
If a hepatobiliary contrast medium is used to differentiate
hepatocellular tumors (focal nodular hyperplasia, well-
differentiated hepatocellular carcinoma), additional de-
layed images should be obtained no earlier than 2 h after
contrast injection.

MRI Appearance of Normal Anatomy

The normal liver is of uniform signal intensity, which is
higher than that of the spleen on T1w images and lower
on T2w images. Hepatic vessels appear dark on T1w im-
ages due to flow-related signal loss (see Fig. 1.2). They are
also dark on T2w images unless gradient moment nulling
(flow compensation) is used, in which case intrahepatic
vessels are bright. The branches of the portal vein and
intrahepatic veins serve to identify the liver segments
(Fig. 1.8). Differentiation of the liver from other structures
in the upper abdomen is usually straightforward.

MRI Appearance of Pathologic Entities

Most benign and malignant liver tumors are hypointense
on T1w images and hyperintense on T2w images. Cysts,
hemangiomas, and metastases from neuroendocrine tu-
mors are visualized with high contrast, as are intra-
tumoral necrosis and abscesses. The vast majority of other
liver metastases and cholangiocarcinoma (CCA) are less
conspicuous on both T1w and T2w images. Liver tumors
that are isointense or nearly isointense to normal liver
parenchyma are focal nodular hyperplasia (FNH) as well
as an occasional adenoma or hepatocellular carcinoma
(HCC) (Table 1.4). T1w sequences contribute little to lesion
characterization, except for cysts, which are clearly iden-
tified as sharply demarcated lesions of very low signal
intensity on T1w images. In all other cases, characteriza-
tion of focal liver lesions is primarily based on T2w se-
quences, which enable good evaluation of tumor margins
and internal structures. Use of different T2 weightings,
including images generated from late echoes, allows fur-
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Fig. 1.8 Segmental anatomy of the liver.
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ther characterization and improves accuracy in differen-
tiating cysts and hemangiomas from solid liver tumors.
Intralesional hemorrhage and fatty components as well as
melanotic liver metastases from malignant melanoma ex-
hibit atypical signal behavior with hyperintensity on both
T1w and T2w images. Additional information for charac-
terizing focal liver lesions is provided by dynamic con-
trast-enhanced MRI, which enables the important differ-
entiation of hypervascular and hypovascular lesions and
reveals some typical enhancement patterns such as the
progressive centripetal enhancement characteristic of
liver hemangioma (Table 1.5).
Below we describe the MR appearance of the most

important benign and malignant focal liver lesions on
unenhanced images and dynamic contrast-enhanced
imaging with nonspecific Gd-based contrast media. A
separate section illustrates the use of tissue-specific MR
contrast media for selected tumor entities.

Benign Focal Liver Lesions

Cyst
Because they contain water, cysts have long T1 and T2
relaxation times, resulting in very low signal intensity on
T1w images and uniform high signal intensity on T2w
images. A liver cyst is usually sharply demarcated from
the surrounding tissue but may appear blurred due to
partial volume effects if the plane of section is tangential
to it (Fig. 1.9). In cases where cysts and hemangiomas
cannot be differentiated because of similar T2 signal in-
tensities, a T1w sequence or dynamic imaging will help
distinguish the two (Fig. 1.10).
MRI clearly differentiates the cyst fluid from the solid

wall and septa in echinoccocal cysts, while the character-
istic curvilinear calcifications (eggshell calcifications) are
far better revealed with CT.

12 1 The Liver

Table 1.4 Signal intensities of different liver lesions relative to liver
tissue on unenhanced images. Note: opposed-phase signal inten-
sities (T1w OP) for patients without hepatic steatosis

T1w IP T1w OP T2w

Benign tumors
Cysts ↓↓↓ ↓↓↓ ↑↑↑
Hemangioma ↓↓↓ ↓↓↓ ↑↑↑
FNH 0–(↓) 0–(↓) 0–(↑)
Adenoma ↓–↑↑ ↓↓–↑↑ 0–↑
Malignant tumors
Metastases
· Melanotic melanoma ↑–↑↑ ↑–↑↑ ↑–↓

· Neuroendocrine tumors ↓↓ ↓↓ ↑–↑↑↑

· Other primaries ↓↓ ↓↓ ↑–↑↑

HCC ↓↓ ↓↓ 0–↑
CCA ↓↓ ↓↓ ↑–↑↑

Table 1.5 List of typically hypervascular liver tumors

Benign liver tumors
FNH
Adenoma
Malignant liver tumors
HCC

Metastases

· Renal cell carcinoma
· Breast cancer (may also be hypovascular)
· Neuroendocrine tumors (e. g., carcinoid, insulinoma)
· Melanoma
· Sarcoma

a

Fig. 1.9a, b Multiple liver cysts in a patient with autosomal domi-
nant polycystic kidney disease (1.5 T). a Single-shot T2w TSE image.
b T1w GRE image. Both images were acquired during breath-hold.

The liver cysts are depicted as homogeneous lesions of very high SI
on the T2w image and very low SI on the T1w image. Also seen are
multiple cysts in both kidneys.

b
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Hemangioma
Hemangiomas are the most common benign hepatic tu-
mors. They are incidentally detected in ca. 5% of patients
undergoing abdominal imaging for other reasons. Heman-
giomas are mesenchymal tumors characterized by
densely packed, dilated vessels with an endothelial lining.
Regressive changes such as scars and central hyalinization
may be present in large hemangiomas. Although they
have no malignant potential, hemangiomas may pose a
diagnostic challenge because they must be differentiated

from liver metastases. This is especially important in pa-
tients with multiple hemangiomas (up to 35% of cases).

Hemangiomas are well-circumscribed masses of uni-
form signal intensity on T1w and T2w images and may
occasionally be lobular. They are moderately hypointense
on T1w images and clearly distinct from cysts, which have
very low T1 signal intensity, while distinguishing them
from other solid liver tumors is more difficult. On T2w
images, on the other hand, hemangiomas are of high
signal intensity and therefore at times resemble cysts

13Focal Liver Lesions

a b

c d

e

Fig. 1.10a–e Liver hemangioma and cyst in segment II (1.5 T).
a Axial T2w TSE image. b–e Axial T1w GRE images obtained before
(b) and 15 s (c), 2 min (d), and 10 min (e) after IV injection of Gd-
based contrast medium. Before contrast medium administration,
both lesions have very high T2 SI (a) and low T1 SI (b). On dynamic
contrast-enhanced images, the hemangioma is characterized by
initial nodular peripheral enhancement (c) with progressive fill-in
(d), resulting in complete hyperintensity of the lesion 10 min after
contrast administration (e). The cyst has unchanged low SI on all
postcontrast images.
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4 The Spleen
M. Laniado and F. Dammann

Introduction

The spleen is a lymphatic organ that can be regarded as a
large lymph node integrated into the blood circulatory
system. At the same time, with its special vascular archi-
tecture, the spleen also affects the nonlymphatic cells in
the blood. As a functionally complex organ, the spleen
thus has a central, though not vital, role in adult life, which
is why many disease processes involve the spleen, while
primary splenic disease is fairly uncommon.1,2

Indications

There are no established indications for MRI of the spleen
because ultrasound and CT allow excellent diagnostic
evaluation of this organ. Relative indications for MRI exist
in the staging of lymphoproliferative disease (Hodgkin
and non-Hodgkin lymphoma) and characterization of fo-
cal splenic lesions. MRI is also a suitable imaging modality
for planning infradiaphragmatic radiotherapy in patients
with lymphoproliferative disease as coronal sequences
give an excellent overview of the vascular anatomy in
the splenic hilum. Another relative indication is the
follow-up of posttraumatic splenic hematoma in pediatric
patients with inconclusive sonographic findings after
nonsurgical treatment.

Imaging Technique

Before the examination, the patient is given a general
explanation of the procedure (e. g., duration of breath-
holds) including information about placement of an intra-
venous line for contrast injection—either Gd-based ex-
tracellular contrast medium or SPIO particles (superpara-
magnetic iron oxide)—and the need for administering an
antispasmodic drug (e. g., butylscopolamine or glucagon).
Oral contrast is not required for MRI examinations of the
spleen. Coil selection depends on the equipment available
(e. g., torso or body phased-array coil). Scanning is per-
formed with the splenic hilum in the isocenter of the
magnet. To this end, the patient is positioned supine

with the alignment light of the scanner centered at the
level of the xiphoid process.

Imaging Planes

The axial plane is the backbone of a dedicated examina-
tion of the spleen (Fig. 4.1). Additional coronal imaging is
helpful if the patient’s breath-hold capacity and the MR
equipment allow acquisition of good-quality images dur-
ing breath-hold (Fig. 4.2). The spleen is imaged with a
slice thickness of 6–8 mm and an interslice gap of 2 mm.

Pulse Sequences

The basic protocol consists of unenhanced T1w and T2w
sequences. T1w images are acquired with an SE or TSE
sequence but preferably with a 2D GRE sequence during
breath-hold. All of these sequences are acquired with the
shortest possible TE to optimize image contrast. Unen-
hanced T2w imaging is performed with a breath-hold
single-shot TSE sequence (e. g., HASTE). Because these
2D sequences have short acquisition times, basic imaging
in the axial plane can be supplemented by a coronal
sequence, or even sagittal images if needed, with only a
minimum of additional time. A free-breathing TSE se-
quence with fat suppression (e. g., inversion recovery
technique, spectral fat saturation) may improve image
quality but takes longer to acquire. The image quality of
free-breathing T2w sequences can be improved by using
respiratory gating (respiratory bellows, navigator echo
technique), which will markedly reduce motion artifacts.
(Tables 4.1 and 4.2).

Contrast Media

Intravenous bolus injection of extracellular Gd-based con-
trast medium (e. g., Magnevist, Dotarem) with dynamic
acquisition of serial contrast-enhanced T1w images is
recommended to detect and characterize focal lesions in
the spleen. The dynamic images are acquired with a GRE
sequence during breath-holds before and 15 s, 45 s, 90 s,
and ca. 3 min after injection of the contrast medium at a
dose of 0.1 mmol Gd per kg body weight. Immediate

87
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a b

c d

e f

Fig. 4.1a–f Normal MR appearance of the spleen at 0.2 T (a, b) and
1.5 T (c–f). a, b At 0.2 T, the spleen has lower SI than the liver on
T1w image (SE 450/15) (a), while it is hyperintense on T2w image
(FSE 3000/102; turbo factor, 13) (b). A solid tumor of low SI is seen
in the upper pole of the right kidney. c, d At 1.5 T, the spleen is again
hypointense to the liver on T1w image (GRE 126/5;75°) (c) and

hyperintense on T2w image (FSE 2000/128; turbo factor, 23) (d).
eOn T2w HASTE image, the SI difference between spleen and liver is
less pronounced (HASTE ∞/90). f On fat-suppressed T2w image, the
spleen has markedly higher SI than the liver (FSE 2000/128; turbo
factor, 23).
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postcontrast T1w GRE images allow sensitive detection of
focal splenic lesions3,4 (Fig. 4.3). Additional late postcon-
trast images should be acquired after ca. 6–10 min using a
fat-suppressed SE or TSE sequence or fat-suppressed GRE
sequence. Alternatively, the dynamic T1w series can be

acquired with a 3D GRE sequence (e. g., VIBE), which has
higher spatial resolution and produces an angiographic
effect while slightly reducing soft tissue contrast.

Instead of an extracellular Gd-based contrast medium,
an SPIO preparation can be infused or injected. Examples

89Imaging Technique

Table 4.1 Recommended pulse sequences and imaging parameters for MRI of the spleen

Weighting Sequence type TR
(ms)

TE
(ms)

Flip
(°)

ETL FS No. of
slices

No.
of ac-
quisi-
tions

Scan
time

Breath-
hold

T1 Unenhanced
and dynamic
Gd-enhanced

GRE (e. g., FLASH) 127–199 4.1 75–90 – No/(yes) 15–23 1 15–23 s Yes

T1 Alternative
(unenhanced)

SE 600 15 – – No 19
(16–20)

3 5–8 min No

T2 Single-shot TSE
(e. g., HASTE)

87 180 No < 20 1 < 20 s Yes

T2 Alternative TSE (or FSE) 2000–
2500

128 – 15–28 No + yes 6 (3–8) 1 12–28 min Yes

T2 Alternative FSE (or TSE); may
be performed
with respiratory
gating (belt or
navigator echo)

ca. 3500 90 – 3–7 No 19
(16–20)

2 6–9 min No

T2 Alternative IR (e. g., TIRM,
STIR)

ca. 3500 60–90 – 5–9 Yes 19
(16–20)

2 6–9 min No

PD TSE double-echo > 3500 22, 90 – 3–7 No 19
(16–20)

2 6–9 min No

T1 Dynamic
Gd-enhanced

3D GRE
(e. g., VIBE)

5.2 2.5 10 – Yes 64 1 23 s Yes

T2* GRE
(e. g., FLASH)

141
(77–196)

18 30 – No 6 (3–8) 1 16
(16–23) s

Yes

Use of a torso or body phased-array coil is recommended; matrix, 192 × 256; FOV, 300–400 mm; rectangular FOV, 75 %; slice thickness,
5–8 mm; distance factor, 0.2–0.3; planes – axial, coronal (optionally), sagittal (rarely).
Note: All recommendations for imaging at 1.0–1.5 T.
The suggested parameters are only examples and have to be adjusted for use on different brands of scanners. Parallel imaging techniques
can be used to shorten scan time but may come with a penalty in SNR.

Fig. 4.2 Coronal T2w image acquired with HASTE sequence at 1.0 T
(HASTE ∞/43). Using this technique, the normal spleen is nearly
isointense to liver. Bowel is seen in the splenic hilum.
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of commercially available SPIO preparations are Endorem
and Resovist (Europe) and Feridex (e. g., USA), which are
approved for liver imaging and can therefore be used in
patients whose spleen is imaged as part of an MRI exami-
nation of the liver (see Chapter 1, Contrast Media, p. 8 ff.).
In this case, the precontrast protocol is supplemented by a
proton density (PD) sequence.5,6 Identical T2w, PD, and
T1w sequences are obtained before and after SPIO admin-

istration. The pre- and postcontrast PD images are ideally
acquired with a double-echo TSE sequence, producing a
T2w image with the second echo.

90 4 The Spleen

Table 4.2 Recommended sequence protocol for MRI of the spleen

Sequence Plane Breath-hold Indication

a) T1w GRE Axial Yes Basic protocol
b) T2w HASTE Axial Yes Basic protocol
c) T2w TSE -/+ fat suppression, may be

performed with respiratory gating
Axial No Basic protocol; improves image quality

compared with (b)
Optional T1w GRE with dynamic Gd-enhanced

series with delayed images
Axial Yes (Suspected) focal lesion

Optional T1w SE or TSE Axial No If (a) not possible
Optional TIRM Axial No If (c) not possible
d) Post-Gd T1w GRE Axial Yes Basic protocol
Optional Post-Gd T1w GRE + fat

saturation
Axial Yes For example in patients with extrasplenic

disease extension or suspected pathology of
surrounding structures

Optional Post-SPIO
T2w HASTE, TSE

Axial No Improved characterization of focal and dif-
fuse changes

Note: Axial images can be replaced or supplemented by other planes (primarily coronal) depending on the anatomic situation.

a b

c

Fig. 4.3a–c Splenic lesion in a 28-year-old man on chemotherapy
for Hodgkin disease. Unenhanced and dynamic postcontrast images
obtained immediately and 5 min after injection of Gd-based con-
trast medium (0.1 mmol/kg Gd). a Unenhanced T1w image does
not allow reliable differentiation of the splenic lesion. b Early post-
contrast image clearly reveals the lesion within the inhomogene-
ously enhancing normal spleen. c Lesion conspicuity is reduced
again on 5-min postcontrast image (1.0 T; GRE 64/5;70°).
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signal voids due to susceptibility effects, precluding eval-
uation of the stent lumen (see Aortic Aneurysm, p. 313 f).

Renal Transplants
Another application of contrast-enhanced 3D MRA is in
evaluating the blood supply (arteries and veins including
anastomoses) and perfusion of renal transplants (Figs.
15.23, 15.24, 15.25, 15.26). Scrutiny of the source images
of the 3D datasets is necessary to detect localized perfu-
sion defects in a transplant kidney and parenchymal or
vascular damage secondary to trauma.73

Portal Venous System

Detailed and accurate information on the portal venous
system is crucial for comprehensively evaluating the vas-
cular status and planning therapy in patients with portal
hypertension. This comprises vascular anatomy, detection
of abnormalities such as stenosis and thrombosis, and
identification of relevant portosystemic collateral path-
ways. Postinterventional or postoperative follow-up
MRA serves to obtain information on vascular morphol-
ogy, anastomoses, and shunt patency.

Portal Veins and Portosystemic Collaterals

MRI of the portal vein was performed as early as 1985 in
patients with portal hypertension using SE sequences.74 In
this study, the investigators rated little or no signal in the
portal veins as normal and marked intraportal signal in-
tensity as thrombosis. In a later study, abnormal signal
intensity was defined as being higher than that of sur-
rounding liver tissue on T2w images and isointense to
liver on T1w images.75 Zirinsky et al. reported MRI to
have higher sensitivity and specificity than CT or sonog-
raphy for confirming or excluding portal vein thrombo-
sis.76 Conventional SE sequences were also found to en-
able demonstration of cavernous transformation.77

321MRI Appearance of Pathologic Entities

a b

Fig. 15.19a, b Renal artery stenosis near the origin of the left renal artery. Contrast-enhanced MRA overestimates the degree of stenosis (a)
compared with arterial DSA (b).

Fig. 15.20 Early branching of the right renal artery close to its origin
from the abdominal aorta. Also seen is a lower polar artery arising
from the left common iliac artery.

Fig. 15.21 Contrast-enhanced MRA revealing three right renal ar-
teries and two left renal arteries.
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a

b

c

Fig. 15.22a–c Contrast-enhanced MRA of a left renal artery aneurysm. Illustration of different postprocessing techniques: MIP (a), axial MPR
(b), and surface-rendered display (c).

Fig. 15.24 Clamp stenosis of the left external iliac artery proximal
to the arterial anastomosis of a transplanted kidney (arrows).

Fig. 15.23 Normal appearance of a transplant kidney on contrast-
enhanced MRA. Anastomosis at the level of the left iliac bifurcation.
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Early optimism about portal venous MRI was damp-
ened when it became apparent that intraluminal dephas-
ing phenomena in tortuous vessels can cause signal in-
homogeneity and lead to misinterpretation. A reduction
of the flow-related artifacts degrading SE images was
achieved by using improved GRE sequences.78 On GRE
images, flowing blood is hyperintense (bright), while
thrombus is hypointense. Supplementing GRE sequences
with bolus tracking techniques or PC MRA, one can obtain
semiquantitative data on portal venous blood flow.79,80

These MRA techniques depict the portal veins directly
and hence provide more information on the vascular sys-
tem compared with invasive, indirect splenoportogra-
phy.81,82

Contrast-enhanced 3D MRA has evolved into the
method of choice for imaging the portal veins. It is supe-
rior to nonenhanced MRA because it affords a higher
contrast-to-noise ratio (CNR), better spatial resolution,
and a larger FOV. More recent studies suggest that con-
trast-enhanced 3DMRA regularly enables good evaluation
of the portal venous system with high spatial resolution,
reliably demonstrating portal vein thrombosis, its extent,
and collateral vessels.83,84 Moreover, a biphasic imaging
protocol after single contrast injection allows evaluation
of the arterial and portal venous blood supply to the liver.
The use of new time-resolved or MP-RAGE (magnetiza-
tion-prepared rapid acquisition gradient echo) techniques
has been reported to further improve vascular conspicuity
by increasing intravascular signal compared with rou-
tinely used 3D FLASH. This advantage would be especially
beneficial for evaluation of intrahepatic portal branches
and hepatic veins.85

The left gastric vein is the most commonly encoun-
tered portosystemic collateral.86 Dilatation of this vein to
>5–6 mm is considered an indirect sign of portal hyper-

tension (Fig. 15.27). The same holds true for the short
gastric veins, which drain the gastric fundus.87 Esophageal
and paraesophageal varices receive blood from the left
gastric vein and drain into the azygos and hemiazygos
veins.

The splenoportal venous axis and left renal vein are
connected via the left and short gastric veins or other
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Fig. 15.26 Hemodynamically relevant arteriovenous fistula (arrow)
after biopsy. The fistula leads to premature enhancement of the
pelvic veins on the left side.

Fig. 15.25 High-grade transplant renal artery stenosis. Contrast-
enhanced MRA image fails to depict the residual lumen (arrow).

v

Fig. 15.27 Contrast-enhanced MRA in a patient with liver cirrhosis.
Image shows dilatation of the left gastric vein (arrows) as an indirect
sign of portal hypertension.
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Fig. 16.3 Diagram of retroperitoneal lymph nodes.

Fig. 16.2a, b Normal pelvic lymph nodes along the pelvic sidewall on both sides (obturator chain). Axial T1w (a) and T2w (b) TSE images
(1.5 T). Elongated lymph nodes (arrows) with low SI relative to surrounding fat on T1w image (a) and near isointensity on T2w image (b).

a

b

Fig. 16.4a, b Enlarged and metastatic para-aortic lymph node be-
low the renal pedicle in a patient with renal cell carcinoma. Axial
T1w GRE (a) and T2w single-shot TSE (b) images (1.5 T). In this case,
the short-axis diameter of the lymph node of ca. 1.5 cm (arrow)
suggests metastatic involvement, while its SI is similar to that of the
normal lymph nodes in Figs. 16.1 and 16.2.
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