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12. 1
Introduction

Recent developments in magnetic resonance
(MR) scanner hardware and the advent of fast
three dimensional (3D) gradient echo sequences
have rapidly advanced the role of MR imaging for
the evaluation of abdominal vasculature. Nowa-
days it is possible to accurately image both the ar-
terial and venous vasculature of the abdomen and
to acquire sufficient information to accurately de-
tect and diagnose underlying pathologies of these

vessels. In particular, depiction of anatomic vari-
ants of the arterial blood supply and demonstra-
tion of collateral circulation of the liver is easily
performed non-invasively on contrast-enhanced
MR angiography (CE MRA). The possibility to
perform rapid time-resolved imaging permits
evaluation of both the arterial and portal-venous
systems in the same session, thereby rendering CE
MRA a one-stop-shop for the work-up of patients
with suspected vascular disease of the liver. The
rapid improvements in CE MRA methodology
permit accurate non-invasive evaluation of poten-
tial living donors and of patients scheduled for
liver transplantation.

12.2
Technique

MRA does not require extensive patient preparation
prior to the examination. Patients are not required
to fast before the examination; on the contrary,
high-caloric meals prior to the examination may in-
crease the splanchnic flow, thereby improving the
depiction of small branching arteries. On the other
hand, physiological peristalsis may cause motion ar-
tifacts in some patients; this can be reduced by ap-
plication of glucagon or N-butyl-scopalamine.

Imaging is usually performed with the patient
in the supine position in the magnet. Typically, a
body array surface coil that covers the abdomen is
used. The arms should be elevated above the head
in order to avoid aliasing artifacts. For accurate in-
jection of contrast agent, an intravenous feed
should be placed in the right antecubital vein. For
most examinations the contrast agent and saline
flush should be injected at a minimum flow rate of
2 ml/sec in order to achieve a sufficiently tight con-
trast agent bolus [25].
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12.2.1
Time-of-Flight MRA

In order to achieve adequate signal in the vessels of
interest, time-of-flight MR angiography (TOF
MRA) generally requires the orthogonal acquisi-
tion of images. TOF MRA is therefore not suitable
for depiction of the abdominal vasculature be-
cause of the typically tortuous course of the ves-
sels. Although the proximal parts of the main ab-
dominal branches in which most vascular patholo-
gies are located may theoretically be assessed on
TOF MRA, the long acquisition times for these se-
quences preclude the possibility of acquiring im-
ages in one breath-hold. Moreover, since flow in
the aorta is perpendicular to that in the branching
arteries, major artifacts which may mimic stenoses
are common.

12.2.2
Phase-Contrast MRA

The abdominal vasculature may be evaluated with
phase-contrast (PC) MRA using both two dimen-
sional (2D) and 3D techniques [4, 14, 15, 21]. 2D PC
MRA with electrocardiogram (ECG) or pulse trig-
gering has been shown to provide functional in-
formation of the mesenteric vasculature [4, 14, 15,
21]. By segmenting the acquired phase with the
cardiac cycle, quantitative measurements of flow
velocity and volume may be acquired.

An important advantage of 3D PC MRA over
2D PC MRA is that images can be acquired in any
plane [34]. However, due to the relatively long ac-
quisition times, respiratory motion artifacts fre-
quently impair the quality of the image. Moreover,
image quality may be further reduced by ghost ar-
tifacts derived from inhomogeneous or turbulent
flow during systole. Although this problem may be
resolved by cardiac gating, this further increases
the acquisition time without necessarily improv-
ing the image quality.

12.2.3
Contrast-Enhanced MRA

The acquisition of high quality images of the
mesenteric vessels became feasible with the intro-
duction of CE MRA [18, 26, 27]. Moreover, the
technique permits the visualization of very small
vessels that are not discernible using non-en-
hanced imaging techniques.

Imaging in the coronal plane permits evaluation
of the aorta, splanchnic arteries and portal vein in

one examination. A partition thickness of 3-5 mm
is acceptable if zero padding is available for inter-
polation. In the absence of an interpolation algo-
rithm, the slice thickness should be less than 3 mm.
To evaluate stenotic disease of the celiac trunk or
the proximal mesenteric arteries, imaging should
be performed in the sagittal plane.Aliasing is not as
severe for acquisitions in the sagittal plane, so it is
possible to utilize a rectangular field-of-view with a
high spatial resolution acquisition matrix (e.g. 512 x
256). If a slower MR system is used, it is advanta-
geous to acquire images in the sagittal plane so that
fewer sections or partitions are required to cover
the aorta, celiac artery (CA), superior mesenteric
artery (SMA), and inferior mesenteric artery
(IMA). Imaging parameters should be adjusted to
allow for image acquisition during breath-hold.Ax-
ial imaging may be useful if the primary goal is
evaluation of the hepatic arteries, hepatic parenchy-
ma or portal vein. However, one difficulty with the
axial orientation is aliasing in the slice direction,
which tends to be severe with the extremely short
radio frequency (RF) pulses used in 3D CE MRA. To
minimize aliasing, a coil should be used in which
the cranial-dimension is only slightly larger than
the caudal-dimension of the imaging volume. Fat
saturation or chemically selective fat inversion
pulses should also be considered. These will help
minimize unwanted signal from pericardial and ab-
dominal fat wrapping onto the image volume.

3D CE MRA datasets should be acquired be-
fore, during and after completion of intravenous
contrast agent administration. Pre-contrast images
should be checked to ensure that the imaging vol-
ume is positioned correctly. These images can also
be used subsequently for digital subtraction to im-
prove image contrast. Accurate timing of the con-
trast agent bolus is essential for arterial phase ac-
quisitions. This can be achieved with automatic
triggering (SmartPrep or Care Bolus), fluoroscopic
triggering (Bolus Track) or by means of a test bo-
lus to the mid-abdominal aorta. After arterial
phase imaging, acquisition of a delayed image
dataset is useful to show the portal-venous and he-
patic venous anatomy. Arterial phase 3D CE MRA
is best evaluated by first acquiring multiple over-
lapping maximum intensity projection (MIP) re-
constructions in the coronal plane. Thereafter, ref-
ormations and subvolume MIP reconstructions
can be prepared in perpendicular planes through
each major abdominal aortic branch vessel, in-
cluding the celiac trunk, and the SMA and IMA. It
is also useful to assess the iliac arteries, especially
the internal iliac arteries, as they may represent an
important collateral pathway in patients with
chronic mesenteric ischemia.
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12.3
Imaging of the Arterial System

12.3.1
Normal Anatomy and Variants

The blood supply to the intra-abdominal organs
derives from three major branches of the abdom-
inal aorta: the celiac artery (CA), the SMA and the
IMA. Although numerous anatomical variants ex-
ist, in the majority of cases CE MRA allows a de-
tailed depiction of the typical and atypical vascu-
lar anatomy of the splanchnic vessels [2, 11, 17,
33]. Of principal interest for the arterial supply of
the liver are the CA and the SMA, however, since
collateral supply between the three major branch-
es exists, all of these branches will be discussed
(Fig. 1).

12.3.1.1
Celiac Artery (CA)

The CA is typically located at the level of the T12
to L1 vertebral body. It arises from the ventral part
of the abdominal aorta and supplies the upper ab-
dominal viscera. In about two thirds of patients the
CA branches into the common hepatic artery, the
splenic artery and the left gastric artery (Fig. 2).
However, in the remaining one third of individu-
als, anatomical variants exist in which the com-
mon hepatic artery, the splenic artery and the left
gastric artery arise from either the SMA or direct-
ly from the aorta.

The common hepatic artery divides into the
proper hepatic artery and the gastroduodenal ar-
tery. In about 75% of cases the gastroduodenal ar-
tery thereafter branches into two further vessels;

the right gastroepiploic artery and the superior
pancreaticoduodenal artery. The superior pancre-
aticoduodenal artery forms an anastomosis with
the inferior pancreaticoduodenal artery which de-
rives from the SMA.

In about 50% of cases the proper hepatic artery
divides into the left and right hepatic arteries. The
remaining 50% of individuals show variants or ac-
cessory hepatic arteries. The main variants are
shown in Fig. 3.

12.3.1.2
Superior Mesenteric Artery (SMA)

The SMA usually arises about 1 cm distal to the
celiac artery at the anterior aspect of the aorta. In
rare cases, a common single celio-mesenteric
trunk is present. The first branch from the SMA is
the inferior pancreaticoduodenal artery which
forms an anastomosis with the superior pancreati-
coduodenal artery deriving from the celiac artery.
The jejunal and ileal branches arise from the prox-
imal and left side of the SMA, forming multiple ar-
cades. Right sided branches are the ileocolic artery,
the right colic artery and the middle colic artery
(Fig. 4).

A common variant is the origin of the right he-
patic artery from the SMA or even the origin of
the common hepatic artery from the SMA.

12.3.1.3
Inferior Mesenteric Artery (IMA)

The IMA arises from the abdominal aorta at ap-
proximately the level of the third lumbar vertebra.
Compared to the other main abdominal branches

ba

Fig. 1a, b. Maximum intensity projection (a) and volume rendered (b) displays of a 3D CE MRA dataset acquired in the early arterial phase
demonstrate the arterial vascular anatomy of the abdomen. Beyond the aorta and both renal arteries, branches of the celiac trunk and the
SMA are well-depicted.
A Celiac artery (CA). B Splenic artery. C Common hepatic artery. D Superior mesenteric artery (SMA). E Inferior mesenteric artery (IMA).
a Left renal artery. b Right renal artery. c Left gastric artery. d Gastroduodenal artery.
From Magnetic Resonance Angiography, Schneider G. et al (eds.), p 233. Springer, 2005
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Fig. 2. Normal anatomy of the celiac trunk.
A Celiac artery (CA). B Splenic artery. C Common hepatic artery. D
Superior mesenteric artery (SMA).
1 Proper hepatic artery. 2 Right hepatic artery. 3 Left hepatic ar-
tery. 4 Left gastric artery. 5 Gastroduodenal artery. 6 Right gastric
artery. 7 Right gastroepiploic artery. 8 Left gastroepiploic artery.
From Magnetic Resonance Angiography, Schneider G. et al (eds.), 
p 232. Springer, 2005

Fig. 3. Schematic representation of variants of the hepatic vasculature.
A Celiac artery (CA). B Superior mesenteric artery (SMA).
a Left gastric artery. b Gastroduodenal artery. c Splenic artery. ha Hepatic arteries
From Magnetic Resonance Angiography, Schneider G. et al (eds.), p 238. Springer, 2005
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it is a relatively thin vessel, measuring only 1-6 mm
in diameter. For this reason the IMA is often diffi-
cult to depict on MRA.

The left colic artery usually represents the first
branch of the IMA. This forms the so-called anas-
tomosis of Riolan with the middle colic artery de-
riving from the SMA (Fig. 5). In cases of severe
stenosis or occlusion of the SMA, this anastomosis
can serve as a collateral supply for the SMA. Giving
off the sigmoid branches, the IMA becomes the su-
perior rectal artery.

Variations in the splanchnic arterial anato-
my occur in more than 40% of patients (Fig. 3).
For this reason, pre-operative vascular planning
for hepatic resections, liver transplantations, re-
section of retroperitoneal masses, chemoinfu-
sion pump placement, surgical shunting, or oth-
er abdominal operations may require accurate
mapping of the visceral arterial anatomy. Gener-
ally, this is achieved by conventional angiogra-
phy because of the fine detail needed to identify
variations involving tiny arteries. However, to
evaluate the origins of the splanchnic artery and
major branches, 3D CE MRA is frequently suffi-
cient.

The most common variation is a replaced
(17%) or accessory (8%) right hepatic artery, most
commonly from the SMA (Figs. 6, 7). Less common
variations include the left hepatic artery arising
from the left gastric artery (Fig. 8), the common
hepatic artery arising from the SMA (2.5%) (Fig. 9)
or directly from the aorta (2%) (Fig. 10), the left
gastric artery arising from the aorta (1-2%) (Fig.
11), or a celio-mesenteric trunk (<1%). Other
more complex variations may also occur.

Although the main indication for arterial imag-
ing of the hepatic vasculature is the evaluation of
vascular anatomy, there are other indications for
which CE MRA may be helpful. For example, in the
case of liver tumors such as pedunculated adeno-
ma or focal nodular hyperplasia (FNH), preopera-
tive CE MRA may help to optimize the therapeutic
approach by displaying the arterial supply and ve-
nous drainage of the lesion (Fig. 12). Imaging of
vascular pathologies such as aneurysms of the
splanchnic arteries can also be performed in a
non-invasive manner using CE MRA (Fig. 13) and
therapeutic approaches, if necessary, can be
planned.

Fig. 4. Normal anatomy of the superior mesenteric artery.
D Superior mesenteric artery (SMA).
1 Gastroduodenal artery. 2 Medial colic artery. 3 Right colic ar-
tery. 4 Iliocolic artery. 5 Jejunal- and ilieal arteries.
From Magnetic Resonance Angiography, Schneider G. et al (eds.), 
p 232. Springer, 2005

Fig. 5. Normal anatomy of the inferior mesenteric artery.
D Superior mesenteric artery (SMA). E Inferior mesenteric artery
(IMA).
1 Left colic artery. 2 Sigmoid arteries. 3 Superior rectal artery.
From Magnetic Resonance Angiography, Schneider G. et al (eds.), 
p 232. Springer, 2005
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Fig. 6. A volume rendered 3D CE MRA (0.1 mmol/kg Gd-BOPTA)
dataset shows an anatomic variation of the arterial supply of the liv-
er in a patient with liver transplantation planned. Note that the right
hepatic artery (arrow) branches from the SMA, whereas the left he-
patic artery (arrowhead) branches from the celiac trunk. The small
caliber of the vessels is the result of a longstanding inflammatory
process that resulted in liver fibrosis

Fig. 7a, b. Whereas the MIP reconstruction (a) reveals multiple
renal arteries (arrowheads) together with an obvious abnormal
course of the right hepatic artery (arrow), the volume-rendered im-
age (b) clearly displays the anatomic variation of a right hepatic ar-
tery originating from the SMA (arrow). This example shows that
evaluation of vascular anatomy is sometimes easier on volume-
rendered images than on MIP reconstructions

a

b

Fig. 8a, b. Left hepatic artery (arrowhead) arising from the left gastric artery (ar-
row) on a CE MRA (0.1 mmol/kg Gd-BOPTA) MIP reconstruction (a) and on a volume-
rendered image (b). Note again that the vessels are better appreciated on the vol-
ume-rendered imagea

b
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Fig. 9a, b. CE MRA in a 3 year old girl with transposition of the great arteries.
Whole-body MIP reconstruction (a) reveals an abnormal course of the ascending
aorta due to transposition of the great arteries and dextro-positio cordis. In addition,
the splenic (arrowhead) and hepatic arteries (arrow) both seem to originate from the
celiac trunk. However, a subvolume MIP reconstruction (b) clearly reveals that the
common hepatic artery (arrow) branches from the SMA while the splenic artery (ar-
rowhead) originates from the celiac trunk

Fig. 10a, b. CE MRA (0.1 mmol/kg Gd-BOPTA) MIP reconstruction (a) reveals mul-
tiple stenoses (arrowheads) of the hepatic artery due to vasculitis. However, deter-
mining the origin of the hepatic artery is difficult. The corresponding volume-ren-
dered image (b) reveals separate branching of the hepatic artery (arrow) from the
aorta. Information regarding this anatomic variation is extremely important for plan-
ning liver transplantation

a

b

Fig. 11a, b. The volume-rendered image in AP-projection (a) demonstrates the left hepatic artery originating from the left gastric artery
(arrow). The lateral view (b) reveals additional separate branching of the left gastric artery from the aorta (arrow)
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Fig. 12a-g. Pedunculated FNH of the liver. The volume-rendered image (a) of the
arterial phase 3D CE MRA (0.1 mmol/kg Gd-BOPTA) dataset reveals a dilated hepat-
ic artery with an abnormal course supplying the FNH (arrowheads). The correspon-
ding venous phase MIP reconstruction (b) clearly shows the venous drainage (ar-
rows) of the FNH (arrowheads). Additional coronal multiplanar reconstructions from
the venous phase dataset (c-g) demonstrate the supplying hepatic artery (arrow in
c) as well as the FNH itself (asterisk in e, f), together with the central scar (arrow in g)
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12.4
Imaging of the Portal-Venous System

3D CE MR portography is regarded as a safe, quick
and robust imaging modality for evaluation of the
portal-venous system. This technique has been
shown to be advantageous compared to currently
used techniques such as ultrasonography, catheter
angiography, computed tomography (CT), and
non-enhanced MR angiography with TOF and
phase contrast (PC) techniques [22].

There are no major differences between MRA
of the abdominal arterial system and MR portog-
raphy in terms of patient management, coil selec-
tion and MR sequences. After acquisition of a pre-
contrast coronal 3D gradient echo dataset, contrast
agent is injected and image acquisition com-
mences. Typically, image acquisition on MR por-
tography is timed to the arterial vessel system with
an additional acquisition delay of 40-60 sec after
contrast agent injection prior to acquisition of the
portal-venous dataset. At post-processing, the pre-
contrast and CE arterial phase datasets are sub-
tracted from the portal-venous phase dataset to
enable visualization of the portal-venous system
without arterial overlay. MIP reconstruction and
multiplanar reformation techniques permit accu-
rate evaluation of the portal-venous system.

The simultaneous availability of coronal source
images permits demonstration of parenchymal le-
sions of the liver, pancreas, biliary tract and spleen.
Precise and reliable assessment of the portal-ve-
nous system in patients with hepatic cirrhosis and
portal hypertension is essential before liver trans-
plantation, non-surgical transjugular shunting or
surgical portosystemic shunting. In patients with
portal hypertension and a history of gastro-
esophageal bleeding, it is mandatory to ascertain
whether the portal-venous system is patent or if
the portal vein or its main branches are throm-
bosed [28].

12.4.1
Normal Anatomy and Variants

The portal vein represents a confluence of the su-
perior mesenteric vein (SMV) and the main
splenic vein into which drains the pancreatic vein,
left gastroepiploic vein, short gastric vein, and in-
ferior mesenteric vein (IMV) (Fig. 14). The IMV
receives its supply from the left colic, sigmoid and
superior hemorrhoidal veins. It usually joins the
splenic vein prior to the junction of the splenic
vein with the SMV. The SMV receives its contribu-
tion from the jejunal, ileal, right colic, and middle
colic veins. The right and left gastric veins usually
drain directly into the portal vein.

The portal vein then divides into the right and
left portal branches at the hepatic hilum. Approxi-
mately 50% of individuals demonstrate a bifurca-
tion of the portal vein outside the liver capsule. A
common anomaly of the portal-venous system is a
trifurcation of the main portal vein, which occurs
in about 8% of patients. In this case, the main por-
tal vein divides into the right posterior segmental
branch, the right anterior segmental branch and
the left portal vein [11, 19].

12.4.2
Clinical Implications

3D CE MR portography permits accurate evaluation
of the intra- and extrahepatic portal-venous system
as well as the hepatic veins (Fig. 15). Due to the large
field of view, the short time of acquisition, the lack of
radiation, the non-invasive nature of the procedure
and the low risk of complications, MR portography
is regarded as superior to conventional catheter dig-
ital subtraction angiography (DSA). Clinical appli-
cations of 3D CE MR portography include the as-
sessment of portal hypertension (portosystemic
shunt, portal vein obstruction, hepatic vein obstruc-

ba

Fig. 13a, b. Volume-rendered images (a, b) in different orientations of a 3D CE MRA (0.1 mmol/kg Gd-BOPTA) dataset reveal multiple
aneurysm formations in the celiac trunk (arrow in b) and hepatic arteries (arrowheads) due to systemic vascular disease
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Fig. 14. Normal anatomy of the portal-venous system.
A Portal vein. B Superior mesenteric vein (SMV). C Inferior
mesenteric vein (IMV). D Lienal (splenic) vein.
I Right branch of the portal vein. II Left branch of the portal vein.
a Coronary and pyloric veins. b Right and left gastroepiploic veins.
c Superior hemorrhoidal vein. d Hemorrhoidal plexus. e Middle
and inferior hemorrhoidal veins. From Magnetic Resonance An-
giography, Schneider G. et al (eds.), p 243. Springer, 2005

Fig. 15a, b. Normal anatomy of the portal-venous system on CE MRA MIP reconstruction (a) and volume-rendered image (b).
A Portal vein. B Superior mesenteric vein (SMV). C Inferior mesenteric vein (IMV). D Lienal (splenic) vein.
I Right branch of the portal vein. II Left branch of the portal vein

a

b
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tion), hepatic encephalopathy, ascending portal
thrombophlebitis, hepatocellular carcinoma (HCC)
and pancreatobiliary tumors, gastrointestinal hem-
orrhage, and differentiation of splanchnic arterial
disease from portal-venous disease [22, 33].

In patients with portal hypertension, 3D MR
portography can be used to evaluate portosys-
temic shunts, hepatorenal collateral pathways, and
obstruction of the portal or hepatic veins. In plan-
ning treatment for hepatic encephalopathy, it is
important to identify the causative portosystemic
shunt. In suspected cases of ascending portal
thrombophlebitis, it is important to assess the
severity of portal vein obstruction as well as portal
collateral vessels. In patients with HCC or pancre-
atobiliary tumors, the presence or absence of por-
tal vein invasion should be determined when plan-
ning treatment.

12.4.3
Evaluation in Liver Transplantation

Imaging proof of a patent portal vein is required in
order for a patient to be placed on the liver trans-
plant waiting list. Ultrasound (US) can image the
portal vein, but is not 100% reliable. When US fails
to adequately visualize the portal vein, 3D CE MRA
offers a safe, accurate, and comprehensive assess-
ment of portal-venous anatomy without requiring
iodinated contrast medium [10, 12]. 3D CE MRA is
also able to evaluate the splenic vein, SMV, IMV, in-
ferior caval vein (ICV) and potential varices. Fol-
lowing liver transplantation, rising liver function
tests may raise a suspicion of allograft ischemia.
Since blood supply to the liver occurs primarily via
the portal vein, this is the most important vessel to
evaluate. The most common site of obstruction is
at the anastomosis. Usually, anastomoses are easy
to identify because of the caliber change between
donor and recipient portal veins [23]. Stenosis of
the transplant arterial anastomosis may be seen on
the arterial phase of a portal-venous study, but its
smaller size and often folded, tortuous course can
make it difficult to assess. Occlusion of the trans-
plant artery is important to detect because it re-
sults in ischemia to the donor common bile duct
and can lead to biliary strictures and leaks. It is al-
so important to assess the ICV since supra- and in-
frahepatic ICV anastomoses may also become nar-
rowed and flow limiting.

12.4.4
Portal Vein Thrombosis and Cavernous
Transformation

Thrombosis of the portal vein is a pathology that
is frequently found in liver cirrhosis, pancreatitis,
ascending portal thrombophlebitis or after scle-
rotherapy of a gastroesophageal varix [1]. In this
condition it is important to acquire accurate infor-
mation regarding portal-venous patency (Fig. 16).
3D CE MR portography provides detailed infor-
mation not only about the location and length of
portal vein obstruction, but also about portal col-
lateral pathways (Fig. 17). Over time, a network of
small collateral vessels develops to bypass the por-
tal-venous occlusion. This network of collaterals,
known as a cavernous transformation, is identified
by its characteristic enhancement pattern in the
hepatic hilum during the portal-venous and equi-
librium phases of imaging (Fig. 18).

While color Doppler ultrasonography often
fails to evaluate portal venous patency, 3D CE MR
portography usually provides accurate informa-
tion [7]. Furthermore, CE MRA can be used to as-
sess surgical portosystemic shunts which are fre-
quently placed to reduce portal-venous pressure.
In this scenario CE MRA is used to evaluate the
patency of the shunt (Fig. 19) and possible compli-
cations such as stenosis at the anastomosis.

12.4.5
Tumor Encasement

In patients with pancreatobiliary tumors, it is im-
portant to evaluate portal vein invasion before sur-
gery. Whereas CT and DSA are often used for this
purpose, 3D CE MR portography is also an accu-
rate means to diagnose portal vein invasion [16,
30]. Invasion of the portal vein makes tumor re-
section with clear margins nearly impossible, thus
removing the patient as a surgical candidate. Tu-
mors in the pancreatic head may encase the SMV,
portal vein, and medial splenic vein. Because these
tumors cause biliary obstruction, they are usually
detected quickly and are therefore more often re-
sectable. Tumors in the body and tail of the pan-
creas cause less biliary obstruction and therefore
frequently become larger before being detected.
These tumors commonly occlude the splenic vein.
Splenic vein occlusion has a tendency to produce
short gastric varices which serve as venous collat-
erals. These can usually be seen on delayed images.
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Fig. 16a-l. A 64 year old patient undergoing high dose chemotherapy, with portal vein
thrombosis. The  3D CE MRA MIP reconstruction (a) in the portal-venous phase shows oc-
clusion of the right branch of the portal vein (arrows). In addition, the portal vein is sup-
plied by collaterals from the splenic vein (arrowhead), while the superior and inferior
mesenteric veins are not displayed. To further evaluate the anatomic situation, sagittal
(b), axial (c), and coronal (d-l) thick slab multiplanar reconstructions were prepared. The
sagittal reconstruction reveals thrombus material in the superior mesenteric vein (arrow
in b), while the axial reconstruction reveals additional thrombus material in the intra-
hepatic portions of the portal vein (arrows in c). The coronal reconstructions (d-l) reveal
the full extent of the thrombosis, which affects the superior and inferior mesenteric veins
as well as the splenic vein (arrows). Note the hypoperfusion of hepatic tissue due to pe-
ripheral portal vein thrombosis (arrowheads in f)
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Fig. 17a, b. Extensive collateral mesenteric vessels in a patient after splenic vein thrombosis due to pancreatitis. Imaging was performed
to rule out portal vein thrombosis.
The 3D CE MRA (0.1 mmol/kg Gd-BOPTA) MIP reconstruction (a) reveals an extensive number of collateral vessels (arrow) in the area of the
gastric veins. In addition, collateral vessels (arrowheads) that drain blood from the splenic hilum to the abdominal wall and into the supe-
rior mesenteric vein are also visible. However, both the MIP reconstruction (a) and the volume-rendered image (b) reveal a patent portal
vein with normal intrahepatic branching (arrow in b) 

a b
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c

Fig. 18a-c. Cavernous transformation post portal vein occlusion.
The unenhanced T2-weighted image (a) reveals multiple dilated vessels (arrows)
that demonstrate flow void in the area of the liver hilum. The vessels are markedly
enhanced on the corresponding post-contrast T1-weighted image (b). This appear-
ance is characteristic of cavernous transformation. On the 3D CE MRA MIP recon-
struction (c), the cavernous transformation (arrowheads) is only faintly enhanced
due to the slow flow in the vessels. This case shows that the acquisition of contrast-
enhanced T1-weighted images often provides important additional diagnostic in-
formation. Alternatively a 3D VIBE sequence can be utilized

Fig. 19. Patent surgical spleno-renal shunt performed for lowering portal hyper-
tension in a patient with liver fibrosis and recurrent bleeding from esophageal
varices.
The  3D CE MRA study reveals a patent spleno-renal shunt with clear depiction of the
vein graft (arrow), the left renal vein (arrowhead) and the ICV (asterisk)
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12.5
Imaging of the Venous System

12.5.1
Normal Anatomy and Variants

The systemic venous architecture of the liver com-
prises three main venous vessels which drain into
the ICV: the right hepatic vein, the middle hepatic
vein and the left hepatic vein. In about 60% of in-
dividuals, the left hepatic vein and the middle he-
patic vein form a common trunk which drains sep-
arately into the ICV. Normally, the right hepatic
vein drains liver segments V-VII, the middle he-
patic vein drains segments IV, V and VIII, and the
left hepatic vein drains segments II and III.Venous
drainage from segment I usually occurs directly
into the ICV. This is considered the cause of hyper-
trophy of this segment in cirrhotic livers as result
of an improved blood supply [13, 31].

12.5.2
Budd-Chiari Syndrome / Veno-Occlusive
Disease

Budd-Chiari syndrome is a disorder characterized
by hepatic outflow occlusion which has a variety of
causes [9, 32]. In planning treatment, it is impor-
tant to determine the location and length of hepat-
ic outflow obstruction [20], and 3D CE MR porto-
venography is an accurate means of achieving this.

Heptatic outflow is also occluded in veno-oc-
clusive disease. However, since it is the small intra-
hepatic veins that are affected in this disease, im-
aging findings frequently reveal larger liver veins
that may have decreased calibre but which are nev-
ertheless still patent.

Further details about these diseases and imag-
ing examples can be found in Chapter 9, “Imaging
of Diffuse Liver Disease”.

12.6
Evaluation of Living Donors in Liver
Transplantation

Resection of the liver from living donors for trans-
plantation is a special surgical challenge. The suc-
cess of the surgical procedure depends heavily on
preoperative planning for which knowledge of the
hepatic vasculature, as well as of the presence of
hepatic neoplasms and their relationship to adja-
cent vessels, is crucial.

Conventional catheter angiography has long
been considered the “gold standard” technique for
evaluation of hepatic arterial anatomy. However,
the morbidity and mortality associated with

catheter angiography, coupled with the limitations
of this procedure in demonstrating the hepatic ve-
nous anatomy, have provided impetus for the de-
velopment of non-invasive methods [29]. Nowa-
days, CE MRA is increasingly considered a superi-
or imaging modality for evaluating the hepatic
vessels. Comprehensive information concerning
the hepatic parenchyma as well as the complex ar-
terial, venous and portal venous systems can to-
day be obtained using a “one-stop-shop” examina-
tion.

Special care has to be taken when planning liv-
er resection for living donor transplantation. As
the rate of vascular abnormalities is comparatively
high in the liver, accurate depiction of the arterial,
venous and portal venous systems is important for
successful resection of the graft as well as for re-
plantation into the host. Knowledge of the rela-
tionship between intrahepatic neoplasms and ad-
jacent vessels is also crucial for planning resection
with tumor-free margins.

12.7
Segmental Anatomy of the Liver

The segmental anatomy of the liver is based on the
vascular supply and drainage of the parenchyma.
Until recently, classification of the liver lobes and
sub-segments in the international literature was
not uniform.Whereas British and American publi-
cations tended to follow the terminology of Gold-
smith and Woodburne [8], in Europe and Japan
the most common nomenclature used by radiolo-
gists and surgeons was based on the description of
Couinaud and Bismuth [3, 5]. According to the ter-
minology of Goldsmith and Woodburne [8], the
liver comprises two liver lobes (left and right) sep-
arated by the middle hepatic vein, and four seg-
ments. While the right liver lobe consists of the
right anterior and right posterior segments sepa-
rated by the right hepatic vein, the left lobe is sub-
divided into the left medial and left lateral seg-
ments separated by the left hepatic vein.

Conversely, the classification of Couinaud and
Bismuth [3, 5] describes a liver that is divided into
a left and a right liver or hemiliver and sub-divid-
ed into four sectors and eight segments. Each of
these eight segments is independent in terms of
blood supply and biliary drainage. This allows for
individual resection of a given segment without
harm or alteration to the circulation of the re-
maining liver parenchyma. The left and right liver
according to Couinaud and Bismuth correspond
directly to the hepatic lobes described by Gold-
smith and Woodburne [8]. The right hemiliver is
further subdivided into a right paramedian sector
and a right lateral sector consisting of two anterior
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inferior and two posterior superior segments, re-
spectively. Similarly, the left hemiliver comprises a
left paramedian sector and a left lateral sector
which are further sub-divided into anterior inferi-
or and posterior superior segments.

The eight liver segments described by Couin-
aud and Bismuth [3, 5] are numbered clockwise
based on a frontal view of the liver beginning with
the posterior superior segment of the left parame-
dian sector, which corresponds to the caudate lobe,
and ending with segment VIII which is consistent
with the posterior superior segment of the right
paramedian sector [6]. Today, the most common
classification of liver segments is based on the
Couinaud and Bismuth classification [3, 5].

Anatomically, the borders of the liver segments
are well-defined, but show a wavy-shaped course
[24]. However, in clinical routine, segmentation of
the liver on cross-sectional CT and MR imaging is
sharply demarcated and usually based on certain

landmarks that define the underlying borders (Fig.
20). Based on these landmarks, the ICV is consid-
ered the center point for liver segmentation. A line
from the ICV to the middle hepatic vein and the
gallbladder separates the left and right hemilivers
and the corresponding liver segments V/VIII and
I/IVa, b, respectively. Whereas the axis between the
ICV and right hepatic vein corresponds to the bor-
der between liver segments VI/VII and V/VIII, the
line between the ICV, the left hepatic vein and the
falciform ligament separates liver segments IVa
and IVb from segments II and III.

Whereas liver segments VII, VIII, I, IVa and II
are located at the posterior aspect of the imaged
abdominal situs and above the level of the left and
right main portal vein, segments VI, V, IVb and III
are located inferior to the level of the main portal
veins at the anterior aspect of the liver. Segment I
corresponds to the caudate lobe.

a b

c d

e f

Fig. 20a-f. Segmental anatomy of the liver according to Couinaud and Bismuth
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