number 
of cases.

Endovascular management can be performed 
by transjugular approach or percutaneous tran-
shepatic access.

Technical success is defined as morphologic 
improvement or as elimination or significant 
reduction of the trans-stenotic pressure gradient; 
venous outflow VCs are often treated with 100% 
success rate (Wang et al. 2005).

Thrombolysis has been described to treat 
anastomotic stenosis with superimposed throm-
bosis (Borsa et  al. 1999). Mechanical thrombo-
lytic devices may also be used to avoid bleeding.

Balloon angioplasty can restore anastomotic 
patency in almost 100% of cases, but the recur-
rence rate is high; however it is possible to repeat 
balloon dilatations (Cheng et al. 2005).

PTA associated with stent placement seems to 
have a higher rate of success than PTA alone, 
ranging from 73% to 100% in the literature (Ko 
et al. 2002).

While thrombolysis and angioplasty may 
cause anastomotic bleeding, stent migration is an 
infrequent but reported complication, not only 
during the procedure but also later, related to 
changes in the size of the IVC.

During PTA, a close monitoring is required 
since prolonged balloon inflation reduces blood 
return to the heart.

Considering the high incidence of resteno-
sis, stenting may be preferable in adults, while 
in pediatric patients stenting may not be the 
best option: considering the potential growth of 
children repeated PTA is probably a better 
strategy.
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Abstract
This chapter focuses on the technical aspects 
of diagnostic cholangiography and nonvascu-
lar interventional procedures on the liver, such 
as percutaneous transhepatic biliary drainage, 
biliary stenting, percutaneous transhepatic 
biliary stone removal, and percutaneous 
cholecystostomy.

Technique, indications, contraindications, 
and complications are discussed for each 
procedure.

1	 �Introduction

Interventional radiology of the biliary tract 
includes procedures well established since 1970s, 
when the first percutaneous transhepatic cholan-
giography was performed (Pomerantz 2009).

This technique became widespread over the 
years, thanks to technical advances, because it 
showed to be helpful, next to traditional surgery, 
in diagnosis and in treatment of biliary obstruc-
tions or leaks. Even with the subsequent spread 
of endoscopic techniques, percutaneous biliary 
interventions still have an important role, particu-
larly in case of technical failure of endoscopy or 
in case of its impossibility for example due to 
patient’s postsurgical altered anatomy.

These procedures include diagnostic cholan-
giography, biliary drainage and stent placement, 
cholecystostomy placement, and percutaneous 
management of biliary calculi.

To perform all these procedures fluoroscopy, 
ultrasound (US), computed tomography (CT), 
and magnetic resonance imaging (MRI) have to 
be used together both to study biliary tract and its 

pathologies and to guide interventional 
maneuvers.

Chiba needles, guidewires, drainages, cathe-
ters, balloon catheters, and different types of 
stents are currently used for biliary interventional 
radiology, but there are continuous improvements 
in design and materials of these tools that will 
hopefully lead to further developments in this 
field.

2	 �Percutaneous Transhepatic 
Cholangiography (PTC)

PTC is a diagnostic procedure that involves the 
placement of a needle into the peripheral biliary 
ducts under US and fluoroscopy guidance followed 
by contrast injection to delineate biliary anatomy 
and potential biliary disease (Saad et al. 2010).

2.1	 �Indications

Indications of PTC  are listed in Table  1. 
Coagulopathy is a relative contraindication 

Table 1  Percutaneous transhepatic cholangiography 
(Saad et al. 2010)

Percutaneous transhepatic cholangiography: indications
 � – �Define the level of obstruction in patients with 

dilated bile ducts
 � – �Evaluate for the presence of suspected bile duct 

stones
 � – �Determine the etiology of cholangitis
 � – �Evaluate the suspected bile duct inflammatory 

disorders
 � – Demonstrate the site of bile duct leak
 � – �Determinate the etiology of transplanted hepatic 

graft dysfunction
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to PTC; coagulation values should be corrected 
as necessary.

2.2	 �Technique

PTC is usually performed with sterile technique 
under US and fluoroscopy guidance. Lidocaine 
2% is used for local anesthesia at the puncture 
site. Two approaches have been described: right-
sided approach is intercostal and the needle is 
inserted the intercostal space anterior to the 
midaxillary line, in a 25-degree cranial direction. 
The left-sided approach is subxiphoid.

The correct needle position can be confirmed 
by contrast injection; if the position is correct the 
contrast material will slowly move away from the 
needle and fills the tubular structure.

If the contrast material does not move away 
from the needle, parenchymal extravasation must 
be suspected.

2.3	 �Success Rate

The overall success rate is 97.8% for dilated bile 
ducts and 70% for non-dilated ducts (Harbin 
et al. 1980).

2.4	 �Complications

Complications of PTC  should be low. They 
include sepsis, cholangitis, bile leak, hemobilia, 
and pneumothorax (Ginat and Saad 2008).

3	 �Percutaneous Transhepatic 
Biliary Drainage (PTDB)

PTBD is an image-guided procedure used to 
access and study the biliary tree. It is performed 
with fluoroscopic assistance and the aid  of 
US. This technique allows an external or internal 
drainage of the bile when the biliary route is 
obstructed or damaged, not permitting a correct 
flow of the fluid into the duodenum.

In this situation the main biochemical finding 
is hyperbilirubinemia (>3  g/dL) that clinically 
presents with jaundice and pruritus; it can be 
present as dilatation of the biliary system (Covey 
and Brown 2008).

Evaluation of the biliary system with US prior 
to percutaneous intervention is recommended 
(Fig.  1). When possible the positioning of an 
internal/external biliary drainage is always pre-
ferred that allows the physiological passage of 
the bile into the duodenum and at the same time 

a b

Fig. 1  (a, b) Ultrasound (US) in pre-procedural workup 
before percutaneous transhepatic biliary drainage 
(PTDB). (a) US longitudinal scan of the abdomen of a 
patient with dilatation of intrahepatic biliary ducts and 
ascites which represents a relative contraindication to 

PTDB. (b) US longitudinal scan of the abdomen shows a 
dilatation of the common bile duct. Color Doppler US 
exam may help in differentiating the biliary tree from the 
hepatic vessels
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drains part of the fluid outward. Occasionally an 
external drainage catheter is required at the first 
attempt in the presence of significant biliary sep-
sis or when the site of obstruction cannot be 
crossed (Shawyer et al. 2013).

3.1	 �Indications

The indications include treatment of cholangitis, 
bile duct damage, and obstructive jaundice with 
dilatation of the biliary tree as a result of malig-
nant or benign biliary stenosis  (Garcarek et  al. 
2012). Endoscopic retrograde cholangiopancrea-
tography (ERCP) is the preferred access route to 
the biliary tree. PTBD is considered when ERCP 
is unsuccessful or contraindicated (e.g., anatomic 
variation) or when it cannot offer a good pallia-
tion in terms of durability (Chandrashekhara 
et al. 2016) or even when biliary tract obstruction 
involves the intra-hepatic or proximal extra-
hepatic biliary tract. Indications of PTBD  are 
listed in Table 2.

Table 2  PTBD indications (from Chandrashekhara et al. 
2016 modified)

Altered anatomy that prevents ERCP
Benign biliary obstruction
 �   Cholelithiasis/choledocholithiasis
 �   Bacterial cholangitis
 �   Ischemic cholangitis
 �   Sclerosing cholangitis
 �   Postsurgical stricture of the common bile duct
 � �  Postsurgical stricture of the biliodigestive 

anastomosis
Malignant biliary obstruction
 �   Palliative drainage of unresectable biliary tumor
 � �  Pancreatic neoplasm extrinsically compressing 

the distal bile duct (Asadi et al. 2016)
 � �  Metastases from nonbiliary cancers (Iwasaki 

et al. 1996)
 �   Liver hilar lymphadenopathy
 � �  Hyperbilirubinemia that contraindicates initiation 

of chemotherapy
 � �  Access biliary system for further intraductal 

interventions (biopsy, stent placement, and 
transhepatic brachytherapy)

Bile leak
 �   Iatrogenic (Jabłońska and Lampe 2009)
 �   Post-traumatic

Table 3  PTBD contraindications (from Pomerantz 2009 
modified)

Absolute
 �   In case of emergency there are no absolute 

contraindications
 �   Uncorrectable coagulopathy
Relative
 �   INR >1.5
 �   History of allergy to iodinated contrast agents
 �   Platelet counts <50,000
 �   Ascites (drainage prior to procedure is 

recommended)
 �   Multiple hepatic cysts (Morgan and Adam 1998)

3.2	 �Contraindications

Contraindications of PTDB  are classified in 
Table 3.

3.3	 �Materials

–– Local anesthetic (5–10 mL of 1% lidocaine) 
and syringe

–– Puncture fine needle 18–21 G
–– Coaxial percutaneous access kit
–– Guidewires: curved stiff hydrophilic wire 

(0.035 in.), super-stiff wire (long floppy tip)
–– Catheters: dilators (at least 4–9  F), biliary 

manipulation catheter  (Kessel and Robertson 
2017 modified)

–– Drains: pigtail internal/external drain 8–14 F
–– Sutures or catheter-retention device

3.4	 �Procedure Preparations

The patient should be preferably fasting for at 
least 6 h prior to the procedure. It is important to 
explain the procedure and its possible complica-
tions to the patient, obtaining informed consent. 
Collect patient history and previous clinical data, 
including blood tests (especially INR, platelet 
counts, AST/ALT, bilirubin, and creatinine). 
Establish good i.v. access and start an adequate 
antibiotic coverage. For pain alleviation, i.v. 
analgesics can be administered. The review of the 
previous imaging studies of the liver and the bili-
ary system allows the operator to determine 
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which main hepatic duct is primarily involved 
and to select the best target to access (Fig. 2).

Preprocedural abdominal US is fundamental 
to assess the state of the liver and of the biliary 
tree (evaluation of intrahepatic biliary tract diam-
eter, site of obstruction and localization of pri-
mary or metastatic masses). Deep sedation might 
be required to place a biliary drainage “ex novo” 
(Tae-Hoon Kim 2006).

3.5	 �Techniques

The operator can choose to use the right (subcos-
tal) or left ductal (subxiphoid) approach, although 
each technique has its strength and limitations.

The left approach is relatively easier and safer 
to perform, but performer’s hand is more exposed 
to radiation.

The right approach allows the drainage of a 
greater number of hepatic segments and per-
former is less exposed to X-ray, but it is more 
painful for the patient and is more affected by 
respiration movements.

In case of cholangiocarcinoma involving the 
hilum, a bilateral access may be required to allow 
a correct drainage of both right and left biliary 
hemi-systems (Nimura et al. 2000).

When the suitable bile duct is targeted under 
US guidance, local anesthesia of the puncture site 
with 1% lidocaine is administered. An 18–21 G 
puncture fine needle is then introduced to access 
the targeted biliary duct.

It is recommended to guide the needle to a 
peripheral portion of the liver, avoiding central 
and hilar regions, due to lower risk of major vas-
cular injury involving a branch of the portal vein 
or hepatic artery.

When the outflow of bile starts, a 0.035  in. 
hydrophilic guidewire is passed through the 
puncture needle with fluoroscopy assistance and 
subsequent dilatations of the entry point are per-
formed for an eventual placement of a catheter 
sheath introducer. Deep sedation might be 
required since dilatation of the cutaneous entry 
point and adjacent Glisson’s capsule can be very 
painful.

After demonstrating the site of obstruction/
damage of the biliary tract with an intraproce-
dural cholangiography, a guidewire is used to 
cross the pathological duct and then to place a 
drainage pigtail catheter with its curled tip in the 
duodenum, beyond the ampulla.

A final cholangiography with contrast injec-
tion is necessary to verify the correct functioning 
of the PTBD (Figs. 3, 4, and 5).

3.6	 �Postprocedural Care

Postprocedural care includes daily saline irriga-
tion of the tube, monitoring of bile volume 
drained, and determination of bilirubin and alka-
line phosphatase blood levels. All patients should 
be closely monitored for any evidence of sepsis 
and/or hemorrhage (Pomerantz 2009).

Fig. 2  A biliary brunch of the left hepatic lobe is cannu-
lated through percutaneous ultrasound-guided access

Fig. 3  Dilated and tortuous intrahepatic bile ducts that 
have narrow stenosis (arrow) downstream from the con-
fluence of the main bile ducts
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The external drainage is usually allowed to 
outflow in the drainage bag for about 24–48  h, 
and then the catheter is capped to direct the flow 
of the bile into the bowel.

3.7	 �Success Rate

Thanks to increased expertise and better instru-
mentation, observed technical success rate of 
PTBD is ~90–95%, with very few complications 
observed nowadays (Chandrashekhara et al. 2016).

3.8	 �Complications

Patients should be monitored carefully for 24 h 
after drainage for signs of bleeding or sep-
sis (Ferrucci et al. 1980). With proper technique, 
especially with peripheral bile duct puncture, 
serious bleeding complications can be avoided 
(Covey and Brown 2008). Because hepatic artery 
and portal vein branches run along the biliary tree 
in the liver (portal triad), it is possible that some 
blood could pass into the bile duct during the pro-
cedure, resulting in transient hemobilia.

a b

c d

Fig. 4  (a–d) Magnetic resonance cholangiopancreatog-
raphy (MRCP). Coronal (a) and axial (b) MRCP 
T2-HASTE MRI sequences of a patient with diffuse intra-
hepatic biliary dilatation due to a mass stenosing primary 
biliary confluence (white arrow). Cholangiography of the 

same patient before (c) and after (d) the insertion of a per-
cutaneous transhepatic biliary drainage with its distal tip 
in the duodenum (black arrow). White arrowheads indi-
cate the stenosis of the biliary ducts at the confluence
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These complications can be reduced with ade-
quate antibiotic coverage and by keeping the bili-
ary manipulation to minimum (Burke et al. 2003).

One of the most dangerous complications is 
hemorrhage caused by intraprocedural lesion of a 
main branch of the hepatic artery (Figs.  6 and 
7) (Mueller et al. 1982). Complications can occur 
immediately after the procedure or in the follow-
ing 24–48 h (Table 4).

4	 �Biliary Stenting

Biliary stenting is a well-known and established 
procedure since decades. Endoscopic and percu-
taneous approaches are both validated techniques 
that are chosen mostly based on the location of 
the pathology in the biliary tract and on postsur-
gical anatomy of upper gastrointestinal tract 
(Shawyer et  al. 2013). Nevertheless, the 
percutaneous approach allows to reach precisely 
the biliary duct that needs to be treated (Li et al. 
2016).

4.1	 �Indications and Stent Types

The main indications for biliary stent placement 
are the following:

•	 Treatment of benign biliary strictures, particu-
larly the recurrent ones that are not responsive 
to bilioplasty, a procedure that consists of 
sequential (usually 1–3 sessions with interval 
of 2–3 weeks) prolonged balloon dilatations of 
the stenosis using balloon catheters (Ng et al. 
2015; Shawyer et  al. 2013). Benign biliary 
strictures can be consequent to inflammatory 
events, infective or autoimmune cholangitis, 
radiant therapy, ischemic events, or iatrogenic 
causes (such as postsurgery biliary duct injury 
or liver transplantation) (Fidelman 2015).

•	 Palliative treatment of malignant biliary stric-
tures that generally have as its main causes 
cholangiocarcinomas, pancreatic tumors, liver 
carcinomas or metastasis, gallbladder tumors, 
lymphomas, and lymph node metastasis (Leng 
et al. 2014).

a b

Fig. 5  (a, b) Cholangiography before (a) and after (b) the 
positioning of PTBD with left ductal (subxiphoid) 
approach (black arrow). The cholangiography demon-
strates the obstruction of the common bile duct in biliodi-

gestive anastomosis (white arrow). A final cholangiography 
with contrast injection is necessary to verify the correct 
functioning of the PTBD

Intrahepatic Biliary Tract Interventional Radiology
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a b

c

Fig. 6  (a–c) Postprocedural bleeding. (a) Cholangiogram 
shows a hepatic artery branch in communication with the 
biliary tree after positioning PTDB (black arrow). Celiac 
axis angiogram of another patient shows contrast extrava-

sation of a distal branch of the hepatic artery (white 
arrows) in different phases (b), (c) as a complication of 
the insertion of a PTDB

a b

Fig. 7  (a, b) Catheter dislodgement. (a) Cholangiogram 
shows distal marker and some side holes of drainage cath-
eter outside the biliary tree (black arrow). (b) Photograph 

of the same patience: the imbibition of the skin around the 
percutaneous access can lead to rupture of the sutures and 
dislodgement of the catheter

A. Rago et al.



183

In fact a prolonged obstruction of biliary tract 
causes cholestasis that can lead to pruritus, jaun-
dice, cholangitis, and hepatic dysfunction, greatly 
reducing the quality of life of patients (Li et al. 
2016).

Moreover re-establishing a good liver func-
tion through an effective drainage of the biliary 
tract is fundamental for chemotherapy adminis-
tration in oncologic patients (Furuse et al. 2008).

For all these reasons, percutaneous or endo-
scopic biliary stenting is considered fundamental 
for treatment of both benign and malignant bili-
ary strictures.

A more recent indication for biliary stenting, 
thanks to the development of retrievable stents, is 
represented by the treatment of biliary leaks. 
Usage of retrievable stents to treat bile leakage 
has shown to be effective (Páramo et al. 2017), 
because stent placement into the damaged biliary 
duct, giving a least resistance way for bile flow, 
consents biliary duct healing (Ng et al. 2015).

For all these indications, different kinds of 
biliary stents are available:
–– Plastic stents
–– Metal stents, uncovered and covered
–– Biodegradable stents

4.1.1	 �Plastic Stents
Plastic stents are devices made of radiopaque 
polyethylene and can be placed both endoscopi-
cally and percutaneously (Mauro et  al. 2008) 
(Fig. 8). In the former case the size of the stent 
can be up to 12 Fr, according to the size of the 
endoscope’s channel; in the latter case the stent 
size reaches 14 Fr, which however results in a 
large intrahepatic tract that can cause discomfort 
for the patient and more complications (Tsetis 
et al. 2016).

Anyhow, despite the large percutaneous 
hepatic tract they need, their lumen is relatively 
small and thus they are more subject to an early 
occlusion. Moreover they showed to be more 
prone to migration (15% of incidence).

Nevertheless these stents have the advantage 
of being less expensive than other types and can 
be retrieved endoscopically when occluded or no 
longer useful (Mauro et al. 2008).

 Considering all these features, plastic stents 
are mainly used to treat recurrent benign bili-
ary strictures (Mauro et al. 2008) and to con-
sent a temporary drainage of biliary tract as a 
bridge to surgery or to a medical resolution of 
malignant stenosis (for example caused by 
lymphoma or metastatic lymph nodes) (Di 
Sena et al. 2005).

Sometimes plastic stents are even used for pal-
liation in malignant biliary strictures, especially 
in cases with an expected survival of less than 
3  months (because of their low-term patency 
rates) (Soderlund and Linder 2006).

Table 4  Classification of PTBD complications (from Saad et al. 2010 modified)

Immediate/periprocedural complications Delayed complications
Minor – Pain – Pericatheter leak
Major – Hemobilia

– Pneumothorax
– Sepsis/cholangitis
– Subcapsular hematoma

– Hemorrhage
– Hemobilia/pseudoaneurysm
– Bile peritonitis
– Dislodged catheter (Fig. 7) 
– Catheter occlusion by tumor ingrowth
– Pancreatitis
– Pleural effusion/empyema
– Electrolyte depletion due to high-output external drainage

Fig. 8  Plastic stent (arrow) in the common bile duct seen 
at fluoroscopy. It is possible to see that it is occluded as, 
performing the cholangiography, it is not opacified by 
contrast material
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4.1.2	 �Metallic Stents
Self-expanding uncovered metal stents are widely 
used for palliative treatment of malignant biliary 
strictures, particularly in patients with an expected 
survival of at least 4.5  months (Soderlund and 
Linder 2006). These stents in fact have long-term 
patency rates due to their large diameter: they can 
reach a lumen up to 30 Fr when placed into biliary 
tract, even if they are generally mounted over 6–7 
Fr carrying catheters (Tsetis et al. 2016).

 Superiority of metal stents compared to plas-
tic stents concerning patency rates has widely 
been proved by several studies over the years 
(Soderlund and Linder 2006; Mukai et al. 2013).

Moreover these devices, once made of stain-
less steel, are actually made of nitinol (an alloy of 
nickel and titanium), an MR-compatible material 
that has good flexibility, radial force, and thermal 
shape memory (Shawyer et al. 2013) (Fig. 9).

Nevertheless uncovered metal stents, once 
placed into the biliary tract, can be subject to loss 
of patency and cannot be removed because of 
epithelization of metal struts and tumor ingrowth.

For these reasons uncovered permanent metal 
stents are not recommended for the treatment of 
benign biliary strictures but only for confirmed 
malignant biliary strictures (Kapoor et al. 2018).

Considering all this, during the years 
retrievable-covered metal stents have been devel-
oped that can be placed and removed both percu-
taneously and endoscopically.

These stents are made of a tubular metal mesh 
covered by a polytetrafluoroethylene, polyure-

thane, or silicone layer. This membrane allows to 
prevent tumor ingrowth and to avoid integration 
of the stent within the biliary wall, making it 
removable if needed (Tsetis et al. 2016).

For these reasons usage of covered retrievable 
stents has been proposed not only to treat malig-
nant biliary strictures, but also to treat benign 
biliary strictures (Gwon et al. 2008) and biliary 
leaks (Gwon et al. 2011).

Removal of these stents is usually realized 
approximately after 6–8  weeks when used to 
treat benign biliary strictures and after 3 months 
when used to treat biliary leaks; anyway clinic 
always influences this timing of removal 
(Shawyer et al. 2013).

At the same time the layer of covered metal 
stent makes them more prone to migration and to 
occlusion of cystic duct and main pancreatic duct 
causing cholecystitis and pancreatitis (Tsetis 
et al. 2016).

To treat malignant hilar biliary strictures, 
when often more than one stent is needed for a 
satisfactory result, metal stents with larger gaps 
between their struts have been designed too. The 
less dense mesh in the central portion of the stent 
in fact consents the insertion of a second stent 
into the first one (Tsetis et al. 2016).

4.1.3	 �Biodegradable Stents
Biodegradable stents are recently introduced 
devices made of polydioxanone (PDX), a radio-
lucent biodegradable polymer that degrades by 
hydrolysis in 3–6  months, and with radiopaque 
platinum markers at the extremities to allow 
interventional radiologists to understand where 
to place them (Kapoor et al. 2018) (Fig. 10).

These devices are mainly used to treat benign 
biliary strictures, particularly the refractory ones 
(Mauri et al. 2013).

Use of these stents is not yet widespread as 
they are available only as custom-made devices 
(Kapoor et  al. 2018); anyway they showed to 
have a good radial force, flexibility, and remod-
eling effect of strictures. Moreover, being 
degradable, they do not need to be removed with 
a further endoscopic procedure and stent migra-
tion does not represent a problem (Siiki et  al. 
2018).

Fig. 9  Metal stent (arrow) in the common bile duct seen 
at fluoroscopy
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4.2	 �Procedure Preparation

Patient’s preparation to biliary stent placement 
should include:

–– Performing a biopsy of biliary duct, to con-
firm the underlying etiology of the stricture 
(benign or malignant) (Mauro et al. 2008).

–– Performing imaging studies, particularly MRI 
(Fig. 11), to determine the location and length 
of the stenosis or of the bile duct injury, in 
order to choose the better approach for the 
procedure and the correct size of the stent.

–– Imaging can also be useful to preventively 
identify the eventual presence of anatomic 
variants of biliary tree and ascites, both things 
that can make the procedure more difficult 
(Shawyer et al. 2013; Thompson et al. 2013).

–– Eventual positioning of an internal-external 
drainage for 1–2 weeks before stent release, to 
consent decompression of biliary tree, clean-
ing from eventual clots and debris, and treat-
ment of cholangitis if present.

–– Review of coagulation parameters and them 
correction if found abnormal (normal values 
include INR <1.5 and platelet count >50,000/
mm3) (Kapoor et al. 2018; Gwon et al. 2013).

–– Review of renal function parameters to 
exclude a kidney failure.

–– Exclusion of allergy to iodinated contrast agents.
–– Exclusion of intercurrent presence of infec-

tion or sepsis.
–– Eventual antibiotic prophylaxis (Mauro et al. 

2008).

Fig. 10  Double-biodegradable stents placed in the common 
bile duct and in left and right main hepatic ducts. It is possi-
ble to see the radiopaque markers at their extremities (arrows)

Fig. 11  T2w MRI axial image of dilated intrahepatic bile 
ducts (arrows)

4.3	 �Techniques

CT or MRI is fundamental to choose the best 
approach to biliary tree to place correctly the 
stent; the target should be draining more than 
50% of the liver (Vienne et al. 2010).

In most cases a right lobe approach is pre-
ferred, because it has a lower rate of complication 
and because right biliary ducts drain the majority 
of the liver (Kapoor et al. 2018).

After a fluoroscopic or US-guided puncture 
of the biliary tree with a 21-gauge Chiba needle, 
a sheath with a side arm (large enough to leave 
the stent go through it) has to be placed in the 
intrahepatic bile duct chosen. The tip of the 
sheath should be placed proximally to the stric-
ture, in order to leave enough space for the inter-
ventional radiologist’s maneuvers (Fidelman 
2015).

Injecting the side arm of the sheath is then 
possible to obtain a cholangiogram that consents 
to estimate the site and extension of the stenosis 
and to select proper caliber and length of the stent 
(Sutter and Ryu 2015).

Performing the cholangiogram in a right ante-
rior oblique projection can consent a better visu-
alization of the confluence of the principal right 
and left bile ducts.

A 0.035″ guidewire has then to be used to 
cross the obstruction; a 5 French angled-tip cath-
eter can be used to give more support to the 
guidewire, thus making this maneuver easier. The 
catheter, after being pushed in the duodenum 
through the stenosis, is also fundamental to con-
sent the exchange of the first guidewire with a 
stiffer one.
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Sometimes a microwire and a microcatheter 
are needed to cross particularly tight stenosis: the 
microcatheter is then used to pass a stiff microw-
ire across the obstruction that can be used as a 
platform for balloon dilatation and for the pas-
sage of the 5  F catheter across the stenosis 
(Fidelman 2015) (Fig. 12).

Anyway pre-stent deployment balloon dila-
tion of malignant stricture is not recommended 
routinely because this maneuver can cause bleed-
ing and subsequent overgrowth of the tumor with 
possible early stent occlusion.

Using the stiff guidewire as support, the stent 
is then deployed; in order to reduce the risk of 
overgrowth of the tumor at the stent margins, the 
device is usually placed across the stricture with 
a safety margin of 2 cm at both proximal and dis-
tal ends of the stricture itself (Das et al. 2017).

A post-deployment cholangiogram injecting 
the sheath has always to be done, to assess the 
correct placement of the stent and if a good pas-
sage of the contrast medium in the duodenum has 
been obtained without residual stenosis (Maillard 
et al. 2012).

If the control cholangiogram shows a persis-
tent narrow tract within the stent, post-deployment 
balloon dilation can be performed (Das et  al. 
2017); however the expansion of self-expandable 

stents continues even after their release in biliary 
tract, so post-deployment balloon dilation should 
not be routinely made (Sutter and Ryu 2015).

In particular cases, especially with hilar bile 
duct stenosis, a bilateral stent insertion can be 
considered, even if the benefit to drain both 
hepatic lobes is still debated (Li et  al. 2016) 
(Fig. 13).

There are two bilateral stent placement 
techniques:

•	 Side by side that consists of the placement at 
the same time of two parallel metallic stents: 

a b

Fig. 12  (a) Cholangiogram from a sheath placed in right 
bile ducts and 0.035″ guidewire passed through the steno-
sis into the duodenum; (b) cholangiogram through sheaths 

placed in both hepatic lobes and 0.035″ guidewires passed 
through the biliary tract into the duodenum

Fig. 13  Pre-stent deployment balloon dilatation using 
balloon catheters mounted over 0.035″ stiff guidewires
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These stents drain the bile ducts of both 
hepatic lobes and then become parallel and 
close when reaching the common hepatic 
duct, where they cannot expand completely 
and can possibly collapse instead.

•	 Stent in stent that consists first of the placement 
of a metallic stent across the biliary hilar stric-
ture to drain a hepatic lobe, and subsequently 
the deployment of a second metallic stent into 
the first one to drain the contralateral hepatic 
lobe. The second stent is placed through the 
mesh of the first one, thus creating an overlap 
of part of the stents that helps in increasing their 
radial force and preventing stent migration or 
collapse (Corvino et al. 2016).

The stent-in-stent technique provides a 
T-shaped stent configuration (that requests a uni-
lateral percutaneous access and is preferred when 
there is an obtuse angle between right and left 
hepatic ducts) or a Y-shaped stent configuration 
(that requests a bilateral percutaneous access and 
is preferred when there is an acute angle between 
right and left hepatic ducts) (Das et al. 2017).

4.4	 �Postprocedural Care

As postprocedural care after stent placement, it is 
a good rule to leave an internal-external drainage 
or a 5 French catheter through the stent to the 
duodenum for protection (Fig. 14); this drainage 
or catheter can then be removed in a few days 
after checking the good functioning of the stent 
(Maillard et al. 2012).

4.5	 �Success Rate

Technical success is considered as the correct 
positioning of the stent in the desired place in 
biliary ducts with a good passage of contrast 
material through the stricture to the duodenum. 
This condition is reached almost always in 100% 
of cases (Gwon et al. 2013; Li et al. 2016; Corvino 
et al. 2016).

Clinical success is defined as a successful 
removal of the temporary protection drainage 
catheter and the reduction in serum total bilirubin 

level of 30% after 1 week or 50% after 2 weeks or 
75% after 1 month, compared with pretreatment 
bilirubin level. Clinical success rates are com-
prised between 84.7% and 91.6% (Li et al. 2016; 
Gwon et  al. 2013; Corvino et  al. 2016; Zhang 
et al. 2018; Yi et al. 2012).

For benign biliary strictures, treated with retriev-
able covered metal stents or biodegradable stents, a 
residual stenosis of less than 20–30% should be 
considered a success (Saad 2008). In different stud-
ies rates from 75% to 90% of stenosis resolution 
have been reported (Kapoor et al. 2018).

4.6	 �Complications

Biliary stent placement is a procedure affected by 
the same general complications as all other percu-
taneous biliary interventions. These complications 
include hemorrhage or bleeding, pneumothorax, 
hemothorax, biliary tract and gallbladder dam-
ages, and sepsis (Thompson et al. 2013). However 
major complications are rare, with a rate between 
0.5% and 2.5% (Kapoor et al. 2018).

Particular complications of biliary stents are 
as follows:
•	 Stent occlusion that can be acute for obstruc-

tive formation of clots, or chronic for tumor 
ingrowth (between stent mesh), tumor over-
growth (at proximal or distal end of the stent), 

Fig. 14  5-French internal and external catheters left for 
protection through two biodegradable stents to the small 
bowel
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sludge incrustation, or stone formation 
(Venkatanarasimha et al. 2017). Time between 
stent placement and stent occlusion is defined 
as stent patency time (Gwon et  al. 2013). A 
study reported patency rates of metal stents of 
73.5% at 3 months, 53.1% at 6 months, and 
36.1% at 12 months (Li et al. 2016). Another 
study reported patency rates of 95–97% at 
1  month, 83–87% at 3  months, 74–78% at 
6 months, and 50–56% at 12 months (Kullman 
et al. 2010). Moreover patency time rates have 
been reported to be often longer for covered 
metallic stents than for uncovered metallic 
stents (Kapoor et al. 2018; Saleem et al. 2011). 
In general tumor ingrowth and overgrowth are 
more frequent in uncovered metallic stents; 
sludge incrustation instead is more frequent in 
plastic and covered metallic stents. Anyway, 
in case of occlusion, it is possible to repeat an 
intervention on biliary tree and place an addi-
tional stent to resolve the obstruction (Tsetis 
et al. 2016) (Figs. 15 and 16).

•	 Stent migration that is more frequent with 
plastic stents and covered metallic stents: 
With these stents in fact it can reach a rate up 
to 20% (Kapoor et al. 2018).

•	 Stent fracture that occurs in 7–11% of metallic 
stents (Venkatanarasimha et al. 2017).

•	 Stent-related infections or inflammation: In 
particular cholecystitis and pancreatitis can be 
consequent to a covered metal stent placed 
above cystic duct and pancreatic main duct 
outlet in common bile duct (Tsetis et al. 2016; 
Shawyer et al. 2013). Cholangitis instead has 
shown to be more frequent with biodegradable 
stent placement, maybe consequent to irrita-
tion of bile ducts by products of stent degrada-
tion (Siiki et al. 2018).

5	 �Percutaneous Transhepatic 
Biliary Stone Removal

Symptomatic gallstones affect 260,000 
Americans each year (Mauro et al. 2008); 7–20% 
of patients with cholecystolithiasis also have 
stones in the bile duct (Garcia-Vila et al. 2004; 
Bin et  al. 2018) and 2–5% of patients present 
with residual biliary stones after biliary tract sur-
gery (Garcia-Garcia and Lanciego 2004).

Biliary stones can be asymptomatic for years 
or can cause symptoms (nausea, vomiting, 
abdominal pain, postprandial fullness) and/or 
severe complications such as cholangitis, jaun-
dice, or pancreatitis.

The majority of patients are treated defini-
tively with surgery and, with the advent of lapa-
roscopic cholecystectomy, surgeons can treat 
patients less invasively with a quicker recovery.

Even in the setting of laparoscopic cholecys-
tectomy, some patients will not be suitable for 
surgery because of significant comorbidities: this 
group of patients can greatly benefit from percu-
taneous drainage and stone extraction.

Patients with symptomatic gallstones often 
simultaneously have calculi in the intrahepatic or 
extrahepatic bile ducts as well. Endoscopic retro-
grade cholangiopancreatography (ERCP) has 
been available since the 1970s and is nowadays 
considered the main technique to remove such 
stones in the majority of patients (Mauro et  al. 
2008; Garcia-Vila et al. 2004).

The procedure though can be difficult in 
patients with challenging or surgically altered 
anatomy (duodenal diverticulum, impacted 
stones larger than 15 mm, patients who have pre-

Fig. 15  Bilateral metal stents placed at hepatic hilum 
with a Y-shaped configuration seen at fluoroscopy
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viously undergone biliary reconstruction as in 
Billroth II or Roux-en-Y surgery) in which endo-
scopic techniques are more prone to failure or the 
bile ducts may be inaccessible (Mauro et al. 2008; 
Copelan and Kapoor 2015).

In these patients, the radiological percutane-
ous treatment is a fundamental option: the tech-
nique has been developed and made popular by 
Burhenne in the 1980s (Burhenne 1980).

5.1	 �Indications

The principal indication for percutaneous tran-
shepatic biliary stone removal is the treatment 
of symptomatic calculi in patients who are not 
eligible for surgery, e.g., patients with intrahe-
patic duct stones virtually out of endoscopic 
reach: these patients usually have recently 
undergone gallstone or biliary surgery and still 
have a T-tube in place, so the surgeon would 
refer these patients for interventional radiologi-
cal management as first-line treatment (Mauro 
et al. 2008).

The percutaneous treatment of biliary stones 
is recommended also for patients in which ERCP 
has failed or is impracticable (as in case of surgi-
cally altered anatomy) (Mauro et al. 2008).

5.2	 �Contraindications

The main absolute contraindication is the pres-
ence of an incorrigible bleeding diathesis since 
hemorrhagic complications are a significant 
source of morbidity and mortality, especially in 
case of large-bore percutaneous transhepatic 
tracts.

Among relative contraindications we find 
stone-related active infection and excessively 
dilated biliary ducts: in these cases, preliminary 
placement of an appropriate drainage catheter is 
indicated to “cool off” the infectious process or 
reduce duct dilatation (Mauro et al. 2008).

5.3	 �Procedure

5.3.1	 �Patient Preparation
Patient should be preferably fasting or on liquid 
diet for at least 4–6 h prior to the procedure.

Usually, pre-procedure antibiotic prophylaxis 
and sedation are required (Mauro et al. 2008).

Before and during the procedure the patient 
vital signs have to be monitored and 0.25 mg of 
somatostatin or 0.1  mg of octreotide can be 
administered to protect the pancreas; addition-
ally, 1 mg of glucagon can be useful to relax the 

a b

Fig. 16  (a) Occluded metallic stent seen at cholangiography, with dilated intrahepatic bile ducts. (b) After the place-
ment of a second stent into the first one, stent patency is re-established

Intrahepatic Biliary Tract Interventional Radiology



190

sphincter of Oddi (Garcia-Vila et al. 2004; Clouse 
and Falchuk 1985).

5.3.2	 �Pre-intervention
The way of access to the biliary tree is variable 
and time dependent and noninvasive imaging 
acquired before the procedure can help plan the 
route of access and the intervention.

Patients who have recently had a cholecystec-
tomy with retained calculi might have a T-tube in 
place that can be used as an access. In the other 
patients, the access is the same as in percutane-
ous biliary drainage (see below).

Approximately half of the patients with bili-
ary stones will have multiple calculi: a careful 
search has to be made during preliminary cholan-
giography. If all the intrahepatic stones are 
located in one hepatic lobe, most of the operators 
prefer to access the opposite lobe to have a wider 
angle when entering the ducts containing the 
stones.

5.3.3	 �Access
•	 T-tube access:

A preliminary cholangiogram is performed 
through the T-tube which is then removed and 
replaced with a vascular sheath using a 
guidewire.

•	 De novo access:

US- and fluoroscopy-guided liver puncture 
under local anesthesia is performed with sterile 
technique, usually to the right lobe, even if a left 
lobe or bilateral access can be carried out depend-
ing on the specific patient conditions and location 
of calculi (Mauro et al. 2008; Hwang et al. 1993).

Using a guidewire through the needle, a vas-
cular sheath is placed within the hepatic duct.

In some cases, the procedure can be two 
staged: firstly an internal/external biliary drainage 
catheter is positioned to reduce biliary tree dilata-
tion or to “cool off” a cholangitis. Subsequently 
the drainage is replaced with a vascular sheath of 
the appropriate caliber using a guidewire (Mauro 
et al. 2008; Hwang et al. 1993).

5.3.4	 �Stone Extraction
Independently on the access, a safety guidewire 
is then pushed into the small bowel.

A cholangiography is performed through the 
vascular sheath to show and confirm the stone or 
stone location.

A 10 or 12 mm angioplasty or a valvuloplasty 
balloon is then placed across the ampulla of Vater 
and inflated for up to 3 min: the sphincteroplasty 
can be repeated twice, if necessary, also with an 
occlusion balloon. Many authors suggest 12 mm 
as maximum balloon size, but in some cases a 
dilatation up to 22–23 mm has been performed 
(Mauro et  al.  2008; Park et  al. 1987; Bin et  al. 
2018; Garcia-Vila et al. 2004).

Two kinds of balloon can be used to fragment 
the stones: angioplasty or occlusion balloons, 
depending on the calculi morphological charac-
teristics. The balloon diameter is chosen on the 
size of the largest stone (Mauro et  al.  2008; 
Garcia-Garcia and Lanciego 2004; Garcia-Vila 
et al. 2004; Gil et al. 2000).

When stones exceed 12–15 mm, other devices 
and techniques are necessary, such as the use of 
fragmentation basket (e.g., Dormia basket) 
(Mauro et al. 2008; Hwang et al. 1993).

The stones and their fragments are then care-
fully flushed (high-frequency pulsed flushing) 
and/or pushed into the small bowel with an 
angioplasty balloon through the dilated papilla 
(Shin et al. 2014).

After cholangiography has confirmed com-
plete clearance of the stones, an internal/external 
drainage catheter is placed across the sphincter of 
Oddi in the small bowel (Figs. 17 and 18).

5.4	 �Postprocedural Care

In our institute, an internal-external biliary drain-
age catheter is left in place after the procedure 
and replaced with one of the progressively 
smaller calibers to facilitate the healing process 
of the intrahepatic and percutaneous tracts. A 
cholangiography is usually performed before 
removal of the drainage to ensure complete clear-
ance of the calculi.
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The short-term complications are assessed 
and managed before discharge.

Long-term complications such as refluxing 
cholangitis and calculi recurrence are monitored 
over time.

Patients with more complex clinical situation 
are managed conjointly with the referring hepa-
tobiliary surgeon and/or gastroenterologist 
(Mauro et al. 2008).

5.5	 �Success Rate

Success is achieved in more than 90–99.5% of 
cases (Mauro et al. 2008; Garcia-Vila et al. 2004; 
Shin et  al. 2017). Most patients are completely 
cleared of calculi in one treatment session.

Success is more probable in patients with duc-
tal stones related to cholecystitis than in the ones 
with disease involving the intrahepatic ducts 
(Mauro et al. 2008).

5.6	 �Complications

According to literature, the overall morbidity rate 
of percutaneous transhepatic biliary stone 
removal varies between 2% and 13.5% and the 
overall mortality rate varies between 0% and 
1.7% (Garcia-Vila et al. 2004); in case of major 
complications the mortality rate within 30 days is 
approximately 4% (Stokes et al. 1989).

The most reported and common complica-
tions according to literature are the following 
(Mauro et al. 2008; Garcia-Vila et al. 2004; Bin 
et al. 2018):

•	 Related to bile leakage, ranging from simple 
loculated biloma to severe bile peritonitis.

•	 Pancreatitis, which can occur in 8–12% of 
patients and has a mortality rate of 0.5–1% 
(Bergman et al. 1997; Freeman et al. 1996).

•	 Bleeding complications such as hemobilia, 
which can be severe in 12% of cases (Bonnel 
et al. 1991) and needs to be treated with arte-
rial embolization; when not clinically relevant, 
cold saline irrigation can be sufficient (Garcia-
Garcia and Lanciego 2004).

a

b

c

Fig. 17  (a–c) Stone impacted in the pre-papillary region 
(white arrow). (b) During the attempt to push it down, the 
stone migrates cranially (white arrow: stone). (c) 
Postprocedural cholangiography control with the guide-
wire in place: the contrast medium drainage appears satis-
factory, but the stone was not removed
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Bowel perforation is another fearsome com-
plication and, with pancreatitis and hemorrhage, 
represents the most serious complication (Garcia-
Vila et al. 2004).

Infective complications are less common and 
include symptomatic bacteremia, biliary duct 
infection and cholangitis, and liver or subcutane-
ous abscess (Mauro et al. 2008; Bin et al. 2018; 
Garcia-Garcia and Lanciego 2004).

Partial success of the procedure, with residual 
stones in the biliary tree, occurs in 3–4% of cases 
(Gandini et al. 1990).

6	 �Percutaneous 
Cholecystostomy (PC)

6.1	 �Introduction

PC  is a therapeutic procedure that involves the 
sterile placement of a needle into the gallbladder 
with the use of imaging guidance to aspirated 
bile. This is commonly followed by sterile place-
ment of a tube for external drainage of gallblad-
der contents, which completes the procedure 
(Saad et al. 2010).

 PC was first described in 1979 as a cholangi-
tis treatment in a patient with obstructive jaun-
dice and it was first performed in 1980 in a patient 
with empyema of the gallbladder (Radder et al. 
1980).

Since then, there was an increasing accep-
tance and awareness towards PC and many stud-

ies reported on its employment in different 
subsets of patients (Li et al. 2018).

6.2	 �Indications

PC tube placement is performed to manage acute 
cholecystitis (Tokyo 2018 stage III) or remove 
gallstones.

It is also used to decompress the biliary tract 
and dilate biliary benign or malignant strictures. 
Indications of PC are listed in Table 5.

The Tokyo Guidelines 2018 define the sever-
ity grading for acute cholecystitis and can help 
the clinician with the management of this pathol-
ogy (Yokoe et al. 2018) (Table 6).

6.3	 �Contraindications

Coagulopathy is the most common contraindica-
tion. Other contraindications of PC include many 
conditions such as gallbladder cancer, perforated 
and decompressed gallbladder, and bowel inter-
position between the gallbladder and the point of 
puncture.

6.4	 �Preparation

Preprocedural preparation requires reviewing of 
any previous US or CT images to evaluate the 
type of gallbladder access.

a b c

Fig. 18  (a–c) Stone impacted in the pre-papillary region 
(white arrow) with thin contrast medium passage to the 
duodenum and important dilatation of the common bile 
duct upstream. (b) During the attempt to push it down, the 
stone migrates cranially and gets stuck between the bal-

loon and the bile duct wall (white arrow: stone; white 
asterisk: angioplasty balloon). (c) An internal-external 
biliary drainage catheter is then placed in order to reduce 
the biliary duct dilatation before attempting to remove the 
stone again
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Prophylactic antibiotics are given 12 h prior to 
the procedure and coagulation values should be 
checked and corrected as necessary. The optimal 

coagulation values are INR <1.5 and platelets 
>50,000.

6.5	 �Technique

PC  is usually performed under US (rarely CT) 
and fluoroscopy guidance (Little et al. 2013).

Two approaches have been described: transhe-
patic and transperitoneal (Gulaya et al. 2016).

Transhepatic access has the advantages of 
lower risk of bile leak and catheter dislodgement 
and provides quicker maturation of catheter tract. 
Transperitoneal approach is considered more 
suitable in patients with liver disease and 
coagulopathy.

Two techniques have been described includ-
ing Seldinger and trocar technique (Akhan et al. 
2002).

The Seldinger technique consists of inserting a 
needle (18 G) into the gallbladder under local anes-
thesia (lidocaine 1%) and US guidance. The correct 
needle position can be confirmed by bile aspiration 
and contrast injection. A guidewire is then advanced 
into the gallbladder and the needle is removed.

Pigtail catheter (8–12 F) can be advanced over 
the guidewire within the gallbladder lumen 
(Figs. 19 and 20).

6.6	 �Success Rate

Technical success rates for percutaneous chole-
cystostomy are around 95%. The causes of tech-
nical failure include small gallbladder, porcelain 
gallbladder, and thin gallbladder wall.

6.7	 �Complications

The complication rate is low (around 8%). They 
include bile leaks, catheter dislodgement, haemo-
bilia, and more rarely pneumothorax and bowel 
perforation (Park et al. 2018).

Table 5  Cholecystostomy indications (from Saad et  al. 
2010)

Cholecystostomy indications
Gallbladder access (>95%)
 � – Management of cholecystitis
 � – Portal for dissolution/removal of stones
Biliary tract access (<5%)
 � – Decompress obstructed biliary tract
 � – Divert bile from bile duct defect
 � – �Provide a portal of access to the biliary tract for 

therapeutic purpose

Table 6  Tokyo Guidelines 2018, severity grading for 
acute cholecystitis (from Okamoto, et al. 2018)

Grade III (severe) acute cholecystitis
“Grade III” acute cholecystitis is associated with 
dysfunction of any one of the following organs/
systems:
 � 1. �Cardiovascular dysfunction: hypotension 

requiring treatment with dopamine ≥5 μg/kg per 
min, or any dose of norepinephrine

 � 2. �Neurological dysfunction: decreased level of 
consciousness

 � 3. Respiratory dysfunction: PaO2/FiO2 ratio <300
 � 4. �Renal dysfunction: oliguria, creatinine >2.0 mg/

dL
 � 5. Hepatic dysfunction: PT-INR >1.5
 � 6. �Hematological dysfunction: platelet count 

<100,000/mm3

Grade II (moderate) acute cholecystitis
“Grade II” acute cholecystitis is associated with any 
one of the following conditions:
 � 1. Elevated WBC count (>18,000/mm3)
 � 2. �Palpable tender mass in the right abdominal 

quadrant
 � 3. Duration of complaints >72 h
 � 4. �Marked local inflammation (gangrenous 

cholecystitis, pericholecystic abscess, hepatic 
abscess, biliary peritonitis, emphysematous 
cholecystitis)

Grade I (mild) acute cholecystitis
“Grade I” acute cholecystitis does not meet the criteria 
of “Grade II” or “Grade II” acute cholecystitis. It can 
also be defined as acute cholecystitis in healthy 
patients with no organ dysfunction and mild 
inflammatory changes in the gallbladder, making 
cholecystectomy a safe low-risk operative procedure
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Abstract
In this chapter we present the congenital anom-
alies of the hepatic vasculature system and bili-
ary tract. The alterations are determined during 
the complex development that occurs between 
the fourth and the tenth weeks of embryonic 
life together with the ductal plate malforma-
tion; they constitute the basis for the study and 
understanding of the following paragraphs.

1	 �Congenital Portosystemic 
Venous Shunt: Abernethy 
Malformation

1.1	 �Clinical Features

Congenital absence of the portal vein is an 
important finding as the complete loss of portal 
perfusion predisposes the liver to focal or diffuse 
hyperplastic or dysplastic changes, involving 
neurological, pulmonary, metabolic, and other 
systems. In 1793 John Abernethy, a surgeon, for 
the first time, described an autopsy of a 
10-month-old female and showed termination of 
the portal vein (PV) in the inferior vena cava at 
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the level of the renal veins (complete portosys-
temic shunt) (Abernethy 1793). An aberrant 
development of the portal vein or vena cava in 
early embryonic life explains the genesis of con-
genital portosystemic shunts (CPSS) (Ghuman 
et  al. 2016). Congenital portosystemic venous 
shunt (PSVS) has been explained by alterations 
in the embryological development of the portal 
system and inferior vena cava (IVC) with abnor-
mal involution of the vitelline veins that occur 
between the fourth and tenth weeks of embry-
onic life (Bhargava et  al. 2011) and maybe 
depends on the anatomical site (right or left) and 
level (proximal or distal) at which the vitelline 
veins fail to differentiate. Instead a patent ductus 
venosus (Kamimatsuse et  al. 2010) acts as an 
intrahepatic shunt and may result in hypoplasia 
of the portal vein due to an alteration in hemody-
namics from congenital heart defects. For further 
details see the section on embryology of the liver 
(chapter “Embryology and Development of the 
Liver”).

Portosystemic shunts can be congenital or 
acquired due to portal hypertension. PSVS is a 
rare condition and is classified into two major cat-
egories, intrahepatic and extrahepatic variants 
according to the site of the shunt. Congenital 
extrahepatic portosystemic venous shunt (EPSVS) 
is a rare condition in which the porto-mesenteric 
blood drains into a systemic vein, bypassing the 
liver through a complete or partial shunt; in this 
condition the anastomoses are established between 
a systemic vein and the porto-mesenteric vascula-
ture before division of the portal vein (PV). 
Morgan and Superina (1994) classified EPSVS 
into two types; in type 1 there is a complete diver-
sion of portal blood into the systemic circulation 
(end-to-side shunt), with absent intrahepatic portal 
branches (Fig. 1). Moreover type 1 shunt is subdi-
vided into two classes in which splenic vein (SV) 
and superior mesenteric vein (SMV) drain sepa-
rately into a systemic vein—inferior vena cava 
(type 1a)—those in which drain together after 
joining to form a common trunk (type 1b) (Howard 
and Davenport 1997). In type 1 EPSVS liver is not 
perfused with portal blood because of complete 
shunt of portal blood flow into systemic circula-
tion and liver transplantation is the only effective 

treatment in critical cases. In type 2 EPSVS (Lautz 
et  al. 2011) the intrahepatic portal vein (PV) is 
intact, but some of the portal flow is switched into 
a systemic vein through a side-to-side shunt 
(Fig. 1). Patients with type 1a EPSVS shunt are 
usually girls with cardiac or other congenital 
anomalies, including biliary atresia, oculo-auric-
ulo-vertebral dysplasia (Goldenhar syndrome), 
situs inversus and polysplenia (Marois et al. 1979), 
and hepatic masses (Motoori et al. 1997). Type 1b 
EPSVS shunt usually occurs in boys without other 
associated anomalies or hepatic masses (Kohda 
et al. 1999). Patients with type 2 EPSVS shunts do 
not present gender preference and have fewer 
associated malformations (Murray et al. 2003).

Type 2 exhibits partial shunting and a hypo-
plastic portal vein with preserved hepatic flow 
and is subdivided into three forms: shunt type 2a 

Fig. 1  Classification of congenital extrahepatic portosys-
temic shunts (blue line: inferior vena cava (IVC); red line: 
splenic vein (SV) and superior mesenteric vein (SMV) 
and portal vein branches; yellow line: shunt). Normal 
anatomy of hepatic vasculature in the first figure above. 
Shunts before main portal vein division with “congenital 
absence of portal vein.” Type 1: end-to-side shunt; type 
1a: splenic vein (SV) and superior mesenteric vein (SMV) 
drain separately into inferior vena cava (IVC); type 1b: 
the SV and SMV drain together after joining to form a 
common trunk without supplying the liver. Type 2: the 
portal vein (PV) is normal or hypoplastic. Type 2a shunts 
arise from portal vein branches and include the patent 
ductus venous. In type 2b the shunts arise from the main 
portal vein, its bifurcation, or porto-mesenteric conflu-
ence. Type 2c porto-hepatic shunt is peripheral and arises 
from gastric, mesenteric, or splenic veins
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arising from left or right portal vein (includes 
patent ductus venosus) (Uchino et  al. 1999); 
shunt type 2b arising from a position between the 
bifurcation of the portal vein and the spleno-
mesenteric confluence (Mboyo et al. 1995); and 
shunt type 2c arising from the mesenteric (or its 
superior rectal tributaries), gastric, or splenic 
veins and flowing  into the renal vein, azygos 
vein, iliac veins, or their branches (Mizoguchi 
et al. 2001). In this case persistent portal circula-
tion allows shunt surgical closure or emboliza-
tion (Hu et al. 2008; Stringer 2008).

Intrahepatic portosystemic venous 
shunt (IPSVS) is an abnormal intrahepatic com-
munication >1 mm in diameter between the intra-
hepatic portal vein and the hepatic veins or 
IVC. Park et al. (1990) subdivided them into type 
1 (a single large vessel runs from the right branch 
of portal vein to the posterior surface of the livers 
and enters inferior vena cava); type 2 (a localized 
peripheral shunt in one hepatic segment that has 
one or more communications between peripheral 
branches of portal and hepatic veins); type 3 (an 
aneurysmal communication between peripheral 
portal vein and hepatic veins); type 4 (multiple 
communications between peripheral portal and 
hepatic veins are present in both lobes); and type 
5 (persistent ductus venosus). The first two types 
are the most common. Embolization or surgery is 
performed if the shunt is symptomatic.

Congenital portosystemic venous shunts 
(PSVS) are rare (1/30,000 births) (Bernard et al. 
2012) and their clinical manifestations are vari-
ous and can be divided into three types:

–– Conditions due to the abnormal liver develop-
ment: adenoma, focal nodular hyperplasia 
(Grazioli et al. 2000), hemangioma due to the 
alteration in  local hemodynamics, hepatic 
ischemia with the compensatory increase in 
arterial flow, and associated elevated circulat-
ing levels of hepatic growth factors (e.g., insu-
lin, glucagon, hepatocyte growth factor). 
Possible evolution into hepatoblastoma and 
hepatocellular carcinoma has been reported 
(Pupulim et al. 2013).

–– Shunt-related symptoms such as hepatic 
encephalopathy for the increase of serum levels 

of ammonia, galactose, and other toxic metabo-
lites that cannot be absorbed by the failing liver 
(Murray et  al. 2003); hepato-pulmonary syn-
drome and pulmonary hypertension due to the 
deviation of vasoactive mediators in the sys-
temic circulation, with consequent dilation of 
intrapulmonary vessels, are the most prominent 
manifestations caused by long-term portosys-
temic shunting (Sokollik et al. 2013).

–– Symptoms secondary to the congenital anom-
alies associated (Badea et  al. 2012) with 
abnormalities such as polysplenia (Newman 
et  al. 2010), congenital heart disease (septal 
defects, patent ductus arteriosus, tetralogy of 
Fallot), biliary system (congenital biliary atre-
sia, choledochal cyst), malrotation, duodenal 
atresia, annular pancreas, situs inversus, 
anomalies of the renal tract (cystic dysplasia 
of kidneys), skeletal anomalies (radial hypo-
plasia), Down syndrome (Figs. 2 and 3), and 
Turner syndrome (Kim et al. 2012) (Table 1). 

Fig. 2   Type 2. Contrast-enhanced CT, transverse (a) and 
coronal (b)  planes. Portal vein is patent. Shunt (black 
arrow) between the intrahepatic portal vein and the infe-
rior vena cava (a)  placed cranially to the right renal 
vein (b) and caudally to the hepatic veins
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Fig. 3  Hepatic adenoma proven histologically in a 
26-year-old boy with Down syndrome and Abernethy syn-
drome. On MR mass of 4  cm in the right hepatic lobe 
tenuously hyperintense on T2-w (a) and iso-hyperintense 

on T1-w fat sat pre-contrast (b) and post-contrast enhance-
ment: tenuously hyperintense on arterial phase (c), isoin-
tense on portal phase (d), hypointense on late phase (e) 
and hepatobiliary phase (f)

Table 1  Congenital anomalies associated with congenital portosystemic shunt

Cardiovascular
Atrial ventricular septal defect
Patent ductus arteriosus
Ventricular septal defect
Tetralogy of Fallot
Dextrocardia*

Mesocardia*

Congenital stenosis of aortic valve*

Vascular anomalies
Double inferior vena cava
Interruption of the inferior vena cava
Genetic syndromes
Down, Bannayan-Riley-Ruvalcaba, Turner, Holt-Oram, 
Grazioli and Goldenhar, LEOPARD, Rendu-Osler-Weber, 
Noonan

Gastrointestinal
Polysplenia
Biliary atresia
Choledochal cyst
Annular pancreas
Duodenal atresia
Genitourinary anomalies
Multicystic dysplastic kidney
Bilateral ureteropelvic stenosis
Vesicoureteral reflux
Crossed fused renal ectopia
Hypospadias
Cutaneous vascular malformations and tumors
Skeletal anomalies
*Rarely observed
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1.2	 �Imaging Findings

Most often, the diagnosis is made primarily with 
US  and Doppler US  when patients undergo an 
US scan  for other reasons. CT  angiography 
(Prokop 2000) and MR angiography (MRA) are 
used for further classification of the shunt and 
assessment of accompanying anomalies. DSA is 
necessary when results of the other tests disagree 
or are inconclusive for hepatic and portal vein 
pressure measurement or when TIPS positioning 
and portal vein embolization are necessary. About 
imaging CT or MR (Gallego et  al. 2004) com-
bined with Doppler US permits a comprehensive 
evaluation of morphologic and functional abnor-
malities of the portal system.

According to the diagnostic criteria proposed 
by Ohwada et  al. (1994), it is possible to diag-
nose congenital portosystemic shunts in the 
absence of hypersplenism and portal hyperten-
sion; in the absence of remarkable microscopic 
change in liver samples, and not like those that 
occur in the course of idiopathic portal hyperten-
sion, hepatitis, or cirrhosis, the portal vein must 
be hypoplastic without arterio-portal fistula; 
there are no previous stories of abdominal sur-
gery or inflammation.

US is the first-choice test because it is nonin-
vasive and does not expose to ionizing radiation 
and it is neither necessary to seduce young 
patients. The experience and a good operator, 
associated with a careful knowledge of the anat-
omy of the hepatic and abdominal vessels and 
related venous abnormalities, contribute to accu-
rate diagnosis of  EPSVS (Hu et  al. 2008). A 
decrease in the size of the liver or an increase in 
echogenicity of the periportal spaces can be 
observed; however these findings are nonspecific. 
The US findings include abnormal cystic or tubu-
lar, anechoic, serpiginous vascular structures 
which seem to communicate the portal with the 
systemic circulation (Tsitouridis et  al. 2009). 
Moreover, this method is also widely used for 
prenatal screening or as an intraoperative investi-
gation technique (Achiron et al. 2009). US may 
fail to accurately demonstrate the associated 
extrahepatic shunts (Massin et al. 1999; Nakasaki 
et  al. 1989). Therefore, once the anomaly has 
been identified, it is passed to Doppler US which 

is useful for determining the flow direction of the 
identified vessels (Konno et  al. 1997). Doppler 
US study can confirm the vascular nature of the 
structures and calculate the shunt ratio (total 
blood flow volume in the shunt divided by the 
blood flow in the portal vein). It has been recom-
mended that a shunt ratio greater than 60% 
should be corrected to prevent complications 
(Ohwada et al. 1994).

These patients usually do not present portal 
hypertension imaging characteristics such as 
ascites, varices, or splenomegaly (Murray et  al. 
2003). CT and MRI  are useful to confirm the 
diagnosis of congenital portosystemic shunt and 
to identify the absent vessels and the type of 
vascular malformation (Gallego et  al. 2004; 
Kornprat et  al. 2005). Post-processing tech-
niques, such as maximum intensity projection, 
multiplanar reformation, and volume rendering, 
provide additional information. MRA can also 
confirm congenital absence of portal vein and 
visualize the portosystemic shunt (Kornprat et al. 
2005). Multidetector CT has also been shown to 
show small vascular branches and has a spatial 
resolution higher than the MRI (Prokop 2000). 
However, the use of CT in evaluating these 
patients is not regularly recommended because it 
involves exposure to ionizing radiation, as these 
are very often paediatric patients. MRI is also a 
reliable and noninvasive diagnostic modality for 
the portal venous system (Usuki and Miyamoto 
1998). MR imaging can be used in the diagnosis 
of congenital portosystemic shunt but the defini-
tive diagnosis can only be made with catheter 
DSA (Matsuoka et al. 1992) and with additional 
histological analysis of the hepatic parenchyma 
that demonstrates the absence of hepatic portal 
venules within the portal triad (Collard et  al. 
2006). However, DSA  has the disadvantage of 
exposure to radiation and requires anesthesia and 
a vascular puncture with its complications. 
DSA is not the gold standard for children, even if 
it is safe enough (Usuki and Miyamoto 1998). 
For these reasons DSA is reserved only in cases 
in which treatment is considered necessary. 
Indirect mesenteric porto-venography is usually 
the angiographic technique used to clarify the 
anatomy of the portal system and depict the char-
acteristics of an extrahepatic shunt. This tech-
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nique is performed during the visceral phase of 
mesenteric arteriography. When it cannot provide 
a distinct image of the shunt, transhepatic percu-
taneous portography may be required. With this 
technique, selective embolization can be per-
formed in type 2 shunt as a possible therapy. 
Transvenous liver biopsy and measurement of 
pressure gradients can also be performed at the 
same time (Hu et  al. 2008). Finally the portal 
scintigraphy performed with rectal administra-
tion of iodine 123-iodoamphetamine may be for 
the evaluation of type 2 shunts and for calculating 
the shunt ratio. The portosystemic shunt index is 
calculated dividing the lung accounts for the liver 
and lung counts (Kashiwagi et al. 1988). Shunt 
reports of more than 5% are considered abnormal 
(Uchino et al. 1996). If a portosystemic shunt is 
present, the isotope is detected in liver and lungs 
simultaneously.

Imaging is useful also for the evaluation of 
focal hepatic lesions (regenerative nodular hyper-
plasia, focal nodular hyperplasia, or hepatocellu-
lar adenoma) (Goo 2007) that very often occur in 
patients with this malformation and that present a 
histological variety in the nature of the nodules 
but their growth and development seem to depend 
on the degree of arterial supply. In particular 
regenerative nodular hyperplasia and focal nodu-
lar hyperplasia are more often atypical than in 
patients with normal livers and may enlarge over 
time; for complete and chronic portal deprivation 
often there are atypias (Kim et al. 2004).

Nodular regenerative lesions on MRI are 
homogeneous, well defined, and frequently mul-
tiple; on T1-w images are hyperintense, on T2-w 
images are more variable, and on T2-w images 
are isointense to slightly hyperintense. The 
lesions show arterial hyperenhancement and 
remain isointense to slightly hyperintense on por-
tal venous, equilibrium, and delayed-phase 
images. This tendency for these lesions to remain 
hyperintense on portal venous and delayed phases 
is different from other benign lesions that become 
isointense as well as from HCC  that shows 
venous phase washout and appears hypointense 
to the liver parenchyma (Alonso-Gamarra et al. 
2011). The contrastographic behavior is the same 

also on CT and CEUS (Bartolozzi and Lencioni 
2001). Another aspect that distinguishes them is 
the absence of fat (present instead in the ade-
noma), calcification, and hemorrhage. Some may 
be surrounded by a peripheral hypointense bor-
der on MRI, hypodense border on the CT images, 
and a hypoechoic border on US, due to sinusoidal 
dilation and marked congestion in the surround-
ing liver (the “sign of the halo”) (Wanless 1990). 
A “coral atoll-like appearance” has also been 
reported on US for  nodular regenerative hyper-
plasia. This refers to a peripheral hyperechoic 
rim surrounding a focal liver lesion (Caturelli 
et al. 2011).

 MRI of the brain (Córdoba 2011) may reveal 
deposition of paramagnetic substances in the 
basal ganglia related to chronic portosystemic 
shunting and white matter atrophy or a hyperin-
tense basal ganglia (globus pallidus) on T1-w 
images.

For this rare condition it is important to focal-
ize the presence or absence of hepatic portal vein 
supply and the course of the shunt to decide the 
appropriate therapeutic option; imaging plays a 
crucial role in the diagnosis and follow-up of 
patients.

2	 �Simple Cysts

The detection of hepatic cysts in subjects who 
undergo an imaging examination for other rea-
sons is not infrequent. The finding of hepatic 
cysts is more common in women (Farges and 
Aussilhou 2012). Based on margins and content, 
hepatic cysts can be divided into simple and com-
plex cysts. This distinction is important because 
it may be necessary to make further diagnoses 
and treatments. Simple hepatic cysts are gener-
ally round or ovoid structures that have a sub-
tle wall. Microscopically, the liver cysts contain 
serous liquid, bile-like fluid, and are covered with 
a single layer of cuboidal epithelial cells, and a 
thin rim of fibrous stroma around. Their origin 
derives from aberrant bile ducts that have lost 
communication with the biliary tree and continue 
to secrete intraluminal fluid (Benhamou and 
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Menu 1994). Probably they originate from ham-
artomatous tissue (Van Sonnenberg et al. 1994). 
Hepatic cysts are common and are presumed to 
be present in almost 2.5% of the population. They 
are almost always asymptomatic. They can also 
reach considerable sizes of up to 30 cm (Mathieu 
et al. 1997). Complex cysts (Table 2) have inter-
nal septa, wall thickening, or nodularity, which 
may present contrast enhancement to radiologi-
cal investigations; the fluid contains debris, or 
proteinaceous or hemorrhagic material. Complex 
cysts may be of neoplastic, inflammatory, infec-
tious,  or post-traumatic origin or  even present 
other etiologies (Vachha et al. 2011). Intracystic 
hemorrhage is a rare complication of simple cysts 
and usually presents with severe abdominal pain 
(Salemis et al. 2007), although in some cases it 
may be completely asymptomatic (Kitajima et al. 
2003). Hepatic cysts are generally asymptomatic 
and treatment with aspiration sclerotherapy or 
with laparoscopic or open surgical fenestration 
techniques (Moorthy et al. 2001) of the cyst may 
be necessary when they reach large dimensions 
to avoid complications such as biliary obstruc-
tion, rupture with hemorrhage, and 
hemoperitoneum.

The feedback of the following characteristics 
allows an highly likely diagnosis of cyst: spheri-
cal or oval in shape, with smooth and sharp edges 
and strong echoes of the rear walls (which indi-
cate an interface fluid/well-defined tissue) in an 
anechoic content (i.e., cavity filled with liquid), 
without septa (Spiegel et al. 1978). After CEUS, 
simple cysts (or those complicated by hemor-
rhage or infection) show no vascularization of 
contents and walls in all the vascular phases 
(Vidili et al. 2018). On CT a simple hepatic cyst 
appears round or ovoid, well defined, homoge-
neous, with hypo-attenuation (0–10 UH) which 
does not improve after intravenous contrast 
medium administration. The uncomplicated cysts 
are almost never septate (Murphy et  al. 1989). 
MRI also shows a well-defined lesion content liq-
uid that does not show contrast enhancement. On 
the basis of these features, imaging alone is suf-
ficient to establish an accurate diagnosis (Figs. 4 
and 5) and follow-up of a simple hepatic cyst 
(Mathieu et al. 1997).

3	 �Ductal Plate Malformation

Ductal plate malformations represent a complex 
continuum of pathological abnormalities encoun-
tered depending on the level of the biliary tree 
affected (intrahepatic and/or extrahepatic biliary 
ducts; large, medium, or smaller intrahepatic bili-
ary ducts) during embryogenesis. Jorgensen 

Table 2  US findings of hepatic cyst

Simple cyst Complex cyst
Thin, smooth walls Mural irregularity or nodularity
Zero to two septa Septated
Anechoic content Debris, calcification, fluid levels

Fig. 4  Simple hepatic cyst (arrow) on (a) unenhanced and contrast-enhanced CT on (b) hepatic arterial and (c) portal 
venous phase
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(1977) was the first to describe ductal plate mal-
formations in 1977. The ductal plate is a transient 
structure along the branches of the portal vein, in 
the embryonic life, and corresponding to the 
most immature state of the bile duct. During the 
first 8  weeks after fertilization, the developing 
liver is composed only of hepatoblasts, along 
portal vein; no bile ducts have yet formed 
(Desmet 1992). These hepatoblasts are bipoten-
tial cells and are capable of differentiating into 
hepatocytes or cholangiocytes (bile duct cells) 

(Desmet 1992; Krause et al. 2002). The hepato-
blast cell layer in contact with mesenchyme sur-
rounding the portal vein produces cytokeratins 8 
and 18 present in the hepatoblasts, to which is 
added the cytokeratin 7 marker of the biliary 
cells. This layer of cells joins with a second layer 
to create a double-epithelial cylinder of biliary 
cell type, called the ductal plate (Lonergan et al. 
2000). A narrow lumen is present between these 
ductal plate layers. During the next several 
weeks, ductal plate remodeling occurs in three 

Fig. 5  Large hepatic cyst (calipers) with diffuse posterior 
acoustic enhancement on grayscale US (a) and on color 
Doppler US (b); T2-w turbo spin-echo MRI sequence on 

transverse (c) and coronal planes (d). The cystic lesion 
(arrow) appears hyperintense without evidence of periph-
eral capsule or septa
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phases. First, several focal dilatations, called 
peripheral tubules, form between the two ductal 
plate layers and become the intrahepatic bile 
ducts (Hassan and Ellethy 2014). Second, with 
continued remodeling of the ductal plate, the 
hepatic artery branch appears in the periportal 
mesenchyme. Finally, the peripheral tubules 
become incorporated into the periportal mesen-
chyme, and residual non-tubular segments of the 
ductal plate disappear by apoptosis. Thus, within 
each portal triad, a tubular bile duct is surrounded 
by portal connective tissue. Any interruption in 
the remodeling of the ductal plate may result in 
persistence of the excess embryonic epithelial 
duct structures, called exactly ductal plate mal-
formation (Jorgensen 1977) which can affect the 
intra- or extrahepatic biliary ductal system fur-
ther delineating the spectrum of clinic-
pathological appearances; for example, 
malformations of the larger extrahepatic biliary 
ducts result in choledochal cysts; involvement of 
large- and medium-sized intrahepatic ducts 
results in Caroli disease and autosomal dominant 
polycystic liver disease—ADPLD—(for the lat-
ter see chapter “Fibropohlycystic Liver 
Diseases”), respectively; small-sized intrahepatic 
duct involvement results in biliary hamartomas 
and congenital hepatic fibrosis (Fig. 6).

3.1	 �Biliary Hamartomas

Biliary hamartomas (BH), also known as micro-
hamartomas or von Meyenburg complex, because 
initially described by the Swiss pathologist 
Hanns von Meyenburg in 1918, are considered as 
malformation of small intralobular bile ducts 
(Yonem et  al. 2006) embedded in abundant 
fibrous stroma; they are benign hepatic lesions 
resulting from developmental malformation of 
the ductal plate (Desmet 2005). According to 
Raynaud et al. (2011) there are three main mech-
anisms that can explain the malformations of the 
ductal plate, in particular when the apicobasal 
polarity is systematically interrupted. These 
mechanisms consist of abnormal differentiation 
of hepatoblasts in bile cells, abnormal maturation 
of the primitive biliary structure in bile ducts, and 
abnormal expansion of the duct. BH are a rare 
and usually isolated asymptomatic entity, and are 
usually discovered incidentally (Karahan et  al. 
2007). They are seen in 5.6% of adults and 0.9% 
of children at autopsy, and often are associated 
with polycystic kidney and liver disease (Redston 
and Wanless 1996). Patients with BH have rela-
tively small cystic lesions, ranging in size from 
less than 5–10 mm in diameter (Luo et al. 1998), 
but some may reach up to 3 cm and BH are mul-
tiple, up to about 10, scattered throughout both 
liver lobes, predominantly in the subcapsular and 
periportal areas. Microscopically, they consist of 
irregularly shaped, dilated, branching bile ducts 
surrounded by abundant fibrous stroma. The 
ducts have a cuboidal epithelial lining and can 
contain bile or amorphous materials (Duran-Vega 
et al. 2000). Typically, BH appear well circum-
scribed but not encapsulated and might be 
exchanged with hepatic metastases, lymphoma, 
and simple liver cysts. In addition, BH are associ-
ated with increased risk of hepatobiliary carcino-
mas (Brancatelli et al. 2005). It is asymptomatic 
and does not compromise liver function. 
Definitive diagnosis requires liver biopsy (Zheng 
et al. 2005).

Imaging findings are usually not specific. On 
US BH present as innumerable tiny hypoechoic 
or hyperechoic lesion and are distributed uni-
formly throughout the liver that often appears 

Fig. 6  Schematic illustration showing the types of ductal 
plate malformations depending on the duct size affected. 
CHF congenital hepatic fibrosis, APLD adult polycystic 
liver disease, CC choledochal cysts

Congenital and Development Disorders of the Liver



208

exactly heterogeneous and coarse (Pech et  al. 
2016). These tiny micronodules may demonstrate 
“comet-tail artifacts” (Lev-Toaff et  al. 1995) 
which explains why they are difficult to differen-
tiate from aerobilia and from intrahepatic stones. 
Bright echogenic foci without mass effect can be 
seen and are attributed to periductal fibrosis 
crowding the interface between dilated bile ducts 
(Tan et  al. 1989). Differences in echogenicity 
may be due to the size of the dilated bile duct 
component, which, at a certain size, would 
behave like other microcystic structures and 
demonstrate echogenicity. The lesions that affect 
all segments of the liver give a “honeycomb” 
(Ryu et  al. 2012) pattern with heterogeneous 
echo texture (Zheng et  al. 2005). On CT the 
lesions are depicted as multiple, round, hypoat-
tenuated lesions without enhancement after con-
trast medium administration and with dimension 
of less than 15  mm distributed throughout the 
liver (Brancatelli et al. 2005) in the subcapsular 
and periportal areas. They are difficult to charac-
terize due to their small size and in some cases it 
is impossible to exclude the possibility that the 
lesions are small metastases, in particular in 
patients with known primary neoplasm. On pre-
contrast T1- and T2-weighted  MRI, lesions 
appear hypointense and hyperintense, respec-
tively, and are generally well defined. On 
DWI MRI, they mimic cystic lesions. At MRCP 
(Fig. 7) the multiple tiny cystic lesions demon-
strate no communication with the biliary tree. 
And also the nodules do not show enhancement 
after administration of hepatospecific contrast 
agents, because the lesions are independent and 
do not communicate with the biliary system 
(Mortele et  al. 2002). The lesions may demon-
strate thin rim enhancement with gadolinium, 
because the liver parenchyma that surrounds is 
compressed (Semelka et  al. 1999). MRCP and, 
more generally, heavily T2-w MRI sequences are 
essential for differential diagnosis with Caroli 
disease (see below) (Krause et  al. 2002). 
Differential diagnosis includes metastases, intra-
hepatic stones, peribiliary cysts, other ductal 
plate malformations such as Caroli disease and 
polycystic liver disease, and intrahepatic cholan-
giocarcinoma (Jain et al. 2010).

3.2	 �Congenital Hepatic 
Fibrosis (CHF)

CHF is a developmental malformation of ductal 
plate and is characterized by aberrant interlobular 
bile duct proliferation and periductal fibrosis. It is 
caused by a premature arrest in embryonic ductal 
plate into bile ducts. It can occur alone but almost 
always occurs in association with autosomal 
recessive polycystic kidney disease (Veigel et al. 
2008). CHF associated with Caroli disease (dila-
tation of intrahepatic bile ducts) is denominated 
by Caroli syndrome (see above) (Ananthakrishnan 
and Saeian 2007); it may also be accompanied by 
other ductal plate malformations, including bili-
ary cysts, von Meyenburg complex, and chole-
dochal cyst or with associated renal abnormalities 
(renal tubular ectasia). It is a rare autosomal 
recessive disorder with a variable course affect-
ing both the hepatobiliary and renal systems 
(Akhan et al. 2007). Associated renal conditions 
include renal dysplasia, autosomal recessive 
polycystic kidney  disease (ARPKD) (Cobben 
et  al. 1990), and nephronophthisis (medullary 

Fig. 7  Multiple biliary hamartomas in asymptomatic 
55-year-old man. Three-dimensional T2-w MRCP with 
maximum intensity projection  3D reconstruction shows 
innumerable cysts that are nearly uniform in size and are 
distributed throughout the liver. The biliary tree has a nor-
mal appearance; MRI findings suggest biliary 
hamartomas
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cystic disease). CHF  appears both sporadically 
and in a familial form. The age of onset ranges 
from early childhood to the fifth and sixth decades 
of life (Veigel et  al. 2008). CHF  has been 
described in four clinical forms: portal hyperten-
sive, cholangitic, mixed portal hypertensive-
cholangitic, and latent forms (D’agata et  al. 
1994). Symptoms may manifest early in life, in 
childhood, or in adult life, and include portal 
hypertension and upper gastrointestinal hemor-
rhage from ruptured esophageal varices (Kerr 
et al. 1978). Major complications of CHF consist 
of ascending cholangitis, hepatic failure, cirrho-
sis, and an increased risk of HCC. CHF consists 
histologically of broad, densely collagenous 
fibrous bands surrounding otherwise normal 
hepatic lobules. The fibrous band contains numer-
ous small, uniform bile ducts, some of which can 
be dilated and irregularly shaped and can contain 
bile and traces of mucin. The ductal lining con-
sists of cuboidal or low columnar epithelial cells. 
The hepatic parenchyma is subdivided by the 
overgrowth of portal fibrous tissue, while the 
regenerative activities of subdivided parenchyma 
are not evident, thus differing from cirrhotic 
regenerative nodules. In addition, portal vein 
branches are hypoplastic or unidentifiable in the 
fibrous portal tracts. Arterial branches are normal 
or hypoplastic, while the veins appear reduced in 
size. Inflammatory changes are not seen (Desmet 
1998). In typical CHF, cysts are not visible due to 
their very small size. Liver biopsy is essential for 
diagnosis, but because of the firm consistency of 
the liver it may be difficult.

Imaging with US, CT, and MRI has roles in 
the evaluation of CHF.  On US,  CHF demon-
strates increased or heterogeneous echogenicity, 
hyperechoic portal triads, and poorly defined por-
tal vessels, secondary to fibrosis and ductular 
proliferation (Lowe and Schlesinger 2007). US 
can also evaluate biliary duct and liver parenchy-
mal abnormalities, such as bile duct dilatation, 
regenerative nodules, hepatosplenomegaly, and 
periportal thickening (Akhan et  al. 2007). 
Doppler US studies can be utilized to evaluate the 
patency of the portal vein and the flow direction 
in the portal and hepatic veins and detect portal 

hypertension in patients with suspected vascular 
complications related to liver cirrhosis. Zeitoun 
et al. (2004) retrospectively analyzed 18 patients 
with CHF.  Suggestive morphological findings 
highly characteristic for CHF are hypertrophy of 
the left lateral segment and caudate, and normal 
or hypertrophic left medial segment and atrophic 
right lobe. Other hepatic elements related to 
CHF are varices, splenomegaly, portal hyperten-
sion, and periportal cuffing indicative of fibrotic 
process. CT may also demonstrate associated 
ductal plate abnormalities (biliary hamartoma, 
Caroli disease), and non-hepatic features such as 
renal abnormalities. On MRI  periportal hepatic 
fibrosis is seen as high signal intensity among 
portal vessels on T2-w images and especially 
T2-w half-Fourier acquisition single-shot turbo 
spin-echo  (HASTE) images beautifully depict 
these tiny proliferating ductules distributed along 
portal ramifications. MRCP (Ernst et  al. 1998) 
can be utilized to detail the biliary tree, when 
associated with Caroli disease, and illustrates 
dilated biliary ducts. Presence of cholangitis may 
be assessed with post-gadolinium T1-weighted 
images or regenerative nodules may also be eas-
ily characterized.

Differential diagnosis includes cirrhosis due 
to other causes (alcohol, viral). Features that help 
discern the differential diagnosis are that the 
medial segment is normal in size or enlarged 
in CHF, but is usually small in patients with cir-
rhosis due to other causes. About complications 
of this disease, portal hypertension, esophageal 
varices, HCC (Ghadir et al. 2011), cholangiocar-
cinoma, amyloidosis, and adenomatous hyper-
plasia of the liver (Vilgrain et  al. 2016) are 
reported in patients with CHF. Recurrent uncon-
trolled cholangitis is an indication for liver 
transplantation.

3.3	 �Caroli Disease and Caroli 
Syndrome

Caroli disease was first described by Caroli et al. 
(1958) as a congenital condition in which the 
larger (segmental) intrahepatic bile ducts are 
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dilated. It is a rare complex autosomal recessive 
congenital disorder characterized by nonobstruc-
tive communicating saccular or fusiform dilata-
tions of the large intrahepatic bile ducts. 
Important associations with Caroli disease 
include  CHF ARPKD  (Hussman et  al. 1991; 
Jordon et  al. 1989), choledochal cyst  (Henry 
et al. 1987), medullary sponge kidney, and neph-
ronophthisis (medullary cystic kidney disease) 
(Torra et  al. 1997). If the defective remodeling 
involves the entire intrahepatic biliary tree, Caroli 
syndrome - CS - (a combination of Caroli disease 
and CHF) develops. CS is characterized by vary-
ing degrees of persistent embryonic bile duct 
structures, fibrosis, and ductal dilatation. In addi-
tion, Caroli disease and CS have also been asso-
ciated with other hepatorenal fibrocystic diseases 
including Meckel–Gruber syndrome, cerebellar 
vermis hypo/aplasia, oligophrenia, ataxia con-
genital, coloboma, and hepatic fibrosis syndrome 
(COACH) syndrome, Joubert syndrome and 
related disorders, Bardet–Biedl syndrome, and 
oral–facial–digital syndrome. Caroli disease is 
very rare, with 1 case per 1,000,000 people 
(Freidman et al. 2007). The liver may be diffusely 
affected, or the ductal abnormalities more fre-
quently may be localized to one segment or lobe, 
most commonly the left lobe (Boyle et al. 1989), 
and in any case less than 50% of the hepatic sur-
face. The pathogenesis of Caroli disease is related 
to a partial or complete arrest of remodeling of 
the ductal plate of the large intrahepatic bile ducts 
(Desmet 1992). The molecular pathogenesis of 
Caroli disease and syndrome is incompletely 
understood. The dilated ducts are lined by biliary 
epithelium that may be hyperplastic and ulcer-
ated. The age of presentation ranges from infants 
to young adults. About symptoms of Caroli dis-
ease the saccular or fusiform dilatation of bile 
ducts predisposes to stagnation of bile leading to 
the formation of biliary sludge, intraductal lithia-
sis, and bacterial cholangitis that may be compli-
cated by septicemia and hepatic abscess 
formation. Other symptoms include abdominal 
pain from bile stasis or passage of stones, fever, 
and right upper quadrant pain when cholangitis is 
present (Murray-Lyon et  al. 1972), which can 

present with fever and right upper quadrant pain. 
Jaundice is rarely present in these patients. 
Secondary biliary cirrhosis can occur due to bili-
ary obstruction. Patients with CS  can present 
with portal hypertension and its sequelae, ascites, 
and esophageal variceal hemorrhage. Pruritus 
and hepatomegaly are common. Children with 
CS  usually have an earlier onset of symptoms 
and a more rapidly progressive disease because 
of the combined effects of cholangitis and portal 
hypertension. Caroli disease is a risk factor for 
malignancy, as neoplastic changes occur in 7% of 
patients (Arcement et al. 2000).

On  US, Caroli’s disease appears as well-
defined intrahepatic cystic anechoic lesions and 
calculi or sludge within these cystic areas may 
increase the echogenicity and may also appear 
heterogeneous (Marchal et  al. 1986). Similarly, 
contrast-enhanced CT and MRI demonstrate 
intrahepatic saccular or fusiform cystic areas 
with sizes measuring up to 5  cm, which often 
contains calculi and sludge. Peculiar sign is “the 
central dot sign” fibrovascular bundle lying cen-
trally within the dilated duct that contains a portal 
vein radically that enhances with contrast (seen 
as hyper-enhancing or hyperintense focus), (Choi 
et al. 1990). On MRCP (Figs. 8 and 9) these cys-
tic areas are seen communicating with the bile 
ducts and it is useful for demonstrating the char-
acteristic features of saccular dilated, non-
obstructed, intrahepatic bile ducts that 
communicate with the biliary tree (Brancatelli 
et al. 2005). The main differential consideration 
includes primary sclerosing cholangitis, polycys-
tic liver disease (Fig. 10), and recurrent pyogenic 
cholangitis. Complications (Miller et  al. 1995) 
are usually a consequence of bile stasis predis-
posing to recurrent cholangitis, abscess forma-
tion, biliary cirrhosis, and occasionally 
cholangiocarcinoma.

3.4	 �Choledochal Cyst

Choledochal cysts (Fig. 11) are a congenital dila-
tation of the extrahepatic and/or intrahepatic bile 
ducts. Choledochal cysts are classified into five 
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types based on the Todani modification of the 
Alonso-Lej classification (Lenriot et al. 1998).

Type I cystic (Ia), segmental (Ib), or fusi-
form (Ic) dilation of the common bile duct, as 
well as part or all of the common hepatic duct 

and extrahepatic portions of the left and right 
hepatic ducts: A further group (Id, not repre-
sented) has been suggested with multiple extra-
hepatic cysts. Differentiation between the 
fusiform type and dilation of the bile duct sec-
ondary to obstruction is based on the absence of 
a previous history of gallstones or biliary sur-
gery, a common bile duct diameter >30 mm, and 
presence of an anomalous bile duct junction 
shown on cholangiography (Lipsett et al. 1994). 
Type Ia cysts are associated with abnormal pan-
creaticobiliary junction and the cystic duct and 
gallbladder arise from the dilated common bile 
duct. Type Ib is segmental dilation of an extra-
hepatic bile duct, often the distal common bile 
duct. Type Ic is dilation of all the extrahepatic 
bile ducts and dilation extends from the pancre-
atobiliary junction, that is anomalous, to the 
extrahepatic portions of the left and right hepatic 
ducts. Type Id is cystic dilation of the common 
duct and cystic duct. This group accounts for 
50–85% of all bile duct cysts.

Fig. 8  Caroli disease. (a) TSE T2-weighted MRI sequence; (b) fat-saturated TSE T2-weighted MRI sequence; (c) MR 
cholangiography. Left liver lobe cystic lesions (arrows) connected with the intrahepatic biliary tree

Fig. 9  Caroli disease. (a) TSE T2-weighted MRI sequence; (b) fat-saturated TSE T2-weighted MRI sequence; (c) MR 
cholangiography. Right and left liver lobe cystic lesions (arrows) connected with the intrahepatic biliary tree

Fig. 10  Polycystic  liver disease. Contrast-enhanced 
CT.  Multiple cystic lesions with variable sizes on both 
liver segments
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Type II cyst forms a diverticulum from the 
extrahepatic bile duct. It accounts for 2–3% of a 
bile duct cyst. It represents a true diverticulum. 
Saccular outpouching arises from the supraduo-
denal extrahepatic bile duct or the intrahepatic 
bile ducts.

Type III is cystic dilation (choledochocele) of 
the distal common bile duct lying mostly within 
the duodenal wall; it may arise embryologically 
as duodenal duplications involving the ampulla. 
It accounts for 1–5% of a bile duct cyst.

Type IV cysts are defined by the presence of 
multiple cysts and are subdivided based on their 

intrahepatic bile duct involvement: Type IVa 
shows intrahepatic and extrahepatic cystic dila-
tions with a distinct change in duct caliber and/or 
a stricture at the hilum, features that help differ-
entiate it from a type Ic cyst. Type IVb presents 
multiple extrahepatic cysts but no intrahepatic 
cysts. It is the second most common type of bile 
duct cyst (10%).

Type V is characterized by one or more cystic 
dilations of the intrahepatic ducts, without extra-
hepatic duct disease known as Caroli disease. It 
accounts for 1–5% of a bile duct cyst.

Choledochal cyst is more commonly seen in 
East Asian populations, with a female-to-male 
ratio of approximately 3.5:1 (Lipsett and Pitt 
2003). The majority of patients (60%) are diag-
nosed before the age of 10 years but the disease 
can be diagnosed at any age (Sela-Herman and 
Scharschmidt 1996). Choledochal cysts may be 
an acquired condition thought to arise from an 
abnormal pancreaticobiliary junction. Cysts may 
be congenital or acquired and have been associ-
ated with a variety of anatomic abnormalities.

The clinical features include right upper quad-
rant mass, jaundice (more commonly seen in 
children), and signs and symptoms of cholangitis 
(more commonly seen in adults). Choledochal 
cysts vary in size and may contain as much as 
10  L of bile. Microscopically, the cyst wall is 
fibrotic, thickened (in contrast to simple hepatic 
cyst which has a thin wall), and chronically 
inflamed. Bile can be seen within the wall. The 
epithelial lining of the cyst is usually denuded. 
When preserved, the lining consists of columnar 
epithelial cells. Intestinal metaplasia with abun-
dant mucinous glands is a feature which is seen 
in almost all patients older than 15 years. Affected 
individuals have an increased risk of developing 
cholangiocarcinoma that increases with age 
(Nonomura et al. 1994).

About imaging at US, they appear as anechoic 
or hypoechoic fusiform or cystic lesions in the 
porta hepatis, which demonstrate communication 
with the biliary tree. The dilatated system may 
demonstrate echogenic sludge or stones. 
Transabdominal US has a sensitivity of 71–97% 
for diagnosing biliary cysts (Fulcher et al. 2001). 
Factors that may limit the usefulness of an 

Fig. 11  Classification of choledochal cysts according to 
Todani modification of the Alonso-Lej classification
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US include the patient’s body habitus and the pres-
ence of bowel gas that may limit visualization. CT 
and MRCP offer a noninvasive and accurate diag-
nosis. CT can detect all types of biliary cysts. It 
can demonstrate continuity of the cyst with the 
biliary tree and examine the relationship of the 
cyst to surrounding structures; it is useful for eval-
uating the presence of malignancy or for determin-
ing the extent of intrahepatic disease in patients 
with type IVA or V cysts. CT  cholangiogra-
phy with the usage of hepatobiliary excreted iodin-
ated contrast (e.g. Meglumine iodoxamic acid) has 
been used in the past to delineate the anatomy of 
the biliary tree with high sensitivity (93%), but its 
sensitivity (64%) for imaging the pancreatic duct 
and for pancreatobiliary junction is poor (Lam 
et al. 1999). MRCP is considered the current gold 
standard for initial evaluation and diagnosis of 

choledochal cysts. MRCP techniques are able to 
accurately assess intra- and extrahepatic biliary 
anatomy and the pancreaticobiliary junction, and 
look for associated complications (Guo et  al. 
2012). On heavily T2-w sequences they are char-
acterized by a hyperintense tubular, fusiform, or 
cystic structure. However, the detection of intra-
ductal stones may be difficult on this sequence as 
the protein plugs commonly seen in the cysts are 
isointense to calculi and differentiation between 
the two is difficult. Hepatobiliary MR contrast 
agents allow for better visualization of the bile 
ducts (Figs. 12, 13, 14, and 15). Alternatively ERCP 
(Irie et al. 1998) can be used for diagnosis, but it is 
invasive and is associated with the risk of introduc-
ing infection into the dilated biliary system. It has 
a sensitivity of up to 100% for diagnosing biliary 
cysts (Keil et al. 2010).

Fig. 12  Type IC choledochal cyst in a boy. (a) Transverse US and (b) MRCP image shows fusiform dilatation of the 
common bile duct (arrow) as shown in the scheme (c)

Fig. 13  Type IVa 
choledochal cyst MRCP 
image shows fusiform 
dilatation of the 
common bile duct and 
the intrahepatic bile duct
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Fig. 14  Type IVa choledochal cyst: massive choledochal 
cyst on grayscale US (a) and (b), and on TSE T2-w MRI 
sequence axial (c) and coronal (d) planes, in a newborn 

with evidence of dilation of the common bile duct and 
intrahepatic bile duct

a b c

Fig. 15  Type IVa choledochal cyst US (a) and MRCP cholangiography images show dilatation of the common bile 
duct (arrow) (b) with evidence of the left intrahepatic bile duct (arrow) (c)  
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Biliary cysts should be differentiated from 
cysts that do not communicate with the biliary 
tree including pancreatic, mesenteric, and hepatic 
cysts and if doubt remains after cross-sectional 
imaging, hepatobiliary scintigraphy or endo-
scopic retrograde cholangiopancreatography 
(ERCP) can be performed to confirm that the cyst 
communicates with the biliary tree.

Choledochal cysts can be complicated by 
recurrent cholangitis, pancreatitis, cystolithiasis, 
and gallstones (70%) (Söreide et al. 2004).

4	 �Biliary Atresia

Also for this last paragraph, it is good to remem-
ber some notions of embryology of the liver 
(chap. 1  “Embryology and Development of the 
Liver”) before reviewing the characteristics of 
diseases, biliary atresia (BA), and Alagille’ syn-
drome (AGS).

Biliary atresia (BA) is a progressive, idio-
pathic, and severe neonatal disease caused by an 
inflammatory and fibrotic obliteration of the 
extrahepatic biliary tree. It results in cholestasis 
and progressive hepatic failure. BA occurs in 1 in 
8000–18,000 live births and appears to be more 
frequent in Asians (Lin et al. 2011) and Africans 
than Europeans; it occurs in 1  in 15,000 live 
births in the United States (Hopkins et al. 2017) 
and it is more common in female than male chil-
dren. Although the overall incidence is low, BA is 
the most common cause of neonatal jaundice for 
which surgery is indicated and the most common 
indication for liver transplantation in children 
because BA remains the most common cause of 
end-stage cirrhosis in children.

The possibility of BA is suggested by the clin-
ical presentation of neonatal jaundice (Makin 
et al. 2009) and/or acholic stools. After the first 
2  weeks of life, acholic stools and conjugated 
hyperbilirubinemia (cholestasis) must suggest 
BA as it represents 30–40% of the causes of bili-
ary jaundice. BA is divided into three distinct 
clinical forms (Hartley et al. 2009) with different 
etiologic subgroups:

–– BA without any other anomalies or malforma-
tions (isolated form 80% of patients): This 
pattern is sometimes referred to as “perinatal” 
BA, and (Schwarz et al. 2013) typically, these 
children are born without jaundice, but within 
the first 2  months of life, jaundice develops 
and stools become progressively acholic.

–– BA in association with other congenital mal-
formations (non-laterality defect, 5–10% of 
patients) is associated with major cardiovas-
cular, gastrointestinal, and genitourinary mal-
formations that include intestinal atresia, 
imperforate anus, kidney anomalies, and/or 
heart malformations (Schwarz et al. 2013) or 
chromosomal abnormalities such as trisomy 
18, trisomy 21, or Turner syndrome.

–– BA  in association with laterality malforma-
tions (1–10% of patients): This pattern is also 
known as biliary atresia splenic malformation 
(BASM) or “embryonal” BA (Davenport et al. 
1993). The laterality malformations include 
situs inversus, asplenia or polysplenia, intesti-
nal malrotation, interrupted inferior vena cava, 
preduodenal portal vein, and cardiac 
anomalies.

In addition, cystic dilatation of biliary rem-
nants may be seen in a small minority of cases of 
embryonal type biliary atresia (approximately 
8% of cases); another variant is  BA associated 
with cytomegalovirus (CMV) (Zani et al. 2015).

Several surgical classifications of BA have 
been proposed, for example Kasai classification 
(Kasai et al. 1976) that distinguishes type I (the 
common bile duct is obliterated while the proxi-
mal bile ducts are patent); type IIa (atresia of the 
hepatic duct, the cystic and common bile ducts 
are patent); type IIb (the cystic, common bile, 
and hepatic ducts are obliterated); and type III 
(atresia refers to discontinuity of the right and left 
hepatic ducts to the level of the porta hepatis, 
more than 90% of cases) (Fig. 16).

The pathogenesis of BA is incompletely 
understood but appears to be multifactorial; the 
genetic factors driving this inflammatory process 
and the molecular basis of phenotypic heteroge-

Congenital and Development Disorders of the Liver



216

neity in affected infants remain undefined and 
many factors have been incriminated. Some of 
them may be related to a defect in early bile duct 
development (mainly observed in patients with 
several abnormalities) and some may arise during 
perinatal period, due to external factors, such as 
cytomegalovirus (Zani et  al. 2015), reovirus 
(Szavay et  al. 2002), rotavirus, environmental 
toxins and neonatal immune dysregulation. A 
possible association of congenital malformation 
with deletion of the gene GPC1, which is located 
on the longarm of chromosome 2 (2q37) 
(Al-Salem 2014)* and is usually responsible for 
identification of active and progressive inflam-
mation, have been implicated in the pathogenesis 
of BA and early destruction of the biliary system. 
Finally, a definitive pathogenesis of BA remains 
uncertain.

After birth, most infants with BA are born at 
full term; the clinical triad of BA is jaundice 
(conjugated hyperbilirubinemia lasting beyond 
2  weeks of life) (Wang 2015), acholic (white) 
stools, and dark urine, hepatosplenomegaly.

The first imaging examination to which the 
newborn is subjected is the US with the aim of 
evaluating the biliary tract and in the first instance 
to exclude other anatomical causes of cholestasis. 

US evaluates the presence of liver masses, biliary 
ductal dilatation, choledochal cysts, vascular 
anomalies, signs of portal hypertension, and 
polysplenia. On US, furthermore, reduced  gall-
bladder size (<15  mm) (Aziz et  al. 2011) and 
shape (shrunk despite fasting), “triangular cord” 
sign (liver hilum, in the vicinity of the portal 
vein, appearing hyperechoic with thickness 
>4  mm) (So Mi Lee et  al. 2015), gallbladder 
reduced contractility, and absence of the common 
bile duct can be suggestive of  BA (Zhou et  al. 
2016). For evaluation of gallbladder contraction, 
the examination is repeated 60–90 min after the 
infant was fed. The volume of gallbladder is cal-
culated using V = 0.52 × width × width × length. 
A diameter of the hepatic artery larger than 
1.5 mm is considered as hepatic artery enlarge-
ment and it shows a sensitivity of 92%, a specific-
ity of 87%, and an accuracy of 89% in the 
diagnosis of BA (Kim et al. 2007). In syndromic 
BA infants, US may show other features such as 
multiple spleens, preduodenal portal vein, 
absence of retrohepatic IVC, or abdominal situs 
inversus (Schwarz et al. 2013).

 MRCP may be useful for the evaluation of the 
patency of intra- and extrahepatic biliary tree 
with reported diagnostic accuracy of 71–82% 
(Yang et al. 2009).

If no diagnosis emerges from the initial labo-
ratory or imaging studies, hepatobiliary scintig-
raphy with a variety of 99mTc labelled 
iminodiacetic acid (IDA) agents  is diagnostic 
imaging study that can be used to assess hepato-
cellular function and patency of the biliary sys-
tem by tracing bile flow from the liver through 
the biliary system into the bowel. A lack of excre-
tion of bile into the bowel is suggestive of extra-
hepatic occlusive disorders including BA 
(Kianifar et al. 2013). In case of failure to diag-
nose or when the gallbladder seems normal on 
US, cholangiography is needed to assess the mor-
phology and patency of the biliary tree. Direct 
imaging of the biliary tree by cholangiography is 
performed either percutaneously (puncture of the 
gallbladder) (Lee et al. 2011) or endoscopically 
(ERCP) (Shanmugam et al. 2009). These proce-
dures are invasive; however demonstration of a 
patent extrahepatic biliary tree effectively 

Fig. 16  Schematic illustration of biliary atresia
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excludes biliary atresia. At liver biopsy the main 
histopathologic features of BA are portal tracts 
with bile duct proliferation, portal tract edema, 
fibrosis and inflammation, and canalicular and 
bile duct bile plugs; the portal tracts are expanded 
by edema, neutrophilic infiltrate, and a prominent 
periportal ductular reaction (Kahn 2004). Portal 
fibrosis is progressive and the severity depends 
on the age at diagnosis and the duration of ductal 
obstruction. About 15% of cases show giant cell 
transformation of hepatocytes (Hussein et  al. 
2005). If BA is confirmed, Kasai hepatic portoen-
terostomy (HPE) is performed in the first months 
of life, in which the extrahepatic biliary system is 
surgically removed and replaced with a loop of 
intestine (Roux-en-Y anastomosis) that is con-
nected directly to the portal area of the liver 
(Kasai and Suzuki 1959); it allows the restoration 
of bile flow and relief of obstruction (Fig.  17). 
The alternative is liver transplantation, when the 

patients develop ascending cholangitis, progres-
sive biliary cirrhosis, portal hypertension, esoph-
ageal varices, and ascites (Shneider et al. 2012). 
With the combination of HPE and liver transplan-
tation, most children with BA now survive into 
adulthood (Hartley et al. 2009). About differen-
tial diagnosis, causes of neonatal cholestasis, 
such as Alagille syndrome, alpha-1-antitrypsin 
deficiency, sclerosing cholangitis with neonatal 
onset, and cystic fibrosis, must be excluded.

4.1	 �Alagille Syndrome

Alagille syndrome (AGS), also known as arterio-
hepatic dysplasia, is a complex, multisystemic, 
and an autosomal dominant disorder character-
ized by ductopenia (paucity of intrahepatic bile 
ducts) that causes cholestasis, in association with 
a wide range of extrahepatic subdivided into four 

Fig. 17  Kasai portoenterostomy in a female with biliary atresia. TSE T2-w MRI sequences on transverse (a, b) and 
coronal planes (c)
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main clinical abnormalities (Spinner et al. 2013): 
cardiac disease, skeletal abnormalities, ocular 
abnormalities, and characteristic facial features. 
This multisystem condition has an estimated fre-
quency of 1 in 30,000 (Piccoli and Spinner 2001) 
and this disorder is localized to defects in the 
Notch signaling pathways: up to 98% are caused 
by mutations in JAG1, gene on chromosome 
20p12, and 2% are caused by mutations in 
Notch-2 receptor, gene variant of unknown sig-
nificance (Brennan and Kesavan 2017). JAG1 is a 
ligand of the Notch receptors; in turn the Notch 
activated by Jag1 plays a vital role in the regula-
tion of cell differentiation, thereby controlling 
neurogenesis, hematopoiesis, myogenesis, somi-
togenesis, endocrinogenesis, and adipogenesis 
(Turnpenny and Ellard 2012). Disruption of the 
JAG1/Notch sequence leads to embryonic devel-
opmental abnormalities of many organs. Notch 
signaling has been shown to be essential in the 
development of the biliary tree during ductal plate 
remodeling because JAG1 gene leads to overex-
pression of the hepatocyte growth factor (HGF) 
and that is thought to result in increased differen-
tiation of the hepatic stem cells to hepatocytes and 
less to biliary cells, thus causing bile duct paucity. 
Of note, alteration in the expression of JAG1 and 
Notch has also been reported in the course of 
chronic liver diseases (Fabris et al. 2007).

The hepatic phenotype is recognized by vari-
able degrees of cholestasis, jaundice, and pruri-
tus. Fibrosis is not a main feature of AGS and 
evolution to cirrhosis is rare; however in approxi-
mately 15% of cases it leads to liver transplanta-
tion (Emerick et  al. 1999). In newborns with 
AGS, bile duct paucity is not always present and 
liver biopsy may demonstrate ductal proliferation 
portal inflammation, which may lead to a misdi-
agnosis of biliary atresia, and this is important 
because BA patients may undergo the Kasai pro-
cedure, which is not beneficial in AGS (Kaye 
et al. 2010); in late infancy and early childhood 
bile duct paucity appears to be progressive. 
Xanthomas, fatty deposits on the extensor sur-
faces, and failure to thrive due to fat malabsorp-
tion may also be there (Mouzaki et al. 2015). A 
small proportion of patients have no manifesta-
tions of liver disease.

About cardiac disease pulmonary vasculature 
is the most commonly involved. Peripheral pul-
monary stenosis is the most common cardiac 
finding and the most common complex cardiac 
defect is tetralogy of Fallot; other cardiac malfor-
mations include ventricular septal defect, atrial 
septal defect, aortic stenosis, and coarctation of 
the aorta (Emerick et al. 1999).

The most common skeletal abnormalities are 
butterfly-shaped thoracic vertebrae, secondary to 
clefting abnormality of the vertebral bodies, nar-
rowing of the interpedicular distance in the lum-
bar spine, pointed anterior process of C1, spina 
bifida occulta, and fusion of adjacent vertebrae 
and hemivertebrae, and absence of the 12th rib, a 
square shape of the proximal part of the fingers 
with tapering distal phalanges and extra digital 
flexion creases (Turnpenny et  al. 2007). There 
may be an increase in pathological long-bone 
fractures in AGS, which may be due to cholesta-
sis and/or an intrinsic defect of the bones.

Ocular abnormalities in individuals with AGS 
are posterior embryotoxon (a prominent 
Schwalbe’s ring), a defect in the anterior cham-
ber of the eye (Hingorani et  al. 1999), and 
Axenfeld-Rieger anomaly, which is character-
ized by an abnormal pupil that is off-center (cor-
ectopia) or by extra holes in the iris that look like 
multiple pupils (polycoria). Other manifestations 
are microcornea, keratoconus, congenital macu-
lar dystrophy, shallow anterior chamber, exotro-
pia, band keratopathy, and cataracts; diffuse 
hypopigmentation of the retinal fundus may 
occur.

Characteristic facial features are dysmorphic 
facies, broad forehead, deep-set eyes sometimes 
with upslanting palpebral fissures, prominent 
ears, straight nose with bulbous tip, and pointed 
chin giving the face a somewhat inverted triangu-
lar appearance (McDaniell et al. 2006).

Generally major criteria for diagnosis are con-
sidered as butterfly vertebrae, characteristic 
facies, and ocular abnormalities. Minor criteria 
include vascular accidents, intracranial bleeding, 
renal anomalies, xanthomas, supernumerary dig-
ital flexion creases, hypothyroidism, growth hor-
mone insensitivity, pancreatic insufficiency, 
failure to thrive, growth retardation, and intellec-
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tual disability. Genetic test is mandatory for 
diagnosis.

As AGS is a multisystem disorder with a wide 
spectrum of clinical variability ranging from life-
threatening liver or cardiac disease to only sub-
clinical manifestations, such as mildly abnormal 
liver enzymes, a heart murmur, butterfly verte-
brae, posterior embryotoxon, or characteristic 
facial features or neurovascular malformation, 
the diagnosis may be difficult because of the vari-
able expressivity of the clinical manifestations. 
X-ray is useful for evaluation vertebrae. US, scin-
tigraphy, and MRCP may be useful for evaluation 
of the patency of intra- and extrahepatic biliary 
tree (Yang et  al. 2009). Definitive diagnosis of 
AGS about liver requires biopsy-proven paucity 
of interlobular bile ducts. US is useful for evalu-
ation of hepatic masses (Fig. 18) and for evalua-
tion of kidneys for structural problems such as 
small kidney, unilateral and bilateral multicystic 
kidney, dysplastic kidneys, horseshoe kidneys, 

and ureteropelvic obstruction (McDaniell et  al. 
2006). Cerebral vasculopathy is an important 
feature of AGS and includes dolichoectasia, cere-
bral aneurysms, and moyamoya arteriopathy 
(progressive intracranial arterial occlusive 
showed “puff-of-smoke” appearance in  DSA) 
(Connor et  al. 2002). In the event of a serious 
head injury or neurological symptom, it is man-
datory to aggressively and rapidly evaluate these 
children clinically and with appropriate imaging 
CT, MRI, and angiography (Doberentz et  al. 
2015). MRI screening in these patients is not 
validated yet. In addition to cerebral arterial 
abnormalities, alterations of venous development 
may be a feature of AGS in adults.

As for therapy, the severity and presentation 
of AGS determine the level of treatment, ranging 
from supportive care to standard medical man-
agement for cardiac and hepatic complications, 
including transplantation and cardiac surgeries in 
severe cases (Spinner et al. 2013). Prognosis of 

a

c

b

Fig. 18  Regenerative hepatic nodule (arrow) in the fourth hepatic segment on US (a), contrast-enhanced CT (b), and 
MRI (c) in a female 12-year-old with Alagille syndrome
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AGS is also related to severity of organ involve-
ment, with congenital heart disease, progressive 
liver disease, intracranial bleeding, and infection 
being the main contributors to increased 
mortality.
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Abstract
Fibropolycystic liver diseases are a group of 
congenital disorders with a common origin in 
ductal plate developmental abnormalities and 
varied fenotypes. They include the simple 
hepatic cysts, Caroli disease and syndrome, 
polycystic liver diseases, congenital hepatic 
fibrosis and biliary hamartomas. In this chap-
ter, we first discuss the embryologic develo-
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pent of the normal ductal plate and of the 
multiple ductal plate abnormalities. Then, we 
individually address the various fibropolycys-
tic liver diseases with respect to their epidemi-
ology, clinical features and therapeutic 
management, with a special emphasis on the 
description and illustration of their imaging 
findings.

1	 �Clinical Background

Fibropolycystic liver diseases represent a hetero-
geneous group of disorders, with a common ori-
gin in ductal plate development anomalies. These 
include the simple hepatic cysts, Caroli disease 
and syndrome, polycystic liver diseases, congeni-
tal hepatic fibrosis (CHF) and biliary hamarto-
mas (von Meyenburg complexes).

1.1	 �Embryology: The Ductal Plate

During the fourth gestational week, the hepatic 
diverticulum arises from the ventral wall of the 
primitive midgut (Fig.  1a) (Ando 2010). This 
diverticulum then develops a cranially located 
pars hepatica, which originates in the liver pri-
mordium and the common hepatic duct. Caudally, 
a superior and an inferior bud also develops 
(Fig. 1b). The superior bud originates in the gall-
bladder and cystic and choledochal ducts, while 
the inferior bud originates in the ventral portion 
of the pancreas (Fig. 1c–e). The choledochal duct 
and ventral portion of the pancreas then rotate 
180° and, by the sixth gestational week, reach 
their definitive location (Fig. 1f).

The ductal plate is formed in the eighth gesta-
tional week, originating from hepatoblasts in the 
liver primordium (Crawford 2002). These become 

a

d

b

e

c

f

Fig. 1  Schematic representation of liver, pancreas, gallbladder, and biliary tree embryologic development from weeks 
4 to 6, in chronological order from (a–f)
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epithelial cells arranged in double-layer cylindri-
cal structures, adjacent to the mesenchyme of 
portal vein branches (Fig. 2a). This process begins 
in the hepatic hilum and progresses in a centrifu-
gal fashion to the liver periphery. Between the 
11th and 13th weeks of gestation, the ductal plate 
begins a remodeling process, in which the ductal 
plates separate by apoptotic deletion of interven-
ing cells and create progressively cylindrical 
structures (Fig.  2b, c). These structures then 
mature into a network of longitudinally arranged 
bile ducts, up until the postnatal period (Fig. 2d) 
(Crawford 2002; Lazaridis et al. 2004).

1.2	 �Development of Fibropolycystic 
Liver Diseases

Developmental disorders of the ductal plate are 
responsible for fibropolycystic liver diseases, as 
represented in Fig. 3. Depending on the anatomic 

site and caliber of branching duct disorder, differ-
ent pathological entities may occur (Brancatelli 
et al. 2005; Santiago et al. 2012). Malformations 
of the larger extrahepatic bile ducts may create 
choledochal cysts (not reviewed in this chapter). 
Caroli disease is caused by large intrahepatic duct 
developmental abnormalities. Biliary atresia, not 
reviewed in this chapter, refers to underdevelop-
ment of large intrahepatic and extrahepatic bile 
ducts. When medium-sized intrahepatic ducts are 
affected, polycystic liver disease may ensue. The 
malformation of smaller caliber intrahepatic 
ducts may cause CHF and biliary hamartomas 
(von Meyenburg complexes).

The pathological entities in this spectrum may 
occur simultaneously and in association with a 
common genetic background. Most frequently, 
ADPKD and ARPKD, with genetic defects in 
PKD1, PKD2, and PKHD1, respectively, may 
associate with polycystic liver disease, CHF, 
Caroli disease, and biliary hamartomas (Dell 

a

c d

b

Fig. 2  Schematic representation of the ductal plate development, in chronological order from (a–d)
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2011; Mehta and Jim 2017). Also, Caroli syn-
drome refers to the presence of Caroli disease 
occurring simultaneously with CHF (both intra-
hepatic large- and small-caliber bile ducts are 
affected). Several other associations between 
congenital kidney diseases and ductal plate devel-
opmental anomalies have been described, mainly 
with CHF, including nephronophthisis type 3, 
Jeune syndrome, Joubert syndrome, Meckel syn-
drome, Bardet–Biedl syndrome, oral-facial-
digital syndrome type 1, and Ivemark syndrome 
(Gunay-Aygun et  al. 2008). Also, an isolated 
form of polycystic liver disease may occur (auto-
somal dominant polycystic liver disease—
ADPLD), without kidney abnormalities, due to 
genetic defects in PRKCSH, SEC36, LRP5, and 
recently identified SEC61B and ALG8 (Drenth 
et al. 2004; Cnossen et al. 2014; Besse et al. 2017; 
van de Laarschot and Drenth 2018).

2	 �Simple Hepatic Cyst

2.1	 �Epidemiology, Clinical 
Features, and Management

The simple hepatic cyst is a benign cyst, lined by 
simple cuboidal or columnar biliary-type epithe-
lium. It is a very common lesion, the second most 
common benign liver lesion in adults after hepatic 

hemangioma, with increasing prevalence in 
advancing age (van de Laarschot and Drenth 
2018; Gaines and Sampson 1989). It is usually an 
incidental finding in imaging studies, without 
clinical manifestations. Rarely, patients might 
present with symptoms due to compression of 
adjacent structures, infection (Fig. 4e–h), hemor-
rhage, or rupture (Sayma et  al. 2019; Yoshida 
et  al. 2003). Simple hepatic cysts follow an 
invariably benign course and intervention is only 
needed in rare symptomatic cases or when the 
diagnosis is uncertain (Rogers et al. 2007).

2.2	 �Imaging Findings

In imaging studies, the diagnosis of simple 
hepatic cyst is usually straightforward (Fig. 4). In 
ultrasound imaging, it most frequently presents 
as a well-defined anechoic lesion, sometimes 
with lobulated contours (Gaines and Sampson 
1989). Posterior acoustic enhancement might be 
seen, if the lesion is large enough. Fine septa in 
its interior might be observed, but without solid 
components or vascularization when using 
Doppler ultrasound. Simple hepatic cysts present 
as well-defined water density lesions in CT scans 
(Horton et  al. 1999). In MRI, these appear as 
well-defined lesions, with homogeneous high 
signal intensity on T2- and low signal intensity 

a b c

Fig. 3  Schematic representation of ductal plate develop-
ment malformations. When development is arrested in the 
early gestational period, large-sized intrahepatic bile 
ducts are affected and saccular/fusiform dilatations of the 
biliary tree will be found in the adult (a). These may be 
pierced by portal mesenchyma, the latter usually contain-
ing an abnormally small portal venous branch, as observed 

in Caroli disease (b). An arrest in ductal plate formation 
occurring later in embryonic development will affect 
smaller ducts and may originate in abnormally thin or 
even obliterated ducts (thin arrows in c) as in congenital 
hepatic fibrosis, simple cysts (* in c) as in ADPKD and 
ADPLD, or biliary hamartomas (thick arrows in c)
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on T1-weighted images. There should be no 
enhancement of internal components after intra-
venous contrast administration in both CT and 
MRI (Horton et al. 1999; Elsayes et al. 2005). If 

enhancing internal components are seen, cystad-
enoma or cystadenocarcinoma should be the 
main diagnostic possibilities, when considering a 
primary liver lesion.

a b

c d

e f g h

Fig. 4  Simple hepatic cysts are typically homogeneous 
and well-defined anechoic (a), hypoattenuating (b and c), 
and strongly T2 hyperintense lesions (d and e) on ultra-
sound, CT, and MR imaging, respectively. They typically 
exhibit posterior acoustic enhancement on ultrasound 
(arrow in a). Although more frequently round (a), they 
may also be lobulated (b, e) and sometimes present with 

thin regular septa (arrows in b and d), which should not 
enhance after IV contrast administration. An unusual 
complication of simple hepatic cysts is infection, which 
may present with an increase in cyst size (f vs. e), hetero-
geneous content sometimes with air-fluid or fluid-fluid 
levels (arrow in f), and contour blurring (f) with peripheral 
arterial hyperenhancement (h vs. g)
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3	 �Caroli Disease and Syndrome

3.1	 �Epidemiology, Clinical 
Features, and Management

Caroli first described two forms of disease in the 
spectrum of the ductal plate malformations 
(Caroli et  al. 1958). These became known as 
Caroli syndrome and Caroli disease. Both dis-
eases affect the large-caliber intrahepatic bile 
ducts and Caroli syndrome also affects the small-
caliber intrahepatic bile ducts, occurring with 
simultaneous CHF. Both are inherited in an auto-
somal recessive fashion and can be associated 
with ARPKD or ADPKD (Jordon et  al. 1989). 
Abnormal ductal plate remodeling with persis-
tence of dilated ductal plate remnants is thought 
to be the cause for Caroli disease (Fig.  3b) 
(Desmet 2005).

Patients with Caroli disease and syndrome 
might present with abdominal pain, enlarged 
liver, and recurrent episodes of cholangitis. 
Because Caroli syndrome is associated with 
CHF, these patients might present with signs of 
portal hypertension. As both diseases occur with 
cholestasis, intrahepatic sludge and stone forma-
tion are common. This also puts patients at a 
higher risk for developing cholangiocarcinoma 
(Bloustein 1977). The prognosis for both condi-
tions is relatively poor, with frequent secondary 
biliary cirrhosis. Therapy mainly consists of anti-
biotics when acute cholangitis occurs; drainage 
procedures might be performed when there are 
liver abscesses. Liver transplantation is an impor-
tant therapeutic option and, if the disease affects 
predominantly one liver lobe, partial hepatec-
tomy might be performed with success (Ramond 
et al. 1984; Lendoire et al. 2011; Lendoire et al. 
2007; Kassahun et al. 2005).

3.2	 �Imaging Findings

Typical imaging findings in Caroli disease 
include saccular and/or fusiform dilatation of 
intrahepatic bile ducts (Fig. 5a, b), often contain-
ing biliary sludge and stones (Brancatelli et  al. 
2005; Santiago et al. 2012; Mamone et al. 2019). 

A classical finding is the “central dot sign” in CT 
and MRI studies (Fig.  6), which represents the 
central vascular bundle surrounded by the dilated 
biliary duct. The main differential diagnosis is 
with polycystic liver disease, which can be diffi-
cult. MRCP may help in this regard, when it 
shows communication of the intrahepatic bile 
ducts with the liver cysts (Fig. 5b). Another find-
ing used to demonstrate communication with the 
biliary tree and perform this differential diagno-
sis is the presence of intracystic gadolinium, 
when performing MRI with intracellular hepato-
specific contrast agents that undergo uptake by 
hepatocytes and are later secreted into the bile 
ducts, during the hepatobiliary phase (Fig. 5c–e) 
(Brancatelli et  al. 2005; Santiago et  al. 2012; 
Mamone et al. 2019; Lewis et al. 2016). The most 
used contrast agents in this regard are gadoxetic 
acid (Gd-EOB-DTPA) and gadobenate dimeglu-
mine (Gd-BOPTA) (Lewis et al. 2016).

4	 �Polycystic Liver Disease

4.1	 �Epidemiology, Clinical 
Features, and Management

Polycystic liver diseases are characterized by the 
growth of multiple cysts in the liver, without 
communication to the biliary tree. These cysts are 
lined by functional biliary epithelium and usually 
grow progressively in size, ultimately replacing a 
significant portion of the liver parenchyma. These 
may occur in association with ADPKD and 
ARPKD, or in isolation as an autosomal domi-
nant polycystic liver disease (ADPLD) (Cnossen 
and Drenth 2014). The most common of these 
disorders is ADPKD, with estimated prevalence 
ranging from 1:400 to 1:4033 births; a more 
recent review reports a prevalence of near 
4:10,000 (or 1:2500) (Perugorria et  al. 2014; 
Torres et al. 2007; Willey et al. 2017). ARPKD is 
significantly less common, with an estimated 
prevalence of 1:20,000 births and a high mortal-
ity rate shortly after birth; approximately half of 
newborns die of pulmonary complications 
(Perugorria et al. 2014; Torres et al. 2007; Zerres 
et  al. 1998; Paul and VandenHeuvel 2014). 
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ADPLD is the rarest form of these diseases, with 
an estimated prevalence of 1:100,000 (Perugorria 
et al. 2014).

Several germline mutations have been identi-
fied in the development of these diseases. 
ADPKD and ARPKD are associated with 
germline mutations in PKD1, PKD2 and PKHD1, 
respectively, while ADPLD has been associated 
with mutations in PRKCSH, SEC63, LRP5, 
ALG8, and SEC61 (Drenth et al. 2004; Cnossen 
et al. 2014; Besse et al. 2017; van de Laarschot 
and Drenth 2018).

ADPKD usually manifests clinically in adult-
hood. Hypertension, hematuria, proteinuria, and 
recurrent pyelonephritis may dominate the initial 
presentation. A progression to end-stage chronic 
kidney disease occurs in approximately 45% of 
patients by the age of 60  years (Gabow 1993). 
The hallmark of this condition is the presence of 
renal cysts, affecting virtually all patients as age 
advances. The presence of liver cysts affects 
30–70% of patients, more frequently women, 
possibly due to hormonal influences (Mamone 
et al. 2019). Treatment directed to liver cysts may 

a

b

c

d

e

Fig. 5  Caroli disease presenting with lobulated cystic 
lesions predominantly located in the posterior sector of 
the right liver lobe (a) corresponding to saccular focal 
dilatations of the biliary tree (b). After Gd-EOB-DTPA 

administration, a progressive but slow filling of the cystic 
lesions on the hepatobiliary phase is observed, proving 
communication with the biliary tree (c: pre-contrast; d: 
post-contrast at 10 min; e: post-contrast at 3 h)
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be necessary when there are complications: hem-
orrhage, infection, or compression of adjacent 
structures. Cyst drainage and antibiotics are the 
main therapeutic options when recurrent cyst 
infection occurs (Torres et al. 2007). New thera-
peutic options have emerged, and somatostatin 
analogue administration, namely lanreotide and 
octreotide, has shown efficacy in decreasing liver 
and kidney volume (van Keimpema et al. 2009; 
Hogan et al. 2010; Gevers et al. 2015). However, 
a recent trial concluded that lanreotide adminis-
tration in late stages does not improve renal func-
tion and cannot be recommended for this specific 
purpose (Meijer et al. 2018).

ARPKD, on the other hand, manifests early in 
infancy and childhood, with strikingly enlarged 
kidneys with innumerable tiny cysts (Drenth 
et  al. 2010). These abnormalities are nowadays 
frequently found during gestational ultrasound, 
sometimes with Potter syndrome (oligohydram-
nios with enlarged kidneys, pulmonary hypopla-
sia, characteristic facies, and contracted limbs 
with clubfeet). This condition has approximately 

50% mortality rate in the neonatal period, and the 
children that survive early infancy present later 
with hypertension, frequently requiring multi-
drug therapy (Bergmann et  al. 2005). Also in 
later stages, children may present with dominant 
hepatobiliary clinical findings. The liver involve-
ment is similar to CHF, with hepatic fibrosis and 
hyperplastic biliary ducts (Turkbey et al. 2009). 
Although liver function is frequently preserved 
until late stages, progressive hepatic fibrosis and 
portal hypertension ultimately lead to the devel-
opment of esophageal varices with upper gastro-
intestinal bleeding and hypersplenism with 
pancytopenia (Drenth et  al. 2010; Guay-
Woodford and Desmond 2003). A combined 
liver-kidney transplant is usually considered 
early in the course of the disease. Caroli disease 
may be associated with ARPKD; therapeutic 
options due to hepatic cyst complications or liver 
function decline are similar as explained previ-
ously, namely cyst drainage, antibiotics, partial 
hepatectomy, and liver transplant.

a b

Fig. 6  Central dot sign. Two cases of Caroli disease 
exhibiting the characteristic central dot sign on post-
contrast portal venous phase imaging are depicted, on MR 
(a) and CT (b). The central dot sign (red arrows) results 
from the piercing of the ectatic abnormal bile duct by the 

portal sheet. When it contains a portal venous branch, it is 
usually reduced in caliber, but the portal venous branch(es) 
may also be located at the periphery of the abnormal bile 
duct (blue arrows)
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ADPLD has a milder clinical course, unasso-
ciated with significant kidney disease. Renal 
cysts may occur, but as a mild sporadic finding 
when compared with ADPKD or ARPKD and 
without decrease in renal function (Mamone 
et  al. 2019). Arbitrarily, the diagnosis can be 
made when there are more than 20 liver cysts, or 
more than 4 when there is a family history of 
ADPLD (van Keimpema et al. 2009). Patients are 
frequently asymptomatic until late adulthood. 
Symptoms may arise from compression of 
abdominal structures due to large cysts, cyst 
infection, hemorrhage, or rupture. Therapeutic 
intervention might be necessary in symptomatic 
patients; cyst aspiration, sclerotherapy, partial 
hepatectomy, or even liver transplantation can be 
considered (van Keimpema et  al. 2008; Russell 
and Pinson 2007; Neijenhuis et al. 2019). Similar 
to ADPKD, the administration of somatostatin 
analogues has shown promise in reducing liver 
volume in ADPLD (van Keimpema et al. 2009; 
Hogan et al. 2010; Gevers et al. 2015).

4.2	 �Imaging Findings

Regarding imaging findings of each of these 
polycystic liver diseases, ADPKD and ADPLD 
may have similar hepatic features with liver 
enlargement and multiple cysts; however the 
major involvement of kidneys in ADPKD will 
help in the differential diagnosis (Fig. 7a, b). The 
size of cysts can vary from 1  mm to 12  cm 
(Brancatelli et al. 2005; Morgan et al. 2006). The 
hepatic cysts have similar imaging characteristics 
as simple cysts, presenting in ultrasound as well-
defined anechoic lesions and in CT as well-
defined water density lesions. In MRI, the 
multiple cysts are also seen with high signal 
intensity in T2-weighted images and low signal 
intensity in T1-weighted images. Complicated 
cysts appear with heterogeneous content in ultra-
sound, higher density in CT scans, and heteroge-
neous signal in MRI (high T1 signal intensity if 
hemorrhage is present) (Fig.  7c). A previously 
complicated cyst can develop peripheral calcifi-
cations (Santiago et  al. 2012; Mamone et  al. 

a

c

b

Fig. 7  Autosomal dominant polycystic liver disease. 
Numerous T2-hyperintense liver cysts of various sizes are 
depicted (a), causing massive hepatomegaly (b). Notice 

how the left kidney is relatively spared (arrow in a). Some 
cysts exhibit T1 hyperintensity (arrows in c) likely due to 
previous hemorrhage
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2019). To perform the differential diagnosis with 
Caroli disease, MRCP and hepatospecific 
contrast-enhanced MRI have specific findings in 
this regard, as previously mentioned, with both 
modalities showing absence of communication 
of hepatic cysts with the biliary tree in ADPLD 
and ADPKD (Brancatelli et  al. 2005; Santiago 
et al. 2012; Mamone et al. 2019). Also, peribiliary 
cysts have been associated with ADPLD and 
ADPKD (Mamone et al. 2019; Lewis et al. 2016). 
These are usually smaller than 10 mm and may 
present as a discrete string of cysts or tubular 
structures, developing within the periductal con-
nective tissue. These also do not communicate 
with the biliary tree; however, they may cause 
biliary obstruction.

Imaging findings of ARPKD differ, however, 
as these are similar with CHF. Periportal fibrosis, 
irregular dilatation of the biliary tree, regenerative 
nodules, and a coarse liver texture may be observed 
(Lonergan et al. 2000). Portal hypertension even-
tually develops and imaging findings reflect this, 
with splenomegaly and venous collateral develop-
ment with esophageal varices. Ultrasound may 
show the coarse liver texture, with echogenic por-
tal tracts thought to represent periportal fibrosis. 
CT and MRI also depict these same findings, with 
better identification of regenerative nodules and 
findings related to portal hypertension. MRCP 
may accurately depict the intrahepatic bile ducts’ 
irregular caliber (Jung et al. 1999).

5	 �Congenital Hepatic Fibrosis

5.1	 �Epidemiology, Clinical 
Features, and Management

In contrast to the majority of previously discussed 
disorders, where hepatic or renal cysts were a 
dominant finding, CHF is mainly characterized by 
the presence of periportal fibrosis and irregular-
caliber bile ducts (Desmet 1992; Venkatanarasimha 
et al. 2011). Typically, CHF has been associated 
with ARPKD, representing different manifesta-
tions of a spectrum of diseases (Desmet 1992). 
However, CHF can also present as an isolated 
condition or in the context of Caroli syndrome. A 

literature review reported 64% of CHF to appear 
associated with ARPKD, 25.6% associated with 
Caroli syndrome, and 9.5% in isolation (Srinath 
and Shneider 2012). Reports of association with 
ADPKD are rare (O'Brien et al. 2012).

Affected patients frequently maintain hepato-
cellular function until late stages of the disease 
(Mamone et  al. 2019; Bergmann et  al. 2005; 
Turkbey et al. 2009). Different forms of disease 
have been described: portal hypertensive, 
cholangitic, mixed, and latent (Desmet 1992; 
Venkatanarasimha et al. 2011). Portal hyperten-
sion can present in infancy and adulthood, with 
splenomegaly, hypersplenism, and pancytopenia 
as possible presenting features. Also, bleeding 
from gastroesophageal varices is a frequent pre-
sentation. Hepatopulmonary syndrome may pres-
ent as an advanced finding. The pathogenesis of 
portal hypertension has been related to the com-
pression of portal vein ramifications by periportal 
fibrosis and to abnormal development of portal 
vein branches, with hypoplastic small branches 
(Desmet 1992; Kerr et al. 1961). Patients with the 
cholangitic form of disease present mainly with 
cholestasis and recurrent episodes of cholangitis. 
As with other chronic cholestatic diseases, the 
risk for intrahepatic stones and cholangiocarci-
noma development is increased (Summerfield 
et al. 1986). The mixed form of the disease repre-
sents simultaneous portal hypertensive and chol-
angitic findings; the latent form represents 
asymptomatic patients who are diagnosed inci-
dentally during adulthood or later stages in life 
(Desmet 1992; Veigel et al. 2009).

Therapy is dependent on the manifestations of 
the disease. Variceal bleeding from portal hyper-
tension can be treated with endoscopic proce-
dures with sclerotherapy or ligation (Drenth et al. 
2010; Shneider and Magid 2005). Elective surgi-
cal or percutaneous portosystemic shunt creation 
is an option in patients with gastroesophageal 
varices. Acute cholangitis can be treated with 
antibiotics and percutaneous procedures, if drain-
age is needed. Liver transplantation is also an 
option, mainly in patients with advanced hepatic 
disease or recurrent hemorrhagic or cholangitic 
complications (Shneider and Magid 2005). If 
Caroli syndrome is present, therapeutic interven-
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tions directed to cyst complications may be 
needed, as explained previously in this chapter.

5.2	 �Imaging Findings

The imaging findings in CHF are generally not 
specific. Atrophy of the right liver lobe and 
hypertrophy of the lateral left and caudate lobes 
may be found, mimicking chronic liver disease 
from other causes (Santiago et al. 2012; Mamone 
et al. 2019). However, the left medial segments 
(IVa and IVb) may remain with normal volume, 
or be even enlarged (Zeitoun et  al. 2004). The 
typical findings of portal hypertension, including 
portosystemic shunts (splenorenal and gastro-
esophageal, as the most typical), splenomegaly, 
and increased portal vein diameter, can be 
observed with ultrasound, CT, or MRI. The liver 
has a coarse texture in these imaging modalities. 
Periportal fibrosis can be identified as hyper-
echoic portal branches on ultrasound or high sig-
nal intensity in T2-weighted images along portal 
branches (Mamone et  al. 2019; Veigel et  al. 
2009). Large regenerative hepatic nodules may 
appear in the course of portal hypertension; a 
hypervascular behavior due to increased arterial 
vascular supply has been demonstrated in 
contrast-enhanced studies (Brancatelli et  al. 
2005). These benign nodules are entirely similar 
to focal nodular hyperplasia in imaging studies. 
Vascular complications of portal hypertension 
can be initially assessed by ultrasound, and fur-
ther identified on contrast-enhanced CT or 
MRI. MRCP can clearly depict the irregular cali-
ber of intrahepatic bile ducts. In the presence of 
Caroli syndrome, the typical liver cysts will be a 
major imaging finding, as described previously.

6	 �Biliary Hamartomas (von 
Meyenburg Complexes)

6.1	 �Epidemiology, Clinical 
Features, and Management

Biliary hamartomas are clinically silent lesions, 
also known as von Meyenburg complexes, 

usually found incidentally in imaging studies 
(von Meyenburg 1918). These are dispersed 
throughout the liver parenchyma, as focal collec-
tions of dilated bile ducts, lined by biliary epithe-
lium and surrounded by fibrous stroma (Mamone 
et al. 2019; Principe et al. 1997). The lesions are 
usually smaller than 10 mm and represent failure 
of involution of embryonic bile ducts, with a 
reported incidence of 5.6% in adult patients 
(Santiago et al. 2012; Zheng et al. 2005; Redston 
and Wanless 1996). The patients are asymptom-
atic and liver function is normal; direct complica-
tions of cystic lesions are not usual. However, 
reports of intrahepatic cholangiocarcinoma in 
patients with biliary hamartomas suggest an 
increased risk for the development of this tumor 
(Xu et  al. 2009; Yang et  al. 2017; Song et  al. 
2008; Jain et al. 2000).

6.2	 �Imaging Findings

As previously stated, these lesions are inciden-
tally identified in imaging studies. In ultrasound 
studies, a typical presentation is with numerous 
hypoechoic or hyperechoic foci with comet-tail 
artifacts (Fig. 8a, b) (Santiago et al. 2012; Mamone 
et al. 2019; Zheng et al. 2005). On CT, the lesions 
are usually presented as disperse hypoattenuating 
foci (Fig. 8c, d) (Brancatelli et al. 2005). In MRI, 
the lesions are hyperintense in T2-weighted 
images (Fig. 8e) and hypointense in T1-weighted 
images. MRCP has a characteristic “starry-sky” 
appearance, with multiple foci of hyperintense 
cystic lesions dispersed throughout the liver 
parenchyma (Esseghaier et al. 2017; Giambelluca 
et al. 2018). The lesions do not enhance with the 
administration of intravenous contrast agents; 
however a peripheral rim enhancement has been 
described to represent compressed liver paren-
chyma (Semelka et al. 1999). As the cysts do not 
communicate with the biliary tree, they do not 
enhance in hepatobiliary phase of hepatospecific 
contrast agents. A differential diagnosis with mul-
tiple metastases may arise, and the characteristic 
findings of “starry sky” in MRCP (Fig.  8f) and 
comet-tail artifacts (arrow in Fig.  8b) in ultra-
sound help in this regard.
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Fig. 8  Biliary hamartomas. Biliary hamartomas present 
on ultrasound as small (<15 mm) hyperechoic or anechoic 
lesions, depending on the amount of fluid content (a, b), 
sometimes with posterior acoustic enhancement causing 
the characteristic comet-tail artifact (arrow in b). On CT, 
they are usually hypoattenuating and non-enhancing (c: 
axial, portal venous phase post-contrast image; d: coronal 
oblique minimum intensity projection). The lesions are 
hyperintense on T2-weighted imaging (e) and particularly 
visible on heavily T2-weighted MRCP images, in which, 

when numerous, a “starry-sky” appearance is typical (f). 
Biliary hamartomas may obscure the detection of other 
liver lesions. In such cases, high b-value diffusion-
weighted imaging may be particularly useful, highlighting 
solid, highly cellular, restricting lesions. (g–i) Depict a 
case of a patient with biliary hamartomas and two colorec-
tal cancer liver metastases (arrows in h) as observed in 
T2-weighted imaging (g), b900 diffusion-weighted imag-
ing (h), and corresponding ADC map (i)
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7	 �Conclusion

The fibropolycystic liver diseases include several 
distinct pathological entities, with a common ori-
gin in developmental disorders of the ductal 
plate. Their management and therapeutic options 

are quite distinct; therefore a correct diagnosis 
must be performed. Imaging studies are critical 
in this regard and the findings described in this 
chapter represent the most important diagnostic 
features.

A short summary is present in Table 1.

Table 1  Key imaging findings diagnostic for each fibropolycystic liver disease

Fibropolycystic disease Key imaging findings
Simple hepatic cyst –  Well-defined lesion, without solid or enhancing components

–  Anechoic in ultrasound
–  Water density in CT
–  Hyperintense in T2WI/hypointense in T1WI

Caroli disease and syndrome –  Saccular and fusiform dilatation of intrahepatic bile ducts
–  Intrahepatic biliary sludge and stones
–  Central dot sign in CT and MRI
–  Intracystic gadolinium with hepatospecific contrast agents

ADPLD –  No significant kidney disease
–  Liver enlargement
–  Multiple liver cysts with varying dimensions
– � Complicated cysts appear heterogeneous in ultrasound, high density in CT, and 

heterogeneous signal in MRI
–  Peripheral calcifications may appear in previously complicated cysts
–  Hepatospecific contrast agents show no intracystic gadolinium

ADPKD –  Kidney involvement with multiple cysts
–  Liver enlargement
–  Multiple liver cysts with varying dimensions
– � Complicated cysts appear heterogeneous in ultrasound, high density in CT, and 

heterogeneous signal in MRI
–  Peripheral calcifications may appear in previously complicated cysts
–  Hepatospecific contrast agents show no intracystic gadolinium

ARPKD –  Similar to CHF
–  Findings related to portal hypertension
–  Coarse liver texture
–  Portal tracts echogenic in ultrasound and hyperintense in T2WI
–  MRCP depicts the intrahepatic bile ducts’ irregular caliber
– � Atrophy of the right liver lobe and hypertrophy of the lateral left and caudate 

with left medial segments with normal/enlarged volume
–  Large regenerative hepatic nodules

CHF –  Similar to ARPKD
–  Findings related to portal hypertension
–  Coarse liver texture
–  Portal tracts echogenic in ultrasound and hyperintense in T2WI MRI
–  MRCP depicts the intrahepatic bile ducts’ irregular caliber
– � Atrophy of the right liver lobe and hypertrophy of the lateral left and caudate 

with left medial segments with normal/enlarged volume
–  Large regenerative hepatic nodules

Biliary hamartomas –  Ultrasound with hypo/hyperechoic foci with comet-tail artifacts
–  Hyperintense tiny foci in T2WI
–  MRCP with “starry-sky” appearance
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Abstract
Liver inflammation may be acute or chronic 
form which leads to fibrosis and cirrhosis. The 
diagnosis depends on histopathologic evalua-
tion which can be confounding especially in 
cases with heterogeneous involvement. In this 
chapter, we reviewed inflammatory liver dis-
eases such as autoimmune hepatitis, overlap 
syndromes, sarcoidosis, drug disease, Wilson’s 
disease, alfa 1 antitripsin deficiency, and radi-
ation injury with imaging findings.

Several etiological factors cause liver inflamma-
tion that is characterized by acute or chronic 
inflammatory cell accumulation within the liver. 
Liver inflammation may be in acute or chronic 
form that leads to fibrosis and cirrhosis. The diag-
nosis of liver inflammation primarily depends on 
liver biopsy and histopathologic evaluation. 
However, imaging findings may guide both clini-
cian and pathologist especially in cases with con-
founding laboratory or pathologic findings. In 
this chapter, we review inflammatory liver dis-
eases such as autoimmune hepatitis, overlap syn-
dromes, sarcoidosis, drug disease, Wilson’s 
disease, alpha-1 antitrypsin deficiency, and radia-
tion injury with imaging findings.
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1	 �Autoimmune Hepatitis

Autoimmune hepatitis (AIH) is a chronic liver 
disease that is seen in all ages and races with a 
female predominance (Manns et  al. 2015). 
Genetic susceptibility with an exposure to a trig-
ger environmental agent such as herbs, microbes, 
immunization, and drugs is a blamed factor in the 
etiopathogenesis of AIH. In general, AIH present 
with an episode of acute hepatitis with subse-
quent chronic course. Clinical manifestation of 
AIH may vary such as mildly elevated liver func-
tion tests in asymptomatic patient, acute fulmi-
nant hepatitis, or cirrhosis. The diagnosis of the 
disease primarily depends on clinical, laboratory, 
and liver histology findings. Interface hepatitis 
with lymphoplasmocytic infiltrates and varying 
degrees of lobular inflammation is a histopatho-
logic finding in AIH (Manns et al. 2015).

Imaging findings of AIH may change accord-
ing to the severity of the disease. Ultrasonography 
(US) may reveal no abnormal finding in the early 
stage of the disease as well as features of chronic 
liver disease such as coarsening of hepatic 
echotexture, nodularity, and volume redistribu-
tion (Malik and Venkatesh 2017). The main role 
of US in AIH is HCC surveillance. Transient US 
elastography was shown to be a reliable method 
for estimation of hepatic fibrosis in AIH (Obara 
et al. 2008). Computed tomography may reveal 
normal findings or findings associated with 
chronic liver disease. Benign hypervascular nod-
ules can be observed in AIH that may enhance 
after contrast administration, some with delayed 
washout (Qayyum et al. 2004). Nonspecific find-
ings such as hepatic surface nodularity, ascites, 
and splenomegaly were found to be the most 
common findings on CT (Sahni et al. 2010).

Magnetic resonance imaging (MRI) may 
demonstrate similar findings as CT. Hepatic sur-
face nodularity that is associated with fibrosis is 
the most common finding observed in AIH on 
MRI (Bilaj et al. 2005; Sahni et al. 2010) (Fig. 1). 
Reticular fibrosis that is defined as fine lines that 
had low signal intensity at out-of-phase MR 
images with prominent enhancement on post-
contrast images is another finding observed on 
MRI (Bilaj et al. 2005). Global atrophy was the 

main volumetric change observed in AIH (Obara 
et al. 2008). Lymphadenopathy is not common as 
other autoimmune liver diseases such as primary 
sclerosing cholangitis (PSC) and primary biliary 
cholangitis (PBC). MR elastography is a promis-
ing method in the evaluation of fibrosis in patients 
with AIH.  It was shown that a liver stiffness 
threshold of >4.1 kPa predicted advanced fibrosis 
with 89.5% sensitivity and 100% specificity, and 
a threshold of >4.5 kPa predicted cirrhosis with 
92% sensitivity and 96% specificity (Wang et al. 
2017).

1.1	 �Overlap Syndromes

Overlap syndromes are variant forms of autoim-
mune liver diseases, which share histological, 
biochemical, serological, and imaging character-
istics of AIH, primary biliary cholangitis (PBC), 
and primary sclerosing cholangitis (PSC). It was 
reported that 7–13% of patients with AIH have 
overlapping features of PBC and 6–11% of 
patients have features of PSC (Czaja 2013). 
Biochemical and imaging findings of overlap 
syndromes may vary according to the difference 
of coexistence disease.

AIH-PBC overlap syndrome presents with 
serum liver tests typically showing a hepatitic 
pattern in AIH and a cholestatic pattern with pre-
dominant elevation of alkaline phosphatase 
(ALP) and gamma-glutamyl transferase (GGT) 

Fig. 1  A 70-year-old female patient with autoimmune 
hepatitis. T2W imaging demonstrates hepatic surface 
nodularity, which is the most common imaging finding
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and only mild elevation of serum transaminases 
in PBC. Primary biliary cirrhosis is a slow pro-
gressive disease with destruction of small intra-
hepatic bile ducts ending up with chronic 
cholestasis and cirrhosis. Imaging findings of 
PBC include heterogeneous attenuating paren-
chyma and segmental atrophy on CT (Blachar 
et  al. 2001). Atrophy or hypertrophy may be 
observed as well as smooth or nodular liver con-
tour (Blachar et  al. 2001). Findings of portal 
hypertension are commonly seen in advanced 
PBC. Lymphadenopathy is an expected finding in 
PBC with most commonly in portacaval region 
and porta hepatis (Blachar et  al. 2001). 
Conspicuous low signal intensity around portal 
vein branches on T1 and T2 images was defined 
for MRI finding of PBC (Wenzel et  al. 2001). 
“Periportal halo sign” was described as a finding 
of PBC consisting of a rounded lesion centered 
on a portal venous branch 5  mm–1  cm in size, 
and numerous lesions involving all hepatic seg-
ments, with low signal intensity on T1- and 
T2-weighted images, and no mass effect (Fig. 2) 
(Wenzel et al. 2001). In AIH-PBC overlap, imag-
ing findings may be consistent with either iso-
lated AIH or isolated PBC (Hyslop et al. 2010).

AIH-PSC overlap syndrome is diagnosed with 
characteristic changes in biliary tree observed in 
imaging such as strictures and segmental dilata-
tions in a patient with AIH.  PSC is a chronic 
inflammatory large duct cholangiopathy, which 

results with fibrotic biliary duct strictures, cho-
lestasis, and biliary cirrhosis. Diffuse involve-
ment of both intrahepatic and extrahepatic bile 
ducts is the commonest form (75%) followed by 
isolated intrahepatic bile duct involvement (15%) 
and isolated extrahepatic bile duct involvement 
(10%) (Tischendorf et  al. 2007). Central lobe 
enlargement with left lateral hypertrophy pre-
dominates in PSC (Bilaj et  al. 2005). Imaging 
findings in AIH-PSC overlap syndrome on MRI 
include central macroregenerative nodules, 
peripheral atrophy, biliary ductal obstruction, and 
biliary ductal beading (Hyslop et al. 2010). The 
presence of macroregenerative nodules, periph-
eral atrophy, and biliary ductal irregularity, alone 
or in combination, had 100% specificity for PSC-
type overlap syndrome.

2	 �Sarcoidosis

Sarcoidosis is a multisystem disease character-
ized with noncaseating granulomas in affected 
organs. The prevalence of the disease is 2–60 per 
100,000 people with a predominance in African 
American populations (Baughman and Lower 
2008). The etiopathogenesis of the disease 
remains unclear with blamed genetic susceptibil-
ity and environmental factors. Liver is one of the 
most affected organs after lung and lymph node 
involvement. The disease may involve all com-
partments of the liver and results in various pat-
terns of liver injury such as portal and lobular 
inflammation of hepatocytes, biliary involvement 
with cholestasis, or sinusoidal dilatation as a 
result of compressive effect of granulomas 
(Deutsch-Link et  al. 2018). The majority of 
patients with hepatic involvement are asymptom-
atic. Clinical symptoms include fatigue, abdomi-
nal pain, and fever (Tadros et  al. 2013). The 
diagnosis generally depends on clinical and 
radiological findings with histopathological sar-
coid granuloma identification.

Imaging findings are not evident in most of the 
cases. The most common imaging feature of 
hepatic sarcoidosis is hepatomegaly that is seen 
in more than 50% of the patients (Warshauer 
et al. 1995). Increased parenchymal echogenicity 

Fig. 2  A 48-year-old female patient with overlap syn-
drome (autoimmune hepatitis—primary biliary cholangi-
tis). T2W images show periportal halo sign (arrows)
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may be observed in US examination. 
Heterogeneous echogenicity and coarse echo pat-
tern may be detected in diffuse parenchymal 
involvement (Karaosmanoğlu et  al. 2015). 
Contour irregularity and parenchymal calcifica-
tions are also expected findings in diffuse hepatic 
involvement (Kessler et al. 1993). Focal lesions 
that are consistent with granulomas are detected 
as well-defined hypoechoic or hyperechoic nod-
ules in the liver (Gezer et al. 2015).

Cross-sectional imaging findings may demon-
strate similar findings with US. The appearance 
of the liver may range from normal to chronic 
parenchymal liver disease in diffuse hepatic sar-

coidosis. It was reported that both macroregen-
erative nodules and wedge-shaped peripheral 
atrophy presence may suggest the diagnosis of 
hepatic sarcoidosis in a patient with chronic 
parenchymal liver disease (Ferreira et al. 2013). 
Periportal thickening that is best seen on 
T2-weighted images can be observed in sarcoid-
osis. Imaging findings consistent with portal 
hypertension can be seen as a result of cirrhosis 
or compression effect of portal lymphadenopa-
thies. Focal nodules in hepatic sarcoidosis are 
typically seen as hypo-attenuating subcentimeter 
focal lesions on CT (Fig.  3). On MR imaging, 
these are seen as T1 hypo-isointense and T2 
hypointense foci with no evident contrast 
enhancement (Fig. 4).

3	 �Drug Disease

Drug-induced liver injury (DILI) is an important 
cause of mortality around the world caused by 
various mechanisms causing liver injury. 
Hundreds of drugs have been identified causing 
DILI such as antibiotics (amoxicillin-clavulanate, 
isoniazid, doxycycline), diclofenac, acetamino-
phen, atorvastatin, and carbamazepine that are 
the commonest ones (Alempijevic et  al. 2017). 
Besides, herbals and dietary supplements are 
used increasingly and cause increase in HDS-
induced liver injury proportionally (Navarro et al. 

Fig. 3  A 54-year-old female patient with diagnosis of 
sarcoidosis. On contrast-enhanced CT images, multiple 
millimetric hypoattenuating nodules are seen

a b

Fig. 4  A 47-year-old female patient with sarcoidosis. Postcontrast T1W MR images demonstrate heterogeneous 
enhancement of the liver (a). Liver stiffness was 9.9 kPa on MR elastography consistent with involvement (b)
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2017). Acute and chronic hepatitic, acute and 
chronic cholestatic, and mixed hepatitis-
cholestatic types are the most common forms of 
DILI within various histopathologic categories 
(Kleiner et al. 2014).

Imaging findings may vary according to the 
type of injury. Hepatic steatosis, which is defined 
as excessive triglyceride accumulation in the 
hepatocytes, is one of the possible mechanisms 
of DILI.  Chemotherapeutic agents such as 
5-fluorouracil, irinotecan, and methotrexate and 
amiodarone, tamoxifen, corticosteroids, and anti-
psychotics are frequently associated with steato-
sis or steatohepatitis (McGettigan et  al. 2016). 
Increased echogenicity of the liver in US exami-
nation and decreased attenuation at CT are imag-
ing findings of hepatic steatosis. Signal drop on 
out-of-phase image relative to in-phase image is 
present at MRI. Drugs such as immunosuppres-
sive cyclosporine, the antibiotic trimethoprim-
sulfamethoxazole, and the antipsychotic 
chlorpromazine cause cholestatic injury that pre-
dominantly affects bile ducts (Bhamidimarri and 
Schiff 2013; Padda et al. 2011). US and CT imag-
ing have no specific finding in cholestatic injury 
and may demonstrate nonspecific findings of 
inflammation such as heterogeneous contrast 
enhancement or hepatomegaly (Fig. 5). Imaging 
modalities such as cholangiography and MRCP 
may demonstrate small bile ducts diminished in 
number (ElSayed et  al. 2013; Gossard 2014, 
p. 1). Sclerosing cholangitis like changes such as 

intrahepatic and common hepatic duct strictures 
on MRCP was also defined in patients with DILI 
(Ahmad et al. 2019).

4	 �Wilson’s Disease

Wilson’s disease is an autosomal recessively 
inherited disease with approximately 1/30,000 
prevalence (Gitlin 2003). There is a defect in cop-
per homeostasis which leads to accumulation of 
copper in different tissues such as liver, brain, 
and cornea. Liver is the main regulator of copper 
metabolism by storing both the copper and bili-
ary excretion of this metal. There are different 
mutations reported in the ATP7G gene which 
give rise to dysfunction of the corresponding 
ATPase that transfers copper into the secretory 
pathway by incorporation into apoceruloplasmin 
and excretion into the bile (Lutsenko and Petris 
2003; Schaefer and Gitlin 1999). This results in 
intrahepatocellular copper accumulation with 
resultant copper-mediated oxidative damage and 
activation of cell death pathways (Strand et  al. 
1998). Early diagnosis of Wilson’s disease is 
important for complete recovery which might be 
fatal otherwise. Affected individuals mainly pres-
ent with liver disease which may mimic different 
acute or chronic liver diseases. The presence of 
Kayser–Fleischer rings, decreased serum cerulo-
plasmin, and hepatic or neuropsychiatric symp-
toms are sufficient for the diagnosis of Wilson’s 
disease.

There are different imaging findings of 
Wilson’s disease according to the disease course. 
US is one of the most preferred imaging modali-
ties for Wilson’s disease. Increased hepatic echo-
genicity due to fatty change or fibrosis can be 
observed in individuals with Wilson’s disease 
which is also the main US finding of nonalco-
holic fatty liver disease and may be confusing 
(Akhan et  al. 2009; Akpinar and Akhan 2007). 
Parenchymal heterogeneity was reported to be 
detected in most of the patients in Wilson’s dis-
ease (Akhan et al. 2009). This heterogeneity can 
be diffuse or associated with multiple hypoechoic 
nodules or multiple hypoechoic and hyperechoic 
nodules (Akhan et al. 2009). Contour irregularity 

Fig. 5  Heterogeneous liver parenchyma and periportal 
thickening on T2W image are seen in a 2-year-old male 
patient with Wilms’ tumor after chemotherapy. Follow-up 
MRI demonstrated resolution of the findings
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and increased periportal thickness are other US 
findings seen in Wilson’s disease. Perihepatic fat 
layer that is recognized by perihepatic hyper-
echogenic zone in US is a possible finding in 
Wilson’s disease (Akhan et  al. 2002, 2009; 
Akpinar and Akhan 2007). Cholelithiasis may be 
observed in individuals with Wilson’s disease as 
a coexisting disease.

Diffuse increased hepatic attenuation due to 
copper accumulation on computed tomography 
(CT) can be detected in Wilson’s disease. This 
may not be noticed due to opposing effect of fat 
deposition that decreases the attenuation on 
CT.  Parenchymal heterogeneity and contour 
irregularity are other possible findings in 
Wilson’s disease. Unenhanced CT generally 
reveals hyperdense nodules that will be 
hypodense on contrast-enhanced CT images and 

become more apparent on portal venous phase 
images (Akpinar and Akhan 2007; Li et  al. 
2011). The hyperdense nodules on unenhanced 
CT are seen hyperintense on T1W images and 
hypointense on T2W MR images due to para-
magnetic effect of copper. Honeycomb pattern is 
defined as hyperdense nodules with hypodense 
septa on unenhanced CT with enhancement of 
septa after contrast administration (Li et  al. 
2011). This pattern is detected as hypointense 
nodules with surrounding hyperintense septa on 
T2W images (Fig. 6). Honeycomb pattern is pro-
posed as the most sensitive imaging finding for 
Wilson’s disease (Vargas et al. 2016). Perihepatic 
fat layer can also be observed as perihepatic 
hypodense zone on CT and hyperintense on MR 
images. In advanced stages of the disease, find-
ings consistent with portal hypertension would 

a
b

c

Fig. 6  A 34-year-old female patient with diagnosis of 
Wilson. T1W images demonstrate hypointense nodules 
(a) and T2W coronal image demonstrates hypointense 

nodules with surrounding hyperintense septa (b). MR 
elastography demonstrates severe fibrosis in this patient 
with liver stiffness value of 8 kPa (c)
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be evident. Contrary to other chronic liver dis-
eases, caudate lobe hypertrophy is not an 
expected finding and normal caudate-to-right 
lobe ratio is reported as a diagnostic finding in 
Wilson’s disease (Akpinar and Akhan 2007). 
Wilson’s disease complicated by hepatocellular 
carcinoma is not an infrequent finding and 
should be evaluated in follow-up imaging.

5	 �Alpha-1 Antitrypsin 
Deficiency

Alpha-1 antitrypsin deficiency (AATD) is a rare 
hereditary disease with decreased production of 
alpha-1 antitrypsin that results in serious lung 
and/or liver disease. Aggregation of alpha-1 anti-
trypsin polymers within the endoplasmic reticu-
lum of liver cells promotes hepatocyte injury and 
forms periodic acid-Schiff-positive inclusions, 
which are hallmark biopsy feature in AATD-
related liver disease (Edgar et  al. 2017). 
Phenotypic expression may vary based on genetic 
and environmental factors in both lung and liver 
diseases in AATD. The clinical course of AATD-
related liver disease is poorly understood that 
affects about 10% of the patients with AATD 
(Townsend et  al. 2018). There is no specific 
imaging finding defined for AATD-related liver 
disease in the literature. Imaging findings of 
chronic liver disease and portal hypertension may 

be detected in advanced liver disease. In recent 
studies, it was shown that elastography tech-
niques performed with MRI and US have the 
potential to detect AATD-related liver fibrosis 
before development of cirrhosis (Kim et al. 2016; 
Reiter et al. 2018).

6	 �Radiation Injury

Radiation-induced liver disease (RILD), in other 
words radiation hepatitis, is a form of veno-
occlusive disease with fibrous obliteration of 
hepatic venules. It is a complication of radiother-
apy and is characterized with anicteric ascites, 
hepatomegaly, and elevated liver enzymes within 
2–8  weeks after radiotherapy. Imaging finding 
characteristically demonstrates a sharp line of 
demarcation between normal and abnormal 
parenchyma compatible with radiation port 
(Fig. 7). Hypodense area at unenhanced CT and 
hypo- or hyperdense area at enhanced CT reveal 
RILD (Unger et al. 1987). In patients with hepatic 
steatosis, irradiated zone may demonstrate higher 
attenuation than fatty liver. Affected area appears 
hypointense on T1W images and hyperintense on 
T2-weighted images due to edema on 
MRI.  Imaging findings usually regress within 
4–6 months and atrophy of the irradiated area and 
compensatory hypertrophy of the remaining liver 
can be observed (Federle 2004).

a b

Fig. 7  A patient with breast carcinoma with a history of radiation therapy. A well-demarcated hypodense area on 
contrast-enhanced CT image (a) and hyperintense area on T2W image (b) that are consistent with radiation port are seen
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Abstract

Liver steatosis is the hallmark of non-alco-
holic fatty liver disease (NAFLD), the most 
frequent chronic liver disease in the western 
countries. NAFLD ranges from simple steato-
sis to non-alcoholic steatohepatitis (NASH) 
and cirrhosis. Steatosis is also common in 
other diffuse liver diseases. Regardless the eti-
ology, liver fat accumulation induces liver 
damage, being associated with poor outcomes 
of chronic liver diseases. Liver biopsy is the 
gold standard for diagnosis and stratification 
of NAFLD, and also for distinguishing simple 
steatosis from NASH and staging fibrosis. 
However, liver biopsy is invasive and subject 
to substantial variability. Therefore, over the 
last years, the global burden of NALFD and 
the potential clinical impact of early detection 
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and monitoring of hepatic steatosis has fos-
tered the use of non-invasive imaging modali-
ties for the assessment of steatosis and the 
search for imaging biomarkers of fat. In this 
chapter, we will review the role of different 
imaging modalities in the detection and quan-
tification of liver steatosis, highlighting the 
role of imaging biomarkers of steatosis.

1	 �Introduction

Steatosis consists of the accumulation of fatty 
vacuoles in >5% of hepatocytes, resulting from 
the disruption of hepatic lipid metabolism. It is 
the hallmark of nonalcoholic fatty liver disease 
(NAFLD), which is now the most frequent 
chronic liver disease in the Western countries, 
being considered the hepatic manifestation of the 
metabolic syndrome (Younossi et al. 2016).

NAFLD encompasses three stages: simple ste-
atosis, nonalcoholic steatohepatitis (NASH), and 
cirrhosis. The prognosis is variable, but up to 
40% of the patients will develop inflammatory 
activity and fibrosis. Cirrhosis and its known 
complications may ensue, namely hepatocellular 
carcinoma and portal hypertension (McPherson 
et al. 2015). Fibrosis is the key factor for deter-
mining long-term prognosis, with those in 
advanced stages (F3–F4) estimated to have a 
>3-fold increased risk of all-cause mortality 
(Ekstedt et al. 2015; Angulo et al. 2015). Recent 
guidelines recommend lifestyle changes for 
NAFLD patients but those patients with NASH 
may benefit from pharmacotherapy. Nevertheless, 
although promising trials are underway, no spe-
cific  drug has yet been approved (EASL–EASD–
EASO 2016).

Besides NAFLD, steatosis is also common in 
other diffuse liver diseases, such as alcoholic 
liver disease, viral hepatitis, drug toxicity, and 
hemochromatosis (Chalasani et  al. 2012). 
Regardless of the etiology, intracellular fat 
induces liver damage and has been associated to 
poor outcomes in liver diseases (Leandro et  al. 
2006; Hwang and Lee 2011). Additionally, it 
reduces the response to antiviral treatment in 
viral hepatitis (Hwang and Lee 2011) and wors-
ens the prognosis of patients undergoing liver 

surgery or transplant (Ploeg et al. 1993; de Meijer 
et al. 2010).

Liver biopsy is the gold standard for diagnosis 
and stratification of NAFLD, and also for distin-
guishing simple steatosis from NASH and stag-
ing fibrosis (Yeh and Brunt 2014). The most used 
semiquantitative method to grade liver steatosis 
relies on a visual score based on the percentage of 
liver parenchyma containing steatotic hepato-
cytes: 6–33%, 33–66%, or >66% (Kleiner et al. 
2005; Yeh and Brunt 2014). Although promising 
semiautomated and automated methods have 
been developed (Nativ et  al. 2014; Vanderbeck 
et  al. 2014), liver biopsy is still subject to sub-
stantial inter- and intra-reader variability 
(Villeneuve et al. 1996; Ratziu et al. 2005; Brunt 
and Tiniakos 2010). Furthermore, it is an invasive 
procedure and suffers from sampling variability 
(Bravo et al. 2001; Rockey et al. 2009). Therefore, 
over the last years, the global burden of NALFD 
and the potential clinical impact of early detec-
tion and monitoring of hepatic steatosis have fos-
tered the use of noninvasive imaging modalities 
for the assessment of steatosis and the search for 
imaging biomarkers of fat.

2	 �Ultrasound (US)

Ultrasound (US) is an inexpensive and widely 
available imaging tool for the initial screening 
of steatosis. Normal liver echogenicity is simi-
lar to the renal cortex and the spleen’s paren-
chyma. Hepatic steatosis, on the other hand, 
results in increased echogenicity of the liver’s 
parenchyma, and is commonly graded as mild, 
moderate (loss of vein and portal wall defini-
tion), or severe (acoustic attenuation hampering 
the observation of the deepest hepatic regions 
and the diaphragm contour) (Idilman et  al. 
2016) (Fig. 1).

US findings and histological results may dif-
fer, as the same amount of fat distributed in sev-
eral microvesicles will result in a higher 
echogenicity than if present in few macrovesicles. 
Another limitation of this technique is that the 
coexistence of fibrosis can also affect its perfor-
mance, as fibrosis might also increase the paren-
chyma’s echogenicity (Ma et  al. 2009; Idilman 
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et al. 2016). US is also limited for being an oper-
ator-dependent technique, with associated intra- 
and interobserver variability and for its reduced 
accuracy for detecting mild steatosis (Strauss 
et  al. 2007; Hernaez et  al. 2011). Nevertheless, 
US is still the preferred first-line diagnostic pro-
cedure for imaging of NAFLD, especially in pri-
mary care, as it is more widely available and 
cheaper than other imaging techniques (5).

To improve US diagnostic performance, sev-
eral quantitative US-based methods have been 
recently introduced, such as the Hepatorenal 
Index (HRI), Acoustic Structure Quantification 
(ASQ), and Controlled Attenuation Parameter 
(CAP). HRI is a computerized parameter defined 
as the ratio between the brightness level in a 
region of interest (ROI) in the liver and the right 
kidney, with a good reported accuracy (Webb 
et  al. 2009; Marshall et  al. 2012; Borges et  al. 
2013; Shiralkar et al. 2015). In the liver, the ROI 
has to be far from vessels or bile ducts whereas in 
the kidney it should be located in the cortical area 
between the pyramids. On the other hand, ASC 
analyzes the echo amplitude of the US beam 
within a ROI, which is strongly correlated with 
hepatic fat fraction (Kuroda et  al. 2012; Karlas 
et  al. 2015; Son et  al. 2016; Lee et  al. 2017). 
Finally, CAP is an application of transient elas-
tography, an US-based method that is commonly 
used in clinical practice for quantifying liver stiff-
ness and staging fibrosis. CAP has been devel-
oped to quantify hepatic steatosis by assessing 
the degree of US beam attenuation by the intra-
cellular fat vacuoles, with results being expressed 
as decibels per meter (dB/m), ranging from 100 

to 400 dB/m (Stern and Castera 2017). Although 
these new US-based quantitative techniques have 
been gathering promising results, they are still on 
the research field and further validation is needed 
before they start to being used in clinical practice 
(Shi et al. 2014; Karlas et al. 2017; Lee 2017).

3	 �Computed Tomography (CT)

The parenchyma of the normal liver appears 
homogeneous at unenhanced CT, with attenuation 
ranging from 55 to 65 Hounsfield Units (HU), 
slightly exceeding the spleen’s density by about 10 
HU. The presence of fatty hepatocytes lowers the 
attenuation of liver parenchyma, with steatosis 
being defined at unenhanced CT scans by hepatic 
attenuation values under 40 HU or a spleen-to-
liver attenuation difference (CTL-S) of at least 10 
HU (Lee 2017). Rarely, the liver’s attenuation 
might be near 0 HU or even negative in the most 
severe cases (Boll and Merkle 2009) (Fig.  2). It 
has been reported that the portal venous phase CT 
images have comparable diagnostic performance 
to the unenhanced CT images for detecting steato-
sis. Nevertheless, the latter is preferred, as differ-
ent injection protocols and delay times can affect 
the attenuation values of the liver’s parenchyma 
(Kim et  al. 2010; Lawrence et  al. 2012). 
Furthermore, due to differences between CT scan-
ners and reconstruction algorithms, CTL-S is the 
preferred parameter to determine steatosis, as it 
uses the spleen, which does not accumulate fat, as 
an internal control (Birnbaum et al. 2007; Pickhardt 
et al. 2012; Lee and Park 2014). CTL-S has demon-

a b c

Fig. 1  US images from different patients demonstrating cases of mild (a), moderate (b), and severe (c) diffuse 
steatosis
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strated to provide good diagnostic performance in 
the detection of moderate-to-severe steatosis, but 
not of mild steatosis (Lee et al. 2010). Also, rely-
ing uniquely on attenuation measurements can be 
deceiving since iron deposition (as occurs in 
hemochromatosis, hemosiderosis, or chronic liver 
diseases, including NAFLD) or iodine deposition 
(as in patients taking amiodarone) can increase the 
attenuation of the liver parenchyma, misleading 
the assessment of steatosis (Patrick et  al. 1984; 
Park et al. 2011; Pickhardt et al. 2012). Although 
dual-energy CT could have the potential to pro-
vide better diagnostic performance in the detection 
and quantification of hepatic steatosis, this was not 
confirmed so far (Mendler et al. 1998; Artz et al. 
2012; Kramer et al. 2017).

Thus, the use of ionizing radiation, the lack of 
accuracy for detecting mild steatosis, and the fact 
that other disorders may affect the liver attenua-
tion make CT an unsuitable method for screen-
ing, staging, or monitoring NAFLD patients 
(Stern and Castera 2017).

4	 �Magnetic Resonance (MR) 
Imaging

MR imaging has a unique capability to detect the 
presence of fat within the tissues. Both water and 
fat contain hydrogen protons: a water molecule 

contains two protons, whereas a triglyceride 
molecule contains multiple protons in several 
different chemical configurations, including 
those of terminal methyl (CH3), methylene 
(CH2), and methine (CH=CH) groups. Due to 
their chemical configuration, protons in water 
and fat resonate at different frequencies, a phe-
nomenon known as “chemical shift”: fat protons 
resonate at a slightly lower frequency than water 
protons, at a rate proportional to the magnetic 
field strength (Yokoo and Browning 2014). By 
exploiting these different chemical shifts of fat 
and water protons, MR imaging can detect fat in 
tissues where water and fat coexist, such as the 
liver.

4.1	 �MR Sequences for Detecting 
Hepatic Steatosis

Chemical shift-based gradient-echo (GRE) 
sequences take advantage of the different chemi-
cal shifts of water and fat, allowing to separate 
the MR signal into its water and fat components 
by acquiring images at two or more echo times 
(TEs) after signal excitation: the first TE when 
water and fat protons are “out of phase” (OP), 
and the second TE when both water and fat are 
“in phase” (IP). The TE corresponding to the OP 
and IP images depends on the magnetic field 
strength: fat and water protons are OP every 2.3 
(at 1.5-T) or 1.15 ms (at 3-T), and IP every 4.6 ms 
(at 1.5-T) or 2.3 ms (at 3-T).

For several years, T1 dual-echo “chemical 
shift” GRE sequences have been widely used in 
clinical practice for the visual detection of liver 
steatosis. The liver signal intensity (SI) on the IP 
images results from water plus fat signals while 
on the OP images the liver SI results from the 
difference between water and fat signals. 
Therefore, steatosis is depicted as a liver SI drop-
out on the OP image with respect to the IP image 
(Fig.  3). Nevertheless, these MR sequences are 
only accurate in cases of isolated steatosis, as fat 
detection may be confounded by coexistence of 
hepatic iron deposits. As iron is a paramagnetic 
substance, its presence increases the T2* signal 
decay (Sirlin and Reeder 2010), resulting in low 
SI of the liver parenchyma on the second (IP) 

Fig. 2  Diffuse and severe hepatic steatosis on unenhanced 
CT, with negative spontaneous attenuation (−15 Hounsfield 
Units) of the liver parenchyma and a CTL-S of 60
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image as compared to the first (OP) echo image. 
Therefore, when fat and iron coexist, as may 
occur in NAFLD and other chronic liver dis-
eases, the effect of iron may obscure the effect of 
liver steatosis on the SI of the liver parenchyma. 
This will result in less or no apparent liver SI 
change between the OP and IP images, which 
may lead to misinterpretation and to underesti-
mation of liver fat content (Westphalen et  al. 
2007) (Fig. 4).

Fat has a high SI on T2-weighted images. 
Therefore, turbo spin-echo (TSE) T2-weighted 
images can also be used to detect hepatic steato-
sis, by acquiring two sets of images. Because fat 
has a high SI on T2-weighted images, steatosis 
can be depicted by acquiring two sets of TSE 
T2-weighted images, with and without fat sup-
pression. If there is hepatic steatosis, the SI of 
the liver parenchyma will be higher on the 

nonfat-suppressed images than on the fat-sup-
pressed images (Fig.  5). These sequences are 
less sensitive to iron deposits than GRE 
sequences, but they may still be confounded by 
the presence of moderate-to-severe iron over-
load. Additionally, T2-weighted TSE sequences 
are also dependent on the B0 magnetic field 
homogeneity (Sirlin and Reeder 2010; Martí-
Bonmatí et al. 2012).

4.1.1	 �Imaging Patterns of Hepatic 
Steatosis

Different imaging patterns of hepatic steatosis 
can be recognized on the MR images. The most 
common imaging pattern of hepatic steatosis is 
a diffuse and homogenous fatty infiltration 
(Figs.  3 and 5). Nevertheless, other patterns 
can appear, such as diffuse and heterogeneous 
deposition (Fig.  6), diffuse deposition with 

a b

Fig. 3  Severe and homogeneously diffuse hepatic steatosis, with marked signal dropout on T1 chemical shift OP 
images (a) relative to IP images (b)

a b

Fig. 4  Hepatic steatosis and siderosis in a patient with 
abnormal liver enzymes and hyperferritinemia. On T1 
chemical shift GRE, there is no apparent SI change 
between the OP (a) and IP (b) images. However, this 

patient has both liver steatosis and siderosis (please refer 
to Fig.  14). The coexistence of fat and iron biases fat 
detection on T1 dual-echo images, underestimating the 
liver fat content
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areas of focal sparing, or focal, multifocal, per-
ilesional, subcapsular, and perivascular steato-
sis (Idilman et  al. 2016). In some of these 
cases, steatosis can mimic other lesions, and 
other imaging findings should be looked for, 

namely iso-enhancement compared to the 
remaining parenchyma, absence of mass effect 
or displacement of vascular structures, and sta-
bility on follow-up examinations (Hamer et al. 
2006).

a b

Fig. 5  Diffuse severe hepatic steatosis. On TSE T2-weighted images, there is signal loss of the liver parenchyma on the 
fat-suppressed images (b) when compared to the non-suppressed images (a)

a b

Fig. 6  Hepatic steatosis with heterogeneous distribution. T1-weighted chemical shift GRE images show patchy and 
heterogeneous signal dropout of the liver parenchyma on the OP images (a) relative to the IP images (b)

a b c d

Fig. 7  Focal fat deposition on segment IV, demonstrated 
as a hyperechogenic area on US (a) and hypodense on CT 
(b). On T1-weighted chemical shift GRE MR sequences, 

there is signal dropout on the OP images (c) relative to the 
IP images (d)
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Focal fat deposition or, on the other hand, 
focal fat sparing in a diffusely steatotic liver, 
usually appears in typical shapes (e.g., geo-
graphic or wedge shaped) and areas of the liver 
parenchyma (e.g., adjacent to the falciform liga-
ment, the liver hilum, and/or the gallbladder 
fossa) (Figs. 7 and 8). The reason for this distri-

bution is not fully understood, although it has 
been attributed to variant venous inflow and oxy-
gen pressure imbalances (Yoshikawa et al. 1987; 
Hashimoto et  al. 2002; Yves Menu 2005). 
Multifocal steatosis appears as multiple small 
(0.5–2  cm) fatty nodules, often distributed 
throughout the liver parenchyma, that may 

a b c

Fig. 8  Focal spared area on segment IV in a diffuse 
hepatic steatosis. The liver parenchyma has very low den-
sity on CT images and the focal spared area appears as a 

hyperdense area on unenhanced CT (a) that enhances 
comparably to the remaining liver parenchyma in the arte-
rial (b) and portal venous phase (c) images

a b

c d

Fig. 9  Multifocal steatosis. Multiple small fatty nodules 
are seen throughout the liver parenchyma, showing signal 
dropout on T1 GRE OP (a) relative to the IP (b) image, 

signal hyperintensity on T2 TSE (c), and absence of 
diffusion restriction on the diffusion weighted  image 
(b = 1000) (d)
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coalesce. This form is often seen in oncological 
patients after chemotherapy, either as new-
appearing lesions or in the location of metasta-
sis, probably due to fatty necrosis. The 
recognition of signal loss on T1 OP images, 
absence of restriction to diffusion on  diffusion 
weighted images, and iso-enhancement on 
contrast-enhanced MR help to correctly diag-
nose multifocal steatosis and distinguish it from 
liver metastasis (Figs. 9 and 10).

Subcapsular fatty infiltration is commonly 
observed in patients who receive insulin within 
their peritoneal dialysate. Insulin diffuses through 
the Glisson’s sheath, stimulating the conversion 
of glucose to fatty acids in hepatocytes (Khalili 
et  al. 2003). The same mechanism explains the 
perilesional fat deposition that is usually seen 
around liver metastases from pancreatic insulin-
oma (Fregeville et al. 2005).

Another pattern that can be recognized mainly 
in association with alcohol intake or oral cortico-
steroids is perivascular steatosis. This pattern is 
characterized by a halo of fat surrounding the 
hepatic veins and/or the portal veins, and it can 
have a similar appearance to edema, fibrosis, per-
fusion abnormalities, or even lymphoma (Lawson 
et  al. 1993; Hamer et  al. 2005; Karcaaltincaba 
et al. 2007).

It is important to be aware that some focal or 
diffuse abnormalities may, in turn, mimic 
hepatic steatosis on imaging studies. For exam-
ple, radiation-induced liver disease can lead to 
hypoattenuation of the liver parenchyma on 
CT, hypo- or hyperechogenicity at US, and 
hypointensity on T1- and hyperintensity on 

T2-weighted MR images, similar to steatosis. 
Differential diagnosis can be made by the sharp 
borders with lack of anatomic correspondence 
of the irradiated area, as the radiation beam 
geometry does not follow vascular or segmen-
tal territories. Also, findings of radiation-
induced liver disease usually regress in 4–6 
months, and the irradiated area gradually 
shrinks, with compensatory hypertrophy of the 
remaining liver (Kwek et  al. 2006; Maturen 
et  al. 2013). Liver metastasis from fat-
containing primary tumors such as teratomas, 
liposarcomas, Wilms’ tumors, and renal cell 
carcinomas may also mimic steatosis 
(Bartolozzi et al. 2001). Usually, other imaging 
findings, namely on contrast-enhanced and dif-
fusion wieghted MR images, help to establish 
the correct diagnosis. Confluent hepatic fibro-
sis appears hypodense on unenhanced CT, 
isodense or slightly hypodense on contrast-
enhanced CT, and hyperintense on T2-weighted 
images (Ohtomo et  al. 1993) and, therefore, 
can also mimic hepatic steatosis. Nevertheless, 
confluent fibrosis is usually seen as wedge-
shaped areas, usually extending from the hilum 
to the periphery, affecting the medial and ante-
rior segments and causing capsular retraction, 
and without signal dropout on OP T1-weighted 
images (Fig.  11). Perfusion anomalies may 
also morphologically resemble fat deposition, 
but they are visible only during the arterial and 
portal venous phases after contrast agent 
administration, and they are not detectable on 
unenhanced or equilibrium phase images 
(Hamer et al. 2005).

a b c

Fig. 10  Nodular steatosis. On T1-weighted chemical 
shift sequence, a fatty nodular area is recognized on the 
OP image (a) but not seen on the IP image (b), not dis-
placing the vascular structures and showing iso-

enhancement on the portal venous phase (c). This focal 
nodular deposition of fat is a pseudolesion and should not 
be misdiagnosed as a true focal liver lesion
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4.2	 �Quantification of Hepatic 
Steatosis with MR 
Spectroscopy and MR Imaging

As liver biopsy is not feasible for diagnosing or 
monitoring the large number of patients with 
NAFLD and NASH, there was a need for devel-
oping noninvasive accurate imaging biomarkers. 
Both MR spectroscopy (MRS) and advanced MR 
imaging sequences take advantage of the differ-
ent chemical shifts of water and fat protons to 
quantify fat. The best imaging biomarker of 
hepatic steatosis is proton density fat fraction 
(PDFF), and it is now being used in research 
studies and clinical trials with new drugs tailored 
for NASH.

4.2.1	 �MR Spectroscopy
Knowing a priori the chemical shift of the 
water and fat protons allows measuring their 
concentrations directly from the hepatic spec-
tral signal acquired by MR spectroscopy, as the 
amplitude of each peak is related with its pro-
ton density (Yokoo and Browning 2014). As 
mentioned in chapter “Magnetic Resonance 
Imaging of the Liver: Technical Considerations", 
proton density of fat is the sum of the multiple 
frequency components of fat molecules. Thus, 
PDFF can be determined as a ratio between the 
sum of the fat peaks (fat proton density, FPD) 
and water proton density (WPD): PDFF 
(%) = FPD/WPD.

PDFF determined by MR spectroscopy is 
closely correlated with the molecular density of 
fat, therefore being considered the imaging gold 
standard for hepatic fat quantification (Reeder 
et al. 2011). Nevertheless, it is not widely avail-
able on MR scanners, it  needs dedicated soft-
ware tools, and it is time consuming, being only 
available in specialized hospital or research 
centers (Reeder et al. 2011; Yokoo and Browning 
2014).

4.2.2	 �Chemical Shift-Encoded MR 
Sequences

To overcome the limitations of MR spectroscopy, 
chemical shift-based advanced MR imaging 
sequences were developed for PDFF quantifica-
tion. These sequences can be easily implemented 
on every MR equipment being used in clinical 
practice.

As explained before, on T1-weighted “dual-
echo” sequences, the liver SI on IP images results 
from the water plus fat signals, while on OP 
images, liver signal intensity results from the dif-
ference between the water and fat signal compo-
nents. Thus, theoretically, hepatic fat fraction 
could be calculated as (SIP − SOP)/2SIP, where SIP 
corresponds to liver/spleen signal intensity mea-
sured on the IP image, and SOP represents the 
relative signal measured on the OP image, with 
the spleen being used for internal signal normal-
ization (Martí-Bonmatí et  al. 2012). However, 
these fat fraction measurements are based on fat 

a b c

d e

Fig. 11  Confluent liver fibrosis in a patient with liver cir-
rhosis. The liver parenchyma is hyperechoic and hetero-
geneous on US (a). On MR images, there is signal drop 
out of the liver parenchyma on the T1 GRE OP image (b) 
indicating liver steatosis. Furthermore, the T1 GRE IP 

image (c) shows a hypointense ill-defined perihilar area, 
without signal dropout on the OP image (b), which is 
hypertintense on the fat supressed T2-weighted image (d), 
corresponding to confluent fibrosis. Fibrosis has progres-
sive enhancement on contrast-enhanced T1 images (e)
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and water SI, rather than on its proton densities. 
The “signal” fat fraction is influenced by numer-
ous biological, physical, and technical factors, 
such as the T1 bias and the T2* decay bias, and 
also the spectral complexity of the fat spectrum, 
J-coupling, noise bias, or eddy currents. Thus, the 
“signal” fat fraction is not a precise measure and 
the “classic” dual-echo chemical shift sequences 
should not be used for quantification of hepatic 
steatosis (Reeder and Sirlin 2010). Nevertheless, 
if these confounding factors are corrected or 
attenuated, the “signal” fat fraction will be simi-
lar to the PDFF, as estimated by MR spectros-
copy. For this purpose, multi-echo chemical 
shift-based GRE sequences have been recently 
developed. For precise quantification of PDFF, 
these sequences must consider the effect of T1 

and T2* decay, and the spectral complexity of fat 
(also refer to chapter “Magnetic Resonance 
Imaging of the Liver: Technical Considerations”). 
By using multiple OP and IP echoes, water and 
fat signals are separated, allowing the estimation 
of fat fraction (Fig.  12). At the same time, for 
each echo, the T2* decay (or R2*) is estimated, 
which will be used to correct the effect of T2* 
decay on PDFF quantification. This T2* correc-
tion is particularly important when fat and iron 
coexist in the liver parenchyma, as can be often 
seen in patients with NAFLD and other chronic 
liver diseases (Sirlin and Reeder 2010). Moreover, 
because T2* decay estimation is closely related 
to iron content, it can be used for simultaneously 
estimating the hepatic iron burden (Yokoo and 
Browning 2014; França et al. 2017a, b) (Fig. 12).

a b

Fig. 12  Multi-echo chemical shift-encoded GRE 
sequence for fat (PDFF) and iron (R2*) quantification. (a) 
Axial phase image demonstrating a ROI in the segment 

VI, avoiding the vessels. (b) The signal decay is modeled 
as a function of TE for PDFF and iron quantification

a b c

Fig. 13  Severe diffuse hepatic steatosis (same patient as 
in Fig. 3). Multi-echo chemical shift-encoded GRE MR 
sequence for fat and iron quantification estimated severe 

hepatic steatosis (PDFF 27%), also with mild elevation of 
R2* (160 s−1): Phase image (a), fat parametric map (b), 
and iron parametric map (c)
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These sequences are very fast, being acquired 
during one or two breath-hold acquisitions, and 
can be performed with commercially available 
tools or using in-house advanced methods, both 
on 1.5-T and 3.0-T equipment. Then, fat mea-
surements can be presented in parametric maps, 
demonstrating the hepatic PDFF values, pixel by 
pixel, with the advantage of demonstrating the 
distribution of fat throughout the parenchyma 
(Figs. 13, 14, and 15).

Multi-echo chemical shift-encoded sequences 
are accurate for quantification of hepatic steatosis 
(Tang et  al. 2013; Idilman et  al. 2013; França 
et al. 2017a) and have an excellent linearity and 
precision across different manufacturers, field 

strengths, and reconstruction methods (Yokoo 
and Browning 2014).

Although PDFF threshold values have been 
proposed to diagnose liver steatosis and to dif-
ferentiate histological grades of steatosis 
(Permutt et  al. 2012; Tang et  al. 2013, 2015; 
Idilman et al. 2013; França et al. 2017a), they still 
need further validation in large cohorts of patients 
before they become standardized. Besides, when 
interpreting PDFF measurements, it should be 
remembered that PDFF and histologically esti-
mated steatosis percentages are highly correlated, 
but they are not equivalent, as they express differ-
ent metrics: the percentage of hepatocytes with 
macrovesicles of fat is evaluated on liver biopsy, 

a b

c d

Fig. 14  Patient with excessive alcoholic consumption 
and hyperferritinemia, with coexistence of hepatic steato-
sis and siderosis. There is a slight increase on liver SI on 
OP (a) images when compared to IP (b) images, suggest-
ing iron deposition. Multiparametric maps of fat (c) and 

iron (d), obtained with a multi-echo chemical shift-
encoded sequence, allow to recognize heterogeneous 
deposition of both fat and iron throughout the liver paren-
chyma: mean PDFF is 10% (mild steatosis); mean R2* is 
150  s−1
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while PDFF measures the density of mobile fat 
protons within the hepatocytes.

Multi-echo chemical shift-encoded MR 
sequences are now being used for longitudinal 
monitoring of liver fat in patients with NAFLD, 
both in clinical practice and research trials 
(Oscarsson et al. 2018; Noureddin et al. 2013; 
Caussy et  al. 2018; Eriksson et  al. 2018; 
Loomba et  al. 2018; Chalasani et  al. 2018). 
They were considered to be even more precise 
than liver biopsy for therapy monitoring in 
patients with NASH (Reeder et  al. 2011; 
Noureddin et al. 2013). Other applications for 
PDFF measurements are the evaluation of liv-
ing liver donors (Satkunasingham et al. 2018), 
assessment of steatosis related with chemo-
therapy in oncologic patients (Corrias et  al. 
2018), and pre- and postoperative assessment 
of fatty liver disease in patients undergoing 
bariatric surgery (Luo et al. 2018; Pooler et al. 
2018).

5	 �Conclusion

Hepatic steatosis is the hallmark of NAFLD but it 
can also be present in many other diffuse chronic 
liver diseases, being associated with the develop-

ment of liver fibrosis. Although moderate-to-
severe steatosis can be depicted with US or CT, 
MR imaging is the best technique to accurately 
detect and quantify steatosis. MR-determined 
PDFF measurements are now considered the best 
imaging biomarker of hepatic steatosis, being 
widely available on MR equipment, and are being 
used for diagnosing and monitoring steatosis in 
NAFLD patients, in both clinical practice and 
research trials.

Different patterns of fat deposition can be rec-
ognized on imaging examinations. Radiologists 
should be aware of them and should not misinter-
pret them as other liver abnormalities or focal 
lesions.
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Abstract
Hepatic iron overload may be found in several 
disorders, such as hereditary hemochromato-
sis, secondary hemochromatosis and chronic 
liver disease. Because hepatic iron concentra-
tion is a surrogate of total body iron stores, 
assessment and quantification of hepatic iron 
overload is important to select those patients 
who will benefit from specific treatments and 
also to accurately monitor the therapy. Over 
the last decades, MR imaging has become an 
important tool for evaluating iron overload 
disorders and for non-invasively quantifying 
hepatic iron concentration.

In this chapter, we review the current state-
of-the-art of advanced MR imaging tech-
niques used for imaging and quantification of 
hepatic iron overload. Furthermore, the imag-
ing findings of other liver storage disorders are 
also presented.
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1	 �Introduction

The liver serves as an important storage for many 
substances, particularly when they are in excess. 
The paradigmatic example of this is hepatic iron 
accumulation in the setting of iron-overload dis-
orders, in which the liver is the main storage 
organ and the first one to accumulate the excess 
of circulating iron.

Over the last decades, MR imaging has 
become an important tool for evaluating iron-
overload disorders and other hepatic deposition 
diseases, and a growing cohort of patients are 
now being referred for assessing hepatic iron, fat, 
and fibrosis. In fact, technological developments 
have made MR imaging an indispensable tool in 
the evaluation of these diseases, not only provid-
ing information on diffuse liver parenchymal 
abnormalities, but also showing multifocal 
involvement in multiorgan and systemic 
diseases.

Knowledge of imaging findings related with 
hepatic deposition disorders is important for 
abdominal imagers as they can be the first ones to 
incidentally discover these diseases.

2	 �Iron-Overload Disorders

2.1	 �Pathophysiology of Iron 
Overload

Iron is a double-edge nutrient: while it is crucial 
for many cellular functions and proliferation, it 
can become toxic when in excess, inducing oxi-
dative stress and cellular damage (Steinbicker 
and Muckenthaler 2013; Pietrangelo 2016). 
Dietary iron is absorbed at the duodenum and 
exported by ferroportin. Then, it bonds to trans-
ferrin in order to circulate in the bloodstream, for 
finally being used in cellular metabolism and 
erythropoiesis. Iron recycling results from the 
destruction of aged or damaged red blood cells 
that are phagocytized by the mononuclear phago-
cytic system in the spleen (Ganz 2008). Only a 
small amount of iron is lost due to bleeding, skin 
desquamation, or urinary excretion. Because 
there is no regulated pathway to eliminate excess 
iron, incoming of iron is crucial, which is con-
trolled by hepcidin, the hormone that regulates 

the expression of ferroportin (the iron exporter) 
in the enterocytes, macrophages, and hepatocytes 
(Ganz 2008). When there is excess of iron, it is 
stored as ferritin within the hepatocytes and also 
at the mononuclear phagocytic system within the 
liver (the Kupffer cells) and spleen. Nevertheless, 
when the ferritin storage capacity is exceeded, 
nonbonded iron induces oxidative stress and cel-
lular damage, ultimately leading to fibrosis and 
organ dysfunction. The clinical manifestations 
will depend on the pattern and severity of organ 
iron deposition, which are related with the etiol-
ogy of iron overload (Piperno 1998). Increased 
liver iron deposition can result from either genetic 
hemochromatosis or transfusional hemosiderosis 
(secondary hemochromatosis), but it is also 
increasingly recognized in association with 
chronic liver diseases and metabolic diseases.

Hereditary hemochromatosis is caused by 
mutations in the genes involved in the iron 
metabolism and trafficking. Most of the patients 
are homozygous for the p.C282Y variant of the 
HFE gene (EASL 2010), resulting in deficient 
synthesis of hepcidin, which leads to increased 
plasma iron concentration and transferrin satura-
tion. Iron will accumulate mainly in the liver but 
also in other organs with transferrin receptors, 
such as the pancreas and the heart (Pietrangelo 
2015). Clinical manifestations include liver cir-
rhosis, diabetes, and heart failure. In these 
patients, the excess of iron is efficiently treated 
through periodic phlebotomies.

Secondary hemochromatosis results from an 
oversupply of either endogenous or exogenous 
iron in cases of iron-loading anemias (e.g., thal-
assemia, sickle cell, or sideroblastic anemias) or 
in patients with multiple blood transfusions, with 
increased erythrophagocytosis leading to excess 
of iron (Piperno 1998). Consequently, iron will 
accumulate in the mononuclear phagocytic sys-
tem in the spleen, bone marrow, and also liver, 
and then in the parenchyma of the pancreas, 
heart, and endocrine glands. Because these 
patients usually have anemia, they cannot be 
treated with phlebotomies, but, instead, iron che-
lates are used in order to prevent organ toxicity.

Chronic liver diseases, such as alcoholic 
liver disease, nonalcoholic fatty liver disease, 
viral hepatitis, and end-stage liver disease, can 
present hepatic iron overload but usually at a 
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lower level than in primary or secondary hemo-
chromatosis. Interestingly, iron coexistence with 
other hepatotoxins, such as concomitant steato-
sis or viral hepatitis, may have a synergetic 
effect on the progression of the underlying liver 
disease, and this appears to happen even with 
low-grade overload (Pietrangelo 2016). 
Progression of liver fibrosis and increased risk of 
hepatocellular carcinoma have also been associ-
ated with iron overload in chronic liver diseases 
(Pietrangelo 2009; Corradini and Pietrangelo 
2012; Kew 2014).

Finally, dysmetabolic iron overload syn-
drome is another condition associated with 
hepatic iron overload, being defined as hepatic 
iron overload in association with one or more 
metabolic abnormality related with insulin resis-
tance, such as obesity, dyslipidemia, or abnor-
mal glucose metabolism (Moirand et al. 1997). 
It is the major cause for hyperferritinemia in the 
outpatient setting, being much more common 
than hereditary hemochromatosis (Mendler 
et al. 1999). Even though the iron excess is usu-
ally mild, in some cases it can be as high as in 
hereditary hemochromatosis (Deugnier and 
Turlin 2007). Furthermore, associated liver ste-
atosis and steatohepatitis are common findings 
in these patients (Turlin et al. 2001; Riva et al. 
2008).

2.2	 �Markers of Iron Overload

The total body iron stores (TBIS) can be esti-
mated through quantitative phlebotomies, 
because the amount of iron in the removed blood 
can be measured. Nevertheless, phlebotomies 
should only be used if they provide therapeutic 
benefit (EASL 2010) and, therefore, TBIS cannot 
be estimated by blood depletion in every iron-
overload disorder.

Serum ferritin is widely used as a serum 
marker of iron overload. Nevertheless, it is not 
specific, since it is an acute-phase reactant, being 
frequently elevated in acute and chronic inflam-
matory conditions, and also in malignancy or in 
liver diseases with hepatocellular necrosis (Wang 
et al. 2010; Wood 2014a, b).

Liver iron concentration (LIC) has been 
demonstrated to be directly correlated with the 

TBIS and, therefore, it is considered as a surro-
gate marker of TBIS (Brissot et  al. 1981; 
Angelucci et  al. 2000). Therefore, liver core 
biopsy with biochemical determination of LIC, 
performed by atomic absorption spectrometry of 
liver tissue, has been considered the reference 
standard for the quantification of hepatic iron 
overload and for assessment of body iron stores 
(Barry 1974). However, spectrophotometry is 
not widely available (Wood 2014a, b). 
Furthermore, besides operator dependency and 
other important disadvantages related to the 
invasive nature of liver biopsy, such as pain or 
hemorrhagic complications, there are also 
important concerns related to its sampling vari-
ability (Villeneuve et  al. 1996; Emond et  al. 
1999). In fact, only a small sample of the liver 
parenchyma is analyzed and the variability of 
iron deposition throughout the liver parenchyma 
can be very high, particularly in cases of cirrho-
sis (Hernando et al. 2014).

In this scenario, imaging techniques have been 
explored as noninvasive alternatives for iron 
detection and quantification.

Ultrasonography (US) and computed 
tomography (CT) are not useful in the detection 
of hepatic iron overload. Iron overload is usually 
associated with an increased attenuation of the 
liver parenchyma on CT images but this finding 
is not accurate (Wood 2014a, b). Even though 
dual-energy CT has been shown to be more accu-
rate for detecting and quantifying liver iron con-
tent than monoenergetic CT (Luo et al. 2015), it 
still needs further validation. Besides, CT uses 
radiation, hampering its use in the long-term fol-
low-up of iron-reducing therapies, particularly in 
young patients.

On the other hand, magnetic resonance 
imaging (MRI) has a unique ability to detect the 
presence of iron within tissues and it has been 
increasingly used as an alternative to liver 
biopsy, allowing both detection and quantifica-
tion of iron overload. In fact, MRI is now con-
sidered the standard of care, even being more 
precise than liver biopsy for assessing LIC and 
TBIS (Wood et  al. 2015). Furthermore, MRI 
enables the detection and quantification of iron 
deposition in other tissues besides the liver, 
depicting different distribution patterns of iron 
overload.

Liver Increased Iron Deposition and Storage Diseases
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2.3	 �MR Imaging for Iron Detection 
and Assessment 
of Distribution Patterns 
of Iron Overload

MRI depicts the paramagnetic effect of iron on 
the neighborhood protons, accelerating the T2 
relaxation and mainly the T2* signal decay, 
resulting in a recognizable signal loss on T2- and 
T2*-weighted images, which is proportional to 
the iron content (Sirlin and Reeder 2010). Thus, 
the presence of liver iron overload can be 
recognized by the low signal intensity (SI) of the 
liver on T2- and T2*-weighted images (Fig. 1). 
Moreover, on chemical shift (dual echo) gradient-

echo (GRE) T1-weighted sequences, iron over-
load is recognized by decreased SI on the in-phase 
images (second echo images) as compared with 
out-of-phase images (first echo images) (Fig. 2).

Certain distribution patterns of iron accu-
mulation may be recognized on abdominal MR 
images of different iron-overload diseases, 
according to their different physiopathology. For 
example, iron deposits within the liver and pan-
creas, depicted as low SI of these organs on 
T2-weighted images, are most commonly 
observed in patients with severe hereditary hemo-
chromatosis, usually sparing the spleen and bone 
marrow (Fig. 3). On the other hand, a pattern of 
low SI of the liver, spleen, and bone marrow is 
related to iron accumulation inside the cells of 
the mononuclear phagocytic system (Fig.  4), 
being classically attributed to transfusional 
hemosiderosis or hemolytic anemias. 
Nevertheless, with time, these patients can also 
accumulate iron in the pancreas (Fig.  5). 
Autosplenectomy is also frequently seen in 
hemolytic anemias and, particularly in sickle cell 
anemia, iron overload may also be depicted in the 
renal cortex, due to accumulation of hemoglobin 
during renal filtration (Fig.  4) (Schein et  al. 
2008). On the other hand, the presence of isolated 
hepatic iron deposition is classically associated 
to iron overload in the setting of chronic liver dis-
eases but can also be recognized on milder forms 
of hereditary hemochromatosis (Fig. 1) (Queiroz-
Andrade et al. 2009; Gourtsoyiannis 2011).

Fig. 1  TSE T2-weighted TSE image in a patient with 
hereditary hemochromatosis, with low SI of liver paren-
chyma due to iron overload. The pancreas and spleen have 
normal SI. This pattern is usually present in milder forms 
of hemochromatosis but can also be seen in chronic liver 
diseases

a b

Fig. 2  Hepatic iron overload recognized on chemical shift T1-weighted MR images. The liver intensity is lower on the 
second echo in-phase image (b) in comparison to the first echo (opposed phase) image (a), due to iron T2* decay effect
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These distribution patterns can help abdominal 
imagers to recognize iron-overload diseases but, 
nevertheless, many variants can be seen in clinical 
practice and, thus, these patterns of iron distribu-
tion should be interpreted with caution. For exam-
ple, iron deposition in the liver, spleen and bone 
marrow is also frequent in patients with chronic 
diffuse liver diseases (Fig. 6) (França et al. 2018a, 
b), whereas iron overload in the liver and pancreas 
can be depicted in non-hereditary hemochromato-
sis liver cirrhosis (Fig. 7) (Abu Rajab et al. 2014).

2.4	 �MR Imaging Techniques 
for Iron Quantification

In the last decade, MRI techniques for iron quan-
tification have become available in clinical prac-
tice and, nowadays, noninvasive MR imaging 
biomarkers of hepatic iron are being used for the 
diagnosis of iron-overload disorders and also to 
monitor iron-reducing therapies (Wood 2015). 
Furthermore, for patients referred for hyperferri-
tinemia, MR imaging can be performed for diag-
nosing iron overload and for assessing the 
severity and distribution of iron deposition.

MRI methods developed for liver iron quanti-
fication can be divided into signal intensity ratio 
(SIR) methods and relaxometry methods, and all 
of these methods have been validated against LIC 
determined from biopsies (Sirlin and Reeder 
2010; Labranche et al. 2018).

Fig. 3  T2-weighted TSE image of a patient with heredi-
tary hemochromatosis and liver cirrhosis, with low SI of 
the liver and pancreas parenchyma, and normal SI in the 
spleen

Fig. 4  T2-weighted image of a patient with sickle cell 
anemia and long-term treatment with blood transfusions. 
There is marked low SI of the liver, spleen, and bone mar-
row, sparing the pancreatic parenchyma, related with iron 
overload in the mononuclear phagocytic system. Also, 
low SI is seen in the renal cortex due to iron deposition

Fig. 5  T2-weighted TSE image of a patient with myelo-
dysplastic syndrome, treated with multiple blood transfu-
sions. The liver parenchyma, spleen, and bone marrow 
have low SI, as well as the pancreas. This is related with 
long-standing mononuclear phagocytic system iron accu-
mulation, with iron overflow to the pancreas

Fig. 6  T2-weighted TSE image of a patient with alco-
holic chronic liver disease and predominant iron deposi-
tion in the mononuclear phagocytic system, showing low 
SI in the liver, spleen, and bone marrow. The pancreas has 
normal SI
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Signal intensity ratio (SIR) methods mea-
sure the liver-to-muscle SI ratio: the decrease of 
liver SI, due to iron-related T2* shortening, is 
compared to the SI of a reference tissue that does 
not accumulate iron, usually the skeletal muscle. 
The most widely used SIR method was first pub-
lished in 2004 (Gandon et  al. 2004), requiring 
five in-phase GRE sequences, with constant TR 
but with different flip angles and increasing TE, 
acquired with a body coil. This was an easy 
method, as a free online worksheet provided by 
the University of Rennes allowed to estimate LIC 
(μmol Fe/g) from SI determined from ROIs 
placed within the liver and paraspinal muscles. 
However, this technique has low diagnostic accu-
racy (around 60%), with a tendency to overesti-
mate overload, particularly in cases of 

mild-to-moderate overload (Castiella et al. 2011). 
Moreover, it could be confounded by coexisting 
hepatic steatosis and/or muscle fatty infiltration, 
since fat increases the tissue’s SI, and it is also 
affected by B0 and B1 signal inhomogeneity 
(Sirlin and Reeder 2010). Therefore, this proto-
col was recently updated, now providing a free 
available Java application that allows to calculate 
LIC from both SIR and T2*, and also on 3.0 T 
(Paisant et  al. 2017; https://imagemed.univ-
rennes1.fr/en/mrquantif/).

Relaxometry methods measure relaxation 
time constants after acquiring a series of images 
with increasing TEs, usually with more than six 
echoes, and can be performed with surface coils 
(Fig. 8). The liver SI is modeled as a function of 
TE (Fig. 9) and signal decay constants are then 

a b

Fig. 7  Axial (a) and coronal (b) TSE T2-weighted 
images of a male patient with liver cirrhosis with hyper-
ferritinemia but normal transferrin saturation. Low SI of 
the parenchyma of the liver and pancreas was seen, as 
well as ascites. Although liver cirrhosis with hepatic and 

pancreatic iron overload is the usual pattern in non-treated 
hereditary hemochromatosis, this was excluded by genetic 
tests. Iron overload related with liver cirrhosis can also be 
associated with iron accumulation in other organs, mim-
icking hereditary hemochromatosis

Fig. 8  Iron overload in a patient with myelodysplastic 
syndrome. Magnitude images from a multiecho chemical 
shift-encoded GRE sequence with 12 different TEs dem-
onstrating severe liver signal dropout with increasing TEs, 

which is related to iron overload. The mean R2* was 
1700  s−1. The presence of concomitant iron overload in 
the pancreas and spleen can also be observed

M. França and J. P. Amorim
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calculated (Sirlin and Reeder 2010): T2 or T2* 
values (measured in ms) or their mathematical 
inverses, R2 or R2* (measured in s−1 or Hertz), 
depending on whether a spin-echo or a GRE-
based sequence is performed, respectively. 
Hepatic T2 and T2* are closely related to LIC: 
the greater the LIC, the higher the relaxation 
rates (R2 or R2*) and the lower the relaxation 
times (T2 or T2*) (Wood 2014a, b).

The most known R2 relaxometry method 
(St. Pierre 2005) is currently available as a com-
mercial service (“FerriScan®”), which has been 
approved by the Food and Drug Administration 
(FDA) in the USA. After calibration, MR images 
are acquired with five T2-weighted sequences, 

during free breathing, and then are forwarded for 
centralized image data analysis and R2 measure-
ments. This method has shown a low inter-exam 
variability and good inter-machine reproducibil-
ity (Wood et  al. 2005; St Pierre et  al. 2014). 
However, it requires additional costs and longer 
examination time, being prone to motion artifact 
and also being affected by hepatic steatosis.

R2* relaxometry methods, on the other 
hand, are performed with fast GRE multi-echo 
sequences; thus they require shorter acquisition 
time and are easier to implement. The liver R2* is 
calculated either on a voxel-by-voxel basis or by 
averaging the measured signal within a ROI 
(Hernando et  al. 2014), using either in-house-
developed (Fig.  9) or commercially available 
software.

The most used R2* relaxometry method was 
described by Wood et al. (2005), in a 1.5-T equip-
ment, demonstrating a linear strong relationship 
between R2* and biopsy-based LIC 
measurements.

R2* relaxometry can be performed at both 1.5 
and 3.0 T but relaxation rates are dependent on 
the magnetic field strength. Therefore, calibra-
tion curves obtained at one magnetic field 
strength cannot be directly transposed to another 
field strength: the R2* values at 3.0 T are twice 
the R2* at 1.5 T (Storey et al. 2007; Meloni et al. 
2012). Although assessment of T2*/R2* is feasi-
ble at 3.0  T, the faster signal decay lowers the 
accuracy for detecting heavy-to-moderate liver 
iron burden (Meloni et al. 2012) and reduces the 
upper limit of measurable iron concentration 
(Fig.  10). Ultrashort-TE sequences, with TE as 
low as 0.1 ms, have been developed for allowing 
R2* quantification in patients with high iron 
overload (Krafft et  al. 2017). However, these 
sequences still need further validation and, mean-
while, 1.5-T equipment should be preferentially 
used in patients with severe iron overload.

R2* relaxometry methods have shown good 
reproducibility across different scanners and cen-
ters, as also good interobserver reproducibility 
(Kirk et  al. 2010). Nevertheless, more recently, 
other authors have also derived calibration curves 
to transform R2* values into LIC values (mg Fe/g 
or μmol Fe/g) (Hankins et  al. 2009; Anderson 

Fig. 9  R2* relaxometry, using a multiecho GRE sequence 
with 12 TEs. Using a dedicated software for quantification 
of hepatic R2*, the plot of mean SI within a circular ROI 
is modeled as a function of TE, as a bi-exponential decay 
curve. The estimated R2* is 603 s−1
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et al. 2001; Garbowski et  al. 2014; d’Assignies 
et  al. 2018), with some small discrepancies 
between these methods (Garbowski et al. 2014). 
These differences are most probably due to the 
sampling bias related to the heterogeneous distri-
bution of iron within the liver, but also with vari-
ability in biopsy handling and processing (Wood 
et al. 2015).

While most of the validation studies compared 
R2* measurements against biopsy-determined 
LIC, which is a biomarker of TBIS, more recently, 
R2* measurements were directly compared with 
TBIS, determined as the amount of mobilized 
iron by quantitative phlebotomies, in patients 
with hereditary hemochromatosis (França et  al. 

2018a, b). Liver and pancreas R2* were shown to 
be good predictors of TBIS, and, therefore, could 
potentially be used to estimate the severity of 
TBIS at the time of diagnosis and, consequently, 
the expected duration of intensive treatment in 
hereditary hemochromatosis.

Although there is still no consensus on the 
recommended acquisition parameters for R2* 
relaxometry, R2* measurements can be used in 
clinical practice, as long as validated methods 
and acquisition protocols are used (St Pierre et al. 
2014; Wood 2015; Meloni et al. 2012), either for 
diagnosing or for monitoring iron-reducing ther-
apies (Fig. 11). In fact, R2* measurements were 
considered to be more precise than liver biopsy 
(Zhang et al. 2013; Wood et al. 2015). The choice 
of relaxometry technique will mostly depend on 
software availability and local expertise, but also 
on the patient population requiring imaging mon-
itoring (Wood et al. 2015). For example, as most 
patients referred for hyperferritinemia will show 
only mild-to-moderate iron overload (as is often 
seen in dysmetabolic iron overload syndrome or 
in chronic liver diseases), using multiecho chem-
ical shift-encoded MR sequences could be advan-
tageous in this setting, because they allow to 
simultaneously quantify hepatic iron and steato-
sis (Figs. 12, 13, and 14 from chapter “Liver 
Steatosis and NAFLD”) (França et  al. 2017, 
Donato et al. 2017). Quite important, if fat and 
iron coexist in the liver parenchyma, fat will 
introduce signal oscillations as water and fat sig-
nals become in and out of phase, and the T2* sig-
nal decay will no longer be monoexponential 
(chapter “Liver Steatosis and NAFLD,” Fig. 11). 
Thus, if this effect of fat on T2* signal decay is 
not taken into account, iron quantification could 
be biased by steatosis (Hernando et  al. 2014, 
França et al. 2017).

3	 �Liver Storage Diseases

Glycogen storage disorders are a group of 
genetic diseases related to the deficient process-
ing of glycogen, due to the lack of different 
enzymes involved in glycogen storage or break-
down. Up to 12 types of disease have been 

Fig. 10  R2* relaxometry in severe iron overload, on a 
3-T MR equipment. In this case of severe iron overload, 
the signal decay is even faster on 3.0 T, and most of the 
MRI signal has irreversibly disappeared by the time of 
first or second image acquisition, which may hamper 
accurate iron quantification
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described and only some of these have been asso-
ciated with liver disease, including types I, III, 
and IV, which can result in severe liver disease 
(Matern et al. 1999; Ozen 2007).

Imaging features of liver disease include hep-
atomegaly and hyperechogenicity of the paren-
chyma, similar to fat deposition on US 
examinations. Chemical-shift T1 GRE sequences 
can be quite useful, distinguishing fat deposition 
in these patients (Pozzato et  al. 2007). 
Nevertheless, the main role of imaging in glyco-
gen storage disease is not for diagnosis, which is 
usually done biochemically or genetically, nei-
ther for staging the severity of the disease. 
Instead, imaging plays an important role in 
assessing cirrhosis, hepatic adenomas, or hepato-

cellular carcinoma, which can develop in these 
patients (Fig. 12) (Hope et al. 2014).

Wilson’s disease, also called hepatolenticular 
degeneration, is a rare genetic disorder of copper 
metabolism with autosomal recessive inheri-
tance, being characterized by abnormal accumu-
lation of copper in the liver and other organs such 
as the brain, cornea, or kidneys. Therefore, 
patients with Wilson’s disease may present clini-
cal manifestations related with liver disease but 
also with neurological symptoms and kidney 
stones.

The diagnosis is most often during childhood 
or in young adults, and is usually confirmed with 
low serum ceruloplasmin and elevated 24-h uri-
nary copper excretion. The Kayser-Fleischer 

a b

Fig. 11  TSE T2-weighted images of a patient with hered-
itary hemochromatosis, by the time of diagnosis (a) and 
after intensive treatment with weekly phlebotomies (b). 
On the first MR examination (a), the mean hepatic R2* 
was 635  s−1 and biopsy-estimated LIC value was 

101 μmol/g dry liver. On the second MR examination, the 
mean hepatic R2* was 69  s−1 and the biopsy-estimated 
LIC value was 16  μmol/g dry liver. The increase on 
hepatic and pancreatic SI can be recognized, related with 
the iron-reducing therapy

a b c

Fig. 12  Axial (a, b) and coronal (c) contrast-enhanced CT images demonstrate hepatomegaly and multiple liver adeno-
mas in a patient with glycogen storage disease type Ia
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rings in the cornea are another distinctive feature 
associated with the disease. Nevertheless, in 
patients with inconclusive tests, liver biopsy may 
be needed for copper quantification (Ferenci 
et al. 2005).

Regarding the liver, copper accumulation 
results in oxidative stress that leads to cellular 
damage, steatosis, inflammation, and fibrosis. 
Thus, histopathological findings can be quite 
similar to those found with other diffuse liver dis-
eases, including fatty liver disease, acute hepati-
tis, chronic active hepatitis, cirrhosis, and even 
fulminant hepatic necrosis (Davies et al. 1989). 
As the liver involvement may be variable, com-
prehending steatosis, hepatitis, fibrosis, and cir-
rhosis (Merle et  al. 2007), comprehensibly the 
imaging features of Wilson’s disease are nonspe-
cific and cannot distinguish Wilson’s disease 
from other chronic diffuse liver diseases. 
Furthermore, copper concentration cannot be 
determined by imaging examinations. Therefore, 
the main role of liver imaging is to depict signs of 
liver disease and to rule out liver cirrhosis.

Liver steatosis has been described in more 
than 50% of patients (Merle et al. 2007) and can 
be easily recognized on US, CT, or MR imaging. 
Other common imaging findings are the hetero-
genicity of the liver parenchyma on US images 
(Fig.  13), and the presence of a perihepatic fat 
layer. In fact, it has been suggested that Wilson’s 

disease should be suspected in non-overweight 
children or young patients with liver steatosis, 
parenchymal heterogenicity, and a perihepatic fat 
layer. Parenchymal heterogenicity is often asso-
ciated with multiple nodules, which can be 
hypoechoic or hyperechoic on US, and are usu-
ally hyperdense on non-enhanced CT and 
hypodense on contrast-enhanced CT.  On MR 
imaging, parenchymal nodules are commonly 
hypointense on T2-weighted image and hyperin-
tense on T1-weighted images, probably due to 
the focal accumulation of copper (Cheon et  al. 
2010). A honeycomb pattern may be seen due to 
the presence of fibrotic septa surrounding the 
nodules. These fibrotic septa are hyperintense on 
T2-weighted images and hyperintense on 
contrast-enhanced images (Fig. 14).

As the liver disease progresses to cirrhosis, 
structural changes can be recognized on different 
imaging modalities, such as irregular liver sur-
face contours, widening of the liver fissures and 
gallbladder fossa, and enlargement of the hilar 
periportal space (Figs. 14 and 15). Nevertheless, 
in Wilson’s disease, usually there is no hypertro-
phy of the caudate lobe and the caudate-to-right 
lobe ratio is normal (Figs. 14 and 15), contrary to 
liver cirrhosis from other causes. Therefore, 
Wilson’s disease should be considered as a lead-
ing diagnosis in young adults with liver cirrhosis 
and absence of caudate lobe hypertrophy (Akhan 
et al. 2009).

Fig. 13  US showing parenchymal heterogenicity and 
multiple tiny hypoechoic nodules, in a patient with 
Wilson’s disease. The presence of a perihepatic fat layer is 
also noted

Fig. 14  TSE T2-weighted MR image of a patient with 
Wilson’s disease and liver cirrhosis, showing hyperintense 
septa and areas of confluent fibrosis. The absence of cau-
date lobe hypertrophy should also be noted
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4	 �Conclusion

MRI is a valuable tool for assessing patients with 
iron-overload diseases, being used for diagnosing 
and quantifying iron overload, and for monitor-
ing iron-reducing therapies. Liver iron quantifi-
cation by MRI should be performed with 
validated methods, either with relaxometry or 
SIR methods. While there is no standardization 
nor consensus regarding different methods, the 
choice also depends on the available tools at each 
institution.

Imaging findings in liver storage diseases, 
such as glycogen storage disease and Wilson’s 
disease, are not specific. Nevertheless, Wilson’s 
disease should be suspected in young non-
overweight patients with liver steatosis, paren-
chymal heterogenicity, and perihepatic fat layer, 
or with liver cirrhosis without caudate lobe 
hypertrophy.
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Abstract
Liver fibrosis constitutes a potentially revers-
ible significant health problem worldwide, 
and its identification is fundamental to prevent 
evolution and to identify complications.

Its most common causes include viral hep-
atitis, chronic alcoholism and nonalcoholic 
steatohepatitis (NASH); all these conditions 
increase scar tissue deposition inside the liver, 
with a progressive process resulting in 
cirrhosis.

Liver biopsy represents the gold standard 
for fibrosis identification, although this tech-
nique is not free from possible complications 
and sampling limitations. Together with 
biopsy, noninvasive imaging techniques are 
acquiring an increasingly important role to 
diagnosis and monitoring of liver fibrosis.
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US and CT-based imaging methods depicts 
morphologic changes of end-stage liver fibro-
sis, but are limited in evaluating patients with 
earlier stages of liver disease. Conventional 
MR imaging scores well in advanced phases 
of fibrosis, while latest advances in MRI tech-
niques may revolutionize how we image 
patients with early stage fibrosis.

In addition, Elastosonography assessment 
of the stiffness of liver parenchyma is a useful 
tool to identify and evaluate presence and evo-
lution of liver fibrosis.

1	 �Introduction

Liver fibrosis is a significant health problem with 
a worldwide mortality attributable to cirrhosis 
and primary liver cancer (Shaheen et  al. 2006). 
Liver fibrosis precedes and coexists with many 
chronic liver diseases, and its early identification 
is fundamental to prevent the evolution of cirrho-
sis and hepatocellular carcinoma. The extent of 
liver fibrosis is therefore one of the most impor-
tant factors in determining the prognosis and 
need for active treatment in chronic liver disease 
(Friedman and Bansal 2006). Liver biopsy is the 
gold standard investigation for diagnosis of fibro-
sis. This technique, however, represents an inva-
sive investigation, expensive, with possible 
complications and with the risk of not scouring 
all the liver parenchyma. Imaging techniques are 
acquiring an increasingly important role, in order 
to identify noninvasive, accurate, reproducible, 
and less expensive methods for the diagnosis and 
monitoring of liver fibrosis. Noninvasive tests 
reduce but do not abolish the need for liver 
biopsy; they should be used as an integrated sys-
tem. US and CT-based imaging methods can 
demonstrate the morphologic alterations of cir-
rhosis, but they are limited in evaluating patients 
with earlier stages of liver disease. Advances in 
MR imaging, with its unique and intrinsic 
imaging capabilities, have provided the opportu-
nity to revolutionize how we image and evaluate 
patients with liver fibrosis.

2	 �Definition

Liver fibrosis is a progressive process determined 
by excess deposition of collagen, proteoglycans, 
and other macromolecules in the extracellular 
matrix in response to chronic liver injury from 
various causes (Wallace et al. 2008). The result is 
a diffuse disorganization of hepatic morphology 
and architecture, which leads to cirrhosis and 
end-stage liver disease in 20–30% of patients 
(Friedman and Bansal 2006). Liver cirrhosis is 
one of the leading causes of death and morbidity 
within the European Union; an early diagnosis is 
therefore necessary to delay its progression.

3	 �Etiology and Epidemiology

The most common causes of liver fibrosis/cirrho-
sis are hepatitis B and C virus infection and 
chronic alcoholism; in a lesser number of cases 
liver fibrosis/cirrhosis is the result of metabolic 
diseases, autoimmune hepatitis, primary biliary 
cirrhosis, primary sclerosing cholangitis, heredi-
tary hemochromatosis, Wilson disease, congeni-
tal hepatic fibrosis, α1-antitrypsin deficiency, and 
cystic fibrosis (Schuppan and Afdhal 2008). 
Alcoholic liver disease, nonalcoholic steatohepa-
titis (NASH), and hepatitis C are the most com-
mon causes in developed countries, whereas 
hepatitis B is the prevailing cause in most parts of 
Asia and sub-Saharan Africa. The prevalence of 
chronic liver disease is thought to be underesti-
mated, as many patients are unaware of it and are 
diagnosed incidentally (Parkin et al. 2002).

4	 �Clinical Presentation

Clinically, patients with liver fibrosis remain 
asymptomatic or have only mild, nonspecific 
symptoms until the development of cirrhosis. 
Liver fibrosis usually progresses slowly over 
decades. Cirrhotic patients may present with 
accidental increase in transaminases or various 
sequelae of hepatic decompensation, including 
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jaundice, splenomegaly, variceal hemorrhage, 
ascites, hepatic encephalopathy, and hepatic and 
renal failure (Afdhal and Nunes 2004).

5	 �Pathogenesis 
and Pathological Anatomy

Liver fibrosis is a potentially reversible disorder, 
in which vascularized scar tissue bridges 
together portal triads and central veins (Faria 
et al. 2009). Cirrhosis is the advanced stage of 
liver fibrosis that is associated with distortion of 
the hepatic vasculature. The hepatic sinusoids 
are lined by fenestrated endothelia that rest on a 
sheet of permeable connective tissue in the 
space of Disse, which also contains hepatic stel-
late cells and some mononuclear cells. In fibro-
sis, the space of Disse is filled with scar tissue 
and endothelial fenestrations are lost, a process 
known as sinusoidal capillarization (Wallace 
et al. 2008). The major consequence of this pro-
cess is an increased intrahepatic resistance with 
portal hypertension; this leads to increase of 
hepatic arterial flow (Schuppan and Afdhal 
2008; Marcellin et al. 2002). Liver parenchyma 
responds to these injuries with hepatocyte pro-
liferation and regenerative nodule formation, a 
characteristic aspect of cirrhosis. Depending on 
the causes, the fibrous pattern can change: in 
viral hepatitis fibrosis originates from the portal 
triad and extends to the surrounding paren-
chyma; instead, in alcoholic hepatitis and in 
NASH, fibrosis originates from the centrilobular 
vein and thus extends to the portal triad 
(Schuppan and Afdhal 2008).

6	 �Staging of Fibrosis

Currently the gold standard for staging liver 
fibrosis is percutaneous liver biopsy. For histo-
logical evaluation of liver fibrosis, three scoring 
methods are in widest use: the Ishak score (Ishak 
et al. 1995), the METAVIR score (for viral and 
autoimmune hepatitis) (Imbert-Bismut et  al. 

2001), and the Desmet/Scheuer staging system 
(Desmet et al. 1999). All these systems are based 
on the following qualitative parameters to assess 
the stage of the disease: the degree of fibrous por-
tal tract expansion, fibrous portal-portal linking, 
portal-central fibrous bridges, and formation of 
fibrous septa and parenchymal nodules (Standish 
et al. 2006). The histological stages range from 
normal portal triads with no signs of fibrosis 
(METAVIR stage F0) to early-stage disease with 
portal fibrous expansion (stage F1) or thin fibrous 
septa emanating from portal triads (stage F2); as 
the disease progresses, histology may reveal 
fibrous septa bridging portal triads and central 
veins (stage F3), or established cirrhosis with the 
presence of regenerative nodules (stage F4). 
Disadvantages of staging with liver biopsy are 
mainly represented by intra- and inter-observer 
variability and sample variability; in order to 
avoid under- or over-staging of disease, adequate 
samples must be obtained, with >20 mm in length 
or >11 portal triads (Colloredo et  al. 2003; 
Bedossa et al. 2003). Moreover, due to its inva-
siveness, biopsy presents complications such as 
hemorrhage, hospitalization, and a fatality rate of 
0.03% and is therefore not performed routinely 
(Terjung et al. 2003; Ito and Mitchell 2004). The 
risk of complications is of the order of 1%, and 
the risk of mortality has been put at between 
0.1% and 0.01% (Standish et al. 2006).

7	 �Diagnosis

The gold standard for the diagnosis and stag-
ing of liver fibrosis is liver biopsy. Noninvasive 
hepatic fibrosis diagnosis can be achieved 
through imaging methods such as US and CT 
or through elastographic methods (some of 
which have imaging support), which estimate 
hepatic deformability as an indirect measure 
of fibrosis such as elastosonography, in par-
ticular point shear-wave elastography such as 
acoustic radiation force impulse (ARFI), tran-
sient elastography (TE), and MR elastography 
(MRE) (De Robertis et  al. 2014). In early-
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stage fibrosis, US and CT examination may 
reveal a normal liver or only subtle changes of 
liver morphology. As the disease progresses, 
atrophy of right liver and enlargement of cau-
date and left lobe are often observed, as well 
as micro- and macro-regenerative nodules 
(Talwalkar 2006). Among various US tech-
niques, ARFI is a dynamic technique that uses 
ultrasound-induced radiation force impulses 
to obtain qualitative and quantitative measure 
of liver displacement and measure of shear 
wave speed (ARFI quantification) (Wong et al. 
2010; D'Onofrio et al. 2010). High variability 
in normal values for this methodic has been 
reported; this represents a useful tool to dif-
ferentiate between the two extremes of the 
grading scale (distinction between non-cir-
rhotics and cirrhotic parenchyma). However 
ARFI results can be partially affected by the 
presence of necroinflammation.

7.1	 �Imaging MRI

7.1.1	 �MRI Technique
Field-strength magnets of 1.5 Tesla or greater 
are recommended to obtain high-quality liver 
imaging with protocols that include 
T2-weighted turbo spin-echo sequences (with 
and without fat suppression), T1 gradient echo-
weighted in- and opposed-phase sequences, 
DWI sequences with ADC map, and contrast-
enhanced T1 gradient echo sequences with fat 
suppression (Agnello et  al. 2016). For better 
identification and characterization of liver 
lesions the use of contrast agent with biliary 
excretion is recommended, such as gadolinium 
ethoxybenzyl diethylenetriamine pentaacetic 
acid (gadoxetic acid; Eovist/Primovist; Bayer-
Healthcare, Leverkusen, Germany) and gado-
benate dimeglumine (MultiHance, Bracco, 
Italy). Both agents are distributed in the extra-
cellular-interstitial space immediately after 
intravenous administration. Subsequently, the 
agents are taken up by functional hepatocytes 
and the compounds are excreted into the bile. 

The biliary excretion rate of gadobenate 
dimeglumine is approximately 3–5%, whereas 
the biliary excretion rate of gadoxetic acid is 
up to 50%. In addition, gadoxetic acid has an 
advantage in terms of obtaining its hepatobili-
ary phase as early as 20 min following contrast 
injection, while gadobenate dimeglumine-
enhanced MRI is performed >60 min following 
injection (Yulri et al. 2010).

The biliary excretion phase allows a better 
characterization of focal liver lesions, identify-
ing those with nonfunctioning hepatocytes 
(HCC) or non-hepatocyte cell lesions. The early 
arterial phase is acquired after 15–20 s from the 
highlight of the aorta visualized with a fluoro-
scopic system and eventually the late arterial 
phase is acquired a few seconds away. After 
50–70 s the venous phase is acquired. Starting 
from 90 s the transitional phase begins, and the 
contrast medium passes from the interstitium to 
the hepatocytes by anion transporter. 
Subsequently, the biliary excretion phase is 
acquired, which begins 20 min after the admin-
istration of gadoxetic acid and not before 
60–180 min after administration of gadobenate 
dimeglumine. Pathological hepatocytes or non-
hepatocyte cells do not have the ability to take 
contrast agent from the interstitium and this 
results in less excretion of the contrast agent in 
the hepatobiliary phase: so HCC and non-
hepatocyte lesions such as cholangiocarcinoma, 
hemangioma, and metastasis appear hypoin-
tense. In liver fibrosis/cirrhosis several factors 
influence the dynamics of the contrast agent: 
the hepatobiliary phase is slower because the 
hepatocytes are altered so it is necessary to 
make a delayed phase not earlier than 180 min 
(Tamada et  al. 2011a); furthermore, cirrhotic 
vascular shunts as well as steatosis, fibrosis, 
and martial accumulation reduce the blood flow 
of contrast agent and its hepatic retention. 
Brighter signal intensity of the liver paren-
chyma compared with the portal vein and kid-
ney indicates an adequate hepatobiliary phase 
(Tamada et al. 2011b); opacification of the bili-
ary tree shows no correlation with the severity 
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of cirrhosis and cannot be used alone to evalu-
ate the adequacy of the hepatobiliary phase 
(Annet et al. 2003).

7.1.2	 �Conventional MRI
At MR imaging, cirrhotic livers show changed 
morphologic features, which may include irreg-
ular contours, atrophy of the right lobe, and 
relative enlargement of the lateral segments of 
the left lobe and caudate lobe, with expansion 
of the gallbladder fossa. In particular, atrophy 
of right liver is mostly seen in alcoholic cirrho-
sis, while enlargement of caudate and left lobe 
is more often observed in viral forms. Useful 
indicators for morphologic changes are “cau-
date-right lobe ratio” and its newer variant 
“modified caudate-right lobe ratio” indicators 
that correlate well with the assessment of fibro-

sis (Awaya et  al. 2002; Harbin et  al. 1980). 
Other often visualized morphologic changes are 
the “posterior notch sign,” a sharp notch in the 
posterior surface of the liver (Fig.  1), and the 
“expanded gallbladder fossa sign,” an enlarge-
ment of the peri-cholecystic space (Fig.  2), 
bounded laterally by the right hepatic lobe and 
medially by the left lateral segment; their pres-
ence correlates with advanced fibrosis (Ito et al. 
1999).

In advanced stages, alteration of the hepatic 
profile is almost always present, due to the devel-
opment of micro- and macro-regenerative nod-
ules. Micronodular cirrhosis is defined as nodules 
less than 0.3 cm in diameter, whereas macronod-
ular cirrhosis is defined as nodules larger than 
0.3 cm. Micronodular cirrhosis is generally asso-
ciated with uniform and diffuse liver injury (alco-

a b c

d e f

Fig. 1  Patient 54 years old with HCV infection. (a) Axial 
T2-weighted image with fat suppression and (b) unen-
hanced axial T1-weighted image: liver with sinuous mar-
gins, enlargement of the left lobe, and inhomogeneous 
parenchymal signal intensity. Deep incision along inferior-
posterior margin of the right lobe (“posterior notch sign,” 
arrowhead). Thin fibrous septa in the IV hepatic segment 

(arrow), hyperintense on T2-W image (a) and hypointense 
on T1-W image (b). Images c, d, e, f: axial T1-weighted 
images after intravenous contrast medium administration; 
arterial phase (c), venous phase (d), late phases (e, f). 
Progressive post-contrastographic enhancement of the 
septa, particularly in the late phase, at 5  min from the 
administration of contrast medium (f, arrow)
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hol, other hepatotoxic agents, and metabolic 
disorders) (Fig. 3); processes where hepatocellu-
lar regeneration plays a significant role such as 
chronic hepatitis (particularly hepatitis B) and 
autoimmune disease are more often associated 
with macronodular cirrhosis (Fig.  4) (Thiese 
et al. 2006; Banerjee et al. 2014).

Nevertheless, these aspects remain as mor-
phological characteristics, not specific for deter-
mining the cause of the cirrhosis and in general 
not clinically useful. These signs have high speci-
ficity for cirrhosis but low sensitivity for earlier 
stages of liver disease and are not suitable for 
staging liver fibrosis over its entire spectrum (Ito 
and Mitchell 2004). Compared to the morpho-
logic alterations associated with cirrhosis, early 
fibrosis itself is not well visualized with conven-

tional MR imaging. In patients with early-stage 
liver fibrosis (pre-cirrhotic stages), the liver 
parenchyma usually has a normal MR imaging 
appearance or may only show nonspecific hetero-
geneity (Martin 2002). Conversely, in patients 
with advanced fibrosis, unenhanced MR imaging 
may depict fibrotic septa and reticulation with 
low signal intensity on T1-weighted images and 
high signal intensity on T2-weighted images, due 
to high water content of advanced fibrosis 
(Talwalkar et al. 2008; Hshiao et al. 2012). The 
reticulations surround regenerative nodules, 
which typically have ill-defined margins and 
intermediate-to-high signal intensity on unen-
hanced T1-weighted images and intermediate-to-
low signal intensity on T2-weighted images 
(Figs. 5 and 6).

a b

c

Fig. 2  Patient 49 years old with primary biliary cirrhosis. 
(a) Coronal T2-weighted image: liver markedly increased 
in volume, with irregular margins (arrowhead), multinod-
ular appearance, and enlargement of the gallbladder fossa 
(arrow). (b) Axial T2-weighted image with fat suppres-

sion: increased liver volume with ascites along the margin 
of the right lobe (arrow). (c) Unenhanced axial 
T1-weighted image: innumerable hyperintense regenera-
tive nodules throughout the liver, more evident on the 
right lobe (arrowhead)
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When fibrosis is an inherent part of hepatic 
cirrhosis, it can be typically detected as patchy 
fibrosis, as a lacelike pattern, or as a confluent 
mass. Lacelike fibrosis is seen in one-third of 
patients with primary biliary cirrhosis (Fig.  7) 
(Dodd 3rd et al. 1999).

Focal confluent fibrosis is observed in 15% of 
patients with end-stage liver disease and it 
appears as cuneiform broad fibrotic scar that irra-
diates from the hilum to the peripheral regions (to 
segment IV, V, or VII) with or without capsule 
retraction and a “mass-like” appearance at 
imaging.

Regenerative nodules may show heteroge-
neous appearance in the T1-weighted images in 
relation to their content of iron or intracellular 
fat. After contrast medium administration, most 
gadolinium-based contrast agent formulations 

freely equilibrate with the extracellular com-
partment and accumulate in tissues with large 
extracellular volumes such as liver fibrosis. 
Therefore, on T1-weighted images there is pro-
gressive enhancement of the reticulations which 
peaks during the late venous and equilibrium 
phases. The fibrosis is usually not well visual-
ized during the arterial phase, contrary to pri-
mary liver cancer (HCC) (Fig. 8); this feature, 
together with other more typical ones, allows 
differentiation between the two entities. In asso-
ciation with the described liver changes, in 
advanced fibrosis/cirrhosis it is possible to 
detect secondary signs of liver disease such as 
enlarged hepatic hilar lymph nodes, splenomeg-
aly, portal hypertension with portosystemic 
shunts, varices, and ascites (Fig. 9) (Brancatelli 
et al. 2007).

a

d e f

b c

Fig. 3  Patient 59 years old with chronic alcoholism. (a) 
Axial T2-weighted image with fat suppression. (b) 
Unenhanced axial T1-weighted image. (c–f) Axial 
T1-weighted images after intravenous contrast medium 
administration. Atrophy of right liver (typical features of 
alcoholic cirrhosis), lobulated margins, and micronodular 
appearance of hepatic parenchyma; discrete ascites coex-
ist. In the central parts of the right lobe some small fibrotic 

septa are appreciated, hyperintense on T2-weighted image 
(a, arrow) and hypointense on unenhanced T1-weighted 
image (b). On axial T1-weighted unenhanced sequence 
multiple small nodules, poorly defined and softly hyperin-
tense, are also shown (b). After intravenous contrast 
medium administration fibrotic septa show late enhance-
ment (f, arrow)
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7.1.3	 �Diffusion-Weighted MRI
Diffusion-weighted MRI (DWI) is a technique 
that measures diffusion of water molecules “in 
vivo,” calculating the apparent diffusion coeffi-
cient (ADC) (Le Bihan 1990). In the presence of 
fibrosis, the diffusion of water molecules is 
restricted, and several studies have shown a cor-
relation between decrease in hepatic ADC and 
hepatic fibrosis (Mehmet et al. 2013; Cece et al. 
2013). However, correlation with the stage of 
fibrosis is only partially reliable in DWI due to 
overlap of values between different stages of 
fibrosis; advanced fibrosis presents decreased 
values of ADC, while early fibrosis remains 
hard to identify (Taouli et al. 2007). Moreover, 

despite technical improvements, DWI remains 
sensitive to susceptibility and motion-related 
artifacts, as well as many confounding factors 
such as perfusion effects, hepatic steatosis, 
hepatic iron, and liver inflammation (Bülow 
et al. 2013).

7.1.4	 �MR Elastography
MR elastography (MRE) provides a noninva-
sive qualitative and quantitative imaging of 
liver stiffness by analyzing the propagation of 
mechanical waves through tissue, with specific 
MRI sequences (De Robertis et al. 2014). The 
application of this technique for assessing liver 
fibrosis is based on the biologic concept that 

a b c

d e f

Fig. 4  Patient 69 years old with primary biliary cholangi-
tis. (a) Axial T2-weighted image with fat suppression. (b) 
Unenhanced axial T1-weighted image. (c–f) Axial 
T1-weighted images after intravenous contrast medium 
administration. Liver parenchyma subverted by several 
nodules (“macronodular appearance”) and septa. The 
reticulations surround regenerative nodules, which have 

low signal intensity on T2-weighted image (a) and high 
signal intensity on unenhanced T1-weighted image (b). 
The fibrotic septa are hyperintense on T2-weighted image 
(a) and hypointense on (b) unenhanced T1-weighted 
image, showing progressive post-contrastographic 
impregnation, more pronounced in the late phases (e, f 
arrows)
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stiffness of hepatic parenchyma increases as 
fibrosis advances, due to progressive deposition 
of interconnecting collagen fibers. The results 
are elaborated to generate quantitative maps 
(“elastograms”). Several studies proved that the 
differences in stiffness between patients with 
early stages of fibrosis are small and there is 
overlap between different groups, but the dif-
ferences between groups with higher stages are 
consistent (Venkatesh et  al. 2013; Yin et  al. 
2007). Thus, MRE can be a useful noninvasive 
tool for evaluating advanced fibrosis. Besides 
MRE is more accurate than any noninvasive 
technique, is suitable for patients with obesity 

or ascites, and can be included in standard pro-
tocols, providing a comprehensive evaluation 
of the liver (Rustogi et al. 2012).

7.2	 �Elastosonography

Virtual touch tissue quantification is a point 
shear-wave elastographic technique able to eval-
uate liver stiffness to diagnose cirrhosis. 
Ultrasonography and virtual touch tissue quanti-
fication for liver stiffness assessment can be used 
in a single step. It is difficult to determine the 
definitive impact of ARFI in the early diagnosis 

a b c
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Fig. 5  Patient 49 years old with HBV infection. (a) Axial 
T2-weighted image and axial T2-weighted image with fat 
suppression. (c) Unenhanced axial T1-weighted image. 
(d–f) Axial T1-weighted images after intravenous contrast 
medium administration. Liver with atrophy of the right 
lobe, enlargement of the caudate lobe, and irregular con-
tours; splenomegaly and ascites are also visible. In the 
posterior sectors of the right lobe thin reticulations are 

appreciated surrounding regenerative nodule (arrow) typi-
cally hypointense on T2-weighted image (a, b) and hyper-
intense on unenhanced T1-weighted image (c). After 
intravenous contrast medium administration we do not 
recognize altered nodule enhancement (regenerative nod-
ule) and progressive impregnation of the fibrotic septa is 
visualized (f, arrow)
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a b c
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Fig. 6  Patient 51  years old, with biliary atresia. (a, b) 
T2-weighted images: liver with lobulated contours and 
hyperintense septa (arrow) with retraction of the right 
hepatic lobe capsule. Absence of the bile vessels. (c) Axial 
T1-weighted image: the reticulations on the right hepatic 
lobe are hypointense. (d–f) Axial T1-weighted images 

after intravenous contrast medium administration: in the 
arterial phase (a) there is no significant enhancement of 
the septa. Progressive post-contrastographic impregnation 
of the reticulations, more evident in the late phase, at 
5 min from the administration of contrast medium (f)

a b

Fig. 7  Patient 17 years old with congenital hepatic fibro-
sis associated with polycystic kidney disease (PKD). (a) 
Axial T2-weighted image: liver with sinuous contours and 
enlargement of the lateral segments of the left lobe. 
Diffuse and heterogeneous hyperintensity of the hepatic 
parenchyma, with “lacelike” fibrosis. Right kidney is sub-

verted by the presence of multiple cystic formations 
(arrowhead). (b) Axial T1-weighted image: inhomoge-
neous hypointensity of fibrosis areas on unenhanced 
sequences. Note the presence of a small hyperintense nod-
ule in the VII segment, compatible with regenerative nod-
ule (arrow)
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of hepatic fibrosis (Fierbinteanu-Braticevici et al. 
2009). According to Fierbinteanu-Braticevici, 
there is a value overlap between F0-F1 and F2 
fibrosis stages. The increased velocity is more 
important between stages F2 and F3 than between 
F1 and F2 owing to the fact that the increase in 
fibrous tissue is basically more important between 
stages F2 and F3 than between F1 and F2. 
Moreover there is a range of variability of normal 
and pathological values in the literature. So what 
is absolutely important is to give the correct task 
to this ultrasonographic technique that needs to 
be based on the true possibility of this system to 
detect changes in liver stiffness related to the 
development of different amounts of fibrosis in 
liver diseases. Absolutely the overestimation of 
pathology diagnosing inconsistent diseases 
should be avoided: the normal cutoff values must 

not be too strict and have to be adapted in relation 
to clinical and technical setting related to the 
examination and obtained measurements 
(D’Onofrio et al. 2013).

Several studies about ARFI application in dif-
fuse liver pathology have been made, and most of 
them state that ARFI itself can be used in the study 
of the liver with similar accuracy than transient 
elastography in diagnosing significant fibrosis or 
cirrhosis. The optimal cutoff value in predicting 
cirrhosis (stage F4) was 1.94 m/s with a sensitivity 
of 100% and a specificity of 98.1%. ARFI has 
some advantages in respect to TE: does not require 
separate equipment, an examination not necessary 
in addition to conventional US, saves time and 
costs, and quantification measurements can be 
successfully carried out in every patient by select-
ing the areas on B-mode ultrasound images.

a b c

d e f

Fig. 8  Patient 66 years old with alcoholic and dysmeta-
bolic cirrhosis. (a) Axial T2-weighted image and axial 
T2-weighted image with fat suppression. (c) Unenhanced 
axial T1-weighted image. (d–f) Axial T1-weighted images 
after intravenous contrast medium administration. 
Multiple fibrotic septa of the right hepatic lobe, 
hyperintense on T2-weighted image (a, b arrow) and 

hypointense on unenhanced T1-weighted image (c arrow), 
with progressive post-contrastographic enhancement on 
T1-weighted images after intravenous contrast medium 
administration (d–f, arrow). Hypervascular nodule with 
washout in the venous and late phases, suspected for HCC 
(d, e, f, arrowhead)
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Abstract
Hepatic vascular diseases may affect the vascu-
lar inflow, vascular outflow or flow at the sinu-
soidal level, most of them resulting in decreased 
portal venous perfusion and increased arteriali-
zation of the liver parenchyma. The underlying 
physiopathological mechanisms lead to key 
imaging findings that should be promptly rec-
ognized by radiologists, in order to provide an 
accurate diagnosis. Hepatic vascular impair-
ment can be due to primary vascular disease or 
secondary to hepatocellular liver diseases, as 
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occurs in liver cirrhosis. This chapter will focus 
mainly on primary hepatic vascular diseases, 
describing the main imaging findings and dif-
ferentials of each condition.

1	 �Introduction

The liver is the only organ in the body that has a 
dual blood supply, receiving blood from the por-
tal vein (PV) (70–80%) and a minor part from the 
hepatic artery (HA) (20–30%). Blood from these 
vessels (“vascular inflow”) conveys at the sinu-
soids but it also communicates at the peribiliary 
venous plexus that is composed of small branches 
of the PV and HA.  These communications 
between both systems allow reciprocal support-
ing mechanisms of blood supply, explaining the 
compensatory response of increasing the arterial 
blood supply when there is a decrease in the PV 
blood supply, as occurs in the setting of PV 
obstruction. In addition, there is a “third vascular 
inflow” to the liver, referring to splanchnic 
venous flow that is not drained by the PV, but 
instead enters the liver and flows into the sinu-
soids, independently from the PV.  These small 
veins may originate from a digestive organ (e.g., 
cholecystic vein and parabiliary venous system) 
or from systemic veins (epigastric-paraumbilical 
venous system) (Kobayashi et al. 2010). Finally, 

blood from sinusoids is then drained to the 
hepatic veins and inferior vena cava, and then to 
the heart (“vascular outflow”).

These unique characteristics of blood supply 
can be observed on contrast-enhanced imaging 
studies. As explained in Chapters “Embryology 
and Development of the Liver” and “Liver 
Anatomy”, a spectrum of vascular variants can 
involve the liver and these should be promptly 
recognized by radiologists, as they may result in 
areas of enhancement or pseudolesions on 
contrast-enhanced imaging studies that can mimic 
hepatocellular lesions or vascular diseases.

Regional changes in the balance between 
hepatic arterial, portal venous, and third inflow are 
frequently seen on contrast-enhanced CT or MRI 
examinations, as transient hepatic attenuation dif-
ferences (THAD) or transient hepatic intensity dif-
ferences (THID). These perfusion changes are 
recognized as segmental wedge-shaped areas of 
enhancement during the hepatic arterial phase and 
become isoattenuating or isointense in the portal 
venous or equilibrium phases (Fig. 1). They are not 
visualized in the pre-contrast phase, which also 
helps to differentiate them from true vascular 
lesions. Usually, THAD/THID result from small 
arterioportal shunts secondary to an increase in 
hepatic arterial inflow, in response to decreased 
portal venous flow. Moreover, they may also result 
from extrinsic compression (Fig. 2) or surgical liga-

a b

Fig. 1  Transient hepatic intensity difference (THID). 
Axial post-contrast T1-weighted images in the hepatic 
arterial (a) and portal venous phase (b) show an ill-defined 

subcapsular area of hyperenhancement in the arterial 
phase (arrow) that becomes isointense in the venous phase, 
recognized as a functional THID of the liver parenchyma
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a b

c d

Fig. 2  THID associated to focal liver lesions. Axial post-
contrast T1-weighted MR images in the arterial (a) and 
portal venous phase (b) demonstrate a wedge-shaped area 
of hyperenhancement in the arterial phase (black arrow) 
which becomes isointense in the portal venous phase. An 
adjacent large hemangioma is seen, occupying almost all 
of the VI and VII hepatic segments. Contrast-enhanced 

T1-weighted MR images of another patient, in the hepatic 
arterial (c) and portal venous phases (d), show wedge-
shaped area of hyperenhancement in the hepatic arterial 
phase (white arrow) that becomes isointense on the portal 
venous phase, representing a THID adjacent to a hepatic 
hemangioma
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tion, as well as from conditions related to increased 
arterial flow, such as shunts or liver parenchyma 
hyperemia associated with inflammation of the 
biliary ducts or gallbladder (Desser 2009).

Although rare, vascular disorders of the liver 
represent an important health problem world-
wide because most of them can lead to non-
cirrhotic portal hypertension, therefore being 
associated with high morbidity and mortality 
(Garcia-Pagán et al. 2016). Most vascular dis-
eases result from the obstruction at the vascular 
inflow, sinusoids, or vascular outflow. Hepatic 
vascular impairment can be due to primary vas-
cular disease or secondary to hepatocellular 
liver diseases, as occurs, for example, in liver 
cirrhosis with the development of microvascu-
lar changes and consequent portal hyperten-
sion. This chapter focuses mainly on primary 
hepatic vascular diseases, describing the main 
imaging findings and differentials of each 
condition.

2	 �Vascular Inflow Diseases

2.1	 �Hepatic Artery Obstruction

The obstruction of the HA is the most com-
mon liver complication after liver transplanta-
tion (Pareja et  al. 2010), occurring most 
frequently within the first 4  months after 
transplantation, and often requires retrans-
plantation (Ishigami et  al. 2004). The initial 
diagnosis is usually made with ultrasound 
(US), demonstrating the absence of color and 
spectral Doppler flow in the HA due to throm-
bus. An intraluminal filling defect is evident at 
post-contrast CT or MR imaging, accompa-
nied by a peripheral wedge-shaped hypointen-
sity area in liver parenchyma, extending to the 
capsular surface (Fig.  3). At angiographic 
images, it appears as an arterial cutoff. Infarct 
of the liver parenchyma is rare because the 
hepatic blood supply can be maintained by the 
PV inflow. Nevertheless, as the main blood 
supply of the biliary ducts is dependent on the 
HA, bile lakes may be seen as a late complica-
tion of large infarcts due to ischemic necrosis 
of bile duct epithelium.

2.2	 �Aneurysm/Pseudoaneurysm 
of the Hepatic Artery

True aneurysms of the HA are rare and represent 
the second most common visceral aneurysm after 
splenic artery aneurysms (Lu et al. 2015). Most 
patients are asymptomatic and HA aneurysms are 
usually an incidental finding at imaging studies. 
Extrahepatic aneurysms are three times more fre-
quent than intrahepatic and are usually solitary, 
being associated with conditions as atherosclero-
sis, arterial fibrodysplasia vasculitis, polyarteritis 
nodosa, or systemic lupus (Dolapci et al. 2003). 
A clear association between size and rupture was 
not established. On the other hand, HA aneu-
rysms developed in patients without atheroscle-
rotic disease are known to have an increased risk 
for rupture (Abbas et  al. 2003). Endovascular 
treatment is indicated for symptomatic aneu-
rysms larger than 2  cm because of an elevated 
risk of rupture and high mortality rate (Erben 
et al. 2015; Elsayes et al. 2017).

Pseudoaneurysms may also be classified as 
intrahepatic or extrahepatic, with the latter being 
the commonest type. Extrahepatic 
pseudoaneurysms typically result from local 
infection or inflammation and frequently involve 
the right hepatic artery. Unlike true HA aneu-
rysms, patients usually present with symptoms as 
acute abdominal pain, gastrointestinal bleeding, 
jaundice, or fever. Intrahepatic pseudoaneurysms 
may result from blunt trauma or iatrogenic injury, 
complicating percutaneous interventional proce-
dures, such as biopsy or biliary stent placement 
(Lu et  al. 2015). On color and spectral Doppler 
US, a characteristic bidirectional flow with a “yin-
yang” pattern is usually seen. Contrast-enhanced 
CT and MRI confirm the diagnosis, revealing the 
focal dilatation of the  HA, frequently accompa-
nied by calcification or adjacent hematoma on 
non-contrast-enhanced CT (Dolapci et al. 2003).

2.3	 �Hereditary Hemorrhagic 
Telangiectasia (HHT)

Hereditary hemorrhagic telangiectasia (HHT) or 
Osler-Weber-Rendu disease is an autosomal dom-
inant vascular disorder characterized by telangi-
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ectasias and arteriovenous malformations (AVMs) 
with a multisystemic involvement, including 
mucocutaneous tissue and visceral organs such as 
the liver and lungs. Telangiectasia is the elemen-
tary lesion of HHT resulting from the dilatation of 
a postcapillary venule that joins directly with an 
arteriole, bypassing the capillary system 
(Buscarini et al. 2018). The diagnosis is based on 
the presence of mucocutaneous telangiectasias, 

spontaneous and recurrent episodes of epistaxis, 
and evidence of visceral involvement, along with 
a family history of this disease. The prevalence of 
HHT is estimated at 1/5000, with the liver affected 
in up to 74% of the patients (Siddiki et al. 2008). 
Hepatic involvement is usually diffuse, and small 
telangiectasias to large AVM may develop, with 
diverse stages of severity, depending on the num-
ber, type, and location of telangiectasias or AVMs 

a b

c

Fig. 3  Hepatic artery obstruction after liver transplanta-
tion. Axial maximum intensity projection in the arterial 
phase (a) and volume-rendered reconstruction CT (b) 
demonstrate an abrupt occlusion of the common hepatic 
artery secondary to a thrombus. Axial contrast-

enhancement in portal venous phase (c) shows two periph-
eral wedge-shaped hypointensity areas in segment VII, 
extending to the capsular surface due to hypoperfusion 
(arrows)
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(Mahmoud et al. 2010). There are three different 
types of intrahepatic shunting, which often occur 
concomitantly: HA to PV, HA to hepatic vein, 
and/or PV to hepatic vein. Arterio-portal shunts 
are seen in 65% of the cases (Elsayes et al. 2017). 
Hepatic involvement can be asymptomatic or, 
because of shunting, can present as high-output 
cardiac failure, hepatic encephalopathy, portal 
hypertension, and biliary or mesenteric ischemia 
(Garcia-Tsao et al. 2000).

Doppler US evaluation demonstrates dilated 
common HA, intrahepatic arterial hypervascular-
ization, and flow abnormalities of hepatic vessels. 
In fact, Doppler US criteria have been suggested 
to grade the disease severity, based on a combina-
tion of hepatic vessel abnormalities and abnormal 
flow patterns (Buscarini et al. 2004).

Telangiectasias and arterio-portal and arterio-
venous shunts are observed on arterial phase CT 
or MR images (Fig.  4) whereas porto-venous 
shunts are seen on portal venous phase images. 
Telangiectasias appear as small peripheral perfu-
sion abnormalities, sometimes better recognized 
on maximum intensity projection images (Torabi 
et  al. 2008). Arterio-portal and arteriovenous 
shunts are observed as multiple prominent intra- 
and extrahepatic arterial branches, with an early 
filling of portal or hepatic venous branches 
(Ianora et al. 2004; Wu et al. 2006). Therefore, the 
liver enhancement on the arterial phase images 
can be quite heterogeneous, due to AVMs, telan-
giectasias, perfusion abnormalities, and multiple 
THAD/THID (Fig.  4a–c). Dilation of HA, PV, 
and/or hepatic veins can also be often seen. 
Moreover, imaging studies frequently reveal vas-
cular malformations in other organs, such as the 
pancreas or lungs, or cardiomegaly and promi-
nent central pulmonary arteries (Fig.  4d) 
(Buscarini et al. 2004; Siddiki et al. 2008).

Perfusion abnormalities may increase the 
hepatocellular regenerative activity, with the 
development of focal nodular hyperplasia (FNH) 
or nodular regenerative hyperplasia (Buscarini 
et  al. 2018). In fact, the prevalence of FNH is 
100× greater in HHT than in general population 
(Buscarini et al. 2004), and a confident diagnosis 
can usually be established with the classic imag-
ing features of FNH on contrast-enhanced CT or 
MR imaging, without the need of liver biopsy 
(Garcia-Pagán et al. 2016; Vilgrain et al. 2018). 

On the other hand, hepatocellular carcinoma is 
rather exceptional in HHT (Lee et al. 2011a).

2.4	 �Portal Vein Aneurysm

Aneurysms of the PV represent 3% of all aneu-
rysms of the venous system (López-Machado et al. 
1998), with the extrahepatic PV being the com-
monest involved segment (Elsayes et al. 2017). In 
the majority of the cases, PV aneurysms are asymp-
tomatic and an incidental imaging finding. When 
symptomatic, abdominal pain is the commonest 
presentation. Some complications like thrombosis, 
rupture, and compression of the biliary tree or duo-
denum have been reported (Sfyroeras et al. 2009). 
Contrast-enhanced CT or MR may confirm the 
diagnosis, but color Doppler US is usually the most 
helpful imaging technique for diagnosing PV aneu-
rysms, as a fusiform or saccular dilation of the PV 
greater than 2 cm in diameter, and further workup 
may not be necessary (Atasoy et al. 1998; Gallego 
et al. 2002; Elsayes et al. 2017) (Fig. 5).

2.5	 �Portal Vein Obstruction

Portal vein thrombosis (PVT) has a high inci-
dence in general population (Tardáguila Montero 
2016) and it can occur in up to 30% of adult 
patients with portal hypertension (Ögren et  al. 
2006). Thrombosis can be caused by multiple 
conditions, either local or systemic (Table  1), 
with the myeloproliferative syndrome being the 
most common systemic cause. In fact, the onset 
of a PVT in a young, apparently healthy patient 
may be the first manifestation of a myeloprolif-
erative syndrome (Denninger et  al. 2000). 
Clinical manifestations may be variable and 
depend on the degree of obstruction and on the 
duration of thrombosis (acute versus chronic 
PVT). Imaging diagnosis is based on the recog-
nition of the thrombus, as well on the associated 
perfusion abnormalities in the liver parenchyma.

2.5.1	 �Acute PVT
In acute PVT, abdominal pain is the major symp-
tom, being present in 90% of the patients 
(Garcia-Pagán et  al. 2016). Involvement of the 
superior mesenteric vein was reported in 5% of 
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a b

c d

e

Fig. 4  Liver involvement in hereditary hemorrhagic tel-
angiectasia (HHT). Contrast-enhanced CT images in the 
hepatic arterial phase (a, b) and the maximum intensity 
projection images (c, d) demonstrate a prominent HA 
(dashed arrow) and early enhancement of the PV branches 
(white arrow) due to multiple arteriovenous malforma-
tions between the HA and the PV. THAD is also seen, as 
wedge-shaped areas of hyperenhancement at the periph-
ery of the liver (black arrows). Multiple telangiectasias 

can be recognized as small peripheral hypervascular areas 
(asterisk). Vascular shunts are better recognized on maxi-
mum intensity projection images (curved arrow). 
Moreover, multiple vascular malformations are also 
depicted in the pancreas (white arrows in d). The portal 
venous phase image (e) shows homogenization of the 
liver parenchyma, with telangiectasias becoming isodense 
with the surrounding hepatic tissue
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a b

c d

Fig. 5  Portal vein aneurysm. B mode US (a) and color 
Doppler US (b) images show an aneurysm of the right 
branch of the PV, an incidental finding. On Doppler US, 
the multidirectional flow (“yin-yang sign”) is characteris-
tic. Axial (c) and coronal (d) contrast-enhanced CT 

images in portal venous phase confirm the presence of a 
saccular aneurysm (arrows) of the right portal vein branch 
(US images are a courtesy of Jorge Pinto, MD, Oporto, 
Portugal)
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the cases and may lead to bowel infarction 
(Plessier et al. 2007).

Doppler US is the first-line imaging modality 
and it detects the hyperechoic thrombus and the 
absence of flow within the PV. Contrast-enhanced 
CT is usually performed to confirm the diagnosis 
and to evaluate the extension of thrombosis 
(Garcia-Pagán et  al. 2016). On portal venous 
phase images, the PVT is recognized by the lack 
of enhancement of the PV lumen (Fig.  6). 
Furthermore, CT images are important for assess-
ing the extension of thrombosis to the mesenteric 
veins and arches and the presence of a local fac-
tor, such as cirrhosis, inflammation, or tumor, and 
also to look for signs of bowel ischemia. Bowel 
dilation, bowel wall thickening, abnormal or 
absent wall enhancement, pneumatosis, ascites, 
and portal venous gas are worrisome features of 
bowel ischemia (Fig. 7), and surgical exploration 
must be considered in these cases.

When PVT is due to infection (“pylephlebi-
tis”), clinical manifestations are often unspe-
cific. Therefore, imaging is extremely important 
to report PV thrombophlebitis and to depict the 
primary cause of infection (Lee et al. 2011b), as 
any intra-abdominal infection process, such as 

appendicitis, diverticulitis, or pancreatitis, can 
complicate with pylephlebitis. A low-attenua-
tion thrombus within the portal venous system 
along with portal edema and hepatic abscesses 
is one of the early hepatic findings at post-con-
trast CT.

The mainstay of treatment for acute PVT is 
anticoagulation therapy, and recanalization of the 
portal vein is expected to occur in up to 6 months. 
Therefore, a CT scan should be performed at 
6–12  months to confirm PV recanalization 
(Garcia-Pagán et al. 2016).

2.5.2	 �Chronic PVT
In the absence of recanalization, the obliteration of 
the PV lumen leads to the development of porto-
portal collaterals, connecting the patent portion of 
the vein upstream from the thrombus to the patent 
portion downstream. Consequently, the obstructed 
PV is replaced by a network of porto-portal col-
lateral veins (“cavernoma”), this process being 
called cavernomatous transformation of the PV. In 
chronic PVT, the patients can be asymptomatic 
and portal thrombosis an incidental finding, or it 
can be discovered because of manifestations of 
portal hypertension such as hypersplenism or gas-

Table 1  Systemic and local factors associated to portal vein thrombosis

Local factors Systemic factors
Mass:
 � – Any abdominal tumour

Hereditary factors:
 � – Factor V Leiden mutation
 � – Factor II mutation
 � – Protein C deficiency
 � – Protein S deficiency
 � – Antithrombin deficiency

Abdominal infection:
 � – Diverticulitis
 � – Appendicitis
 � – Pancreatitis
 � – Duodenal ulcer
 � – Cholecystitis
 � – Inflammatory Bowel Disease
 � – Hepatitis
 � – Neonatal Omphalitis
 � – …
Portal venous system injury:
 � – Splenectomy
 � – Colectomy
 � – Gastrectomy
 � – Cholecystectomy
 � – Liver Transplant
 � – Abdominal Trauma
 � – TIPS
 � – …

Aquired factors:
 � – Myeloproliferative syndrome
 � – Antiphospholipid syndrome
 � – Paroxysmal nocturnal hemoglobinuria
 � – Oral contraceptive
 � – Pregnancy
 � – Hyperhomocysteinemia
 � – Cancer

Cirrhosis
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a b

Fig. 7  Acute PV in a patient with myeloproliferative syn-
drome, complicated by small-bowel ischemia. Contrast-
enhanced portal venous phase CT images (a, b) show 
acute thrombosis of the PV, extending to the mesenteric 

vein (white arrow). There are dilation and ischemia (pneu-
matosis intestinalis) of small-bowel loops (dashed 
arrows), pneumoperitoneum, and ascites. The patient was 
promptly operated for resection of the ischemic bowel

a b

Fig. 6  Acute PV thrombosis in a patient with acute pan-
creatitis. Contrast-enhanced CT images on the hepatic 
arterial phase (a) and portal venous phase (b) show throm-
bosis of the PV left branch (arrow). Segmental hyperen-
hancement on the hepatic arterial phase (“segmental 
staining”) is related with the HA buffer response, to com-
pensate the decreased PV flow. On the portal venous 

phase, there is decreased parenchymal enhancement of 
the left lobe segments in comparison to the right lobe, due 
to PV thrombosis. There is also another perfusion abnor-
mality in the right lobe (between lines) related to throm-
bosis of a small intrahepatic branch of the right PV branch 
(not shown)

trointestinal bleeding. Ascites and encephalopathy 
are uncommon (DeLeve et al. 2009).

Extrahepatic portal vein obstruction (EHPVO) 
is considered a primary vascular disorder, charac-
terized by chronic PVT with normal liver function. 
It is more frequent in the Eastern countries and in 
children (Khanna and Sarin 2014). These patients 
present portal cavernoma and signs of portal 
hypertension (splenomegaly and portosystemic 

collaterals) in the presence of a normal-looking 
liver with normal smooth contours.

The diagnosis of chronic PVT is based on 
Doppler US or contrast-enhanced CT or MR 
imaging, by recognizing the absence of visible 
PV lumen and the presence of portal cavernoma, 
which appears as multiple serpiginous vessels in 
porta hepatis (Figs. 8 and 9). On unenhanced CT, 
small or linear calcifications may be seen 

M. França and J. Pinto



305

(Gallego et  al. 2002). On arterial phase, as 
described for THAD/THID, an increased 
enhancement may be observed in the parenchyma 
of the liver segments supplied by the occluded 
PV, due to the compensatory arterial inflow by 
the peribiliary plexus (Fig. 9). On the other hand, 
on portal venous phase, there is decreased paren-
chymal enhancement in these liver segments due 
to decreased PV perfusion (Gallego et al. 2002). 
Sometimes, portal cavernoma appears as a uni-
form mass-like structure in the porta hepatis, sur-
rounding the bile duct and enhancing at the portal 
venous phase, and porto-portal collaterals cannot 
be individualized. This mass-like appearance 
cavernoma should not be mistaken with cholan-
giocarcinoma, and the absence of diffusion 
restriction on ADC map helps to exclude the 
diagnosis of malignancy (Condat et  al. 2003; 
Kalra et al. 2014) (Fig. 10).

The portal cavernoma can cause compression 
or deformation of intra- and extrahepatic bile 
ducts, this being designated as portal cholangi-
opathy. Most of the patients are asymptomatic, 
although abnormal liver analysis might be pres-
ent in >50% of the patients. Symptomatic portal 
cholangiopathy may develop in 19% of patients 
after 5 years of an acute PVT (Llop et al. 2011) 
and, rarely, progressive cholestatic disease or 
recurrent bacterial cholangitis may occur (Garcia-
Pagán et al. 2016; Khuroo et al. 2016). MR chol-
angiography should be performed in patients 
with persistent cholestasis or biliary tract abnor-
malities (Shin et  al. 2007; Garcia-Pagán et  al. 
2016). Suggestive imaging findings of portal 
cholangiopathy include smooth extrinsic indenta-
tions and narrowing of the extra- and/or the intra-
hepatic biliary tree, or displacement of the 
common bile duct (Condat et al. 2003; Shin et al. 
2007; Walser et  al. 2011; Rajesh et  al. 2018) 
(Figs. 9 and 10).

Other clues for chronic PVT on CT or MR 
images are a mosaic pattern of parenchymal 
enhancement (increased enhancement of the 
peripheral parts of the liver at arterial phase fol-
lowed by homogeneous enhancement at portal 
venous phase images), a dysmorphic liver with a 
smooth surface, hypertrophy of caudate lobe, 
atrophy of right lobe and left lateral segments, a 
normal or enlarged segment IV (“atrophy-
hypertrophy complex”) (Figs.  9 and 11), and 
presence of a dilated hepatic artery (Vilgrain 
et  al. 2006). Therefore, some features resemble 
those of cirrhosis, such as the hypertrophy of cau-
date lobe and right lobe atrophy, splenomegaly, 
varices, and collateral veins. However, on the 
other hand, left lateral segment atrophy is 
observed in the majority of patients with portal 
cavernoma, unlike in patients with cirrhosis, in 
whom this segment is usually enlarged. Also, 
patients with portal cavernoma usually have a 
normal or hypertrophied segment IV and smooth 
liver surface, while atrophy of segment IV and 
nodular surface is a characteristic of cirrhosis 
(Fig. 12). Moreover, biliary dilatation is very rare 
in patients with cirrhosis (Vilgrain et al. 2006).

Nevertheless, portal cavernoma can be super-
imposed on liver cirrhosis or obliterative portal 

a

b

Fig. 8  Portal cavernoma. Color Doppler US (a) and axial 
(b) contrast-enhanced CT images in the portal venous 
phase revealing porto-portal serpiginous collaterals cor-
responding to cavernous transformation of the PV (caver-
noma) (arrow)
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c d

e f

Fig. 9  Portal cavernoma and biliary cholangiopathy, 
same patients as in Fig. 7. Three years after the acute PV 
thrombosis, there was no repermeabilization of the PV 
and the Doppler US (a, b) shows multiple serpiginous col-
laterals in the porta hepatis (cavernoma) and dilated intra-
hepatic bile ducts. Contrast-enhanced CT images (c–f) 

show THAD in the hepatic arterial phase (c) that becomes 
homogenous at the portal venous phase (d). The presence 
of cavernoma is confirmed (e, f) as well as small dilation 
of the intrahepatic bile ducts (b). Also note severe 
splenomegaly
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venopathy and, therefore, imaging features of 
these conditions should be looked for and liver 
biopsy may be required in patients with abnormal 
liver tests and/or a dysmorphic liver (Garcia-
Pagán et al. 2016).

2.6	 �Idiopathic Non-cirrhotic 
Portal Hypertension, or 
Porto-Sinusoidal Vascular 
Disease

Idiopathic non-cirrhotic portal hypertension is 
defined as intrahepatic pre-sinusoidal hyperten-
sion in the absence of cirrhosis or other causes of 

a b c

d e

Fig. 10  Portal cavernoma and biliary cholangiopathy, 
same patients as in Figs. 7 and 9, 5 years after the acute 
PV thrombosis. Axial (a) and coronal (b) T2-weighted 
images show a hyperintense mass-like cavernoma (strain 
arrow) with encasement of the common biliary duct 
(dashed arrow). MRCP (c) demonstrates a stenosis of the 
main biliary duct and hepatic duct bifurcation (arrow-

head) due to extrinsic compression from cavernoma, with 
upstream dilatation. The absence of restriction on DWI 
images (d, b1000) and ADC map (e) help to distinguish a 
tumorlike cavernoma from cholangiocarcinoma. The 
appearance of the cavernoma did not change on 6-year 
follow-up MR examination (not shown)

Fig. 11  Portal cavernoma and liver dysmorphic changes. 
Axial contrast-enhanced CT in portal venous phase demon-
strates a cavernoma and related liver morphological changes, 
as hypertrophy of caudate lobe, atrophy of right lobe and left 
lateral segments, and enlargement of segment IV
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liver disease (Nakanuma et al. 2001). The nomen-
clature is ambiguous, and it can also be referred 
as obliterative portal venopathy, idiopathic portal 
hypertension, incomplete septal cirrhosis, or nod-
ular regenerative hyperplasia. Recently, the 
term  porto-sinusoidal vascular disease 
(PSVD) was proposed (Gottardi et al. 2019). The 
etiology remains undetermined in half of the 
cases, and autoimmune disorders, infections, 
hypercoagulable factors, and infection with 
human immunodeficiency virus are some of the 
implicated causative factors (Rajesh et al. 2018). 

Most commonly, patients present with gastroin-
testinal hemorrhage and splenomegaly, whereas 
ascites and hepatic encephalopathy are rare. The 
diagnosis of PSVD  should be considered in 
patients with portal hypertension without any 
cause for liver disease, and it requires exclusion 
of hepatic cirrhosis or other causes of non-
cirrhotic portal hypertension. Therefore, the diag-
nosis of PSVD requires liver biopsy and it must 
fulfill the following five criteria: clinical signs of 
portal hypertension (e.g., gastroesophageal vari-
ces, portocaval collaterals, splenomegaly); exclu-
sion of cirrhosis on liver biopsy; exclusion of 
chronic liver disease causing cirrhosis or non-
cirrhotic portal hypertension; exclusion condi-
tions causing non-cirrhotic portal hypertension 
(e.g., schistosomiasis, congenital hepatic fibrosis, 
and sarcoidosis); and patent portal and hepatic 
veins (Garcia-Pagán et al. 2016). Histologically, 
PSVD  is characterized by phlebosclerosis and 
obliteration of small intrahepatic PV branches, 
nodular regeneration, sinusoidal dilatation, and 
periportal and perisinusoidal fibrosis (Hillaire 
et al. 2002; Schouten et al. 2012). The liver func-
tion is commonly normal at presentation (Garcia-
Pagán et  al. 2016) and, unlike cirrhotic portal 
hypertension, it usually remains normal except in 
very advanced stages. Moreover, hepatic decom-
pensation and development of hepatocellular car-
cinoma are rare (Rajesh et al. 2018). Overall, the 
disease course is indolent, and the long-term 
prognosis is better than cirrhotic portal hyperten-
sion (Khanna and Sarin 2014). Due to its rarity, 
this disease is often misdiagnosed as hepatic cir-
rhosis on imaging examinations (Hillaire et  al. 
2002; Schouten et al. 2012).

On US examinations, marked splenomegaly 
and patent splenoportal axis are recognized, and 
the liver usually has a normal-looking smooth 
surface. The portal vein may have mural thicken-
ing due to periportal fibrosis (Rajesh et al. 2018). 
US elastography may help to differentiate 
PSVD from cirrhosis, as it has been demonstrated 
that patients with PSVD  usually have normal 
lower liver stiffness and high splenic stiffness, 
while cirrhotic patients have higher liver stiffness 
and relatively low splenic stiffness (Seijo et  al. 
2012; Furuichi et al. 2013).

a

b

Fig. 12  PV thrombosis and portal hypertension associ-
ated with liver cirrhosis. Axial contrast-enhanced CT in 
portal venous phase (a, b) exhibits signs of portal hyper-
tension, as splenomegaly and splenic varices. Also, a dys-
morphic liver is seen, with hypertrophy of left lateral 
segments and atrophy of segment IV. The liver surface is 
nodular and irregular. These signs indicate liver cirrhosis 
and are different from the characteristic signs of non-
cirrhotic portal hypertension

M. França and J. Pinto



309

Contrast-enhanced CT or MR imaging display 
morphological, vascular, and perfusional abnor-
malities that raise the possibility of PSVD 
(Fig.  13). The most common findings are intra- 
and extrahepatic PV abnormalities, namely the 
abrupt tapering or pruning of the medium-size PV 
branches and intraluminal filling defects. 
Intrahepatic portal abnormalities, as well as extra-
hepatic PV mural thickening, calcifications, PVT, 
or portal cavernoma, are more frequent than in cir-
rhotic patients (Glatard et  al. 2012). Perfusional 
abnormalities can be recognized by the heteroge-
neous and decreased enhancement of the liver 
periphery, due to portal hypoperfusion, accompa-
nied by compensatory increased arterialization, 
manifested by increased arterial perfusion of the 

periphery and dilation of the hepatic artery (Arora 
and Sarin 2015; Rajesh et  al. 2018). 
Morphologically, the liver contour is firstly 
smooth, although, with the progression of the dis-
ease, it may become nodular and difficult to distin-
guish from cirrhosis. Like cirrhosis, usually there 
is atrophy of the right hepatic lobe and hypertro-
phy of the caudate lobe. However, like in chronic 
PVT or EHPVO, patients with PSVD usually have 
hypertrophy of segment IV while cirrhotic patients 
usually present atrophy of segment IV (Vilgrain 
et al. 2006; Glatard et al. 2012; Rajesh et al. 2018). 
Furthermore, splenomegaly is usually massive and 
greater in PSVD than in cirrhotic patients (Furuichi 
et al. 2013) (Fig. 14). Because there is increased 
arterialization of the liver, focal nodular hyperpla-

a b

c d

Fig. 13  Porto-sinusoidal vascular disease. Axial contrast-
enhanced CT in portal venous phase (a–d) demonstrates 
imaging signs of portal hypertension, such as splenomeg-
aly and varices (dashed arrows). The liver is dysmorphic 
(*), with hypertrophy of segment IV and caudate lobe and 

atrophy of the right lobe and left lateral segments. 
However, the liver surface is smooth and non-nodular. 
Also, the PV is narrow, although permeable (white arrow). 
These findings suggest non-cirrhotic portal hypertension, 
which was confirmed by liver biopsy
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sia-like nodules can be recognized on dynamic CT 
or MR imaging as hypervascular nodules (Glatard 
et al. 2012; Vilgrain et al. 2018).

3	 �Vascular Outflow 
Obstruction

3.1	 �Cardiac or Pericardial Disease

Liver passive congestion is secondary to the 
impairment of hepatic venous outflow. Several 
cardiovascular disorders (as tricuspid regurgita-
tion or stenosis, cardiomyopathy, constrictive 
pericarditis, cor pulmonale, and left heart failure) 
with consequent right-sided cardiac failure result 
in parenchymal congestion and subsequently 
liver injury. Once severe heart disease induces 
poor cardiac output, hepatic perfusion may also 
be compromised. Therefore, a combination of 
congestive hepatopathy with liver ischemia may 
occur (Koehne de Gonzalez and Lefkowitch 
2017). Symptoms are usually related to cardiac 
failure and, rarely, patients may present with mild 
jaundice or right upper quadrant pain. 
Hepatomegaly and hepatojugular reflux may be 
detected at physical examination, but splenomeg-
aly is not a common finding (Giallourakis et al. 
2002; Myers et al. 2003).

On US evaluation, hepatic vein dilatation is 
observed, and abnormal echogenicity of the liver 
parenchyma may be observed due to edema or 
fibrosis. When using spectral Doppler, the normal 
hepatic venous waveform (“triphasic” pattern) is 
lost because of right-sided heart failure (Moreno 
et  al. 1984). On contrast-enhanced CT and MR 
imaging, an early enhancement of dilated IVC and 
central hepatic veins, due to the reflux of contrast 
material from the right atrium into the IVC, is usu-
ally seen (Fig. 15) (Gore et al. 1994). Decreased 
portal venous inflow associated with poor cardiac 
output leads to a delayed bolus arrival to the liver. 
Heterogeneous parenchyma enhancement show-
ing reticular regions of low attenuation, particu-
larly at the periphery of the liver, is highly 
suggestive of congestive hepatopathy (Fig.  16) 
and has been described as “nutmeg liver” 
(Kiesewetter et al. 2007; Elsayes et al. 2017).

3.2	 �Budd-Chiari Syndrome

Budd-Chiari syndrome (BCS) is a rare disease, 
secondary to partial or complete obstruction of 
hepatic venous outflow, which can occur at any 
level from the small hepatic venules up to the 
entrance of the inferior vena cava into the right 
atrium (Garcia-Pagán et  al. 2016). Hepatic 
venous outflow obstruction will lead to increased 
intrahepatic sinusoidal pressure and congestion, 
decreasing the hepatic perfusion, resulting in 
hepatocyte necrosis and evolving to centrilobular 
fibrosis, nodular regenerative hyperplasia, and 
cirrhosis (Valla 2009). Furthermore, the blockage 
of hepatic venous outflow will lead to the devel-
opment of extrahepatic collateral vessels and por-
tal hypertension. While primary BCS is usually 
associated with prothrombotic conditions, sec-
ondary BCS results from vascular extrinsic com-
pression associated with hepatic abscesses and 
benign or malignant tumors, or from vascular 
invasion by malignant tumors. Clinical manifes-
tations of BCS depend on the stage of the disease, 
ranging from asymptomatic and incidentally dis-
covered disease to an acute or fulminant presen-
tation (Langlet et al. 2003), with abrupt onset of 
ascites, abdominal pain and liver, and kidney fail-
ure. Subacute or chronic forms are the most fre-

Fig. 14  Porto-sinusoidal vascular disease. Axial contrast-
enhanced CT on the portal venous phase shows a dysmor-
phic liver, with atrophy of right liver lobe and hypertrophy 
of segment IV and caudate lobe (*), with smooth con-
tours. The PV is patent but there are signs of portal hyper-
tension, such as gastroesophageal varices (arrow) and 
splenomegaly (#)
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quent presentations (Langlet et  al. 2003), with 
indolent development of symptoms related to an 
impairment of liver function and portal 
hypertension.

Imaging findings will also depend on the stage 
of the disease. Doppler US and contrast-enhanced 
MR or CT examinations play an important role 
for diagnosing BCS, and biopsy is usually not 
necessary (Van Wettere et al. 2018). Although CT 
can also demonstrate the thrombosed hepatic 
veins, these are usually more evident at US or 
MR imaging.

Doppler US is the first-line modality for sus-
pected BCS (Ralls et al. 1992; Cura et al. 2009) 
demonstrating the absence of venous flow or a 
focal acceleration of blood velocities at the level 
of stenosis (Fig.  17). The absence of normal 
triphasic spectrum of the hepatic veins can also 
be recognized but it is not specific, as it can be 
present in cirrhosis or chronic hepatitis. The evi-
dence of at least one of the following imaging 
features at B-mode US is sufficient to make the 
diagnosis: endoluminal vein hypoechoic material 
(Fig. 18); venous stenosis with upstream dilata-
tion; and fibrous hyperechoic cord replacing the 
vein or an intraluminal thrombus (Van Wettere 
et  al. 2018). In the acute phase, hepatomegaly 
and ascites are commonly present (Fig. 17) while 

a

b

c

Fig. 15  Hepatic congestion related to right heart failure. 
Axial contrast-enhanced CT in arterial phase (a and b) 
shows early enhancement of a dilated IVC and central 
hepatic veins (a) secondary to the reflux of contrast mate-
rial from the right atrium into the IVC. Cardiomegaly with 
severe dilation of the right atrium (*) is also observed (b). 
Axial contrast-enhanced CT in the portal venous phase (c) 
demonstrates abnormal parenchymal enhancement with 
reticular regions of low attenuation at the periphery of the 
liver, related with hepatic congestion

Fig. 16  Hepatic congestion. Axial contrast-enhanced 
portal venous phase CT image demonstrates a heteroge-
neous parenchyma enhancement with linear areas of poor 
enhancement, mainly at the peripheric regions of the liver, 
described as “nutmeg” appearance or mosaic pattern, 
related with congestive hepatopathy
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in subacute or chronic BCS, an important finding 
for the diagnosis is the observation of hepatic 
venous collateral circulation (Valla 2003), drain-
ing blood from the liver segments with obstructed 
vein into the patent veins. Other imaging findings 
include hypertrophy of the caudate lobe, pres-
ence of a vein draining the caudate lobe greater 
than or equal to 3 mm in caliber (Bargalló et al. 
2006), and dilation of the HA and splenomegaly. 
Doppler US also demonstrates slow hepatofugal 
flow at the portal vein (Brancatelli et al. 2007). 
Furthermore, PV thrombosis can be found in 
approximately 15% of the cases and it might be 
related to prothrombotic state or portal hyperten-
sion (Murad et al. 2006).

On contrast-enhanced CT or MR images, hep-
atomegaly, ascites, and splenomegaly are the 

main findings in acute BCS, along with occlusion 
of the hepatic veins (Figs. 17, 18, and 19). Other 
characteristic findings are the delayed and 
decreased enhancement, particularly at the 
periphery of the liver parenchyma, and an early 
strong enhancement of the central portions of the 
liver and caudate lobe (Fig.  19). Because of 
edema and congestion, hyperintensity of the liver 
parenchyma can be seen on T2-weighted images, 
especially in subcapsular areas.

On the other hand, on subacute or chronic 
BCS, morphological changes of the liver are 
often seen, with peripheric parenchymal atrophy 
along with hypertrophy of the central liver and 
caudate lobe (Fig. 20). Furthermore, an enlarge-
ment of the hepatic artery and portosystemic and 
intrahepatic collateral vessels are frequently rec-

a b

c d

Fig. 17  Acute Budd-Chiari syndrome. Doppler US 
examination (a, b) shows ascites, hepatomegaly, and 
absence of flow within the right and middle hepatic veins. 
Contrast-enhanced axial CT images (c, d) show hyperen-
hancement of the central portions of the liver, including 

the caudate lobe (*), and decreased enhancement at the 
periphery (white arrow) on the hepatic arterial phase (c). 
On the venous phase (d), there is no enhancement of the 
right and middle hepatic veins (black arrow)
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ognized (Figs. 20 and 21). The latter are consid-
ered to be the most sensitive feature and a key to 
chronic BCS diagnosis (Valla 2003). A “mosaic” 
pattern of enhancement of the liver parenchyma 
is commonly observed (Fig. 20), which appears 
as a reticulated enhancement on arterial and/or 
venous phases, with complete or partial homog-
enization on delayed phases. This heterogeneous 
enhancement is more evident at the liver periph-
ery and it is a sign of sinusoidal dilatation. Thus, 
a mosaic enhancement may also be found in 
other conditions such as hepatic congestion sec-

ondary to cardiac dysfunction (Fig. 16), or more 
infrequently due to chronic/acute systemic 
inflammatory states (Ronot et al. 2016).

In chronic BCS, the development of multiple 
regenerative nodules is very frequent due to 
hyperarterialization of the liver parenchyma in 
response to PV hypoperfusion. In most of the 
cases, these nodules are multiple (more than 10), 
with a diameter ranging from 0.5 to 4.0  cm 
(Vilgrain et  al. 1999; Brancatelli et  al. 2007; 
Vilgrain et al. 2018). Typically, these regenera-
tive nodules are markedly and homogenously 

a b

c d

Fig. 18  Acute Budd-Chiari syndrome. Longitudinal (a) 
and transversal (b) B-mode US shows hepatomegaly with 
heterogeneous echogenicity of the parenchyma, and a 
prominent echogenic thrombus (black arrow) within the 
intrahepatic portion of the IVC. Axial (c) and sagittal (d) 
contrast-enhanced CT in portal venous phase confirmed 

the acute BCS diagnosis demonstrating the thrombus in 
the IVC lumen as a non-enhanced filling defect (white 
arrow). Note also the heterogeneous enhancement of the 
liver parenchyma, with increased enhancement of the cen-
tral regions and decreased enhancement of the liver 
periphery

Vascular Liver Diseases



314

a

b

c

Fig. 19  Acute BCS. Axial contrast-enhanced CT in arte-
rial phase (a) shows markedly heterogeneous enhance-
ment of the liver parenchyma, still evident on portal 
venous phase (b), with a notable decreased peripheral 
enhancement (white arrow) and a stronger enhancement 
of the central portion. The caudate lobe is enlarged and 
shows increased enhancement (dashed arrow). Axial 
contrast-enhanced CT in delayed phase (c) shows occlu-
sion of the hepatic veins (arrows). This enhancement pat-
tern in association with obstructed hepatic veins is 
characteristic of acute BCS. Ascites (*) is also present

a

b

c

Fig. 20  Chronic BCS, same patient as in Fig. 19. Axial 
contrast-enhanced CT in portal venous phase (a, b, and c) 
demonstrates atrophy of the periphery and hypertrophy of 
the central portions of the liver, with the typical zonal per-
fusion and patchy enhancement of the parenchyma (white 
arrows), also referred to as the mosaic pattern. The cau-
date lobe is normally enlarged and homogenously 
enhanced (*). An enlarged HA  is usually present in the 
chronic cases (dashed arrow) due to hyperarterialization, 
to compensate the decreased portal flow. A TIPS is 
observed (black arrow) which is occluded. Also, there is 
splenomegaly due to portal hypertension
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hypervascular on arterial phase CT (Fig. 22) or 
MR images and remain hyperdense or hyperin-
tense on portal venous and delayed phase, and 
also at the hepatobiliary phase, if a hepatospe-
cific contrast agent is used. Largest lesions often 
contain a central scar, like FNH (Vilgrain et al. 
2018). Furthermore, these nodules are usually 
hyperdense on unenhanced CT images, and usu-
ally show high signal on T1-weighted and iso- to 
low signal on T2-weighted MR images, without 
restriction on diffusion-weighted MR images 
(Vilgrain et  al. 2018) (Table  2). Nevertheless, 
some regenerative nodules may present washout 
on delayed phases and they may also increase in 
size and/or number, making them difficult to be 
differentiated from hepatocellular carcinoma 

a

b

Fig. 21  Chronic BCS, with vascular shunts. Both contrast-
enhanced MR images demonstrate the presence of intrahe-
patic collateral circulation. In the arterial phase (a), 
arterial-portal shunts at the liver periphery are seen (white 
arrow). The maximum intensity projection of the portal 
venous phase image (b) shows the characteristic portosys-
temic and intrahepatic venous collateral circulation (black 
arrow). These appear as tortuous vessels, and frequently 
follow subcapsular routs with a typical “comma shape”

a

b

c

Fig. 22  Chronic BCS, with benign hypervascular nod-
ules. Axial contrast-enhanced CT in arterial (a), portal 
venous (b), and delayed (c) phase demonstrating multiple 
hypervascular peripheral nodules (white arrows) with no 
washout on either portal venous or delayed phase. 
Obstruction of the middle hepatic vein is visible (dashed 
arrows)
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(Vilgrain et  al. 2018). Moreover, patients with 
BCS are at risk of developing hepatocellular car-
cinoma. In fact, the incidence of hepatocellular 
carcinoma in BSC is similar to that observed in 
other chronic liver diseases, although it is sel-
dom observed in Western countries, probably 
because BCS is a rare disease (Van Wettere et al. 
2018). Hepatocellular carcinoma is usually soli-
tary and larger, and usually shows delayed wash-

out (Fig. 23). Serum alpha-fetoprotein is specific 
for hepatocellular carcinoma (Vilgrain et  al. 
2018). Nevertheless, because the diagnosis of 
hypervascular lesions is not always straightfor-
ward in patients with BCS, if nodules are large 
(> 3 cm) or solitary, with atypical imaging fea-
tures or with significant changes over time, a 
liver biopsy should be performed (Vilgrain et al. 
2018).

a b

Fig. 23  Hepatocellular carcinoma in chronic BCS. This 
patient with BCS presented multiple hypervascular nod-
ules on follow-up MR examinations (a, arterial phase; b, 
portal venous phase image), most of them with no wash-
out on delayed phase (dashed arrow). However, one of 
these nodules (solid arrow) showed progressive enlarge-
ment regarding the previous examinations and further-

more showed washout and a pseudocapsule (white arrow) 
on delayed phase (b). This nodule was suspicious for 
hepatocellular carcinoma. Due to rapidly progressive liver 
failure, the patient underwent a liver transplantation and 
the presence of hepatocellular carcinoma was confirmed 
on the explanted liver

Table 2  Different characteristics of BCS nodules on CT and MRI

Unenhanced CT T1 T2 Arterial phase PVP HBP
Hyper Hyper Hyper ISO/HYPO Hyper Hyper Hyper

PVP portal venous phase, HBP hepatobiliary phase
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4	 �Sinusoidal Obstruction

4.1	 �Sinusoidal Obstruction 
Syndrome

Hepatic sinusoidal obstruction syndrome (SOS), 
previously known as veno-occlusive disease, is a 
vascular disease characterized by endothelial sinu-
soidal damage due to toxin exposure with conse-
quent sinusoidal congestion and centrilobular 
necrosis, leading to sinusoidal and central hepatic 
vein obstruction, while large hepatic vein continues 
to be patent (Elsayes et al. 2017; Brancatelli et al. 
2018). There are several well-recognized causes for 
this sinusoidal injury, such as cytoreductive therapy 
before hematopoietic stem cell transplantation, use 
of pyrrolizidine alkaloid-containing herbal reme-
dies, use of azathioprine in immunosuppression for 
solid organ transplant or inflammatory bowel dis-
ease, and chemotherapy drugs with platinum 
(Hubert et al. 2013; Fan and Crawford 2014). In the 
acute stage, the clinical symptoms are abdominal 
pain and ascites while in the subacute phase, the 
patients usually present with recurrent ascites, hep-
atosplenomegaly, and jaundice. Chronically, the 
clinical and histology findings will be similar to 
those of cirrhosis (Elsayes et al. 2017).

As the imaging features of SOS are nonspe-
cific, a relevant clinical history is important to 
raise the suspicion of SOS. On contrast-enhanced 
CT and MRI images, a patchy and irregular 
enhancement of the liver enhancement is seen, 
mainly at the periphery, with mosaic appearance, 
resembling the imaging finding of BCS, but with 
patent hepatic veins (Figs. 24 and 25). Gallbladder 
wall thickening, hepatomegaly, portal edema, 
splenomegaly, and ascites may also be observed. 
On gadoxetic acid contrast-enhanced MR, a retic-
ular hypointense parenchymal pattern, mainly in 
the peripheral areas of the liver, is highly specific 
for SOS (Shin et  al. 2012). Resolution of the 
imaging findings is expected to occur once the 
causative agent is suspended (Han et  al. 2015; 
Garcia-Pagán et al. 2016; Brancatelli et al. 2018).

4.2	 �Hepatic Peliosis

Hepatic peliosis is a rare benign vascular condition 
characterized by sinusoidal dilation and multiple 

blood-filled cystic lesions, with loss of endothe-
lium. Several causes have been suggested, such as 
steroids, oral contraceptives, tamoxifen metho-
trexate or toxins, hematological or infectious dis-
eases, and even pregnancy, but it is often idiopathic 
(Elsayes et  al. 2017; Brancatelli et  al. 2018). 
Although patients with hepatic peliosis are gener-
ally asymptomatic and incidentally diagnosed, 
symptoms related to portal hypertension or hepatic 
rupture with hemoperitoneum may also be present 
(Cimbanassi et al. 2015; Elsayes et al. 2017).

On post-contrast CT, the peliotic lesions can 
have different appearances depending on the pres-
ence of afferent vessels or thrombotic tissue. The 
lesions may show a central hyperenhancement on 
arterial phase (target sign) with centrifugal 
enhancement during the venous phase, although 
enhancement may also be centripetal (Elsayes 
et  al. 2017). On delayed images, hyperenhance-
ment is usually observed. Nevertheless, throm-

a

b

Fig. 24  Sinusoidal obstruction syndrome in a patient 
treated with oxaliplatin chemotherapy for colorectal can-
cer. Axial contrast-enhanced CT in the portal venous 
phase (a and b) shows patchy and irregular enhancement 
of the liver, essentially at the periphery, with a mosaic pat-
tern. This patient had also peri-hepatic ascites
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bosed lesions may not enhance and lesions smaller 
than 1 cm are often too small to be depicted. On 
MR images, peliotic lesions are usually hyperin-
tense on T2-weighted images (Fig. 26). Differential 
diagnosis includes hepatic hemangioma or hyper-
vascular metastasis, and the absence of mass effect 
on adjacent hepatic vessels may help to differenti-
ate these lesions from hepatic tumors (Ferrozzi 
et al. 2001). Peliosis may resolve after cessation of 
the causative agent or adequate treatment of the 
underlying cause (Elsayes et al. 2017).

4.3	 �Nonobstructive Sinusoidal 
Dilation

Nonobstructive hepatic sinusoidal dilation may 
be observed in association with acute inflamma-
tory or infectious diseases (such as pyelonephri-

tis, cholecystitis, pneumonia, and pancreatitis) or 
oral contraceptives (Ronot et al. 2016; Brancatelli 
et al. 2018). Imaging findings are nonspecific and 
similar to those of sinusoidal obstruction or 
venous outflow obstruction, with a mosaic 
enhancement pattern on the periphery of the liver 
parenchyma (Brancatelli et al. 2018).

5	 �Hepatic Nodules in Liver 
Vascular Diseases

The majority of liver vascular diseases are associ-
ated with hepatocellular tumors, most of them 
being hypervascular on enhanced CT or MR 
images. Most of these nodules are benign, and 
the size and number of these nodules may 
increase over time. FNH-like nodules are the 
most common type, but focal nodular regenera-

a b

c d

Fig. 25  Sinusoidal obstruction syndrome in a patient 
treated with immunosuppression after liver transplant. 
Axial dynamic contrast-enhanced MR images (a–d) show 
patchy and irregular enhancement of the liver, in a mosaic 

pattern, mainly at the periphery of the left lobe. Images 
are courtesy of Luis Martí-Bonmatí, MD PhD, Valencia, 
Spain
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a b c

d e f

Fig. 26  48-year-old woman with peliosis hepatis. Patient 
had renal transplantation 4 years before and, presently, 
has diabetes and Hodgkin lymphoma. Lesion (arrow) 
appears mildly hyperintense on fat suppressed T2-w MRI 
sequence (a) and hypointense on T1-w in-phase (b) and 
out-of-phase (c) MRI sequence. (d) In arterial phase of 
contrast enhancement, lesion shows peripheral rim-like 

enhancement. In portal venous (e) and equilibrium phase 
(f), lesion enhancement is isointense to liver parenchyma. 
Note centripetal progression of contrast enhancement, 
which simulates hemangioma. Peliotic lesions have typi-
cally centrifugal progression of contrast enhancement, but 
centripetal enhancement can also be observed (Courtesy 
of Prof. Luigi Grazioli, Brescia)

tive hyperplasia and hepatocellular adenoma may 
also be found (Sempoux et  al. 2015; Vilgrain 
et  al. 2018). Contrast-enhanced CT and MR, 
especially with hepatospecific contrast agents, 
are very important for the diagnosis. Nevertheless, 
imaging findings are not pathognomonic and 
liver biopsy may be needed for a definite diagno-
sis. Hepatocellular carcinoma is rare except in 
patients with BCS, who should be followed over 
time (Vilgrain et al. 2018).

6	 �Conclusion

Hepatic vascular diseases may affect the vascular 
inflow, vascular outflow, or flow at the sinusoidal 
level, most of them resulting in decreased portal 
perfusion and increased arterialization of the 
parenchyma. The underlying physiopathological 
mechanisms lead to key imaging findings that 
should be promptly recognized by radiologists, 
in order to provide an accurate diagnosis.
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Abstract
Abdominal traumas represent a frequent con-
ditions in Emergency Department, with liver 
lesions commonly observed. This Chapter 
will be focused on the role of the diagnostic 
methods in evaluating liver traumas, espe-
cially CT with management correlations 
considered.

1	 �Introduction

Abdominal traumas represent a common emer-
gency condition, with liver injuries frequently 
observed (Badger et  al. 2009; Feliciano 1989; 
Fodor et  al. 2018; Raza et  al. 2013; Tarchouli 
et  al. 2018). The role of diagnostic imaging in 
the evaluation of patients with blunt or penetrat-
ing lesions is crucial and essential in the emer-
gency department. The mortality rate in liver 
traumatic damages depends on the extension and 
degree of the lesions as well as on the association 
with other organ injuries (Tarchouli et al. 2018). 
Because the management of hepatic traumatic 
lesions has changed in the last decades with a 
preferred nonsurgical management in hemody-
namically stable subjects, to avoid all postopera-
tive potential complications from organ 
resections in emergency (Raza et  al. 2013; 
Tarchouli et al. 2018) the laparotomy with peri-
hepatic packing and the use of the interventional 
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radiologic procedure when indicated led to a 
decrease in mortality rates (Tarchouli et  al. 
2018). The grading scale for the liver trauma is 
represented by the American Association for 
Surgery of Trauma (AAST) score that indicates 
six levels of injuries based on the anatomical 
description of the alterations (Raza et al. 2013; 
Moore et al. 1989; Moore and Moore 2010), with 
the reported lesions from I to III predominantly 
treated conservatively, whereas the major 
extended of grade IV, V, or VI requesting sur-
gery, although if a nonoperative management 
could be evoked in specialized centers for hemo-
dynamically stable patients (Raza et  al. 2013; 
Piper and Peitzman 2010). The imaging grading 
scale of the liver injuries to assess lesion severity 
and to help the clinical management of the organ 
traumas plays an important although if some-
times a discussed role (Raza et al. 2013; Moore 
and Moore 2010). Classic classification of CT 
graded the scale of liver injures varying from 
capsular avulsion to major parenchymal damage 
and vascular injury (Mirvis et  al. 1989; Raza 
et al. 2013; Yoon et al. 2005); however the AAST 
grading scale includes several criteria that could 
not be assessed with CT, with potential differ-
ences and discrepancies between the imaging 
and the intraoperative findings (Yoon et  al. 
2005), often underestimating the lesion severity 
(Yoon et  al. 2005). The evidence of hemody-
namic instability more than the degree severity at 
CT seems to represent the best predictor for the 
surgery in patients with blunt liver trauma (Yoon 
et al. 2005; Poletti et al. 2002; Delgado Millan 
and Deballon 2001).

2	 �Diagnostic Imaging

CT is the imaging modality of choice to evaluate 
hemodynamically stable patients suffering from 
blunt abdominal trauma (Shanmuganathan and 
Mirvis 1995; Shanmuganathan 2004), showing a 
spectrum of diagnostic findings useful in 
the characterization of hemorrhage as well as 
in the planning of the injury management 
(Shanmuganathan and Mirvis 1995; 
Shanmuganathan 2004). Multi-detector row 

computed tomography (MDCT) enables fast and 
thin acquisition of the abdominal anatomy 
(Aschoff 2006). Acquisition in subisotropic voxel 
allows maximizing efficiency in evaluating 
patients with blunt polytrauma not just with axial 
but in multiple planes using coronal and sagittal 
reformatting images (Dreizin and Munera 2012).

Administration of intravenous contrast 
medium is essential in emergency and almost 
crucial in polytrauma imaging: in the evaluation 
of severe trauma patients multiphase CT scan-
ning protocols are frequently used in most insti-
tutions (arterial, venous, and delayed phase), but 
in literature other experiences regarding the con-
trast administration protocol have been reported. 
A split bolus contrast protocol had been shown to 
reduce the radiation exposure and the number of 
passes in young population (Beenen et al. 2015), 
whereas other authors proposed a triphasic injec-
tion single-pass whole-body imaging protocol 
that appeared to be superior to the conventional 
multiphase protocol allowing a better vascular 
and abdominal parenchymal imaging with reduc-
tion in radiation dose and image overload 
(Loupatatzis et al. 2008; Yaniv et al. 2013).

In a study comparing a low-dose polytrauma 
multiphase whole-body CT protocol on a 258-
slice multi-detector CT (MDCT) scanner with 
advanced dose reduction techniques to a single-
phase polytrauma whole-body CT protocol on a 
64-slice MDCT scanner, it has been shown that 
the low-dose multiphase CT protocol could 
improve diagnostic accuracy and image quality 
at markedly reduced radiation, but with an 
increased examination time that could reduce 
workflow in acute emergency situations (Alagic 
et al. 2017). Rising numbers of computed tomog-
raphy (CT) examinations worldwide have led to 
a focus on dose reduction in the latest develop-
ments in CT technology. Iterative reconstruction 
(IR) models bear the potential to effectively 
reduce dose while maintaining adequate image 
quality (Graves et al. 2017).

There are still challenges in CT imaging of the 
polytrauma individual including time restraints, 
diagnostic errors, radiation dose effects, and 
bridging the gap between anatomy and physiol-
ogy: possible solutions could be offered by the 

S. Romano et al.



325

unique design of the dual-source CT scanner 
(Nicolaou et al. 2008).

Dual-energy CT improves the detection and 
the contrast-to-noise ratio of the hypovascular 
lesions of the abdominal organ, so that in case of 
hepatic laceration, the contrast between the hypo-
vascular laceration and the liver parenchyma 
increases on low-kilovolt peak and low-
kiloelectron volt images (Wortman et al. 2018).

In the evaluation of the traumatized patient, 
diagnostic imaging modalities including radio-
graphs, ultrasound, and computed tomography 
have demonstrated utility in injury detection 
(long). Many centers routinely utilize whole-
body CT trauma (WBCT) based on the premise 
that this test will improve mortality (Long et al. 
2017). However, WBCT may increase radiation 
and incidental findings when used without con-
sidering pretest probability of actionable trau-
matic injuries (Long et  al. 2017). Studies 
supporting WBCT are predominantly retrospec-
tive and incorporate trauma scoring systems, 
which have significant design weaknesses (Long 
et  al. 2017). The REACT-2 trial randomized 
trauma patients with high index of suspicion for 
actionable injuries to WBCT versus selective 
imaging and found no mortality difference (Long 
et al. 2017). Additional prospective trials evaluat-
ing WBCT in specific trauma subgroups (e.g., 
polytrauma) are probably needed to evaluate the 
effective benefit (Long et al. 2017). In the interim, 
the available data suggests that clinicians should 
adopt a selective imaging strategy driven by his-
tory and physical examination (Long et al. 2017). 
While observational data suggests an association 
between WBCT and a benefit in mortality and 
ED length of stay, randomized controlled data 
suggests no mortality benefit to this diagnostic 
tool (Long et al. 2017). The literature would ben-
efit from confirmatory studies of the use of 
WBCT in trauma subgroups to clarify its impact 
on mortality for patients with specific injury pat-
terns (Long et al. 2017).

A study to assess the accuracy of the trauma 
team leader’s clinical suspicion of injury in 
patients who have undergone whole-body com-
puted tomography (WBCT) for suspected poly-
trauma and to assess the frequency of unsuspected 

injuries and specific patterns of injury at WBCT 
was published in 2015 (Shannon et al. 2015). The 
authors concluded that clinical suspicion of 
injury correlates poorly with findings at WBCT, 
with a high proportion of uninjured body areas 
(Shannon et  al. 2015). The number of unsus-
pected injuries found at WBCT was low, but the 
majority of these were serious injuries, possibly 
masked by distracting injury to other body areas 
(Shannon et al. 2015). The use of a WBCT proto-
col is recommended for suspected polytrauma, 
but the authors suggested a regular monitoring of 
WBCT findings and regular feedback of the 
results to emergency physicians to help inform 
their selection of patients for trauma WBCT 
(Shannon et al. 2015).

Independently from any consideration regard-
ing the indication to WBCT in major trauma 
patients, the emergency radiologist must be able 
to accurately and rapidly identify the range of CT 
manifestations of the traumatized body (Graves 
et  al. 2017) and the findings of liver injury. 
Contrast CT should be considered in the manage-
ment algorithm for hepatic trauma, particularly in 
the setting of blunt injury (Kutcher et al. 2015), 
to detect the evidence of injury and the degree, 
and also in order to help clinician to select those 
who could benefit from a nonoperative manage-
ment. Nonoperative management of common 
intra-abdominal solid organ injuries relies 
increasingly on computed tomographic findings 
and other clinical factors, including patient age, 
presence of concurrent injuries, and serial clini-
cal assessments (Kokabi et al. 2014).

CT examination appears to play an important 
role in the management setting of suspected liver 
trauma (Figs.  1–8). Moreover, some patients 
explored for abdominal injury could have persis-
tent hepatic bleeding on postoperative computed 
tomography (CT) and/or angiography, either not 
identified or not manageable at initial laparotomy 
(Kutcher et al. 2015). To identify patients at risk 
for ongoing hemorrhage and guide triage to angi-
ography, some authors investigated the relation-
ship of early postoperative CT scan with 
outcomes in operative hepatic trauma (Kutcher 
et al. 2015). They assessed that early postopera-
tive CT scan after laparotomy for hepatic trauma 
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a b

Fig. 1  (a, b) Contrast-enhanced CT scan in patient with blunt abdominal trauma: small linear hypodensity of the fourth 
hepatic segment from contusion (a); small amount of perihepatic fluid (b)

a b

c d

Fig. 2  (a–d) Contrast-enhanced CT in polytrauma 
patient: inferior lobe lung contusion, pleural effusion, and 
right costal fractures (a); small peripheral laceration of the 
right hepatic lobe (b); note the homolateral active poste-

rior intercostal bleeding (black arrow in b), caudally 
extended in a retroperitoneal hematoma with multiple 
signs of active bleeding from right lumbar contusion and 
transverse process fractures (c, d)
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identifies clinically relevant ongoing bleeding 
and is sufficiently sensitive and specific to guide 
triage to angiography (Kutcher et al. 2015).

However, nonoperative management in some 
cases could lead to delayed complication and 
appropriate follow-up is therefore crucial (Mebert 
et  al. 2018): in the reviewed literature, it was 
shown that routine imaging follow-up CT scans 
may not be indicated in asymptomatic patients 
with lower grade blunt hepatic injuries, whereas 
contrast-enhanced ultrasound (CEUS) appeared 
to be a promising alternative imaging modality 
for the follow-up of these patients (Mebert et al. 
2018).

In the evaluation of the traumatized patient 
with suspected abdominal lesions, there are a 
large number of papers dealing with FAST 
(focused assessment with sonography in trauma) 
which, in practice, is the definition for detection 
of free fluid in the abdomen (Thorelius 2004). 
However, contrast-enhanced ultrasound (CEUS) 
has been reported to be an effective tool in the 
evaluation of blunt hepatic trauma, being more 
sensitive than baseline sonography and better 
correlating with CT findings (Catalano et  al. 
2005). Moreover, other authors assessed that 
CEUS is more accurate than US and nearly as 
accurate as CT, and CEUS could therefore be 
proposed for the initial evaluation of patients 
with blunt abdominal trauma (Valentino et  al. 
2010), in expert hands. In fact, CEUS greatly 

improves the visualization and characterization 
of hepatic, renal, and splenic injuries compared 
to conventional ultrasound and appears to corre-
late well with CT (Clevert et  al. 2008). This 
imaging technique could detect even minor blood 
flow and is able to depict vascular structures in 
detail (Clevert et al. 2008). Owing to its bedside 
availability, CEUS provides a good alternative to 
CT especially in patients with contraindications 
to CT contrast agents (e.g., due to renal failure or 
severe allergy) and in hemodynamically compro-
mised patients (Clevert et al. 2008).

The use of contrast-enhanced ultrasound 
(CEUS) improves the accuracy of the sonogra-
phy in the diagnosis and assessment of the extent 
of parenchymal lesions (Cagini et al. 2013). The 
CEUS could then be used in the follow-up of 
traumatic injuries of abdominal parenchymal 
organs (liver, spleen, and kidneys), especially in 
young people or children (Cagini et al. 2013). In 
the literature it has been noted that CEUS and 
serum liver enzyme measurement exhibited high 
consistency with contrast-enhanced CT for both 
detection and grading of intraparenchymal 
lesions in blunt liver trauma (Zhao et  al. 2017) 
and these techniques may allow a more accurate 
diagnosis of liver trauma (Zhao et  al. 2017). 
Contrast-enhanced sonography has also been 
reported to be able to play a role in the detection 
of pseudoaneurysms (Poletti et al. 2004) in solid 
organ injury from blunt trauma.

a b

Fig. 3  (a, b) Contrast-enhanced CT images of small lacerative contusion of the right hepatic lobe (a), associated to a 
lenticular inhomogeneous subcapsular hypodensity from hematoma (b)
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a b

c d

e

Fig. 4  (a–e) Major “bear-claw” lacerative contusion of 
the right hepatic lobe (a) with hemoperitoneum (a–c), evi-
dence of right adrenal gland hematoma (arrow in c) and 
right perirenal hematoma (b, c) from major renal trauma 
with vascular peduncle involvement and active bleeding 

sign (arrow in b). Post-right nephrectomy CT control 48 h 
later (d, e): note the more defined hypodensity areas from 
lacerocontusive injuries of the right hepatic lobe and the 
appearance of the adrenal right hematoma in the axial (d) 
and coronal views (e)
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a b

c d

Fig. 5  (a–d) Liver trauma with large parenchymal hematoma (a) complicated with subcapsular biloma with some 
bubble of gas from sign of infection (b, c), successfully treated with percutaneous drainage (d)

a b

Fig. 6  (a, b) Major liver trauma involving the right lobe with hyperdensity from active bleeding findings (a, b)
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a b

c

Fig. 7  (a–c) Right hepatic lobe fracture with blood pool hyperdensity from active bleeding (a–c)
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a b

c

d

Fig. 8  (a–d) Lacerative contusion of the right hepatic lobe (a, b); note the correlative follow-up images with ultrasound 
and contrast-enhanced sonography (c, d)
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3	 �Essential Findings

In emergency, radiologist plays an important 
role in making the diagnosis of hepatic trau-
matic lesions (Figs. 1, 2, 3, 4, 5, 6, 7, and 8). At 
the initial evaluation with ultrasound, the evi-
dence of peritoneal free fluid, anechoic or cor-
pusculated, as well as the visualization of any 
alteration in echogenicity of the abdominal 
organs and structures is basilar as a first step. 
The CT examination in case of supportive suspi-
cion for liver trauma forms the basic examina-
tion eventually performed; even in all cases in 
which the clinical conditions and noted symp-
toms are directly suggestive for injury, this diag-
nostic tool represents the gold standard method. 
Mirvis classification (Mirvis et al. 1989) consid-
ers a grading of hepatic injuries varying from 
capsular avulsion, superficial laceration(s), sub-
capsular hematoma <1 cm and periportal track-
ing, and typical CT findings of grade 1 lesion to 
parenchymal fragmentation and devasculariza-
tion of grade 5 hepatic injury. Whereas CT pro-
tocol could vary depending on the machine and 
equipment available at the institution, it should 
include back reconstructions with thickness 
<1  mm to allow an optimal multiplanar post-
processing and contrast-enhanced multiphase 
scans. Essential findings related to liver trauma 
that could be noted in the liver traumatic injuries 
are periportal tracking, contusion, subcapsular/
central hematoma, streaking or complex lacera-
tions, fragmentation, active hemorrhage, and 
avulsion of the vascular hepatic peduncle 
(Mirvis et  al. 1989; Moore et  al. 1989; Croce 
et al. 1991; Yoon et al. 2005). In traumatic injury 
of the liver, periportal tracking has been 
described as low attenuation density especially 
at the level of right hepatic lobe (63% of cases), 
due to evidence of blood in periportal tissue 
(Yokota and Sugjmoto 1994). In other cases, this 
finding is related to distension of periportal lym-
phatics and lymphedema associated with ele-
vated central venous pressure produced by rapid 
expansion of intravascular volume during vigor-
ous intravenous fluid resuscitation (Lawson 
et al. 1993; Cox et al. 1990; Lee Molina et al. 
1998; Schanmuganathan et al. 1993). Contusion 

appears at CT as a low hypodense area due to 
interstitial bleeding, with irregular margins, 
rarely appreciable as isolated finding and often 
associated to lacerations and hematomas 
(Romano et al. 2004). Hematomas are caused by 
bleeding into a tissue laceration and may present 
rounded margins; CT features are of hyperdense 
areas in unenhanced scans. Superficial lacera-
tions usually cause a subcapsular hematoma, a 
very common hepatic traumatic lesion that 
appears as a biconvex collection imprinting the 
hepatic parenchyma (Romano et  al. 2004). 
Laceration is a typical lesion that appears as a 
linear streaking area, single or multiple, interest-
ing parenchymal areas contiguous to intrahe-
patic portal vascular branches and suprahepatic 
veins (Romano et al. 2004). Deeper lacerations 
present more frequent complications such as 
biliary duct involvement (bilomas, hemobilia) 
(Romano et  al. 2004). In lacerations, the mar-
gins of the lesions are irregular and opened, with 
blood collection between edges (Romano et al. 
2004). Multiple lacerations and fragmentation 
of the liver parenchyma as well as the avulsion 
of the vascular pedicle represent major trau-
matic lesions to the organ. The CT examination 
should be correctly and adequately performed 
from a technical point of view in order to sup-
port the emergency radiologist in detecting the 
presence of the active bleeding in liver trauma, 
allowing to visualize the site and the entity of 
the vascular damage in order to help clinicians 
to plan the patient management, if any interven-
tional or surgical procedures should be done.

4	 �Considerations

In the traumatized patient, isolated hepatic 
lesions are rare and in a high percentage of cases, 
the involvement of other organs could be 
observed (Romano et  al. 2004; Anderson and 
Ballinger 2006). The most voluminous part of 
liver parenchyma is represented by the right 
lobe, frequently the site of traumatic injuries 
(Romano et al. 2004). Moreover, the posterior-
superior hepatic segments are close to fixed ana-
tomical structures (ribs, spine) that may play an 
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important role in determining the traumatic 
lesion (Romano et  al. 2004); also the coronal 
ligament insertion in this parenchymal region 
may enhance the effect of acceleration-decelera-
tion mechanism (Romano et al. 2004). Frequently 
associated lesions are the right costal fractures, 
right inferior pulmonary lobe laceration or con-
tusion, hemothorax, pneumothorax, and renal 
and/or adrenal lesions (Shanmuganathan and 
Mirvis 1995; Romano et  al. 2004). Traumatic 
lesions of left hepatic lobe are rare and usually 
associated with a direct impact on the superior 
abdomen, as it happens in the car crashes when 
the wheel causes a compressive effect on the tho-
racic and abdominal anatomical compartments 
(Romano et  al. 2004; Shanmuganathan and 
Mirvis 1995). Associated lesions to left hepatic 
lobe injuries could be the sternal fractures and 
injuries to the pancreas, myocardium, or gastro-
intestinal tract (Romano et al. 2004). Lesions of 
the caudal lobe are uncommon, usually not iso-
lated and associated with other major hepatic 
lesions (Romano et al. 2004). The institution of 
specialized trauma centers and the technical 
progress in the imaging methodology in the last 
couple of decades allowed a great reduction in 
mortality rate for traumas (Romano et al. 2004). 
Modern diagnostic methodologies contributed to 
reduce the number of negative laparotomies, 
improving the possibility of conservative treat-
ment in numerous traumatic lesions (Romano 
et  al. 2004). Computed tomography certainly 
represents a large impact on the diagnosis and 
management of patients with lesions from blunt 
abdominal traumas (Romano et al. 2004). Other 
kinds of traumatic injury such as the gunshot 
wounds to the liver have a high morbidity and 
mortality rate (Sachwani-Daswani et al. 2016): it 
has been reported that survivors should have a 
follow-up CT scan performed within 7 days, to 
allow detection and intervention for complica-
tions, as this seems to dramatically decrease the 
overall morbidity rate (Sachwani-Daswani et al. 
2016). In case of surgically treated hepatic 
lesions from trauma, complications that could be 
observed are represented by fluid collections, 
hemorrhage, vascular disease, hematoma, 
abscesses, or intrahepatic biloma (Romano et al. 

2005; Choudhary et al. 2011). If a biliary leak is 
suspected, MR cholangiopancreatography pres-
ents the added advantage of being able to local-
ize the bile leak, which can help determine if 
endoscopic management could be sufficient or if 
a surgical management is requested (Melamud 
et  al. 2014). Endoscopic retrograde cholangio-
pancreatography may provide a diagnostic con-
firmation and concurrent therapy when 
nonsurgical management is pursued (Melamud 
et al. 2014). Among all other diagnostic methods 
and procedures, the central role of the CT exami-
nation, from the initial assessment of the trauma 
to the follow-up control in case of suspected 
complications and not conclusive findings from 
other imaging methods, seems to be well estab-
lished for a comprehensive evaluation of the 
liver parenchyma and associated abdominal 
findings.
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Abstract
Cholestatic liver diseases include a wide vari-
ety of entities, characterized by impaired hepa-
tobiliary production and excretion of bile, 
leading to cholestasis. Primary biliary cirrhosis 
(PBC) and primary sclerosing cholangitis 
(PSC) are the two most common chronic chole-
static liver diseases, caused by immune-medi-
ated cholangiocytes injury, through a complex 
interaction with environmental factors. PBC is 
characterized by small bile duct lymphocytic 
cholangitis occurring mainly in women, with a 
good response to ursodeoxycholic acid. PSC is 
characterized by inflammation, fibrosis, and 
stricture of the large bile ducts, affecting young 
men, still without effective therapy. Besides 
PBC and PSC, cholestatic liver diseases include 
also secondary sclerosing cholangitis with 
identifiable causes of bile duct injury. Secondary 
sclerosing cholangitis is large group of diseases 
which include immunoglobulin G4-related 
sclerosing disease, recurrent pyogenic cholan-
gitis, ischemic cholangitis, acquired immuno-
deficiency syndrome-related cholangitis, and 
eosinophilic cholangitis. In addition to clinical 
and laboratory findings, the recognition of typi-
cal imaging features on computed tomography 
and magnetic resonance (MR) imaging with 
MR cholangiography is essential for differen-
tial diagnosis among cholestatic liver diseases.

1	 �Introduction

Cholestatic liver diseases include a wide variety 
of entities, characterized by impaired hepatobili-
ary production and excretion of bile, leading to 
cholestasis. Primary biliary cirrhosis (PBC) and 

primary sclerosing cholangitis (PSC) are the two 
most common chronic cholestatic liver diseases, 
caused by immune-mediated cholangiocyte 
injury, through a complex interaction with envi-
ronmental factors (Hirschfield et al. 2010). PBC 
is characterized by small bile duct lymphocytic 
cholangitis mainly in women, and has a good 
response to ursodeoxycholic acid (UDCA). On 
the other hand, classic PSC is a large duct cholan-
giopathy affecting young men, still without effec-
tive therapy (Hirschfield et al. 2009). Ultimately, 
both diseases result in biliary fibrosis, cirrhosis, 
and hepatic failure.

Unlike PSC, where exact etiopathogenesis is 
still not known, secondary sclerosing cholangitis 
(SSC) is a group of chronic cholestatic disorders, 
which are clinically and radiologically similar to 
PSC, but have an identifiable underlying patho-
logic cause (Abdalian and Heathcote 2006). In 
contrast to PSC, a known pathologic process in 
secondary sclerosing cholangitis leads to inflam-
mation, obliterative fibrosis of the bile ducts, 
stricture formation, progressive destruction of the 
intrahepatic bile ducts, and at the end biliary cir-
rhosis (Gossard et al. 2005). The most common 
causes underlying SSC are immunologic, infec-
tive, obstructive, and ischemic processes 
(Abdalian and Heathcote 2006). Although these 
different entities present with similar symptoms, 
the prognosis and clinical outcome are quite dif-
ferent (Abdalian and Heathcote 2006). Thus, 
acquired immune deficiency syndrome (AIDS) 
cholangiopathy and sclerosing cholangitis in crit-
ically ill patients are associated with poor prog-
nosis, while IgG4-related sclerosing cholangitis 
shows good response to steroids, and a favorable 
prognosis (Imam et al. 2013). In the appropriate 
clinical setting, imaging findings are usually suf-
ficient for accurate diagnosis.
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2	 �Primary Biliary Cirrhosis

PBC is a slowly progressive cholestatic liver 
disease, with immune-mediated destruction of 
small intrahepatic bile ducts, leading to chronic 
cholestasis and cirrhosis (Trivedi and Hirschfield 
2016). It usually occurs in middle-aged women, 
with prevalence ranging from 1.9 to 40.2 per 
100,000 people (Kaplan and Gershwin 2005). 
Although causes and underlying pathophysiol-
ogy are not clearly understood, it is stated that 
environmental factors trigger autoimmune 
response in genetically susceptible individuals 
(Trivedi and Hirschfield 2016). The association 
of PBC and high titer of circulating anti-
mitochondrial antibodies (AMA) has been shown 
in the majority of patients. Moreover, coexistence 
with other autoimmune diseases has been 
observed in 33% of patients (Jones 2007). PBC is 
characterized by chronic, nonsuppurative, lym-
phocytic cholangitis that predominantly affects 
small, interlobular bile ducts in the portal triads 
leading to vanishing bile duct syndrome 
(Crosignani et  al. 2008). It develops slowly, 
through four stages, with only periportal inflam-
mation in stage 1. There is focal destruction of 
small septal and interlobular bile ducts, leading 
to ductopenia in stage 2. The fibrous septa forma-
tion connecting the adjacent portal triads (bridg-
ing fibrosis) is a predominant feature in stage III, 
whereas micro- or macronodular cirrhosis is evi-
dent in stage 4 (Ludwig et al. 1978).

2.1	 �Diagnosis and Imaging 
Findings

The diagnosis of PBC is usually based on a com-
bination of clinical findings, cholestatic bio-
chemical pattern persisting for more than 
6  months, and presence of detectable AMA in 
serum (Nguyen et al. 2010). Liver biopsy is con-
sidered the standard reference procedure for 
grading of liver fibrosis, but it is not routinely 
required for PBC diagnosis, except in AMA-
negative patients (Bizzaro et al. 2012). Currently, 
there are also noninvasive methods for the assess-
ment of liver fibrosis, such as transient elastogra-
phy (TE) and magnetic resonance imaging (MRI) 
including diffusion-weighted imaging (DWI) 

(Kovač et  al. 2012a, b; Corpechot et  al. 2006). 
These methods allow whole-liver examination, as 
well as repetitive measurements for monitoring 
disease progression and treatment response 
(Kovač et  al. 2012a, b; Corpechot et  al. 2006). 
However, the main role of MRI is in long-term 
follow-up, with early detection of complications 
such as hepatocellular carcinoma (HCC) and por-
tal hypertension (Kobayashi et al. 2005).

Even though the end stage of all chronic liver 
diseases is cirrhosis, there are some MRI features 
which favor the diagnosis of PBC. T2-weighted 
periportal hyperintensity is frequently seen in 
PBC patients, as it has been reported in 87% in 
early stage and 66.7% in advanced stages of dis-
ease (Fig. 1a) (Kovač et al. 2012a, b). This sign 
represents periportal edema, inflammatory cell 
infiltration, and dilatation of lymph vessels in 
portal triads (Kobayashi et al. 2005; Kovač et al. 
2012a, b). However, while periportal hyperinten-
sity occurs also in other inflammatory liver con-
ditions, “periportal halo sign” is considered a 
pathognomonic MRI feature for PBC. It is seen 
as an area of hypointensity on both T1- and 
T2-weighted MR images, 5  mm–1  cm in size, 
around portal venous branches, without mass 
effect (Fig. 1b) (Wenzel et al. 2001). This sign is 
most commonly observed in advanced disease, as 
a result of fibrous tissue deposition, and hepato-
cellular parenchymal extinction around the portal 
triads (Kovač et al. 2012a, b; Wenzel et al. 2001). 
However, due to the inhomogeneous distribution 
of liver fibrosis, both periportal hyperintensity 
and periportal halo signs could be seen in the 
same patient (Kovač et al. 2012a, b). Abdominal 
lymphadenopathy (enlarged lymph nodes in 
porta hepatis, gastrohepatic ligament, and upper 
retroperitoneal space) is a frequent finding in 
PBC patients, observed in up to 88% of cases of 
all histological stages (Blachar et  al. 2001). 
Concerning morphological liver changes, diffuse 
hepatomegaly is the most common pattern, which 
can also be found in the end-stage disease 
(Haliloglu et al. 2009). Patients with PBC usually 
develop micronodular or lacelike fibrosis, as was 
observed in the study by Ito et al. (Fig. 2a) (Ito 
et al. 2002).

Magnetic resonance cholangiopancreatogra-
phy (MRCP) findings in PBC patients are not 
characteristic, and could be normal in the early 
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stage of disease. With disease progression, 
reduction of peripheral intrahepatic bile ducts is 
seen, together with decrease in the caliber of 
medium-size bile ducts, leading to vanishing bile 
duct syndrome (Fig. 2b) (Reau and Jensen 2008). 
Although MRCP is not a necessary diagnostic 
procedure for PBC patients, it can help in the dif-
ferential diagnosis from PSC, since clinically 
both entities show chronic cholestatic features.

2.2	 �Complications

The signs of portal hypertension (ascites, spleno-
megaly, portosystemic collaterals, and portal 

vein thrombosis) are a frequent finding in PBC, 
since portal hypertension occurs early in the 
course of disease (Kobayashi et  al. 2005). In 
addition, patients with PBC may present with 
severe splenomegaly even in noncirrhotic stage 
of disease, probably due to immunological disor-
ders and prolonged portal hypertension 
(Terayama et al. 1994).

Hepatocellular carcinoma (HCC) in PBC is 
rare, with male predominance in end-stage dis-
ease. The high incidence of HCC in male PBC 
patients could be explained by common comor-
bidities like alcoholism, smoking, and viral hepa-
titis (Rong et al. 2015). As far as the development 
of HCC is concerned, all PBC patients who have 

a b

Fig. 2  MRI findings in a 58-year-old woman with pri-
mary biliary cirrhosis. (a) Axial T2-weighted image 
shows lacelike fibrosis in end-stage liver PBC. (b) MRCP 

in the same patient shows reduction and obliteration of 
peripheral intrahepatic ducts as a sign of vanishing bile 
duct syndrome

a b

Fig. 1  Primary biliary cirrhosis. (a) Axial T2-weighted 
image shows periportal hyperintensity around medium-
sized portal triads (solid arrow). (b) Axial T2-weighted 

image in another patient shows periportal halo sign as 
hypointense areas around portal veins (solid arrow). Note 
also splenomegaly (asterisks) (a, b)
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reached stage IV disease should undergo regular 
surveillance, like other cirrhotic patients accord-
ing to published guidelines for the HCC manage-
ment (Shibuya et al. 2002).

2.3	 �Treatment of Primary Biliary 
Cirrhosis

PBC is a slowly progressive disease that 
advances variably among individuals and can 
span over several decades (Carey et  al. 2015; 
Lindor et al. 2009). Without effective therapy, 
the disease progresses to cirrhosis in 4–6 years 
(Lindor et  al. 2009). Currently, the primary 
pharmacotherapy for PBC is UDCA which 
demonstrates anti-cholestatic and anti-fibrotic 
effects. UDCA delays or even prevents the 
need for transplantation, and improves 10-year 
survival (Pares et  al. 2006). Patients who 
respond have laboratory improvement within 
6–9 months (Lammert et al. 2014). Incomplete 
biochemical response to UDCA is seen in 
about 40% of patients, and these patients have 
a higher risk for disease progression (Lammert 
et al. 2014). Liver transplantation remains the 
only definite treatment for patients with 
advanced PBC. One-, 5-, and 10-year survival 
rates for PBC in Europe are 86%, 80%, and 
72%, respectively, which are higher than those 
for patients transplanted for hepatitis B, hepa-
titis C, alcoholic cirrhosis, or other autoim-
mune liver diseases (MacQuillan and 
Neuberger 2003). Recurrence of PBC after 
liver transplantation has been described in 
9–30% of patients, with usually a mild course 
under immunosuppressive treatment (Silveira 
et al. 2010).

3	 �Primary Sclerosing 
Cholangitis

PSC is a chronic inflammatory cholestatic dis-
ease, characterized by affection of large bile 
ducts (Lewin et  al. 2009; Eksteen 2016; 
Hirschfield et al. 2013; Cullen et al. 2001). PSC 
typically occurs in young and middle-aged men 

with an age of onset of 30–40  years (male-to-
female ratio of 2:1) (Lewin et al. 2009). A strong 
association exists between PSC and inflamma-
tory bowel disease (IBD) (Eksteen 2016). 
Approximately 70–80% of patients with PSC 
develop IBD during their life, of which 87% have 
ulcerative colitis and 13% have Crohn’s disease, 
whereas the incidence of PSC in IBD patients is 
4% (Eksteen 2016). PSC is a slowly progressive 
disease leading to biliary cirrhosis. The long-
standing PSC is associated with serious compli-
cations, like development of dominant bile duct 
strictures, recurrent cholangitis, and disease-
associated malignancies, including cholangiocar-
cinoma (Hirschfield et al. 2013).

Although the exact etiopathogenesis of PSC is 
still not known, it is postulated that complex 
interaction of different autoimmune, genetic, and 
environmental factors is responsible for changes 
in PSC (Cullen and Chapman 2001). There is a 
100-fold increased risk for developing PSC in 
first-degree relatives and siblings, indicating the 
important role of genetic factors (Cullen and 
Chapman 2001). Association of PSC with other 
autoimmune-related diseases, elevated serum 
levels of immunoglobulins, and circulating 
immune complexes is highly suggestive of the 
major role of autoimmunity in the pathogenesis 
of PSC.  Histologically, medium- and large-size 
bile ducts are damaged with typical concentric 
periductal fibrosis (onion skinning) and minimal 
inflammatory cells (Grant et  al. 2002). 
Nevertheless, this finding is observed in <20% of 
patients, and may also be found in secondary 
sclerosing cholangitis (Ludwig et  al. 1978). 
Therefore, liver biopsy is not sufficient for PSC 
diagnosis and must be evaluated in combination 
with clinical and radiological findings.

3.1	 �Diagnosis and Imaging 
Features

The diagnosis of PSC is made on the basis of 
clinical, biochemical, and cholangiographic find-
ings (Gotthardt et al. 2011). Sclerosing cholangi-
tis can be called “primary” only in cases when 
there is no previous history of bile duct surgery 
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(except simple cholecystectomy) and/or choledo-
cholithiasis, before the development of symp-
toms. PSC might be discovered in asymptomatic 
patients during routine examination, after detec-
tion of cholestatic laboratory findings with alka-
line phosphatase levels more than three times 
higher than normal. Both the American 
Association for the Study of Liver Diseases and 
European Association of the Study of the Liver 
guidelines recommend MRCP as the first-line 
modality for investigating bile duct abnormalities 
in clinically suspected cases (Chapman et  al. 
2010; European Association for the Study of the 
Liver 2009). MRCP has high sensitivity and 
specificity, reaching 88% and 99%, respectively 
(Dave et  al. 2010). In contrast to MRCP, endo-
scopic retrograde cholangiopancreatography 
(ERCP) is at the same time a therapeutic proce-
dure with balloon dilatation or stenting possibili-
ties, but with postprocedural complications 
ranging from 3 to 8%. Currently, ERCP is recom-
mended when there is clinical suspicion with 
negative or nondiagnostic MRCP findings 
(Cohen et al. 1996). Liver biopsy is not a neces-
sary procedure for the diagnosis of PSC, except 
when the small bile duct type of PSC is suspected. 
This rare variant accounts for 5% of all PSC, and 

yields better prognosis (Björnsson et  al. 2008). 
This diagnosis should be suspected when a 
patient with IBD presents with cholestatic dis-
ease, but shows normal cholangiogram and a 
negative antimitochondrial antibody profile 
(Björnsson et al. 2008).

The most common cholangiographic findings 
in PSC are diffuse, multifocal band-like stric-
tures, alternating with normal or mildly dilated 
ducts, giving rise to a “beaded” appearance 
(Fig. 3). Both intrahepatic and extrahepatic bile 
duct involvement is the most common finding, 
seen in 75% of patients. Isolated intrahepatic bile 
duct involvement is observed in 15% of patients, 
while only extrahepatic bile duct manifestation is 
the least common pattern (10% of cases) 
(Tischendorf et al. 2007). Occasionally, strictures 
and a slight dilatation might also be seen in the 
main pancreatic duct and cystic duct. As the 
disease progresses, and strictures worsen, small 
peripheral ducts can become completely obliter-
ated, showing a “pruned-tree” appearance 
(Fig.  4) (Bader et  al. 2003). In addition, the 
angles among peripheral and central bile ducts 
become obtuse. The most important finding 
suggestive of PSC is subtle duct dilatation, 
although there are many strictures (Kovač et al. 

a b

Fig. 3  Primary sclerosing cholangitis. (a) MRCP shows 
multiple short band-like strictures and slight luminal dila-
tation in a 35-year-old man (solid arrows). (b) PSC in 
another 36-year-old patient reveals classical “beaded 

appearance” of bile ducts—multiple short segmental and 
annular strictures with slightly dilated bile ducts in 
between. Note also the stricture of the middle third of 
common bile duct (dotted arrow)
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2013). The possible explanation is the fact that 
periductal inflammation and fibrosis prevent sig-
nificant dilatation (Hirschfield et  al. 2013). 
Development of prominent proximal biliary dila-
tation must raise suspicion of other processes, 
like bacterial cholangitis or cholangiocellular 
carcinoma. Another characteristic finding in PSC 
is diverticular outpouchings, seen in up to 27% of 
cases (Fig.  4) (Ito et  al. 1999). Less frequent 
cholangiographic features include webs and pig-
mented stones (Ito et al. 1999). Webs are defined 
as focal 1–2 mm thick area of incomplete circum-
ferential narrowing.

Besides ductal changes, computed tomogra-
phy (CT) and MRI also show associated paren-
chymal liver changes in PSC.  Spherical liver 
shape, observed due to caudate lobe hypertrophy 
and left lateral and right posterior segment atro-
phy, is considered pathognomonic for PSC 
(Fig. 5a) (Ito et al. 1999; Düşünceli et al. 2005). 
The most common type of liver cirrhosis in PSC 
patients is macronodular cirrhosis, with large 
regenerative nodules usually located in central 
liver parts. A wedge-shaped or reticular 
heterogeneous area of increased T2-weighted 
signal intensity, with peripheral distribution, is 

also commonly seen in PSC patients (Fig.  5a) 
(Revelon et  al. 1999). Frequently, these areas 
show increased enhancement on arterial phase 
contrast-enhanced MR (Fig. 5b), which persists 
on delayed phases in a patchy or segmental pat-
tern (Fig. 5c). These findings could be explained 
by vascular or lymphatic drainage impairment, 
caused by periductal inflammation of segmental 
bile ducts and parenchymal edema. Hilar lymph-
adenopathy can be detected in up to 33% of PSC 
patients (Ito et al. 1999). In addition, periportal 
hyperintensity representing edema and inflam-
mation in periportal space is commonly present 
(Bader et al. 2003; Kovač et al. 2013; Ito et al. 
1999). Nevertheless, these findings are not spe-
cific for PSC but are also seen in cirrhosis of 
other etiologies.

3.2	 �Differential Diagnosis

Differential diagnosis of PSC includes IgG4-
sclerosing cholangitis (IgG4-SC), ischemic chol-
angitis, and AIDS cholangitis (Hirschfield et al. 
2013; Gotthardt et  al. 2011; Chapman et  al. 
2010). Younger age, association with IBD, 

a b

Fig. 4  Advanced primary sclerosing cholangitis. (a) 
MRCP shows obliterated peripheral bile ducts resulting in 
“pruned-tree” appearance and multiple diverticular out-
pouchings (solid arrows). Note also the stricture of the 
common hepatic duct (dotted arrow). (b) MRCP in 

44-year-old patient with primary sclerosing cholangitis 
shows very irregular bile ducts and multiple strictures in 
combination with diverticular biliary dilatation (solid 
arrows)
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characteristic cholangiographic findings of band-
like strictures, a beaded or “pruned-tree” appear-
ance, and diverticulum-like outpouchings favor 
the diagnosis of PSC (Bader et al. 2003). In con-
trast, long segmental strictures with prestenotic 
dilation and strictures of the lower common bile 
duct are significantly more common in IgG4-SC 
(Tokala et  al. 2014). Additionally, IgG4-SC 
occurs mostly in elderly men and is associated 
with autoimmune pancreatitis in majority of 
patients (Zen and Nakanuma 2012). In cases 
where papillary stenosis is prominent, AIDS 
cholangitis should be suspected (Devarbhavi 
et al. 2010). Ischemic cholangitis is usually char-
acterized with strictures of middle third of com-
mon bile duct and hilar part of biliary tree (Azizi 

et  al. 2012). Differential diagnosis among PSC 
and ischemic cholangitis is possible on the basis 
of imaging features compatible with ischemic 
injury and evidence of a compromised arterial 
supply.

Infiltrative processes such as histiocytosis X, 
sarcoidosis, amyloidosis, cirrhosis, and meta-
static liver disease can mimic cholangiographic 
features of PSC (Azizi et al. 2012). In these con-
ditions, compression of nodules or multiple focal 
lesions on bile ducts creates cholangiographic 
appearance similar to PSC (Katabathina et  al. 
2014). However, characteristic MR findings on 
conventional sequences in abovementioned con-
ditions are usually sufficient for differential diag-
nosis with PSC.

a b

c

Fig. 5  Primary sclerosing cholangitis in 44-year-old 
man. (a) Axial T2-weighted image shows increased signal 
in peripheral, atrophic regions in the right liver lobe, cor-
responding to areas of parenchymal inflammation, and 
increased water content (solid arrows). Note also the 
enlarged caudate lobe (asterisks). Axial T1-weighted 

image in the same patient obtained after intravenous 
administration of gadolinium chelates during arterial (b) 
and portal venous phase (c) shows increased and persis-
tent enhancement of peripheral areas of liver representing 
intrahepatic perfusion abnormalities (solid arrows)
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3.3	 �Complications

Cholangiocellular carcinoma (CCC) is the most 
serious complication of long-standing PSC, pres-
ent in up to 10–15% of patients (Claessen et al. 
2009). The tumor is usually seen as an ill-defined 
hypovascular mass with progressive delayed 
enhancement on imaging (Fig.  6) (Abbas and 
Lindor 2009). Nevertheless, the findings could be 
more subtle when there is no identifiable mass. In 
such cases, stricture with prominent wall thicken-
ing, in association with marked proximal biliary 
dilatation, is suggestive of CCC (Abbas and 
Lindor 2009). In this regard, MRI should be rou-
tinely performed, since it is superior to CT in 

detecting small hilar and intrahepatic periductal 
growing tumors. In order to detect CCC at early 
stage, regular screening of PSC patients is pro-
posed with CA 19–9 measurements every 
6 months, and MRCP every year. The elevation 
of CA 19–9 has high diagnostic accuracy, with 
the sensitivity of 75% and specificity of 80% for 
a cutoff value of 100 U/ml, but normal levels do 
not exclude the diagnosis (Bonato et al. 2015). If 
the symptoms in PSC patient worsen at sudden 
with cholestasis and weight loss, CCC should be 
suspected. Unfortunately, development of CCC 
in the setting of PSC has a very poor prognosis, 
even after resection or liver transplantation, with 
3-year survival ranging from 0% to 39% (Abbas 

a b

c d

Fig. 6  Cholangiocellular carcinoma complicating long-
standing primary sclerosing cholangitis in a 52-year-old 
male patient. (a) Axial T2-weighted image shows large 
irregular moderately hyperintense mass in right liver 
(solid arrows). Bile ducts are irregularly dilatated in both 
lobes due to primary disease. Multiple intrahepatic calculi 
are also present (dotted arrows). (b) Axial T1-weighted 
fat-saturated image shows hypointense mass with central 

necrotic part (solid arrow). Note also intrahepatic calculi 
as hyperintense lesions in dilated bile ducts (dotted 
arrow). (c) On portal venous phase T1-weighted fat-
saturated image tumor is seen as hypovascular centrally 
necrotic lesion (solid arrows). (d) Thick-slab MRCP dem-
onstrates multifocal alternating strictures of intrahepatic 
bile ducts with loss of bile duct visualization in segment V 
corresponding to tumor infiltration (asterisks)
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and Lindor 2009; Bonato et al. 2015). Moreover, 
CCC has a marked tendency to recur.

In long-standing PSC acute ascending cholan-
gitis can occur as a complication of bile stasis, 
and superimposed biliary sepsis (Fig.  7) (Azizi 
et al. 2012).

3.4	 �Treatment of Primary 
Sclerosing Cholangitis

Medical therapy for PSC, including ursodeoxy-
cholic acid, corticosteroids, and immune therapy, 
usually has only limited value (Yimam and 
Bowlus 2014). Liver transplantation remains the 
only curative treatment approach for patients 
with end-stage PSC, with 5-year posttransplant 

survival of 75–85% (Cullen and Chapman 2006). 
Recurrence of PSC occurs in up to 25% of 
patients, with follow-up period of 5–10  years 
after liver transplantation (Chapman et al. 2010). 
The diagnosis of recurrent PSC after liver trans-
plantation is challenging, since there are a variety 
of causes responsible for posttransplant biliary 
strictures, including ischemia, rejection, allograft 
reperfusion injury, recurrent biliary sepsis, ABO 
incompatibility, or technically flawed biliary 
reconstruction (Gautam et  al. 2006; Vera et  al. 
2002). The diagnosis of recurrent PSC is possible 
only in case of detecting non-anastomotic stric-
ture occurring 3  months after liver transplanta-
tion, with confirmed PSC diagnosis in the native 
liver, and after exclusion of all other causes of 
biliary strictures (Fig. 8) (Brandsaeter et al. 2005; 

a b

c d

Fig. 7  Primary sclerosing cholangitis in 55-year-old man 
complicated with acute bacterial cholangitis. (a) Axial 
T2-weighted fat-saturated image shows slight parenchy-
mal hyperintensity of right lobe (solid arrows) in associa-
tion with abscess in segment VII (dotted arrow). Arterial 
(b) and portal venous phases (c) demonstrate perfusion 

abnormalities in affected segments (solid arrows), slight 
biliary dilatation, and hypointense lesion with thick wall 
corresponding to liver abscess (dotted arrows). (d) MRCP 
in the same patient reveals multiple short segmental stric-
tures with slight luminal dilatation between creating char-
acteristic cholangiographic findings for PSC
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Campsen et al. 2008). Nevertheless, differential 
diagnosis among chronic rejection and recur-
rence is still challenging. In this regard, certain 
imaging features have been previously described 
(Sheng et  al. 1996). In patients with recurrent 
PSC, liver is enlarged with slightly nodular con-
tour, while in chronic rejection it is usually nor-
mal in size. Additionally, MRCP in recurrent 
disease reveals multiple non-anastomotic stric-
tures with slightly dilated bile ducts among them, 
while cholangiogram in patients with chronic 
rejection depicts pruning of the peripheral biliary 
tree due to peripheral arterial insufficiency and 
chronic ischemia (Sheng et  al. 1996). Hilar 
lymphadenopathy could be seen in recurrent PSC 
similar to native PSC, while it is uncommon in 
chronic rejection (Sheng et  al. 1996). Liver 
biopsy is suggested in cases where noninvasive 
differential diagnosis cannot be made.

4	 �IgG4-Related Sclerosing 
Cholangitis

IgG4-related sclerosing cholangitis is the biliary 
manifestation of IgG4-related systemic disease 
(IgG4-RD), characterized histologically by abun-
dant lymphoplasmacytic infiltration, storiform 

interstitial fibrosis, and obliterative phlebitis 
(Bjornsson et al. 2007; Zen and Nakanuma 2012). 
IgG4-SC typically occurs in men in their 60s or 
older, with a male-to-female ratio of approxi-
mately 4:1 (Bjornsson et al. 2007). In the major-
ity of patients, IgG4 cholangiopathy is associated 
with type 1 autoimmune pancreatitis (AIP), while 
other organs can also be involved (Stone et  al. 
2012; Kamisawa et al. 2015).

4.1	 �Diagnosis and Imaging 
Features

Patients with IgG4-SC present with obstructive 
jaundice, since hilar and intrapancreatic parts of 
common bile duct are most commonly affected 
(Okazaki et  al. 2014; Bjornsson et  al. 2007). 
Other nonspecific symptoms such as abdominal 
pain, pruritus, and fatigue are also frequently 
seen (Okazaki et al. 2014). Ultrasound evaluation 
usually shows only bile duct dilatation without 
identifiable cause of obstruction (Zen and 
Nakanuma 2012). Further CT and MRI demon-
strate symmetric, marked thickening of the bile 
duct wall (mean wall thickness, 4.9  mm), and 
narrowed but usually visible lumen, without vas-
cular invasion (Fig. 9) (Itoh et al. 2009; Kim et al. 
2007). According to the location of the strictures, 
cholangiographic findings in IgG4-SC could be 
divided into four types (Tokala et  al. 2014; 
Nakazawa et al. 2006). Type 1 includes isolated 
stricture of the lower common bile duct, and it 
should be differentiated from chronic pancreati-
tis, pancreatic carcinoma, and extrahepatic chol-
angiocarcinoma. This type of IgG4-SC is most 
commonly associated with AIP, whereas isolated 
manifestation is extremely rare (Tokala et  al. 
2014). Type 2 refers to cases with diffusely dis-
tributed strictures within intrahepatic and extra-
hepatic bile ducts, and should be distinguished 
from PSC. This type is further divided into two 
subtypes: type 2a, characterized by a narrowing 
of the intrahepatic bile ducts in association with 
prestenotic dilation, and type 2b, characterized 
by strictures of the intrahepatic bile ducts without 
prestenotic dilation (Nakazawa et al. 2006). Type 
3 involves the hilar region and the lower part of 
the common bile duct (Nakazawa et al. 2006). In 

Fig. 8  Recurrent primary sclerosing cholangitis in a 
43-year-old patient 3  years after liver transplantation. 
Thick-slab MRCP demonstrates multiple diffuse segmen-
tal bile duct strictures with moderate luminal dilatation
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type 4 strictures are seen only in the hilar region 
and should be differentiated from hilar cholan-
giocarcinoma (Nakazawa et al. 2006). While type 
1 is almost exclusively seen in association with 
autoimmune pancreatitis, proximal IgG4-SC 
including type 2, 3, and 4 may occur either iso-
lated or in association with pancreatitis (Zen 
et al. 2004). Most patients with isolated IgG4-SC 
have IgG4-RD in other organs outside the pan-
creatobiliary system, suggesting that true isolated 
cholangiopathy is exceptionally rare (Kamisawa 
et al. 2009).

There are several proposed sets of diagnostic 
criteria for IgG4-SC, in order to facilitate differ-
ential diagnosis from other more common dis-
eases, such as pancreatic adenocarcinoma, PSC, 
and cholangiocarcinoma (Ohara et  al. 2012; 

Chari et al. 2006). These criteria are based on a 
combination of clinical, biochemical, radiologi-
cal, and histomorphological findings, together 
with multiple organ involvement and response to 
corticosteroid therapy. In 2012, Japanese authors 
proposed clinical diagnostic criteria for IgG4-SC 
(Ohara et al. 2012). According to these recom-
mendations the diagnosis of IgG4-SC is based 
on the combination of the following four crite-
ria: (1) characteristic biliary imaging findings, 
(2) elevation of serum IgG4 concentrations, (3) 
coexistence of IgG4-related diseases apart from 
those of the biliary tract, and (4) typical 
histopathological features. Optional criterium is 
responsiveness to short-term corticosteroid 
therapy. If characteristic cholangiographic find-
ings are present in association with signs of 

a b

c d

Fig. 9  IgG4-related SC in a 69-year-old male. (a) 
Coronal T2-weighted image shows circumferential wall 
thickening of common hepatic duct, primary biliary 
hepatic confluence, and distal parts of both hepatic ducts 
(solid arrows). (b) MR cholangiography shows focal 
stricture in the hilar region with subsequent diffuse biliary 
dilatation. (c) Axial T2-weighted image in the same 

patient reveals segmental pancreatic enlargement with a 
slight hypointense rim consistent with pseudocapsule 
(dotted arrow). (d) Axial CT examination at the same 
level as on C shows enlargement of pancreatic body with 
heterogeneous enhancement in portal venous phase, find-
ings highly suggestive of autoimmune pancreatitis (dotted 
arrow)
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IgG4-RD in other organs, the diagnosis of 
IgG4-SC is straightforward. On the other hand, 
if characteristic biliary imaging findings are 
found in combination with elevated serum IgG4 
levels, without evidence of other IgG4-RD mani-
festations, further histopathological confirma-
tion is required. The diagnosis of IgG4-SC is 
probable if two first criteria are fulfilled together 
with response to corticosteroid therapy, and pos-
sible if only biliary imaging findings and ele-
vated serum IgG4 level are present. Similarly to 
previously established HISORt criteria for AIP, 
the HISORt criteria for the diagnosis of IgG4-SC 
are based on histological findings, imaging, 
serological examination, other organ involve-
ment, and response to steroid therapy (Chari 
et al. 2006).

Elevation of serum IgG4 level, with a cutoff 
value of 135 or 140 mg/dl, is the most sensitive 
and specific noninvasive examination test for the 
diagnosis of IgG4-SC (Oseini et al. 2011). It has 
previously been shown that elevated IgG4 levels 
were present in approximately 80% of patients 
with IgG4-SC (Oseini et  al. 2011). However, it 
should be kept in mind that IgG4 may also be 
elevated in 10% of patients with PSC and in 15% 
of patients with cholangiocarcinoma (Mendes 
et al. 2006; Ngwa et al. 2014). The use of twofold 
higher cutoff value (270 or 280  mg/dl) can 
increase specificity to more than 90%, but with 
reduced sensitivity (Oseini et al. 2011).

4.2	 �Differential Diagnosis

The differential diagnosis between IgG4-SC, 
hilar cholangiocarcinoma, and extrahepatic chol-
angiocarcinoma could be very difficult 
(Sivakumaran et  al. 2014). Irregular margins of 
stenotic area, asymmetric prominent wall thick-
ening with obliteration of the lumen, and abrupt 
transition between dilated and stenotic bile ducts 
are findings which favor cholangiocarcinoma 
over IgG4 cholangiopathy (Itoh et al. 2009; Park 
et al. 2004). Nevertheless, it can be very hard to 
find all these slight differences at the site of the 
stricture. Thus, it is very important to carefully 
examine all other organs which are frequently 
involved in IgG4-RD, such as pancreas, kidneys, 

and retroperitoneum (Stone et al. 2012). In this 
regard, pancreatic abnormalities suggestive of 
autoimmune pancreatitis (diffuse or segmental 
enlargement, a capsule-like rim around the pan-
creas, signal intensity abnormalities, abnormal 
enhancement), retroperitoneal fibrosis, periaorti-
tis, or multiple hypodense kidney lesions strongly 
suggest the diagnosis of IgG4-SC (Kamisawa 
et al. 2009). In addition, if elevated serum IgG4 
level is present the diagnosis of IgG4-SC is 
straightforward. However, in the absence of signs 
of IgG4-RD in other organs, an isolated diagno-
sis of IgG4-SC can be very challenging (Hart 
et al. 2013; Matsubayashi et al. 2014). In cases 
where no definite diagnosis can be made, a short-
term (2–4 weeks) treatment with corticosteroids 
was shown to be helpful, without negative conse-
quences for resectability in case the stricture 
turns out to be malignant (Moon et al. 2008).

It is of great clinical importance to differenti-
ate IgG4-SC from PSC, since IgG4-SC can be 
treated with steroids leading to dramatic improve-
ment. Unlike PSC, IgG4-SC often occurs in 
elderly men (>60 years old), has no clear associa-
tion with inflammatory bowel disease, and is fre-
quently associated with findings suggestive of 
autoimmune pancreatitis (Nishino et  al. 2007). 
While in PSC disease progresses slowly with late 
onset of symptoms, IgG4-SC tends to be more 
symptomatic at the time of diagnosis. 
Furthermore, MRCP findings of multiple short 
band-like strictures affecting whole biliary tree, 
creating beaded and “pruned-tree” appearance, 
are diagnostic for PSC (Gardner et al. 2015). On 
the other hand, long and continuous biliary ductal 
disease, gallbladder involvement, and biliary 
wall thickening >2.5 mm are more suggestive of 
IgG4-SC (Tokala et  al. 2014; Gardner et  al. 
2015). Lymphadenopathy is a nonspecific find-
ing, since it can occur in both IgG4-SC and PSC.

4.3	 �Treatment of IgG4-Sclerosing 
Cholangitis

The mainstay of treatment of IgG4-SC is an 
immunosuppressive therapy with high-dose ste-
roids (prednisone at a dose of 30–40 mg per day), 
which generally leads to rapid and consistent dis-
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ease remission (Ghazale et  al. 2008; Zen et  al. 
2016). After successful induction of remission 
and tapering period of 1 month (typically 5 mg 
reduced dose each week), steroid therapy is com-
pletely withdrawn (Kamisawa et al. 2009). If the 
disease is refractory to corticosteroids, the diag-
nosis of IgG4-SC needs to be reevaluated. 
Disease relapse occurs in approximately 30–50% 
of patients, either during the reduction of the 
dose of steroids or after the discontinuation of the 
therapy, often in the first couple of years 
(Sandanayake et al. 2009). Increased IgG4 levels 
and proximal bile duct strictures are known risk 
factors for disease recurrence (Hart et al. 2013). 
Relapse usually occurs at the same site as the 
original disease, but can also involve different 
parts of biliary tree (Matsubayashi et al. 2014). 
The treatment of relapse is the same as for initial 
disease, and includes high-dose steroids 
(Matsubayashi et al. 2014). In cases where biliru-
bin levels are high, endoscopic biliary stent 
placement is required until steroid treatment 
becomes effective (Sheng et al. 1996).

5	 �Eosinophilic Cholangitis

Eosinophilic cholangitis is a rare disease charac-
terized by eosinophilic infiltration of the biliary 
tree in association with peripheral eosinophilia 
(Sakpal et al. 2010). Clinical presentation is quite 
nonspecific, since patients usually present with 
jaundice. The strong association with eosino-
philic gastroenteritis can facilitate the diagnosis 
of this rare entity (Vauthey et al. 2003). Typical 
histopathological feature is dense transmural 
eosinophilic infiltration in bile duct walls (Miura 
et al. 2009). Other findings include thickening of 
fibromuscular layer and slight fibrosis in the sub-
serosal layer. Characteristic MRI findings in 
eosinophilic cholangitis include wall thickening 
of the common bile duct, cystic duct, and gall-
bladder (Song et al. 1997). Focal stricture of the 
common hepatic duct at the cystic duct insertion 
level might also be seen, together with mild nar-
rowing of the proximal common bile duct 
(Ranson 1990). In addition, diffuse bile duct 
strictures from the hepatic hilum to the intrahe-

patic ducts have also been reported (Song et al. 
1997). Although preoperative diagnosis of eosin-
ophilic cholangitis is very difficult, it should be 
suspected in patients with jaundice and periph-
eral eosinophilia, when bile duct wall thickening 
is present together with involvement of cystic 
duct and gallbladder. Corticosteroid therapy 
leads to complete resolution of symptoms and 
imaging findings (Butler et al. 1985).

6	 �Recurrent Pyogenic 
Cholangitis

Recurrent pyogenic cholangitis (RPC) is a 
chronic, slowly progressive disease featured by 
recurrent attacks of bacterial cholangitis, hepato-
lithiasis (HL), and inflammatory biliary stric-
tures, without functional or organic extrahepatic 
biliary obstruction (Harris et  al. 1998; Okuno 
et  al. 1996). RPC occurs with equal frequency 
among men and women, mostly in the third and 
fourth decades of life (Tsui et al. 2011). The dis-
ease is more common in the rural population, 
associated with lower socioeconomic status (Tsui 
et al. 2011).

The high incidence of this disease in Asian 
countries indicates that environmental factors, 
especially infection with parasites, such as 
Ascaris lumbricoides and Clonorchis sinensis, 
are involved in the pathogenesis (Leung and Yu 
1997). It has been postulated that infestation of 
the biliary tree with worms leads to biliary epi-
thelial damage and weakens the host immune 
response making them more vulnerable to sepsis 
(Stunell et al. 2006). Chronic inflammation pro-
motes fibrotic changes in the bile duct walls and 
biliary duct stricture development. Strictures are 
predisposing factors for bile stasis and intrahe-
patic pigmented stone formation, which is one of 
the main features of RPC (Leung and Yu 1997). 
In such an environment, recurrent ascending bac-
terial infection is common, which worsens biliary 
strictures, and in severe cases can be the cause of 
progressive hepatic parenchymal destruction and 
cirrhosis (Leung and Yu 1997; Stunell et  al. 
2006). Furthermore, acute attacks of cholangitis 
can lead to cholangiohepatitis, with multiple 
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hepatic abscesses. Although recurrent pyogenic 
cholangitis has been initially attributed only to 
parasitic infestation, similar symptoms and imag-
ing findings can occur in patients without para-
sitic infection (Tabata and Nakayama 1981). In 
such cases, the high incidence of positive bile 
cultures, with most common pathogens being 
Escherichia coli, Klebsiella, Pseudomonas, 
Proteus species, and anaerobes, favors infection 
as the main cause of cholangitis (Okuno et  al. 
1996). Malnutrition or previous cholangiocyte 
injury makes bile ducts prone to biliary sepsis 
caused by portal bacteremia. Prolonged inflam-
mation leads to formation of bile duct strictures, 
subsequent cholestasis, and intrahepatic lithiasis 
(Okuno et  al. 1996). Nevertheless, the exact 
pathogenesis is still not clear, and remains to be 
elucidated.

6.1	 �Diagnosis and Imaging 
Findings

Patients with recurrent pyogenic cholangitis usu-
ally present with fever, right upper quadrant pain, 
and jaundice (Charcots triad) (Koh et al. 2013). 
Leukocytosis and moderately elevated bilirubin 
are common laboratory findings. They usually 
report previous episodes of undiagnosed similar 
symptoms, which were not severe enough to 
cause hospitalization of the patient (Harris et al. 
1998). Apart from acute cholangitis, RPC may 
manifest with biliary colic, acute pancreatitis, 
and obstructive jaundice (Harris et  al. 1998). 
Patients with postoperative complications, in 
terms of biliary obstruction and bile stasis, who 
present with recurrent attacks of cholangitis, 
should not be diagnosed as recurrent pyogenic 
cholangitis.

The main imaging findings are dilatation of 
central intrahepatic bile ducts and intrahepatic 
lithiasis (Lim et al. 1990; Chau et al. 1987; Chan 
et  al. 1989). Ultrasound examination typically 
demonstrates dilatation of the large intrahepatic 
and extrahepatic bile ducts, in combination with 
little, if any, dilatation of peripheral bile ducts 
(Lim et al. 1990; Chau et al. 1987). Intrahepatic 
calculi can be identified in up to 90% of patients, 

and if calcified present as single or multiple 
hyperechogenic lesions, with posterior acoustic 
shadowing (Fig.  10a) (Chau et  al. 1987). 
Pneumobilia, which is also a frequent finding in 
RPC, can obscure intrahepatic lithiasis (Lim 
et al. 1990). Besides initial evaluation, sonogra-
phy is used for follow-up and is very useful in the 
timely diagnosis of disease complications (Lim 
et al. 1990).

Contrast-enhanced CT might fail in visualiza-
tion of intrahepatic calculi because these gall-
stones are usually not calcified. Gallstones can be 
detected on unenhanced CT, since 90% of the 
stones are hyperdense in comparison to liver 
parenchyma (Chan et  al. 1989). Similarly to 
ultrasound, CT demonstrates dilatation of large 
intrahepatic and extrahepatic bile ducts together 
with lack of visualization of the peripheral bile 
ducts, which is a characteristic finding for RPC 
(Koh et al. 2013). Moreover, CT shows slight bile 
duct wall thickening and increased enhancement, 
suggestive of acute cholangitis (Koh et al. 2013; 
Chan et  al. 1989). Pneumobilia is easily recog-
nized on CT, and usually is the consequence of 
previous endoscopic biliary intervention. In 
patients without clinical history of biliary inter-
ventions, pneumobilia occurs as a result of the 
passage of the calculi through the ampulla, but it 
can also be caused by gas-forming organisms, 
such as Klebsiella pneumonia or Clostridium 
perfringens (Chan et al. 1989). Ancillary imaging 
finding is a hepatic parenchymal atrophy, which 
most commonly occurs in the left lateral and 
right posterior liver segments (Afagh and Pancu 
2004). In addition, segmental or lobar portal vein 
thrombosis can occur, due to periductal inflam-
mation and portal thrombophlebitis, which then 
contribute to parenchymal atrophy (Afagh and 
Pancu 2004). Increased attenuation of affected 
segments in arterial phase occurs not only in the 
setting of lobar or segmental portal vein throm-
bosis, but also during episodes of acute 
cholangitis.

Similarly to other imaging modalities, MRCP 
examination shows dilatation of first- and second-
order branches of bile ducts, in association with 
decreased arborization and abrupt tapering of 
peripheral ducts, resulting in arrowhead 
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appearance (Park et al. 2001). The distribution of 
the bile duct dilation is frequently unrelated to 
the location of calculi. This finding could be 
explained by the fact that repeated episodes of 
obstruction and inflammation lead to loss of wall 
elasticity, with concomitant diffuse bile duct 
destruction (Park et  al. 2001). MRI provides 
superior depiction of intrahepatic gallstones, 
which are seen as filling defects in dilated bile 
ducts on heavily T2-weighted images (Fig. 10b) 
(Kim et al. 1999). The pigmented stones in RPC 
typically appear as hyperintense on T1-weighted 
images (Fig.  10c) (Kim et  al. 1999). Bile duct 
strictures in RPC are usually short (less than 
1 cm), and are often missed on CT, but are clearly 
visible on MRCP (Afagh and Pancu 2004; Jain 
and Agarwal 2008). The strictures are relative 

only to the dilated areas, since their calibers are 
actually larger than the original normal ducts 
(Kim et al. 1999). The left lateral segment duct is 
the most commonly affected, followed by the 
right posterior segmental duct (Park et al. 2001; 
Kim et al. 1999). This may be explained by more 
acute angulation of these ducts and poorer drain-
age of bile. In 60% of the cases, stones are also 
seen in common bile duct and common hepatic 
duct, which are diffusely dilated, without stric-
tures. Moreover, coexisting gallbladder stones 
are present in 30% of patients (Afagh and Pancu 
2004). In these cases, it is very hard to make a 
differential diagnosis between primary and sec-
ondary hepatolithiasis, which refers to a retro-
grade migration of stones from the extrahepatic 
bile ducts. In addition to MRCP, conventional 

a b
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Fig. 10  Intrahepatic lithiasis in 67-year-old male patients 
with recurrent attacks of cholangitis without prior hepato-
biliary surgery and without known parasitic infection. (a) 
Ultrasound examination shows multiple large stones 
(solid arrows) in dilated left hepatic duct. (b) Axial 

T2-weighted image shows large intrahepatic calculi in the 
left and right hepatic ducts with high signal intensity on 
T1-weighted image (solid arrows) (c). Diffuse biliary 
dilatation is seen on portal venous phase (d)
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MR sequences provide insight into parenchymal 
changes in RPC. Atrophic hepatic segments are 
usually slightly hypointense on T1-weighted 
images, with increased signal intensity on 
T2-weighted images, due to edema and 
inflammation (Kim et  al. 1999). Crowded and 
dilated bile ducts are a frequent finding in these 
distorted liver segments (Park et  al. 2001; Kim 
et al. 1999).

6.2	 �Complications

Long-standing disease is frequently complicated 
with hepatic abscess or biloma formation. Liver 
abscess is found in up to 20% of patients, often 
located in right liver lobe (Kim et al. 1999). The 
differential diagnosis with biloma is usually not 
difficult, with rim enhancement supporting the 
diagnosis of hepatic abscess (Chan et al. 1989). 
The most important complication of RPC is 
development of cholangiocarcinoma, which 
occurs in up to 5% of cases (Chen et al. 1989). 
Chronic inflammation and mechanical irritation 
with gallstones are recognized risk factors for 
cholangiocarcinoma, which has a poor prognosis 
in the setting of RPC (Chan et al. 1989). One of 
the main reasons is late diagnosis, since it most 
frequently develops in segments with high stone 
burden, where it is obscured by the bile duct and 
liver parenchymal changes (Al-Sukhni et  al. 
2008). Recently, Kim et al. have shown that chol-
angiocarcinoma associated with RPC was found 
predominantly in segments with atrophy, narrow-
ing, or obliteration of the portal vein (Kim et al. 
2006). Therefore, it is very important to examine 
carefully these regions, and to notice the worsen-
ing of bile duct dilatation during follow-up of 
these patients (Kim et al. 2006). The most com-
mon form of cholangiocarcinoma in RPC patients 
is periductal infiltrating type (Kim et  al. 2006). 
Ancillary findings are lymphadenopathy and 
increased serum CA 19-9 level.

6.3	 �Differential Diagnosis

Recurrent pyogenic cholangitis must be differen-
tiated from several other diseases characterized 

by secondary stone formation. In order to make 
the diagnosis of RPC, all causes of obstructive 
cholangiopathy must be excluded. The distinc-
tion between RPC and secondary intrahepatic 
lithiasis is possible when stones are seen in 
dilated intrahepatic ducts proximal to a stricture 
(Corcos et  al. 2012). It is presumed that these 
stones are formed in the intrahepatic bile ducts. 
Caroli disease should also be distinguished from 
RPC, because of the similar clinical and radio-
logical presentations in both diseases. Unlike 
RPC, Caroli disease usually appears in childhood 
(Guy et al. 2002). The changes in Caroli disease 
are mostly seen in the entire liver, but it can also 
be lobar or segmental. Imaging findings charac-
teristic for Caroli disease are cystic dilatation of 
intrahepatic bile ducts, intrahepatic lithiasis, and 
frequently central dot sign (Guy et al. 2002). On 
the other hand, RPC is characterized by dispro-
portionate dilatation of the first and second divi-
sions of intrahepatic ducts, reduction of peripheral 
ducts, pigmented intrahepatic calculi, and paren-
chymal atrophy of affected segments (Okuno 
et al. 1996). Liver biopsy with histopathological 
analysis can provide definitive diagnosis in 
unclear cases. Differential diagnosis with PSC is 
usually not difficult, since PSC presents with 
multiple short segmental strictures of intra- and 
extrahepatic bile ducts, which are sufficiently dif-
ferent from above-described RPC features 
(Okuno et al. 1996).

6.4	 �Treatment of Recurrent 
Pyogenic Cholangitis

Treatment of recurrent pyogenic cholangitis is 
complex, and includes a combination of surgery, 
endoscopic, or percutaneous biliary interventions 
(Jeyarajah 2004; Van Sonnenberg et al. 1986). In 
patients with isolated disease in the first-order 
ducts, surgical biliary drainage or nonoperative 
ERCP-guided procedures could be chosen, based 
on surgeon decision and patient’s condition (Lam 
et al. 1978). For patients with intrahepatic lithia-
sis and strictures in the second-order ducts and 
smaller ducts, percutaneous transhepatic cholan-
giographic guided treatment or hepatectomy is 
indicated (Cheung and Kwok 2005). In the 
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setting of acute cholangitis, decompression of the 
infected biliary tree is necessary. This can be 
achieved by percutaneous transhepatic biliary 
drainage or endoscopic sphincterotomy with bili-
ary stent placement, or by using methods such as 
percutaneous transhepatic cholangioscopic 
lithotomy (PTCSL) (Lee et al. 2001).

6.5	 �Hepatolithiasis

Hepatolithiasis (HL) is defined as the presence of 
de novo-formed calculi (stone, mud, and/or 
sludge) within the intrahepatic bile ducts proxi-
mal to the common hepatic duct (confluence of 
the right and left hepatic ducts) (Choi 1989). 
Intrahepatic lithiasis is the basic pathology of 
RPC and is the preferred term for this disease in 
the Japanese literature (Tsui et  al. 2011). 
Although causes and underlying pathophysiol-
ogy are not clearly understood, it is postulated 
that complex interaction between nutritional sta-
tus, bile duct infection, cholestasis, parasites, 
variation of bile duct, and bile metabolic defect is 
responsible for changes in primary HL 
(Attasaranya et  al. 2008). Among these factors, 
cholestasis, infection, and bile metabolic defect 
are the most important (Attasaranya et al. 2008). 
Depending on the gallstone composition, pri-
mary HL can be classified into three types: cal-
cium bilirubinate stones, cholesterol stones, and 
mixed stones (Tsui et al. 2011). Clinical manifes-
tations and imaging features are those described 
for RPC (Okuno et al. 1996). On the other hand, 
secondary HL refers to a retrograde migration of 
stones from the extrahepatic ducts and gallblad-
der, and those liver conditions with secondary 
stone formation in intrahepatic bile ducts, such as 
Caroli disease and PSC (Carpenter 1998).

7	 �Obstructive Cholangiopathy

Biliary obstruction has numerous causes includ-
ing cholecystitis, biliary stones, surgical anasto-
motic strictures, tumors, arterial aneurysms, 
pancreatic disease, and iatrogenic strictures (Lan 
Cheong Wah et  al. 2017). Nevertheless, benign 
causes of obstruction are much more likely to 

cause clinical infection than malignant like chol-
angiocarcinoma and pancreatic carcinoma 
(Mohammad Alizadeh 2017). Biliary obstruction 
is followed by bile stasis, which leads to inflam-
mation, superimposed bacterial infection, and, if 
prolonged, fibrosis and stricture formation 
(Mohammad Alizadeh 2017). Rarely, if the cause 
of obstruction is not relieved, secondary biliary 
cirrhosis can develop as a long-standing compli-
cation (Lubikowski et al. 2012).

Patients usually present with right upper quad-
rant pain, fever, and jaundice (Lan Cheong Wah 
et  al. 2017). Although Escherichia coli is the 
most common pathogen of acute cholangitis, 
most infections are polymicrobial (Lan Cheong 
Wah et  al. 2017). Echogenic material within 
involved bile ducts can be seen on US, while CT 
may display purulent bile as high-density intra-
ductal content (Mohammad Alizadeh 2017). In 
cases complicated with acute cholangitis, bile 
duct wall thickening and increased contrast 
enhancement are also observed on CT 
(Mohammad Alizadeh 2017). Common compli-
cation of ascending cholangitis is formation of 
hepatic abscesses which are easily identified on 
US, CT, or MRI (Figs. 11 and 12) (Mohammad 
Alizadeh 2017). Besides abovementioned find-
ings, the most important diagnostic task in 
obstructive cholangitis is to identify the cause 
and level of biliary obstruction, since it deter-
mines further therapy.

In addition to intraductal causes of biliary 
obstruction, long-standing extrinsic obstruction 
of common bile duct can also be the cause of pro-
longed bile stasis and changes characteristic for 
obstructive cholangiopathy (Katabathina et  al. 
2014). Thus, in patients with cirrhosis and extra-
hepatic portal vein obstruction, portal biliopathy 
can develop (Khuroo et  al. 2016). This term is 
related to compressive effect of enlarged collat-
eral vessels on common hepatic and common bile 
duct (Aguirre et  al. 2012). Cholangiography is 
the preferred modality for diagnosis, with most 
common abnormalities seen in common bile duct 
including wall irregularities and localized saccu-
lar dilatations (Aguirre et al. 2012). Differential 
diagnosis is usually not difficult, when MRCP 
findings are analyzed in association with conven-
tional MR findings (Aguirre et  al. 2012). 
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Recommended therapy includes biliary balloon 
dilatation and eventually surgery if persistent 
obstruction is evident (Franceschet et al. 2016).

8	 �AIDS-Related Cholangitis

AIDS-related cholangitis is a rare type of second-
ary sclerosing cholangitis occurring in patients 
with human immunodeficiency virus (HIV) 
infection (Ducreux et  al. 1995). Although the 
exact pathogenesis is not clear, it has been postu-
lated that opportunistic biliary duct infection 
with pathogens such as cytomegalovirus, 
Cryptosporidium parvum, Mycobacterium avium 
complex, and herpes simplex virus is one of the 
main causes of this condition (Abdalian and 

Heathcote 2006; Cello 1989). Other contributing 
factors include ischemia, autonomic nerve injury, 
and direct invasion of bile duct epithelium by 
HIV (Daly and Padley 1996).

8.1	 �Diagnosis and Imaging 
Findings

Currently, AIDS-related cholangitis is rarely seen 
due to improved multidrug antiretroviral therapy, 
usually in patients with advanced disease, and 
markedly decreased immune function (Ducreux 
et al. 1995). This condition is also diagnosed in 
20% of treated patients with less severe immuno-
suppression and higher CD4 levels, probably 
reflecting resistance to first-line antiretroviral 

a b
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Fig. 11  Obstructive cholangiopathy in 64-year-old 
women due to right hepatic duct iatrogenic lesion. (a) 
Axial T2-weighted fat-saturated image and coronal 
T2-weighted image (b) show multiple calculi in posterior 
segment bile ducts (dotted arrow), a large hepatic abscess 
as a complication of ascending cholangitis (solid arrow), 
and hilar lymphadenopathy. (c) MRCP in the same patient 

shows intrahepatic lithiasis in bile duct for segment VI 
(dotted arrow) and hepatic abscess (solid arrow). 
Hyperintense lesion medially to hepatic abscess corre-
sponds to hepatic hemangioma not shown in other images. 
(d) Portal venous axial T1-weighted image shows large 
necrotic lesion compatible with hepatic abscess (solid 
arrow) and biliary dilatation in segment VI
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medications (Abdalian and Heathcote 2006). The 
patients present with nonspecific clinical features 
including right upper quadrant pain, which is 
more severe in the presence of papillary stenosis, 
diarrhea, hepatomegaly, and weight loss 
(Devarbhavi et  al. 2010). Elevation of serum 
alkaline phosphatase level, 5–7 times above nor-
mal limits, is the key laboratory finding, present 
in almost all patients (Carucci and Halvorsen 
2004). Jaundice, as a result of complete ductal 
obstruction, is uncommon even in patients with 
documented cholangiographic abnormalities 
(Devarbhavi et al. 2010).

Like in all other clinical conditions, where 
bile duct pathology is suspected, ultrasound 
examination is the first modality in diagnostic 
algorithm (Bilgin et  al. 2008). In cases where 

ultrasound evaluation identifies intra- and extra-
hepatic dilatation in HIV patients, further investi-
gation with CT or MRI is suggested. CT findings 
of biliary dilatation in the absence of neoplastic 
tissue or extrinsic compression indicate HIV-
related cholangitis (Catalano et  al. 2009). The 
diagnosis of AIDS cholangiopathy in the past 
was made by ERCP, which was the gold standard 
procedure (Abdalian and Heathcote 2006). Four 
distinct patterns of AIDS-related cholangitis 
were described according to cholangiographic 
findings: papillary stenosis (type I, 20% of cases), 
intrahepatic bile duct strictures alone (type II, 
15–20%) or associated with papillary stenosis 
(type III, 50%), and long extrahepatic bile 
duct strictures with or without intrahepatic 
involvement (type IV, 6–15%) (137, 140). 

a b
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Fig. 12  Obstructive cholangiopathy in a 72-year-old 
male due to anastomotic stricture after hepaticojejunal 
anastomosis. (a) MRCP shows diffuse biliary dilatation 
above the level of primary confluence. Multiple small 
hyperintense lesions are also seen. (b) Axial T2-weighted 

image shows biliary dilatation and multiple hyperintense 
foci (solid arrows) compatible with microabscesses which 
are better visualized on diffusion-weighted image (c) and 
after contrast administration in arterial phase (solid 
arrows) (d)
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Currently, MRCP, as a noninvasive procedure, 
has replaced ERCP, and is performed in all 
patients with clinically suspected AIDS cholangi-
opathy. The most common cholangiographic 
finding is papillary stenosis, present in up to 75% 
of patients (Fig.  13) (Devarbhavi et  al. 2010; 
Tonolini and Bianco 2013). Papillary stenosis in 
combination with multifocal intrahepatic biliary 
strictures, creating “beaded” appearance, is the 
single most common pattern in AIDS cholangitis 
(Devarbhavi et al. 2010; Vitellas et al. 2002). The 
fourth and the rarest ERCP pattern refers to long 
segmental extrahepatic biliary stricture (Tonolini 
and Bianco 2013).

8.2	 �Differential Diagnosis

AIDS cholangitis should be differentiated from 
acute pyogenic cholangitis which is a life-
threatening condition (Vitellas et  al. 2002). 
However, besides bile duct dilatation, in patients 
with acute cholangitis, bile duct wall thickening 
and increased contrast enhancement are invari-
ably present, suggesting the diagnosis of acute 
inflammation (Deltenre and Valla 2008). In 
addition, patchy or wedge-shaped areas of 
T2-weighted hyperintensity and perfusion abnor-
malities are associated findings in acute cholan-
gitis (Tonolini and Bianco 2013). Intrahepatic 

a b
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Fig. 13  AIDS-related cholangitis infection in a 48-year-
old female. (a) MR cholangiography shows a stricture of 
the distal common bile duct with only slight proximal bili-
ary dilatation (solid arrow). (b) Axial T2-weighted image 
reveals papillary stenosis, seen as thickened wall of intra-

mural part of common bile duct (solid arrow). (c) Axial 
T1-weighted postcontrast out-of-phase image demon-
strates increased wall enhancement of distal common bile 
duct consistent with papillary stenosis (solid arrow)
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bile duct strictures without identifiable common 
bile duct abnormalities could be hardly distin-
guishable from PSC (Northover and Terblanche 
1979). However, in appropriate clinical setting, 
the correct diagnosis is easily made.

Biliary dilatation in HIV patients could be 
caused by variable other conditions, such as com-
pression of common hepatic duct with enlarged 
collateral vessels in portal biliopathy, enlarged 
porta hepatis lymph nodes, or pancreatic tumor 
(Ducreux et al. 1995). However, cross-sectional 
imaging with CT and/or MRI in almost all cases 
reveals abovementioned causes of biliary 
obstruction.

8.3	 �Treatment

Conservative treatment of AIDS-related cholan-
gitis with antimicrobial therapy is usually inef-
fective (Ducreux et  al. 1995). Restoring the 
immune function is the main goal of therapy and 
could be achieved with modern antiretroviral 
therapy (Ducreux et  al. 1995; Abdalian and 
Heathcote 2006; Cello 1989). In cases with bili-
ary strictures, endoscopic balloon dilatation and 
stent placement are the optimal therapy (Daly 
and Padley 1996). For patients with papillary ste-
nosis sphincterotomy is the therapy of choice 
(Deltenre and Valla 2008).

9	 �Ischemic Cholangitis

Ischemic cholangitis is defined as ischemia-
induced bile duct injury caused by various con-
ditions (Imam et al. 2013). Since biliary system, 
unlike hepatic parenchyma, receives its blood 
supply only from the arterial system, bile ducts 
are very vulnerable to ischemic injury (Foley 
et  al. 2011). Iatrogenic causes, including liver 
transplantation (2–19% of patients), hepatic 
arterial infusion of chemotherapeutic agents, and 
vessel injury during biliary or pancreatic sur-
gery, are the most common causes of ischemic 
cholangitis (Imam et al. 2013; Terblanche et al. 
1983; Valente et  al. 1996). Other less common 
etiologies include hereditary hemorrhagic 
telangiectasia, radiotherapy, polyarteritis 

nodosa, and atherosclerosis (Imam et al. 2013). 
Ischemic cholangiopathy predominantly affects 
the middle third of the common bile duct, fol-
lowed by the hepatic duct confluence, whereas 
intrahepatic bile ducts are less commonly 
involved (Kinner et al. 2012). This particular dis-
tribution can partly be explained with the arterial 
supply to the large bile ducts. Namely, most of 
the arterial supply for these ducts comes from 
retroduodenal and retroportal arteries, while a 
lesser proportion comes from right hepatic artery 
(Foley et al. 2011). As a result, the middle third 
of the common bile duct and the biliary conflu-
ence are the most vulnerable to ischemic injury 
(Terblanche et al. 1983).

9.1	 �Diagnosis and Imaging 
Findings

The clinical presentations and radiological find-
ings of ischemic cholangitis depend on the stage 
of disease. In the acute phase, patients present 
with fever, abdominal pain, jaundice, and sepsis 
(Gelbmann et  al. 2007). Intraluminal filling 
defects suggestive of biliary casts can be seen on 
imaging (Kinner et  al. 2012). Biliary casts, 
formed of desquamated epithelium and other bile 
components, typically show high signal intensity 
on nonenhanced T1-weighed MR images, simi-
larly to intraductal stones (Kinner et  al. 2012). 
However, difference in their shape usually allows 
differential diagnosis, as stones are round or oval, 
while biliary casts have linear or branching pat-
tern. Biliary dilatation is invariably seen in the 
acute phase, which is probably due to their 
obstruction by the casts and due to a nonspecific 
reaction to injury (Imam et al. 2013). In cases of 
severe ischemic injury, dilated bile ducts are 
observed on CT and MRI, in association with dis-
continuity of the wall, suggesting full-thickness 
necrosis (Gelbmann et al. 2007). Spilling of the 
bile around damaged bile duct results in the 
formation of bilomas, which are seen as well-
defined fluid collections of low density (Imam 
et al. 2013). Chronic stage of disease is character-
ized by fibrous stenosis formation, as part of 
healing of previous ischemic or necrotic lesions. 
At this stage, patients present with obstructive 
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jaundice and laboratory profile of progressive or 
fluctuating cholestasis (Terblanche et  al. 1983). 
Cholangiographic findings include focal or mul-
tiple, segmental bile duct strictures (Fig.  14) 
(Imam et al. 2013). Clinical course and predomi-
nant location of ischemic strictures in the middle 
third of the common bile duct and the hilar region 
favor the diagnosis of ischemic cholangitis rather 
than PSC. Rarely, patients may have fibrotic form 
of ischemic cholangiopathy as presenting fea-
ture, which can be explained by more limited or 
slowly progressive hepatic arterial injury (Kinner 
et  al. 2012). The correct diagnosis is possible 

when characteristic imaging findings are present 
in association with direct or indirect evidence of 
compromised arterial supply to the liver or bile 
ducts.

9.2	 �Treatment of Ischemic 
Cholangitis

The therapy of ischemic cholangitis depends on 
each patient’s clinical history. If ischemic chol-
angitis is a complication of liver transplantation, 
then restoration of arterial flow can be attempted 

a b

c

Fig. 14  Ischemic cholangitis due to iatrogenic lesion 
after cholecystectomy. (a) MRCP shows diffuse biliary 
dilatation due to stricture in the upper part of common 
hepatic duct. Coronal T2-weighted image (b) and 
T1-weighted in portal venous phase (c) show abnormal 

liver morphology with hypertrophy-atrophy complex and 
very enlarged left liver lobe with subcapsular moderately 
hyperintense wedge-shaped lesions corresponding to per-
fusion abnormalities (solid arrow). Focal biliary dilatation 
and biloma (dotted arrow) are also noted

Non-tumoral Pathology of the Intrahepatic Biliary Tract
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using thrombolytic agents, balloon angioplasty 
or stenting, and surgical revision with stenting 
(Valente et al. 1996; Gelbmann et al. 2007). In 
patients with small artery ischemic injury, since 
there is no specific curative method, manage-
ment of complications is of great clinical impor-
tance (Imam et al. 2013). Endoscopic procedures 
are used to remove biliary casts, while percuta-
neous drainage is useful for biloma and for 
decompression of dilated bile ducts (Valente 
et al. 1996). When abovementioned procedures 
are not sufficient, biliary bypass surgery can be 
performed for bile duct reconstruction 
(Gelbmann et al. 2007).
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