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PREFACE

The previous editions of this textbook were written in Italian and aimed at radiologists and radiology 
residents in order to have a quick and reliable source to study abdominal MRI and try to solve diagnostic 
questions while using this technique.
We decided to write the new edition in English in order to offer the book also to international readers, 
maintainting the Italian readers, as English is nowadays a current language for Italian radiologists.
In this updated edition we invited also international well recognized authors to share their experience. 
The book maintains the focus to describe the different pathologic conditions which can be evaluated and 
diagnosed with MRI, offering good quality images and up to date technical protocols.
Among the several improvements we decided to produce both a printed book and an ebook. The printed 
book is in gray scale while the ebook contains also color images which are identiÞ ed in the printed 
version with a reminder to look at the electronic book. Moreover, the electronic images can be zoomed, 
allowing the reader a better evaluation.
The Þ rst part of the book describes physical concepts of MRI: this section is addressed mainly to 
radiologists, simplifying difÞ cult concepts and giving suggestions for further knowledge. These pages 
should allow the reader a more aware approach to the study of the subsequent chapters.
The second part is focused on the diseases of the different abdominal organs with descriptions of the 
main semeiotic features, typical diagnostic protocols, and of most frequent pathologic conditions. In 
many chapters we have added the protocols and diseases that can be observed in pediatric patients.
In comparison to the previous edition, most of the chapters have been modiÞ ed, introducing up to date 
knowledge and information; furthermore, new chapters, regarding arguments of improving knowledge 
and importance, are proposed. We hope that this book will be useful for all those interested in this Þ eld 
of study: judge the readers, we hope to be numerous and satisÞ ed, whether the results justify the efforts 
of the authors, as always grateful for any suggestions or corrections.

ANGELO VANZULLI, STEFANO COLAGRANDE, LUIGI GRAZIOLI, GIOVANNI  MORANA 

Milan-Florence-Brescia-Treviso, February 2021

Preface
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MRI OF THE ABDOMEN - GENERAL SECTION

The K-space can be thought of as the representation of a two-dimensional object through the sum of a set of patterns 
of light and dark lines. The key that allows one to move from the real object to its representation in the K-space, and 
subsequently to its image on the monitor, is the Fourier transform (Þ gure 79).
Consider that a one-dimensional MR signal can be divided through a one-dimensional Fourier transform into the sum 
of simple sinusoidal waves. Likewise, the signal generated by a two-dimensional image can be decomposed through 
the two-dimensional Fourier transform into a set of planar waves with different phase, frequency, amplitude and 
direction. To obtain the complete representation of a two-dimensional object, planar waves must be considered in all 
possible directions: along the x axis of the image (at 0°), along the y axis (at 90°) and according to every other angle (at 
145°, �ë126°, etc.). In the image reconstruction process these planar waves interfere with each other in a constructive 
or destructive way (adding or subtracting themselves point by point) to generate the Þ nal image (Þ gure 80).
These planar sinusoidal waves are precisely the spatial frequencies contained in the K-space. Each of them is 
represented on a plane as a sequence of parallel and equidistant light and dark bands with different amplitude and 
orientation (Þ gure 81).
The orientation of the lines depends on the position of the point with respect to the center of the K-space, the intensity 
(black, white, gray tone) on the signal intensity of the K-space point (Þ gure 82).

Why does every point in K-space contribute to the formation of the whole image?FAQ 1

Figure 79 - Representation of an object through the sum of line patterns with different characteristics through the K-space 
and the Fourier transform. It should be noted that the arrow towards right indicates how Fourier transform works (to part), 
while the opposite arrow shows the inverse Fourier transform meaning (to assemble).

Fourier transform:
partition

inverse
Fourier transform:

assemblage

number
domain

image domain

Figure 80 - The Fourier transform makes it possible to part a 1D or 2D signal into its components. Planar waves interfere with 
each other and generate the Þ nal image of the object.

2D projection

multiple waves
at various angles

equals equals

etc. etc.

1D BA

color images available in epub
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Introduction 
Acquisition and quantiÞ cation
Quality and reproducibility
Intravoxel incoherent motion and Kurtosis
DWI in everyday practice

Type of equipment and indication of parameters
Acquisition and breathing mode
Extent and number of b-values 
Relationships in administrating contrast medium and age
Clinical utility of DWI acquisitions

Diffusion imaging 

Figure 85 - Example diagram of a DWI SE sequence. The 
phases of the stationary spins aren’t inß uenced by the pair 
of diffusion gradients (Gdiff), since each phase accumulation 
deriving from the application of the Þ rst gradient is inverted 
by the second. Instead, the mobile spins change position in 
the time interval between applying the two gradients, with 
consequent phasing and signal loss.

�Ø INTRODUCTION
Diffusion-Weighted Imaging (DWI) is based on the physical phenomenon of molecular diffusion. Let’s recall 
some basics:

•  molecular diffusion means the random movement of water molecules induced by temperature;
•  in MR, DWI acquisition is a technique that makes it possible to acquire MR images whose signal largely 

depends on the more or less free ability of movement of water molecules;
•  the diffusion-weighted MR pulse sequence is a T2-weighted echo planar sequence (T2w SE EPI) modiÞ ed by 

adding, before and after the 180° pulse, a pair of diffusion sensitization gradients featuring equal intensity 
but with reverse polarity towards the 180° gradient (Þ gure 85);

•  the more a water molecule can move by diffusive movements (free diffusion), the greater the likelihood 
that its position will vary in the time interval between the application of the Þ rst and second sensitization 
gradients to diffusion;

•  the molecules (spin) that at the application time of the second gradient are in a different position from 
where they were at the time of applying the Þ rst gradient won’t regain phase coherence and will lose signal 
intensity, while the stationary spins will be restored in phase and emit a measurable signal;

•  therefore in a homogeneous ß uid, without obstacles to molecular diffusion, DWI acquisition will produce 
a low signal, while in high cellular tissue with many obstacles to water diffusion, the signal produced will 
have high intensity (Þ gure 86);

•  the above-mentioned explains why the DWI is correctly seen as a marker of the density and integrity of cell 
membranes and no longer as a “functional” parameter.

Figure 86 - Relationship between tissue cellularity and 
diffusivity of water molecules. In conditions of non-crowded 
cellularity (A) water molecules are relatively free to move (high 
diffusivity - low DWI signal - high ADC values). In the event 
of an increase in tissue cellularity (B), the molecular diffusive 
motions are hindered by the reduction of the interstitial spaces 
(low diffusivity - high DWI signal - low ADC values).

signal
acquisition

mobile spins

stationary spins

Gdiff

RF

phase

90°
180°

cell

water molecule

BA
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less in the diastolic phase, when the blood ß ows at 
lower speeds.
On the contrary, within the veins slowly ß owing 
blood shows high signal regardless of the cardiac cy-
cle phase. This difference in systo- diastolic behavior 
of the arterial (alternating signal) and venous (con-
stant signal) blood signal is used to obtain selective 
images of arterial vessels through the use of systems 
that coordinate the acquisition of T2w sequences, 
with the cardiac cycle, with appropriate image sub-

8484
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traction operations. Hence fresh-blood sequences 
make it possible to acquire strongly T2w images with 
saturation of the fat signal coordinated with the cardiac 
cycle, so as to obtain two sets of images:

•  a diastolic set, with high signal in both arteries and 
veins;

•  a systolic set, with low signal in arteries and high 
in veins.

Lastly, the two data sets are electronically subtracted, 
obtaining selective high signal images of arterial 
vessels (Þ gure 108). The same subtraction cancels 
the signal intensities of stationary ß uids and low ß ow 
ß uids. Post-processing with the MIP algorithm can be 
applied on the Þ nal data set (Þ gure 109).
 
 Non-contrast steady-state acquisitions

These techniques are based on sequences that work 
in so-called steady-state free precession. The station-
ary free precession state is obtained with FISP (Fast 
Imaging in the Steady-state Precession) sequences, 
otherwise known as bFFE (balanced Fast Field Echo), 
gradient-echo sequences acquired with ultrashort 
TR. This ultrashort repetition time causes each new 
RF 90° pulse to intervene when a residue of the 
transverse magnetization induced by the previous 
RF 90° pulse is still appreciable (Þ gure 110). In ad-
dition, all the gradients applied during acquisition 
are sent with a rewinding type waveform in order to 
“rewind” or refocus spins that are losing phase co-
herence, keeping them constantly in-phase during 
precession on the transverse plane. Once the sta-
tionary free precession state is reached, the readout 

Figure 108 - Fresh-blood imaging utilizes an ECG-gated turbo 
SE sequence to acquire images in both the cardiac systolic 
and diastolic phases. The method depends on the signal loss 
as a result of fast arterial ß ow (A) during systole (2) compared 
with the maintained signal from slow arterial ß ow during 
diastole (1). Venous ß ow (V) does not have pulsatility, and so it 
remains bright during both systole and diastole. Bright blood 
during artery phase is then achieved by subtracting systolic 
phase images from diastolic phase images (MIP eliminates 
background signal).

Figure 109 - MR angiography sequences with T2 ECG-gated technique. Acquisition of T2-weighted sequences with fat-saturation 
in diastole (A), systole (B) and subtraction with MIP reconstruction, which provides angiographic images of the arterial system (C).

diastole systole subtraction (MIP)

V1 A1 V2 A2 V A

B CA
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Contrast media
Giovanni Morana, Andrea Mazzaro, Alex Faccinetto, Luigi Grazioli

Introduction
Mechanism of action
ClassiÞ cation 
Extracellular contrast agents (vascular-interstitial) 
CA with intravascular distribution
CA with organ-speciÞ c distribution
CA with gastrointestinal distribution
SAFETY OF MRI CONTRAST AGENTS
Introduction
Acute adverse reactions

Late and very late adverse reactions
Renal adverse reactions 
  (post-contrast acute renal injury)
Recommendations for clinical practice
Pregnancy and breastfeeding
Gadolinium retention in the body
The choice of gadolinium-based contrast agent
High risk
Intermediate risk
Low risk

�Ø INTRODUCTION

When Magnetic Resonance Imaging (MRI) started to be used in clinical applications, the higher contrast 
resolution provided and the multiparameter assessment seemed to make the use of contrast media avoidable. 
However, it was soon clear that in many cases the differentiation between different pathologic tissues was 
unsatisfactory, that led to the development of MRI Contrast Agents (CAs).

 �Ø MECHANISM OF ACTION

In Computed Tomography (CT) imaging, signal in-
crease has a linear relationship with density and 
atomic weight of contrast agents. Differently from 
that, in MRI there are multiple and more complex pa-
rameters that affect signal intensity, not only related 
to proton density but also to proton relaxation. So, 
while in CT imaging contrast agents directly stop 
the photon-X crossing the target-organ, in MRI they 
affect the relaxation times of the nearby protons; 
therefore a single molecule of contrast agent can 
modify the relaxation time of a large amount of pro-
tons, needing a much lower concentration of con-
trast media to obtain a differentiation between nor-
mal and pathologic tissues than the one required for 
CT imaging.
MRI contrast agents are made up of atoms or 
molecules with a different action, not only capable 
to increase signal (positive CA) but also to decrease 
it (negative CA). The capability of contrast agents to 
increase T1-T2 relaxation time is called relaxivity, 
expressed as R1 or R2, whether it’s referred to the 
capability to increase T1 (R1) or T2 (R2) time of 
protons (Dawson; Xiao).
Most contrast agents inß uence both T1 and T2 
relaxation times, although with prevalence of one 
of them. The resulting signal (positive or negative) 
depends on the prevalent T1 or T2 relaxation time 
activity on the nearby protons and on the sequence 
used (T1- or T2-weighted).

In accordance with their prevalent relaxation activity, 
MRI contrast agents can be divided as follows.

• Paramagnetic CA: characterized by a signal in-
crease (positive contrast agents) in their distri-
bution area on T1-weighted sequences. This 
category is represented by atoms belonging to 
transitional metals (iron and manganese) or lan-
thanides (gadolinium) groups, the latter also 
named rare earths elements. In these atoms the 
four unpaired electrons in the outer orbitals gen-
erate a magnetic moment that, when exposed to 
an external magnetic Þ eld, tends to be aligned 
with it, strengthening it. The magnetic Þ eld pro-
duced by an electron is clearly higher than the 
one produced by the adjacent water protons 
(about 1,000 times), resulting in a high capability 
to accelerate their relaxation times, especially 
R1. The magnitude of the interaction between the 
contrast medium and the adjacent water protons 
is inversely proportional to the sixth power of the 
distance existing between them (1/r6), therefore 
it’s mandatory to get a short distance between 
them to strengthen the relaxing effect of the con-
trast medium. There is a non-linear relationship 
between the concentration of the contrast agent 
and the relaxing effect: there is no paramagnetic 
effect at low concentrations while when the con-
centration increases it becomes much clearer. At 
high concentrations of contrast media the T2 ef-
fect prevails, with marked lowering of the signal 
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Figure 2 - Response of various sequences to superparamagnetic CA: patient with 
HCC (HepatoCellular Carcinoma). A, B) T2w sequence before (A) and after (B) 
SPIO: the presence of multiple refocalization pulses (Echo Train Length, ETL, 15: 
Þ fteen 180 degrees RF refocalization pulses between two consecutive repetition 
time) signiÞ cantly reduces the role of T2* relaxation induced by administration 
of iron oxide particles, with slight decrease of the signal after CA administration, 
without signiÞ cant increase of contrast-to-noise ratio between liver and lesion. 
C, D) T2* sequence before (C) and after (D) SPIO. Contrast-to-noise ratio between 
lesion and liver is still low before CA administration, but the lack of refocalization 
pulses makes this sequence sensible to the effect of SPIO particles, with signiÞ cant 
decrease of the signal of liver parenchyma after CA administration and consequent 
increase of contrast-to-noise ratio between the liver and the lesion.

 A  B  C

          

D

 A  B  C

          

D
          

E
Figure 3 - T1-T2 effect of USPIO par-
ticles: patient with hemangioma. GRE 
3D T1w sequences during administra-
tion of Resovist®: before CA injection (A) 
the lesion is hypointense; during CA 
administration a peripheral globular 
enhancement can be appreciated (B), 
more visible during portal phase (C). On 
T2w images before CA administration 
the lesion is markedly hyperintense (D), 
showing decrease of signal intensity 
after CA administration (E).

Figure 4 - T1-T2 effect of SPIO particles: patient with metastases from breast tumor. 
A) At GRE T1w sequence before CA administration a hypointense lesion can be 
noted in segment VII. Another uncertain lesion in segment IV (arrow). B) GRE T2w 
fat-sat: the lesions appear hyperintense; it can be noted another small lesion in 
segment VII (arrow). C) After SPIO (Endorem®) the liver is hypointense due to T2* 
effect, but the lesions did not uptake the CA, thus being more visible, even the 
smallest ones (arrows). After SPIO the liver on GRE T1w (D) is hypointense due to 
T2* effect, thus the lesions are more visible. * = ghost artifact of the aorta.

*

 A  B  C

          

D
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Figure 3 - Illustration of CAIPIRINHA (A) and TWIST-VIBE (B) schemes of K-space acquisition. CAIPIRINHA (Controll 
Aliasing In Parallel Imaging Result IN Higher Acceleration) is a 2D acceleration imaging technique that takes into account 
the sensitivity proÞ le of the receiving coil array, while sampling the K-space in parallel fashion. Acquired points in K-space 
are shifted by one on another applying additional offsets in the phase-encoding direction; an algorithm reconstructs missing 
K-space points by combining information from the acquired points. TWIST-VIBE (Time resolved imaging With Interleaved 
Stochastic Trajectories-Volume Interpolated Breath-hold Examination) is a radial K-space undersampling technique. TWIST 
uses an encoding strategy dividing the whole K-space in two regions, one containing the low frequencies, which provides 
the contrast information, sampled more densely, and one containing the higher frequencies sampled only partially for each 
acquisition. To Þ ll the missing points of the high frequency region, data from several acquisition are copied into the raw 
data to calculate the whole image data. Over multiple cycles all the K-space is Þ lled.

A B

Ky

KyKz

Kz

coil element 3
coil element 2

coil element 1 cycle 1 cycle 2 cycle 3

CAIPIRINHA TWIST-VIBE

time

Figure 2 - Cartesian acquisition with fully sampled K-space (A), undersampled K-space by skipping phase-encoding lines 
in equidistant steps (B) and non-Cartesian acquisition with skipping spokes in radial acquisition (C).

Ky

Kx

Ky

Kx

A B C

A B C D

E F G H

I J K L

Figure 4 - Multiarterial high temporal resolution acquisition (A-L). During breath-hold evaluation each phase is acquired 
about every 5 s in a sort of “continuous” acquisition: from early arterial phase (B) to late arterial one (D), from a late portal 
venous phase (G) to an equilibrium phase (J) to an acquisition 4 min after injection (L).

color image available in epub
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Figure 5 - Traditional and optimized protocol for liver evaluation. A) Traditional workß ow with intravascular-extracellular 
contrast agent: T2w, T1w in- and out-of-phase and DWI sequences are before contrast administration. B) Traditional workß ow 
with Gd-EOB-DTPA: T2w, T1w in- and out-of-phase and DWI sequences are acquired before contrast administration. 
Hepatobiliary phase is acquired at least 15 min after equilibrium phase. C) Traditional workß ow with Gd-BOPTA: T2w, 
T1w in- and out-of-phase and DWI sequences are acquired before contrast administration. Hepatobiliary phase is at least 
90-120 min after equilibrium phase. D) Optimized protocol with Gd-EOB-DTPA: T1w in- and out-of-phase sequences are 
acquired before contrast administration. T2w and DWI are acquired after equilibrium phase, from 3 to 5 min after contrast 
administration. E) Optimized protocol with Gd-BOPTA: half dose of Gd-BOPTA is administered before the examination, 
when the patient is outside the scanner room. After 90-120 min, examination is conducted with T1w in- and out-of-phase, 
T2w and DWI sequences acquired before second half dose of contrast administration.

or structures with prominent ß uid content: they are the basic sequences for the evaluation of biliary 
tree and pancreatic ducts (MR colangiopancreatography).

– T2* proton density sequences are used mainly in combination with SPIOs contrast agents 
administration as T2* sequences are very sensible to the variation of magnetic susceptibility they 
induced. They are currently utilized in quantiÞ cation of iron overload in pathologic conditions such 
as hemochromatosis-hemosiderosis.

– Balanced steady-state GRE (true FISP, FIESTA, balanced fast Þ eld echo). They tend to highlight ß uid 
content providing a highly accurate morphologic imaging as well as a good delineation of vessels 
and ductal structures. Furthermore, due to their extremely rapid acquisition time (200 ms), these 
sequences can tolerate optimally motion artifacts.

– Other  additional sequences must be added on a case-by-case basis (MR colangiography or sequences 
for fat and iron overload quantiÞ cation).

Figure 5 summarizes the “traditional” protocol acquisition with intravascular-extracellular contrast 
agents. Nowadays there are optimized protocols to meet the needs of reduced scanner timing, each one 
optimized for peculiar clinical demands.
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 A  B  C

 F

D

G  J

K Figure 45 - Hypovascular HCC (G2 on histo-
logical examination). Between segments V and VI 
a small nodule can be seen (B, arrow): it appears 
homogenously hyperintense on T2w (A) and on 
T1w in-phase imaging (B) and hypointense on 
T1w out-of-phase (C) imaging because of in-
tralesional fat. The nodule is isointense on 
DWI imaging (D-F) and in the ADC map (G). 
The nodule remains hypointense during the 
dynamic study (H-K), because of poor vascu-

L
 

M

larization (conÞ rmed on subtraction imaging, L). On hepatobiliary phase (M), the nodule is still hypointense.
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Figure 44 - Hypovascular hepatocellular carcinoma. A-D) On MDCT, lesion is only visible as a round, hypodense nodule 
on late phase after contrast injection (D, *) between segments V and VIII. On MRI, tumor is iso- slightly hypointense on 
T1w (E, F), isointense on T2w (G), has mild restriction on DWI (H, I), with no wash in and progressive wash out on late 
phase of dynamic imaging (J-O). The nodule was subsequently biopsied: pseudoglandular hepatocellular carcinoma. Note 
a smaller nodule, with enhancement pattern typical for HCC, in the segment IV (K, arrow).

*
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Figure 85 - Actynomicotic liver abscess. Man, 30 years old, HIV+, with pain in right hypocondrium and palpable hepatic 
masses. A) MDCT revealed multiple hypodense hepatic lesions. On MRI, these masses were hypointense on T1w (B), 
multilobulated and with intermediate signal on T2w (C). On dynamic imaging (D-F), lesions were cystic, with septa and 
peripheral rim-enhancement. At biopsy: actynomicotic abscesses.
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 E  F

D

G H

 J I K L

  

M N O P

Figure 86 - Amoebic hepatic abscess. Man, 19 years old, with fever since 10 days and pain in right hypocondrium. 
A-E) He underwent MDCT which revealed a round, well-deÞ ned lesion of segments VII-VI, with enhancing wall and a 
peripheral zone of edema. The central cavity showed septa and complex ß uid content. On MRI, lesion was homogeneously 
hypointense on T1w (F, G), heterogeneously hyperintense on T2w (H), with evidence of perilesional edema (DWI, I-K). 
L-O) On dynamic imaging, lesion had enhancing, irregular septa and was surrounded by an area of transient hepatic 
intensity difference (M, arrows), which expressed ß ogistic alteration. P) On hepatobiliary phase, the lesion was surrounded 
by an area of hypointensity, as for functional alteration within hepatic parenchyma. At biopsy: amoebic abscess.
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 MR features

The purpose of the imaging of portal venous hypertension is to obtain an early diagnosis, to identify the 
main causes and evaluate the risk of complications, such as development of portosystemic shunts with 
high risk of bleeding and ascites.

• When portosystemic derivations are large in calibre and portal hypertension values are high, MR 
allows full visualization of portosystemic derivations (Þ gure 4). The most common derivations are 
paraumbilical veins, the left gastric vein and the paraesophageal veins, direct and indirect splenorenal 
derivations (Þ gure 5). Less frequent are derivations between the upper and middle rectal veins, between 
posterior pancreatic veins and retroperitoneal veins, intrahepatic derivations (Þ gure 6), peristomial and 
those within the omenta.

• MRI enables to identify the increase of spleen size and the presence of nodules of Gamna-Gandy, 
who appear hypointense on T1- and T2-weighted sequences and even more hypointense on GRE 
sequences. With PC sequences is possible to obtain measurements of the azygos vein’s ß ow.

• Regarding the identiÞ cation, MR imaging is the main tool for the differential diagnosis between a large 
group of pathologies, taking into account that cirrhosis is responsible for about 90% of cases of portal 
hypertension.

• In case of sudden clinical deterioration in patients with portal hypertension, MR imaging is useful to 
search for aggravating factors, such as the appearance of hepatocellular carcinoma on cirrhosis or 
secondary portal thrombosis.

• The CE-MRA allows, Þ nally, the evaluation of the patency of both spontaneous and surgical shunts 
(Þ gure 7 A-E), even in the presence of artifacts from metal clips or stents (for example, surgery and 
TIPSS - Transjugular Intrahepatic PortoSystemic Shunt - Þ gure 7 F-H). The relevance of the artifacts is 
also related to the speciÞ c material and the orientation of the stent, misleading the real patency; in such 
cases, color Doppler ultrasound or CT angiography should be preferred.

Figure 4 - Schematic representation of the main collaterals circles.
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 – In order to expand transplantability, many centres 
have adopted downstaging protocols to reduce 
tumor burden in patients whose tumors are 
beyond the Milan criteria. The treatments used 
for downstaging include TransArterial Chemo-
Embolization (TACE), TransArterial RadioEmbo-
lization (TARE), ablation, resection or a com-
bination of the above-mentioned treatments. 
After successful downstaging to be within the Milan 
criteria, the patient can be placed on the LT 
waiting list; however, a “stability test” of the 
obtained downstaging to the Milan criteria is 
needed, by carrying out contrast-enhanced 
imaging (CT/MRI) and laboratory tests (� -feto-
protein < 400 ng/ml) every 3 months.

Other, less common, indications for LT are: 
 – Unresectable intrahepatic (iCCA) and perihilar 
CholangioCArcinoma (pCCA), arising in the 
setting of Primary Sclerosing Cholangitis (PSC), 
without extrahepatic diffusion and lymph node in-
volvement, may beneÞ t from LT after neoadjuvant 
chemoradiotherapy (external radiotherapy and in-
traductal brachytherapy), operative laparotomy to 
rule-out regional metastases or nodal involvement, 
and the proved absence of intra- or extrahepatic 
metastases. This approach leads to signiÞ cantly 
lower recurrence and higher long-term survival 
rates than other treatments, achieving a 5-year 
survival rate of 74%, similar to the results of HCC 
patients fulÞ lling the Milan criteria. 

 – Metastatic tumors of the liver have been considered 
a poor indication for LT, except for neuroendo-
crine tumors which are well differentiated, and 
when a major resection cannot be performed. 
In this case, LT could be indicated as a palliative 
treatment for patients with symptoms related to 
massive hepatomegaly, hormone production and 
unavailability of effective therapeutic alternatives. 
Curative LT is possible in patients with a liver 
involvement of less than 50%, if the extrahepatic 
primary tumor is curatively resected without ex-
trahepatic spread. There is an ongoing European 
randomized controlled trial to explore whether 
LT in selected patients with liver metastases from 
colorectal cancer could obtain signiÞ cant life 
beneÞ ts and better health related quality of life 
as compared with patients receiving surgical 
resection (European Association for the Study of 
the Liver).
 – Other rare hepatic malignancies, such as hepa-
toblastoma, Þ brolamellar carcinoma, and epithe-
lioid hemangioendothelioma, could be success-
fully treated with LT in the absence of metastatic 
extrahepatic disease. Dimensional criteria which 

 Table I - Indications for liver transplantation. (ModiÞ ed 
by MURRAY ET AL).

chronic non-cholestatic liver disorders

chronic hepatitis C

chronic hepatitis B

autoimmune hepatitis

alcoholic liver disease

cholestatic liver disorders

primary biliary cirrhosis

primary sclerosing cholangitis

biliary atresia

Alagille syndrome

non-syndromic paucity of the intrahepatic bile ducts

cystic Þ brosis

progressive familial intrahepatic cholestasis 

metabolic disorders causing cirrhosis

� 1-antitrypsin deÞ ciency

Wilson disease

non-alcoholic steatohepatitis and cryptogenic cirrhosis

hereditary hemochromatosis

tyrosinemia

glycogen storage disease type IV

neonatal hemochromatosis

metabolic disorders causing severe extrahepatic morbidity 

amyloidosis

hyperoxaluria

urea cycle defects

disorders of branch chain amino acids 

primary malignancies of the liver

hepatocellular carcinoma

hepatoblastoma

Þ brolamellar hepatocellular carcinoma

hemangioendothelioma

fulminant hepatic failure

miscellaneous conditions

Budd-Chiari syndrome

metastatic neuroendocrine tumors

polycystic disease

retransplantation
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Figure 14 - A) Standard caval anastomosis: the retrohepatic 
vena cava is removed en-bloc and two side-to-side 
anastastomoses are performed between the suprahepatic 
and the subhepatic vena cava of the donor and the recipient. 
B) Piggy-back technique: the donor retrohepatic vena cava 
is anastomized end-to-side to the cuff including the three 
recipient hepatic veins. Finally, the caudal opening of the 
donor inferior vena cava is closed.

SURGICAL TECHNIQUES IN DONOR PARTIAL LIVER GRAFT AND SPLIT LT

These two modalities of LT have the transplant of a hemiliver graft (usually the left lobe in LDLT) in 
common.

• Arterial anastomosis: the arteries for the anastomosis are chosen according to the size and length 
of both the graft and the recipient hepatic artery. In case of calibre discrepancy between the donor 
and the recipient arteries, alternative procedures, such as oblique incision, branch patch and Þ sh-
mouth techniques, are applied. Gastroduodenal artery ligation could be useful in preventing a “steal” 
syndrome in the anastomotic site.

• Portal vein anastomosis: it is usually an end-to-end anastomosis between the two portal veins. Excessive 
distance between the two portal veins necessitates a venous graft interposition. In the case of anomalous 
portal venous branching of the right lobe of the donor (trifurcation or independent posterior segmental 
branching from the main portal vein trunk), a double anastomosis with the recipient’s right and left 
hepatic branches can be performed.

• Caval anastomosis: the donor right hepatic vein can be end-to-end anastomosed to the right hepatic 
vein of the recipient in the case of a right liver graft by adding a small incision on the IVC. In the case of 
a left liver graft, the donor left hepatic vein will be end-to-end anastomosed with the conß uence of the 
left and middle hepatic veins of the recipient, eventually including the right hepatic vein ostium. Any 
venous tributaries > 5 mm should be reconstructed and anastomosed during the back-table procedure 
to provide effective venous drainage and to avoid post-operative liver congestion (Þ gure 15).

color images available in epub
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 Differential diagnosis

• For intrahepatic cholangiocarcinoma it includes be-
nign bile duct proliferation, other primary liver neo-
plasms such as hepatocellular carcinoma, epithelioid 
hemangioendothelioma, and metastatic carcinoma.

• For hilar cholangiocarcinoma, it includes causes 
of benign strictures such as sclerosing cholangitis 
(primary, IgG4-related, etc.) or choledocholithiasis 
causing bile duct inß ammation and thickening. In 
addition, other malignant entities such as extension 
of primary gallbladder carcinoma, extension of an 
intrahepatic cholangiocarcinoma, and metastatic 
carcinoma need to be excluded.

• For distal bile duct cholangiocarcinoma, the dif-
ferential diagnosis, similar to that of hilar disease, 
includes pancreatic adenocarcinoma, which has a 
poorer prognosis. It has been reported that symmet-
rical tumor growth around the common bile duct 
more likely indicates cholangiocarcinoma arising 
in the intrapancreatic segment of distal bile duct, 
whereas asymmetric growth suggests the presence 
of pancreatic ductal adenocarcinoma.

 Periampullary carcinomas 

 Clinical features

• The ampulla of Vater is centred on an anatomic and 

pathologic complex region - the periampullary re-
gion - which encloses the pancreatic head and un-
cinate process, the second portion of the duode-
num and associated neurovascular structures.

• The four most frequent sites of malignancies of the 
periampullary region are (Kim JH): 
 – ampulla of Vater;
 – intrapancreatic distal bile duct;
 – head and uncinate process of the pancreas;
 – duodenum.

• Vater’s ampulla carcinoma is a rare tumor that 
represents about 0.2% of all gastrointestinal cancers 
and about 7% of all periampullary carcinomas.

• Histologically, it is an adenocarcinoma (90% of 
cases), originating within 2 cm of the distal portion 
of the hepatocholedocus. Usually, this tumor 
invades the pancreatic region and in advanced 
stages of disease inÞ ltrates the peripancreatic fat 
tissue with involvement of large pancreatic vessels. 
Resectability is easier with a better outcome respect 
to other periampullary carcinomas, although their 
prognosis remains poor in advanced disease.

• Intermittent jaundice, abdominal pain and cholesta-
sis represent the typical clinical onset.

 MR features

• Uniform dilatation of the hepatocholedocus without clear evidence of mass (type I morphology) (Þ gure 54).

Figure 54 - Ampullary carcinoma type I. 
Single-shot TSE T2 MRCP (A), coronal bal-
anced FFE (B), axial ADC map (C), CE-SPGRE 
3D T1 fat-sat in portal phase on axial (D) 
and coronal (E) planes. Marked intra- and 
extrahepatic biliary dilatation due to a se-
vere distal choledocal stricture that shows 
restricted diffusion and intense contrast 
enhancement with duodenal inÞ ltration 
(C-E, arrow).

 A  B  C

D E
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Typically surrounded by wispy peripancreatic inß ammation or a small amount of ß uid but no 
surrounding peripancreatic necrotic collections, although there may be surrounding ß uid-containing 
collections. 

• Necrotizing pancreatitis (5-10%). Necrosis may involve either the pancreatic parenchyma or the 
peripancreatic tissues and in both cases is termed necrotizing pancreatitis. There are 3 subtypes of 
necrotizing pancreatitis:
 – pancreatic only (nearly 5%);
 – peripancreatic only (nearly 20%);
 – combined pancreatic and peripancreatic (nearly 75%). 

When imaging is performed within the Þ rst few days of disease onset, necrosis may not be detected 
because the pancreas can appear edematous and globally or focally hypoenhancing and may be 
indistinguishable from interstitial edematous pancreatitis. 
The revised Atlanta classiÞ cation makes an important distinction between collections that contain purely 
ß uid (those encountered in interstitial edematous pancreatitis) and collections that contain necrotic 
debris in addition to ß uid (those encountered in necrotizing pancreatitis). The important distinctions for 
classifying collections correctly are the time course (�˜ 4 weeks or > 4 weeks from onset of pain) and the 
presence or absence of necrosis at imaging. In table I are deÞ ned some features for a simply and clear 
deÞ nition.
Radiologically, in AP imaging it is possible to see pancreatic and peripancreatic changes.

Figure 1 - Peripancreatic ß uid collection, 
recent severe pancreatitis. A) With T2w 
a large collection with debris is visible 
in the tail of the pancreas. B) After Gd 
injection, a peripheral enhancement 
can be appreciated, while the internal 
debris does not show any signiÞ cant 
enhancement.

 A  B

Table I - Pancreatic and peripancreatic collections.

collection time after 
onset of pain 

(weeks)

pancreatitis 
subcategory 

location imaging features

acute peripancreatic
ß uid collection

�˜ 4 interstitial edematous 
pancreatitis 

extrapancreatic homogeneous, 
ß uid attenuation, conforms
to retroperitoneal structures, 
no wall

acute necrotic
collection

�˜ 4 necrotizing pancreatitis intra-
and/or extrapancreatic

inhomogeneous,              
non-liqueÞ ed components,
no wall

pseudocyst > 4 interstitial edematous 
pancreatitis

extrapancreatic homogeneous, ß uid 
Þ lled, circumscribed, 
encapsulated with wall

walled-off necrosis > 4 necrotizing pancreatitis intra-
and/or extrapancreatic

inhomogeneous,              
non-liqueÞ ed components, 
encapsulated with wall
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PANCREAS
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Figure 17 - Pancreatic carcinoma. A) On T2w, a small hyperintense solid focal lesion is appreciated in the body 
of pancreatic gland with chronic obstructive pancreatitis upstream (arrow). B) The lesion is hypointense on T1w, 
hypovascular on pancreatic arterial phase (C) with delayed enhancement due to the abundant Þ brous stroma with 
secondary isointensity of the lesion (pooling) (D). Restricted diffusion is appreciated on high b-value (E, arrow) and 
ADC map (F).
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G
 

HFigure 18 - Pancreatic carcinoma. A) On 
T2w an inhomogeneous focal lesion is 
evident in pancreatic head with internal 
areas of high SI due to necrotic-cystic 
degeneration (arrow). B) The lesion is 
hypointense on T1w and hypovascular 
on venous phase (C). D, E) Restricted 
diffusion of free water is appreciated on 
DWI and ADC map. F) The tumor causes 
stenosis of both biliary and of main 
pancreatic duct (“double duct” sign). 
A small liver metastasis is also present, 
well depicted on DWI (G) and on 
arterial phase (H, “target appearance”).
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�Ø MALIGNANT LESIONS

 Adenocarcinoma

Thanks to the introduction of fast imaging techniques 
and DWI, MRI is increasingly gaining a role in gastric 
cancer evaluation in addition to other diagnostic exams 
such as endoscopy, EUS, CT, and Positron Emission To-
mography (PET). MRI can be particularly useful in 
stomach cancer T-staging, due to the possibility to
well discriminate the gastric wall layers (Kim). MRI 
is also helpful in detecting pathological nodal in-
volvement (N-stage), despite CT, PET, and EUS 
still remain the best methods to evaluate re-
gional lymph nodes (Giganti; Sohn).
Typically, stomach cancer is represented as a focal or 
concentric wall thickening (> 6 mm), associated to dif-
ferent contrast enhancement compared to normal stom-
ach wall. InÞ ltration of perivisceral fat tissue may also 
be detected as an hypointensity on T2w images and a 
contrast-enhancing on post-gadolinium T1w sequences. 
Moreover, MRI examination can be used to evaluate re-

sponse to neoadjuvant treatment (De Cobelli), in particu-
lar by using diffusion-weighted imaging and ADC maps.

 Lymphoma

Chronic Helicobacter pylori infection is a risk factor 
for the development of gastric lymphoma due to the 
development of lymphoid tissue within the gastric 
lamina propria. The stomach is the most frequent site 
of gastrointestinal lymphomas, which are of the B-cell 
type (Mucosa-Associated Lymphoid Tissue - MALT - 
lymphomas). Low grade MALT lymphomas have 
good prognosis, while high grade disease has a 5-year 
survival rate < 50%. MRI is not usually performed to 
evaluate gastric lymphoma. Typical Þ nding is diffuse 
gastric wall thickening. Low grade lymphomas can 
be very subtle to diagnose since the gastric wall can 
be normal, while high grade lymphomas are usually 
associated to greater wall thickening. Perigastric 
fat planes are usually preserved and transpyloric 
spread is also more common in lymphoma than 
adenocarcinoma. Complications such as perforation, 
Þ stulization or obstruction might be present.

 A  B
 

C

Figure 2 - Sixty-seven-year-old male with duodenal GIST. The MRI scan demonstrates a 6 cm polylobate mass with 
exophytic growth pattern and heterogenous signal intensity on axial T2w images (A) due to cystic and necrotic areas. Out-
of-phase and fat-saturated axial T1w images (B and C, respectively) demonstrate low signal intensity, no intracellular fat 
and a small hyperintense spots suggestive for the presence of blood products. After three-phase contrast media injection 
(axial arterial phase, portal venous phase, and delayed phase displayed in D, E, and F, respectively) the mass shows 
progressive and heterogeneous signal enhancement.

 

D E
 

F
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KIDNEY AND URINARY TRACT

 Neu roÞ broma

 Clinical features

• It is a rare tumor that can be isolated or associated 
to NF-1 syndrome.

• It clinically manifests itself with urinary infections, 
hematuria, urinary urgency, and obstruction.

 Anatomopathological features

• It can be localized, diffuse, or plexiform.
• When plexiform, several nodules thicken the 

bladder wall, sometimes with masses developing 
inside the bladder lumen.

• Sometimes malignant transformation occurs (Raza).

 MR features

• The lesion appears with low signal intensity on T1-weighted images, slightly hypercompared to that of 
muscle. On T2-weighted images, the typical target sign is evident, with central Þ brosis presenting low 
signal intensity and the external myxoid stroma appearing with hyper signal intensity.

• After contrast medium administration, a strong enhancement is evident in the myxoid stroma (Raza).

 Hem angioma

 Clinical features

• It is a tumor involving patients of any age, with a 
median of 58 years old. There is a prevalence in 
male patients with a male-to-female ratio of 3.7:1.

• It presents itself with asymptomatic hematuria.

 Anatomopathological features

• Generally a single, focal, and lobulated mass, with 
an average of 0.7 cm in dimension. It can appear as 
an intramural mass or as a diffuse thickness (Raza).

 MR features

• Intermediate to low signal intensity on T1-weighted images and marked hyper signal intensity on 
T2-weighted ones (Raza).

  Solitary Þ brous tumor

 Clinical features

• It is extremely rare, most of the times incidentally 
found.

• It presents itself in patients between 42 and 67 years 
of age, with a male prevalence (Raza).

 MR features

• A solid mass with high signal intensity on T2-weighted images with enhancement after contrast medium 
administration (Raza).

 �Ø MALIGNANT LESIONS

• Bladder cancer is the most common tumor of the 
urinary tract. It has a male prevalence, being the 7th 

tumor in men, with a male to female ratio of 3:1. 
• It generally presents itself in patients older than 65 

years of age, rarely before 40. Five-year survival 
rate is of 78%, with a worst survival rate in women, 
among which there is a late in diagnosis (Raza).

  Transitional cell carcinoma
or urothelial carcinoma

 Clinical features

• It accounts for about 90% of all bladder cancers. 
Risk factors are smoking and aniline exposure.

• It clinically presents itself with asymptomatic 
macrohematuria, pollachyuria and dysuria.
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MORPHOLOGICAL AND FUNCTIONAL MR UROGRAPHY

Figure 5 - Multiphase T1-weighted contrast-enhanced imaging of right clear cell renal cell carcinoma. Pre-contrast (A), 
post-contrast arterial (B), nephrographic (C), and delayed (D) phases demonstrate early enhancement with partial delayed 
wash out of a large cortical renal mass. Notice the presence of a central hypovascular scar.

 A  B

 C
          

D

Table I - MR urography protocol.

pulse sequence imaging plane slice coverage systematically acquired comments 

TSE T2-weighted 
imaging

axial-coronal from kidneys
to bladder

mandatory fat-suppression can help
to detect inß ammatory changes

anatomical T1/T2
fast imaging (FIESTA)

coronal-axial
optional

from kidneys
to bladder

mandatory

chemical shift 
imaging 

(in-phase/
out-of-phase imaging)

axial-coronal kidneys optional; important
for assessment

for characterization 
of renal masses

allows depiction of blood
and fat content

DWI axial from kidneys
to bladder

mandatory,
particularly
to rule out

tumor lesions

ADC map allows quantiÞ cation
of tumor aggressiveness;

multiple b-values improves
ADC map quality;

maximum b-value of 1,000 s/mm2

static-ß uid heavily
T2-weighted 
urography

coronal from kidneys
to bladder

mandatory, particularly
to rule out obtruction

of the collecting system

should be obtained
after furosemide iv injection

multiphase
post-contrast
T1-weighted 

imaging

coronal
(alternatively

axial)

from kidneys
to bladder

mandatory,
with restrictions

for injection of GBCA

should be obtained 
after furosemide iv injection; 

temporal resolution
between 15 to 30 s

DCE-MRI coronal kidneys alternative
to multiphase

post-contrast sequence

high temporal resolution; permits 
the quantitative estimation of renal 
function (glomerular Þ ltration rate) 

and perfusion

post-contrast 
excretory phase

T1-weighted 
imaging

coronal
(axial 

acquisitions
can be added)

from kidneys
to bladder

mandatory,
except in patients
with restrictions 

for injection of GBCA

optimal delay time is 7 min
after contrast injection;
sequential acquisitions

every 5 min after complete Þ lling 
of ureters is a common approach
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 Differential diagnosis

• Adenoma: especially in adrenal hyperplasia with 
nodular aspects. The difference lies in the adjacent 
and contralateral glandular parenchyma, as adeno-
mas are usually found in an atrophic gland with hy-
potrophic contralateral gland. Adrenal hyperplasia, 
instead, involves the whole gland and is usually bi-
lateral (Albano). 

 
Adenoma

 Clinical features 

• The most common adrenal lesion, mainly encoun-
tered in adults (reported incidence varies from 
2-8% in general population, with an incidence of 
3% in some autoptic series; Elsayes).

• More frequent in elderly, obese patients with 
hypertension.

• No endocrine activity. In the unlikely event of 
hormone production, 20% are cortisol secreting 
adenomas (associated Cushing syndrome), while 
80% are aldosterone-producing (associated Conn 
syndrome with hypertension and hypokalemia) 
(Vanzulli).

 Anatomopathological features
 

• Nodular, well-circumscribed, expansive lesion within 
a normal gland. 

• Cells within the lesion are phenotypically similar 
to normal ones, only richer in intracellular lipid 
material (cholesterol, fatty acids, and neutral fat, 
used for hormone biosynthesis) (Albano). 

• In contrast with “classic” or “lipid-rich” adenomas 
(Þ gure 4), one-third of adenomatous lesions clas-
sify as “lipid-poor” or “atypical”, having reduced 
intracellular lipid material (Þ gure 5) (Adam). In that 
case, MRI and CT imaging changes accordingly.

Figure 4 - MRI assessment of a right adrenal lesion (arrowhead) with characteristic imaging features of benign 
adenomatous lesion. A) The nodule is unilateral, well deÞ ned, with isointense signal compared to normal liver in T2w 
hybrid true FISP imaging. T1w imaging shows a lesion isointense to the liver (B), with no signal suppression in fat-sat 
sequences (C) and remarkable signal decrease in out-of-phase sequence (D). Even if the visual assessment is suggestive 
of a benign adenoma, quantitative evaluation is feasible (E, F). In this case the chemical shift relative out-of-phase 
loss of signal is 37.5% (in-phase SI: 176; out-of-phase SI: 100; absolute out-of-phase loss of signal: 66) and the liver-
adrenal ratio is �Å39% (in-phase liver SI: 149; out-of-phase liver SI: 152), both well indicative of a benign adenoma. 
G) DWI-ADC imaging would be misleading in the assessment, showing signal restriction with values similar to those of 
malignant lesions. In the same way, post-contrast MRI exam would have shown signiÞ cative enhancement (which could 
be misleading), probably with early wash out. 

 A  B C
 

D

E F G

T1w fat-satT2 true FISP

b = 800

148,80 media, 9,9 sd
0,9848 cm2

176,47 media, 25,4 sd
0,4182 cm2

152,23 media, 14,1 sd
0,9848 cm2

110,13 media, 17,6 sd
0,4182 cm2

T1w in-phase T1w out-of-phase

T1w in-phase T1w out-of-phase b = 0 ADC
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mesocolon, and sigmoid mesocolon) connects 
bowel loops to the posterior abdominal wall. Within 
these entities there are arterial and venous vessels, 
lymphatic channels, lymph nodes, and nerves. 
The liver is almost entirely covered by visceral perito-
neum, except for its posterior surface, denominated 
bare area, which is connected to the posterior surface 
of the diaphragm by a small amount of fatty areolar 
tissue. The coronary ligament is formed by a reß ec-
tion of the parietal peritoneum that covers the un-
dersurface of the diaphragm, on the superior surface 
of the liver; inferiorly, the coronary ligament reß ects 
from the inferior surface of the liver, to the posterior 
abdominal wall, covering the right adrenal gland and 
the right kidney. Between the inferior surface of the 
liver and the right kidney, peritoneum forms a recess, 
named hepatorenal pouch (of Morrison). Conse-
quently, the pararenal space, in the retroperitoneum, 
is in continuity with the bare area of the liver. In cor-
respondence of the bare area, the coronary ligaments 
converge towards the right and left extremities to 
form the triangular ligaments.
Lesser omentum is a double layer of the peritoneum 
(divided by a variable amount of fat tissue) that runs 
from the inferior aspect of the liver (Þ ssure of the 
ligamentum venosum and the porta hepatis) to the 
stomach, pylorus, and Þ rst part of duodenum; it is 
composed of the gastrohepatic ligament and the 
hepatoduodenal ligament. It forms the anterior limit of 
the lesser sac. Portal vein, hepatic artery, and common 
bile duct run within the hepatoduodenal ligament. 

Greater omentum is made up of 4 layers of the 
peritoneum; it hangs like an apron from the greater 
curvature of the stomach as gastrocolic ligament, 
descending for a variable length in the peritoneal 
cavity, and then it turns back ascending in proximity 
to the ventral layer of the transverse mesocolon 
toward the posterior abdominal wall.
Transverse mesocolon, a mesentery, is a double fold of 
peritoneum that connects the posterior abdominal wall 
(the root of transverse mesocolon) to the transverse 
colon. The root passes from left to right slightly 
obliquely and craniocaudal through the anterior 
surfaces of the second portion of the duodenum, the 
head and neck of the pancreas, the upper pole of the 
kidney, and the splenic ß exure. Transverse mesocolon 
divides the peritoneal cavity into two compartments, 
respectively suvra- and submesocolic (Hanbidge).

�Ø MR TECHNIQUE

MR imaging evaluation of the peritoneum should be 
carried out using a phased-array receiver coil with 
the patient placed in the supine position in a 1.5 T 
or 3 T scanner, after iv administration of spasmolytic 
agents, to reduce peristalsis-related artifacts (i.e., 
hyoscine-butylbromide, glucagone). Some authors 
advice oral administration of 1 litre of pineapple juice 
1 h before the examination, to reduce bowel content 
signal on T2w and diffusion-weighted images. The use 
of breath-hold and breathing-independent T1w and 
T2w sequences in at least two planes is useful, as for 
the study of the abdominal viscera, with the additional 
use of panoramic coronal HASTE T2w or post-con-
trast GRE T1w sequences, for a better demonstration 
of anatomical location and compartments involve-
ment. Moreover (as described in table I), a complete 
evaluation of the abdomen and peritoneal compart-
ments should be performed using fat-suppressed GRE 
3D T1w pre- and post-contrast sequences and T1w 
in-phase and out-of-phase spoiled gradient-echo 
sequences. Furthermore, TSE non-fat-saturated T2w 
and fat-suppressed 2D T2w and eventually 3D (Sam-
pling Perfection with Application optimized Contrasts 
using different ß ip angle Evolution, SPACE) sequences 
are fundamental. The use and the need of contrast 
medium injection, especially in patients with renal 
function impairment, should be carefully deÞ ned, 
since the high spatial and contrast resolution of MRI 
and the use of DWI could provide essential structural 
and anatomical information, that may be sufÞ cient 
for effective diagnosis and deÞ nition of the lesions. 
In particular, the addition of DWI sequences using at 
least 4 b-values (50, 400, 800, 1,000), has a minimal 
impact on total examination time, adding sensitivity 
and diagnostic accuracy, especially in the detection 
of peritoneal implants in oncologic patients. When 

Figure 1 - The picture shows the main directions of circula-
tion of ß uid within the peritoneal cavity. (For a correct dis-
play of the schematic drawing, refer to epub Þ le).

color image available in epub
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form a single central mass or symmetrical bilateral 
masses that extend between structures without 
compressing or displacing them (Þ gure 18). 
Vascular encasement is common, and necrosis 
and calciÞ cation may be seen (Rajiah; Robben). 
 – Cystic retroperitoneal masses are commonly 

lymphatic malformations (Þ gure 19). They are 
not neoplastic lesions but simple vascular anoma-
lies (ISSVA classiÞ cation of vascular anomalies 
©2018 International Society for the Study of Vas-
cular Anomalies) and accounts for 1% of all retro-
peritoneal masses. Lymphatic malformations are 

 A  B
 

C

 

D
 

E
 

F

Figure 16 - Fifteen-year-old female with ganglioneuroma. Axial (A, B), sagittal (C) and coronal (D, E) T2-weighted images, 
and axial DWI image (F) from unenhanced MR examination after surgical biopsy. Large retroperitoneal solid mass with 
well-deÞ ned margins, heterogeneous T2 signal and homogeneous high signal in DWI. There are dislocation of aorta, 
inferior vena cava and right kidney, right pelvicalyceal dilatation, contact with the liver and the diaphragm. 

 A  B
 

C

Figure 17 - Five-day-old female with teratoma. Axial (A), coronal (B), and sagittal (C) T2-weighted images from unenhanced 
MR examination in non-sedated natural sleep. Large retroperitoneal mass extending in the spinal canal and in the 
paravertebral muscles. The lesion shows heterogeneous signal with solid and ß uid component. No fat tissue is depicted. 
There is dislocation of the right kidney and compression of retroperitoneal vessels (C) and the spinal cord (A). 
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FEMALE GENITAL SYSTEM

 MR features

• Non-speciÞ c: it may present itself as a solid mass, as tumors with hemorrhagic or Þ brous foci, as 
multilocular cystic masses, or as entirely cystic tumors (Þ gures 8 and 9). In case of cystic masses, there 
are no papillary vegetations.

• Peritoneal dissemination does not occur frequently (Jung, 2002).

TSE T2 TSE T2 TSE T2

TSE T2

 A  B

 

D

 

C

Figure 8 - Granulosa cell tumor of the left adnexa with malignant degeneration. 
A solid, heterogeneous, polilobulated mass (A arrows, B), and ascites are 
recognized. An endometrial carcinoma inÞ ltrating the myometrium (B, C, arrows) 
and a subserosal degenerated uterine leiomyoma positioned posterolaterally on 
the right (C, D arrows) are also present.

TSE T2

 A  B

 

D

 

C

TSE T2 TSE T2

TSE T2

Figure 9 - Granulosa cell tumor of the left adnexa with malignant degeneration. 
A, B) A solid, heterogeneous lesion with a small cystic area can be recognized 
(B, arrows). A small amount of ascites is associated. Endometrial carcinoma of 
the fundus of the uterus with focal inÞ ltration of the myometrium (C, arrow), and 
cervical carcinoma inÞ ltrating the cervical stroma (C, D, dashed arrow) are also 
present.
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Figure 3 - Paraxial TSE T2w sequence. Intracapsular 
adenocarcinoma: at the level of the posterior right-lateral 
peripheral pars, there is a hypointense, nodular-like area, 
with irregular contours, which does not cause interrup-
tion or retraction of the capsular proÞ le (arrow).

shape; it localizes anteriorly and often invades the 
anterior Þ bromuscular stroma. A diameter > 12 mm 
(0.7 cc) is another parameter that reinforces the 
suspicion of carcinoma (Þ gures 4 and 5).
In literature are reported sensitivity and speciÞ city 
values   respectively of 54-82% and 46-91% for T2 
sequences in the diagnosis of prostate carcinoma.
Moreover, T2w sequences are fundamental for the 
local staging of the neoplasm, through the evaluation 
of the capsule and the relationships with the adjacent 
organs (Þ gure 6). The most reliable criteria for the 
evaluation of the extracapsular extension of the 
carcinoma are the following:

• obliteration of the rectoprostatic angle;
• irregularity and thickening of the neurovascular 

bundle;
• bulging or retraction of the capsular proÞ le;

  Table II - Characteristics of the tumor originating from the transitional zone in T2w sequences.

signal homogeneous, hypointense, erased charcoal sign

margins faded

shape lenticular or teardrop

location anterior, often invades Þ broglandular stroma

dimensions diameter > 12 mm (0.7 cc)

Figure 4 - Adenocarcinoma of the transitional zone, 
axial TSE T2w sequence. At the level of the left parame-
dian anterior transitional zone, there is a hypointense 
nodule (arrow), which deforms and interrupts the cap-
sular proÞ le.

mum interval of at least six weeks between biopsy 
and MRI study.
Other factors inß uencing the ability to recognize the 
tumor are size and location, as it is more difÞ cult to 
recognize cancers < 5 mm and those located at the 
apex or in the central and transitional zone. The tumor 
of the transitional and central zones is more difÞ cult 
to identify, since it has signal characteristics similar to 
those of normal tissue (both hypointense in T2). Even 
the BPH, which involves this area in adulthood, has a 
low or mixed signal, similar to that of neoplastic tissue; 
however, some distinctive aspects of the onset tumor 
from these glandular areas have been identiÞ ed, which 
can be helpful in its identiÞ cation (table II). 
Cancer generally presents itself as a homogeneous 
hypointense area, with obscured margins, which 
erases the underlying glandular design (erased 
charcoal sign); it has usually lenticular or teardrop 
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Figure 2 - A) Arterial phase CE-MRA show- 
ing a large aortic aneurysm with a trans-
verse diameter (A) of 8 cm. Notice the 
thick, concentric parietal thrombosis which 
appears homogeneously hypointense. 
B) MIP reconstruction of CE-MRA. The 
aneurysm originates approximately 3 cm 
below renal arteries origin and extends 
up to aortic bifurcation. Both iliac arteries 
appear dilated and tortuous. Notice how 
MIP reconstruction underestimates the 
real aneurysm diameter (4,5 cm vs 8 cm) 
since it only visualizes the lumen.

 A  B

 Differential diagnosis

• Post-traumatic aneurysm: it is usually saccular and 
situated in the ventral part of aortic arch, nearby 
arterial ligament. Post-traumatic aneurysm at ab-
dominal aorta are exceedingly rare (Wanhainen).

• Mycotic aneurysm: it is usually focal, saccular 
and small in size. Mural hyperintensity on IR and 
T2-weighted sequences suggests still active ß ogosis.

• Retroperitoneal Þ brosis: diffuse T2 hyperintensity 
of vessel walls and retroperitoneal tissues, owed to 
chronic inß ammation.

Imaging evaluation

The most important feature to be assessed in an aneurysm study is accurate measurement of axial 
diameter, this being the major risk factor for rupture and an important predictive factor of mortality 
(Jim; Wanhainen). Longitudinal extension must be evaluated too, as well as the presence of intraluminal 
thrombosis and its features (ulcerations, bleeding, etc.).
Assessment of the periaortic structures is mandatory, in order to the depict possible edema, that may be 
the sign of imminent aneurysm rupture (Baliyan; Guo).
During the evaluation before endovascular aneurysm repair, it is important to pay attention to possible 
involvement of the main aortic branches, in particular to renal arteries, assessing their relationship with 
aneurism and the presence of accessory renal arteries.
One should look for possible involvement of small accessory lumbar or spinal artery and in particular of 
Adamkievitz artery, whose origin should always be identiÞ ed if surgical treatment is an option, in order 
to prevent damage which would result in spinal cord ischemia and paraplegia. 

 MR features

• FSE, balanced Turbo Field Echo (bTFE), GRE, and FFE 3D T1-weighted sequences allow assessment of 
axial external diameter of the vessel, which must be > 4-5 cm to diagnose thoracic aorta aneurysm and 
> 3 cm to diagnose abdominal aorta aneurysm (Wanhainen).

• It must be remembered that with CE-MRA, particularly on MIP reconstructions, only the lumen is 
visualized and intraluminal thrombosis is indistinguishable from vessel walls, thus causing potential 
underestimation of the real diameter (Baliyan) (Þ gure 2).

• In axial or coronal FSE IR and FSE T1- or T2-weighted sequences, intraluminal thrombus is better 
visualized. A stable thrombus has a regular surface and appears homogeneously hypointense in all 
sequences. Conversely, an unstable thrombus shows ulceration and/or signs of hemorrhage (irregular 
signal with hypo- or hyperintensity in T1 and T2 depending on whether bleeding is more or less recent). 
Recent studies have shown the importance of 3D black-blood FSE sequences in thrombus assessment: 
bright thrombi seem to grow faster and have higher risk of rupture (Zhu).

• If underlying inß ammation is suspected, axial GRE T1-weighted sequences with fat-suppression may 
be performed after CE sequences (Baliyan). In these sequences inß amed vessel walls will appear 
hyperintense, due to the accumulation of gadolinium within the interstitium.

A = 80 mm A = 45 mm

AA
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Figure 1 - A 72-year-old woman, with monoclonal gammopathy of undetermined signiÞ cance and suspected evolution in 
multiple myeloma (bone marrow inÞ ltration 20%, MC 3.46 g/dl, IF: IgG tot 3.9 g/dl). WB-MRI was performed, including 
sagittal T1-weighted imaging of the spine (A), axial T1-weighted gradient-echo Dixon to generate fat fraction maps (D), 
diffusion-weighted imaging (B, E) with calculation of the apparent diffusion coefÞ cient map (C) and 3D MIP reconstructions (F). 
Multiple bone lesions were detected, located in T12 (A-C, arrow, F, circle), in L4, in pelvic bone (D, E, arrow, F, dashed 
circle), in ribs (F, arrows), in the right scapula, in the right humerus (proximal diaphysis; F, dotted circle), and in both 
femurs (F, dashed arrows).

 Lymphoma 

18FluoroDeoxyGlucose (FDG)-PET/CT is the recom-
mended imaging technique for both staging and fol-
low-up for the most common lymphomas, including 
Diffuse Large B-CeLl (DLBCL), follicular lymphoma, 
and Hodgkin lymphoma, where it demonstrates high 
accuracy (Barrington).
However, some studies have shown that in patients 
with lymphoma subtypes that have variable FDG 
avidity, the majority being MALT lymphoma, WB-MRI 
(table I) seems to be superior in terms of sensitivity 
(94.4%) to both FDG-PET/CT (60.9%) and contrast-
enhanced CT (70.7%) (Mayerhoefer). This can be 
explained by the ability of WB-MRI to investigate 
hypercellularity, and gives rise to the promise of 

WB-MRI being less histology-dependent than FDG-PET 
and more suitable for patients with poorly- or non-
FDG avid lymphoma (Petralia, 2019).
Another emerging use of WB-MRI is in young 
patients (< 35 years old) with lymphoma, where, 
as an alternative modality, it can serve to reduce 
radiation exposure, considering that in this subgroup 
of patients survival rates have risen promisingly over 
the last decade (Brenner).
Acknowledging the established role of WB-MRI for bone 
marrow assessments (Þ gure 2) at diagnosis (Yang) and for 
therapy monitoring (Padhani, 2014), WB-MRI may be 
considered an alternative to standard diagnostic modality 
(FDG-PET/CT) when lymphoma is conÞ ned to bone mar-
row, where disease is “not measurable” under Response 
Evaluation Criteria In Solid Tumors (RECIST) 1.1 criteria 
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MR imaging to assess
oncological treatment response

Andra Curcean, Joshua Shur, Mihaela Rata, Dow-Mu Koh 

�Ø INTRODUCTION

Magnetic resonance imaging has a major role in the early detection, diagnosis and staging of abdominal 
malignancies and is increasingly used for therapy response assessment in oncological practice. It provides 
good soft tissue contrast and spatial resolution to clearly deÞ ne the extent of disease. Technological develop-
ment has led to improved imaging sequences, reduced acquisition times, and increased accessibility. Using 
a non-invasive and non-irradiating technique is particularly advantageous for patients who undergo repeated 
scans during oncological surveillance. 
In the era of personalized medicine, new targeted therapies and immunotherapies are being developed at a 
much faster pace, making response to therapy assessment crucial for patients enrolled in clinical trials, as well 
as in routine clinical care. The early identiÞ cation or prediction of disease progression is essential for early 
treatment discontinuation, thus minimizing the side effects of a non-effective drug. Accurate radiological 
assessment may also offer early insight on the efÞ cacy of an investigational medical product, thus providing 
valuable information for researchers developing new anticancer treatments. 
MRI is an imaging technique that is being used as standard of care in different cancer types, especially where 
tumor visualization may be suboptimal on CT. These include primary and metastatic liver tumors, peritoneal 
disease, pancreatic cancers, rectal cancer, prostate cancer, and gynecological tumors. However, if a tumor is 
clearly visualized on CT, CT is still most commonly used for the evaluation of therapeutic response. 
Tumoral response assessment is generally assessed by objective measurement of the tumor size (Tirkes). On 
MRI, this is usually measured on the T1- or T2-weighted sequences. However, response to therapy is not 
always reß ected in size reduction of the neoplastic lesions. Drugs can have a variety of effects on tumoral 
tissue such as reduction in contrast enhancement, necrosis or cystic change and intratumoral hemorrhage 
which may not translate into size reduction. Moreover, pseudoprogression is a well-known phenomenon, 
especially in patients treated with immunotherapy, where there may be an initial increase in tumor size that 
leads to misclassiÞ cation as disease progression (Carter). Hence, there are limitations of current size-based 
tumor response criteria and quantitative MRI techniques that probe different aspects of tumor biology can 
offer meaningful additional information in therapeutic assessment. 
In this chapter, it will be reviewed the mechanisms of cell death related to antitumor treatments and how 
this may inß uence their imaging post-treatment appearances. Conventional size-based tumor response 
criteria will be discussed, as well as modiÞ cations of such criteria for speciÞ c applications in abdominal 
diseases and treatments. Last but not least, it will be surveyed functional imaging techniques that are being 
applied to quantitate different aspects of tumor biology. Functional imaging techniques such as dynamic 
contrast-enhanced MRI, diffusion-weighted MRI, and MR elastography can provide information about tumor 
perfusion, cellularity, and stiffness respectively. Using multiparametric MRI allows to better understand 
tumor biological and track how such properties alter with treatment, thus offering new insights and potential 
response biomarkers. 

In collaboration with Sebastian Curcean, Nina Tunariu, Christina Messiou
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target lesions during the Þ rst 12 weeks was prognostic 
in patients treated with chemotherapy (Litière). 
Recognizing the increasing use of immunotherapy 
which may be associated with atypical response, 
multiple modi Þ ed versions of RECIST such as irRC, 
iRECIST and imRECIST (Hodi, 2016, 2018; Seymour) 
were proposed in an attempt to better assess tumor 

response to such treatments. The aim was to increase 
the chance of observing atypical response pattern 
as described for anti-CTLA-4 immunotherapy in 
advanced melanoma. With some variations, all three 
criteria delayed the conÞ rmation of PD by intro-
ducing the �™ 4-week follow-up scan in order to 
conÞ rm disease progression, as pseudoprogression 

Figure 2 - A 53-year-old woman presented with irresectable sigmoid carcinoma and synchronous liver metastases. She was 
treated with oxaliplatin, capecitabine, and bevacizumab. Gadoxetate-enhanced fat-suppressed T1-weighted MR imaging 
of the liver was performed in the hepatobiliary phase before (A) and at 12 weeks (B) following chemotherapy. Objective 
measurement by RECIST (C, D) shows a 32% reduction (4.3 cm to 2.9 cm) in the maximum axial diameter of a target 
metastasis in the right lobe of the liver. Applying the WHO criteria (E, F), the same metastasis showed 54% reduction in the 
product of the bidimensional tumor diameter (17.2 cm2 to 7.83 cm2). Both RECIST and WHO measurement criteria indicated 
a partial response to treatment. Note contemporaneous decrease in size of the smaller metastases in the rest of the liver. 
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pre-chemotherapy 12 weeks post-chemotherapy

4.3 cm 2.9 cm

4.0 cm
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