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4.1	 �Introduction

Due to its unequaled soft tissue contrast and mul-
tiplanar imaging capability, MRI is the modality 
of choice to image soft tissue tumors. This chap-
ter is dedicated to basic unenhanced and static 
enhanced MRI.  Advanced MRI and posttreat-
ment imaging are discussed in other chapters. 
Distinction will be made between imaging for 
local staging and tissue characterization purpose, 
as well as between what is essential, what should 
be avoided, and what are useful additional 
techniques.

MR imaging should be of the highest possible 
quality to provide all necessary information 
needed for adequate local staging as well as grad-
ing of a soft tissue tumor.

Local Staging  Accurate staging needs precise 
localization of a tumor within its anatomical 
compartment and relative to important surround-
ing landmarks and determination whether a mass 
is confined to its compartment or whether it is 
invading or encasing surrounding structures [2]. 
Imaging should always precede biopsy, as blood 
and edema that follow a biopsy can be difficult to 
differentiate from tumor or the peritumoral reac-
tive zone, with or without Gd administration. An 
appropriate decision whether or not to perform 
limb-salvaging surgery based on a post-biopsy 
MR examination may be impossible.
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Tissue Characteristics  Although tissue charac-
teristics derived from MRI alone are often insuf-
ficient to predict a specific pathological diagnosis, 
a well-performed MRI helps to narrow down the 
differential diagnosis, facilitating the clinical 
management. MRI is essential for the decision 
whether or not to perform a biopsy and planning 
of the optimal, most informative biopsy site. 
Lesions in which the observer is highly confident 
of a benign diagnosis at MR may not require his-
tologic biopsy [25].

4.2	 �Imaging Planes

The strategy in designing the optimal MR exami-
nation depends on the location of a lesion, the 
desired coverage of the region to be examined, 
the available hardware (field strength, coils), the 
time constraints, and the local preferences. The 
MR examination should be supervised, tailored 
to the individual patient. Careful assessment of 
the region of clinical concern should precede any 
imaging to ensure its complete coverage with the 
most appropriate coil and to avoid waste of time 
due to repositioning of the patient after the first 
imaging sequence.

Demarcation of subtle, doubtful, or diffuse 
lesions with a lipid marker prior to imaging may 
be helpful. Care should be taken not to compress 
the mass by this marker. Images should be of suf-
ficiently high spatial resolution to demonstrate 
relevant morphologic features and anatomic 
detail. The use of a large field-of-view results in 
loss of spatial resolution. It is usually not neces-
sary to examine the contralateral side for com-
parison when an extremity is being evaluated. A 
wider field-of-view may be used for initial detec-
tion or when multiple lesions are suspected, fol-
lowed by a smaller field-of-view targeted to the 
lesion.

Imaging usually starts with a sequence in the 
most appropriate longitudinal plane. Anteriorly 
or posteriorly located lesions are best imaged in a 
sagittal plane, medial or lateral localizations in a 
coronal plane. Care should be taken to respect the 
anatomical orthogonal planes since with exces-
sive rotation of a limb, inappropriate position-
ing of longitudinal scan planes results in images 

which are difficult to interpret and probably use-
less for surgical planning. Since this sequence 
should depict the lesion, together with eventu-
ally surrounding edema, with the highest con-
spicuity and over its entire cephalocaudal extent, 
fat-suppressed fast spin-echo T2-weighted or 
STIR imaging with a large field-of-view is 
recommended.

This first sequence in the longitudinal plane 
is usually followed by imaging in the axial 
plane. Since most anatomical compartments 
of the extremities are oriented longitudinally, 
accurate assessment of localization and extent 
of a tumor requires imaging in the axial plane, 
in which the majority of sequences should be 
obtained. Not only the tumor but also the peri-
tumoral edema at its proximal and distal poles 
should be covered by these axial sequences. 
As a rule, the most proximal and distal slices 
should show no pathology. Usually T1- and 
T2-weighted acquisitions are obtained in the 
axial plane at exactly the same location, thus 
allowing an image-by-image comparison. 
Contrast-enhanced images have to be acquired 
at least in the axial and the most useful longi-
tudinal plane and at the same positions as the 
precontrast images.

The choice of an additional imaging plane 
depends on the location of the lesion and the clin-
ical questions to be answered. Inclusion of the 
nearest joint, or another key anatomic landmark, 
serving as a reference in at least one of the longi-
tudinal imaging planes is essential for surgical 
planning since especially deeply situated masses 
can be hard to localize based on clinical examina-
tion alone. Oblique planes may also be useful. 
Typical examples are oblique sagittal images for 
optimal depiction of a lesion’s relation to the 
scapula or the iliac wing.

4.3	 �Unenhanced MRI

For detection, local staging, and characterization 
of a mass, the use of conventional spin-echo 
sequences is recommended. It is the most repro-
ducible technique, the one with which we are 
most familiar for tumor evaluation, and the most 
often referenced in tumor imaging literature [19].
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4.3.1	 �T1-Weighted Imaging (T1-WI)

Local Staging  In delineation of a soft tis-
sue tumor, distinction must be made between 
tumor-to-muscle and tumor-to-fat contrast. 

On T1-WI, with exception of fat-containing 
tumors, soft tissue tumors are generally more 
or less isointense to muscle, resulting in low 
tumor-to-muscle but high tumor-to-fat contrast 
(Figs.  4.1b, 4.2a, 4.3a, and 4.4a). As a conse-

a b

c

Fig. 4.1  (a–c) Myxoid liposarcoma in the distal thigh. 
(a) Axial STIR sequence. A sharply margined mass lesion 
with homogeneous high signal intensity is interposed 
between the vastus lateralis muscle and the distal femur. 
(b) Axial unenhanced T1-weighted image. A very low 
tumor-to-muscle contrast is shown with the lesion’s signal 
intensity slightly lower than muscle. In combination with 
the high signal intensity on STIR sequence, this lesion 
could be mistaken for a cyst based on unenhanced 
sequences alone. Also note the very high tumor-to-fat 
contrast, typical for unenhanced T1-weighted images. (c) 
Axial Gd-enhanced T1-weighted image. The lesion shows 
a definite and heterogeneous enhancement, inconsistent 

with a cystic origin of the lesion. Although there is a 
decreased tumor-to-fat contrast, delineation of the tumor 
from the adjacent fat still is perfectly possible. In addition, 
due to a clear increase in tumor-to-muscle contrast, this 
sequence is very suitable for surgical planning. Beside the 
adequate delineation of the tumor, this enhanced 
T1-weighted sequence improves the evaluation of the 
internal structure of the tumor. It helps to differentiate 
viable tumor from a cyst, with a totally different surgical 
approach, and helps to select an appropriate biopsy site. 
Because it mainly consists of less well-vascularized and 
myxoid or necrotic tissue, a biopsy in de posterior part of 
the lesion should be avoided
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quence T1-WI is essential in the identification of 
anatomical structures and delineation of a tumor 
from intermuscular fat planes (Figs.  4.1b and 
4.3a), fat surrounding neurovascular structures, 

subcutaneous fat, and fatty bone marrow. Since 
identification of anatomical fat planes is essen-
tial for surgical planning, nonfat-suppressed 
T1-WI in the axial plane is mandatory.

a b

Fig. 4.2  (a, b) Myxoid round cell liposarcoma in the 
upper arm. (a) Axial unenhanced SE T1-weighted image. 
Large tumor in the lateral head of the triceps muscle, 
isointense to muscle, resulting in poor tumor-to-muscle 
but high tumor-to-fat contrast. In the posterior half of the 
lesion, a small hyperintense area is visible, consistent with 

fat or another short-T1 tissue. (b) Axial unenhanced fat-
suppressed SE T1-weighted image. Fat suppression 
clearly decreases the signal intensity of the small area, 
consistent with fatty tissue, raising the suspicion of a pos-
sible liposarcoma

a b

Fig. 4.3  (a, b) B-cell non-Hodgkin lymphoma of the left 
buttock. (a) Axial unenhanced SE T1-weighted image. 
Large mass in the left gluteus maximus muscle, slightly 
hyperintense to muscle. Due to high muscle-to-fat con-
trast, a fat plane is clearly visible anterior to the mass. In 
the lateral part, a small hyperintense area is visible, con-
sistent with fat or another short-T1 tissue. (b) Axial unen-
hanced fat-suppressed SE T1-weighted image. Due to the 

rescaling effect, the subtle hyperintensity of the mass 
compared with the surrounding muscle is magnified, 
hence becoming more obvious. Fat suppression doesn’t 
decrease the signal intensity of the small lateral area, and 
rescaling even increases its signal intensity. Hence, it is 
unlikely that we are dealing with a liposarcoma. Notice fat 
suppression results in obscuring of anatomical fat planes
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Because of the low tumor-to-muscle contrast, 
T1-WI in another than the axial plane usually is 
not useful. For fatty tumors, with excellent tumor-
to-muscle contrast, additional T1-WI in a longi-
tudinal plane might be helpful for local staging.

Tissue Characteristics  Tissue characterization 
is based on several imaging parameters, some of 
them related to the signal intensity on T1-WI [4]. 
Unenhanced T1-WI also is essential as a baseline 
for contrast-enhanced studies.

a b

c

Fig. 4.4  (a–c) Malignant peripheral nerve sheath tumor in 
the distal vastus medialis muscle of the thigh. (a) Axial 
unenhanced SE T1-weighted image. The signal intensity 
of the mass is heterogeneous, grossly isointense to muscle 
with some slightly hyperintense areas. (b) Axial unen-
hanced fat-suppressed SE T1-weighted image. Fat sup-
pression results in magnification of the signal heterogeneity, 
increasing the conspicuity of a small hyperintense area in 
the medial half of the lesion. (c) Axial Gd-enhanced fat-
suppressed SE T1-weighted image. After Gd administra-
tion two rims of enhancement are visible, one surrounding 
the lesion and another surrounding a hypointense area in 

the medial half of the lesion. Since Gd-enhanced blood 
vessels now are the most hyperintense structures, rescaling 
occurs resulting in downscaling of the slightly hyperin-
tense area in the medial half of the lesion. Due to the same 
rescaling, assessment of Gd uptake in the lateral half and 
posterior part of the lesion is difficult. Most likely the 
uptake is slight. This would be even more difficult if pre-
contrast fat-suppressed images weren’t available and 
assessment was based on comparison of a with c. In this 
case subtraction images, subtracting sequence b from c, 
and/or nonfat-suppressed Gd-enhanced T1-WI would have 
been of great value

4  Magnetic Resonance Imaging: Basic Concepts
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4.3.2	 �Fat-Suppressed T1-Weighted 
Imaging (FS T1-WI)

Extra information can be derived from the addi-
tion of a fat-suppression technique to a 
T1-weighted sequence. Chemical shift-based, 
also known as frequency selective, fat suppres-
sion should be used in these cases.

Local Staging  Suppression of the high signal 
intensity of fat results in loss of tumor-to-fat con-
trast, obscuring fat planes, which is a major dis-
advantage in planning of surgery (Figs. 4.2b and 
4.3b). For this reason FS T1-WI should never be 
performed without its non-FS equivalent.

Tissue Characteristics  The added value of FS 
T1-WI for tissue characterization is threefold : a 
more efficient use of the dynamic range for dis-
play of tissue contrast, differentiation between fat 

and other short-T1 tissues, and a baseline for 
comparison with FS contrast-enhanced T1-WI.

Suppression of the high signal intensity of fat 
induces a rescaling, a redistribution of gray lev-
els, leading to a more efficient use of the dynamic 
range for display of tissue contrast [12]. Minor 
differences in signal intensity between tissues on 
non-FS T1-WI get magnified, and signal inho-
mogeneity, an important parameter in character-
ization, is better evaluated [10] (Figs. 4.3a, b and 
4.4a, b)

A signal hyperintense to muscle is considered 
to be hyperintense on T1-WI. Hyperintense sub-
stances on T1-WI include fat, methemoglobin, 
melanin, and proteinaceous fluid [30]. Chemical 
shift-based FS selectively decreases the signal 
intensity of fat, while other hyperintense tissues 
remain hyperintense [18, 22] (Figs. 4.2, 4.3, and 
4.5b). FS T1-WI is useful if a lesion shows high 

a b c d

Fig. 4.5  (a–d) Necrotic, hemorrhagic high-grade pleio-
morphic sarcoma of the posterior thigh compartment. (a) 
Sagittal unenhanced T1-weighted image. The large mass 
lesion is showing an inhomogeneous high signal intensity, 
possibly of lipomatous origin. (b) Sagittal fat-suppressed-
unenhanced T1-weighted image. Persistence of the high 
signal intensity despite fat suppression is inconsistent 
with the hypothesis of a fatty tumor and in favor of the 
presence of methemoglobin in a large hematoma or hem-
orrhagic tumor. (c) Sagittal fat-suppressed Gd-enhanced 
T1-weighted image. Differentiation between hematoma 
and hemorrhagic tumor needs administration of gadolin-

ium (Gd) contrast. Unfortunately, because of the presence 
of intralesional methemoglobin, the conspicuity of Gd 
enhancement doesn’t benefit from the fat-suppression 
technique. Based on this sequence, it is virtually impossi-
ble to differentiate enhancement from methemoglobin. 
(d) Sagittal subtraction image (b subtracted from c). 
Subtraction of pre- from post-Gd fat-suppressed 
T1-weighted images permits to isolate the areas of Gd 
enhancement, showing a thin rim enhancement and only 
some small foci of mural enhancement in the upper poste-
rior part of the lesion
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signal intensity on the T1-WI [24, 30], e.g., to dif-
ferentiate fatty tissue from a recent hematoma. It is 
important to perform the sequence with frequency-
selective FS. Inversion-recovery FS is nonspecific 
and can cause loss of signal of not only fat but also 
of other short-T1 substances [30].

As explained in the contrast-enhanced section, 
it is essential to ensure that a precontrast fat-
suppressed sequence is available for comparison 
if the postcontrast image is intended to be a fat-
saturated T1-WI [12]. When time constraints are 
an issue, performing FS T1-WI frequently is not 
useful when the lesion is isointense or hypoin-
tense to muscle on T1-WI.

4.3.3	 �Fluid-Sensitive Sequences

Local Staging  Fluid-sensitive sequences are 
important for the detection of a tumor and the 
differentiation of a hyperintense tumor and its 
surrounding edema from the hypointense sur-

rounding muscles (Fig.  4.6b). The reactive 
edema around a tumor often contains satel-
lite tumor micronodules and is considered as 
an integral part of the lesion and therefore is 
removed en bloc with the tumor [14, 17, 21, 
23]. The conspicuity of this peritumoral edema 
should be as high as possible. The conspicu-
ity with a classic double-echo T2-weighted 
sequence is acceptable. Its main disadvantage 
remains the relatively long acquisition times 
[19], which can be overcome by the use of a 
FSE T2-weighted sequence. However, since fat 
appears bright on FSE sequences [2, 13], with 
subsequent decrease of conspicuity of tumors or 
edema juxtaposed to fat [19], FSE T2-weighted 
sequences without fat suppression should not 
be used in tumor imaging (Fig. 4.6a). For maxi-
mal conspicuity of a tumor and its surrounding 
edema against the background of muscle and 
fat, a fat-suppressed fluid-sensitive sequence 
should be used. Usually a chemical shift-
based fat-suppression technique is chosen. Its 

a b

Fig. 4.6  (a, b) Synovial sarcoma of the proximal thigh. 
(a) Coronal FSE T2-weighted image. A mass consisting 
of several intermediate to hypointense nodulus and a 
strongly hyperintense medial area is shown. No clear per-
ilesional edema is visible, although this assessment is dif-
ficult due to the artificially high signal intensity of fat, 
typical for this FSE T2-weighted sequence. (b) Coronal 
STIR sequence. Signal intensity of the mass is compara-

ble with the previous sequence. However, due to the 
decreased signal intensity of fat by this inversion recovery 
type of fat suppression, resulting in a high fluid-to-fat con-
trast, a reactive zone of perilesional edema at the distal 
pole of the lesion becomes unequivocally visible. This 
case illustrates the ineffectiveness of FSE T2-WI for local 
staging purpose
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acquisition time is shorter with a higher signal-
to-noise ratio compared to STIR imaging [8]. 
A disadvantage is its susceptibility to magnetic 
field inhomogeneities. STIR provides more uni-
form fat suppression but results in longer scan 
times or lower signal-to-noise ratio [3].

Tissue Characteristics  Spin-echo T2-WI is 
essential for tumor characterization [4]. Since fat 
appears artificially bright on FSE sequences, FSE 
T2-WI without fat suppression should not be 
used in tumor characterization [2, 13]. It is impor-
tant to realize that the signal intensity of a mass 
can appear quite different on a FS T2-WI, as 
compared with the corresponding non-FS T2-WI 
because of the rescaling effect. FS sequences 
alone cannot be used to reliably describe the sig-
nal characteristics of a mass [30].

As with T1-WI chemical shift-based FS 
T2-WI can be used to confirm the presence of 

fat in a lesion. In addition it also increases the 
conspicuity of non-lipomatous components in 
lipomatous tumors, the latter helping in distin-
guishing lipoma from well-differentiated lipo-
sarcoma [9].

Since its fat suppression is nonspecific, STIR 
imaging should not be used for tissue character-
ization. Nonfatty tissues can be suppressed along 
with fat, and fatty tissues may not be fully sup-
pressed. Knowledge of this pitfall is necessary 
for correct image interpretation [1].

4.3.4	 �T2* Gradient Echo Imaging

Tissue Characteristics  In some selected appli-
cations, a T2*-weighted gradient echo sequence 
can be very useful. In the absence of gas or cal-
cifications on radiographs and computed tomog-
raphy, a marked signal loss on GRE sequences 
is almost pathognomonic for hemosiderin 

a b

Fig. 4.7  (a, b) Giant cell tumor of tendon sheath of the 
foot. (a) Axial unenhanced SE T1-weighted image. 
Unsharply demarcated mass along the tibialis posterior 
insertion, deep to the abductor hallucis muscle, causing an 
erosion at the medioplantar side of the navicular bone. 
The lesion shows a heterogeneous signal intensity with 
strongly hypointense areas, consistent with possible col-

lagen content, calcifications, or hemosiderin. (b) Axial 
T2*-weighted gradient echo image. On this gradient echo 
sequence, the whole lesion shows a profound signal loss, 
the so-called blooming effect, highly suggestive of the 
presence of hemosiderin, consistent with giant cell tumor 
of tendon sheath (extra-articular type of PVNS)
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(Fig. 4.7) [11]. When present in sufficient quan-
tities, hemosiderin can appear more prominent, 
the so-called blooming, and therefore useful 
in the diagnosis of hemangiomas, PVNS, and 
mature hematomas [16].

4.4	 �Contrast-Enhanced MRI

Routine IV Gd administration is not a require-
ment and unnecessary when the result wouldn’t 
influence patient care. Characterization and 
delineation of, e.g., lipomas and some subtypes 
of vascular malformations are easily performed 
on unenhanced sequences. However, contrast 
administration is certainly helpful in staging, 
characterization, and clinical management of 
most of the soft tissue tumors. Generally contrast 
is administered in a nondynamic fashion: after 
contrast injection a relatively longer acquisition 
of a high spatial resolution is obtained.

Local Staging  Enhanced T1-WI improves the 
delineation of a tumor (Figs.  4.1b, c and 4.5), 
helping to highlight tissue planes to aid in assess-
ing the degree of invasion into surrounding struc-
tures [15].

Tissue Characteristics  Enhanced T1-WI 
improves the evaluation of the internal structure 
of a tumor (Figs. 4.1b, c and 4.5). It demonstrates 
the relative vascularity of a tumor and helps to 
differentiate well-perfused, viable tumor from 
tumor necrosis, intratumoral hemorrhage from 
hematoma, cysts from solid tumors (Fig.  4.1), 
and cystic parts from myxoid parts. Contrast-
enhanced MR is essential for the decision 
whether or not to perform a biopsy and planning 
of the biopsy site. Since every additional proce-
dure increases the risk of inadvertent tumor cell 
contamination, the selection of the biopsy site 
should be well considered. A biopsy containing 
well-vascularized viable tumor will be of greater 
value than a nondiagnostic specimen with hem-
orrhage, edema, or necrotic tissue. If only static 
enhanced MRI is used, the area showing the 
most intense enhancement should be selected as 
biopsy site [26] (Fig. 4.1c).

4.4.1	 �Contrast-Enhanced 
T1-Weighted Imaging

Local Staging  On T1-WI tumor-to-muscle con-
trast usually increases markedly after contrast 
administration (Fig. 4.1b, c). Although there is no 
improvement of this tumor-to-muscle contrast 
when compared with fluid-sensitive sequences 
[6, 28], the static enhanced T1-weighted sequence 
without fat suppression is very useful. As an 
“almost-all-in-one sequence,” it has the anatomi-
cal detail, fat planes inclusive, typical of T1-WI, 
a tumor-to-muscle contrast equal to that of fluid-
sensitive sequences, and it provides useful infor-
mation on tumor content due to the Gd 
administration (Fig.  4.1c). Most surgeons use 
these images for planning their interventions. A 
disadvantage of enhanced T1-WI is a decreased 
tumor-to-fat contrast (Fig. 4.8).

Tissue Characteristics  As already mentioned, 
this sequence provides useful information on 
tumor content.

4.4.2	 �Fat-Suppressed Contrast-
Enhanced T1-Weighted 
Imaging

Chemical shift-based fat suppression may be 
applied on contrast-enhanced T1-WI.  STIR 
sequences should not be used since not only fat 
but also enhancing tissue will be shown with a 
reduced signal intensity [1].

Local Staging  Enhanced T1-WI decreases or 
even obscures the tumor-to-fat contrast. Applying 
fat suppression to postcontrast T1-WI restores 
the optimal tumor-to-fat contrast (Fig. 4.8). Since 
FS Gd-enhanced T1-WI shows areas of contrast 
enhancement with a greater conspicuity com-
pared with T1-WI without fat suppression, subse-
quently resulting in images which are easier to 
interpret, the use of this sequence became very 
popular. However, since fat suppression results in 
obscured fat planes, which is a major disadvantage 
in planning of surgery, this sequence should 
never be acquired without its non-FS equivalent. 
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For local staging purpose, it is only recommended 
when tumor abuts or infiltrates adjacent fat.

Tissue Characteristics  The assessment of 
Gd uptake usually occurs by comparison of 
non-FS precontrast T1-WI with postcontrast 
T1-WI. With these images detection of Gd uptake 
can be difficult when differences are subtle in 
case of minor Gd uptake, or when on precontrast 
images the lesion already shows hyperintense 
areas (Fig. 4.5).

Conspicuity of Gd uptake increases with the 
use of FS T1-WI. Suppression of the high signal 
intensity of fat induces a rescaling, magnifying 
minor differences in signal intensity between tis-
sues due to subtle Gd uptake. This rescaling 
effect is responsible for an apparently obvious 
Gd enhancement of tissue that only shows mini-
mal enhancement on non-FS T1-WI [10, 12].

When on precontrast images, the lesion shows 
hyperintense areas, the assessment of Gd uptake 
will only benefit from fat suppression when 
hyperintensity is due to fat, resulting in 
suppression of the hypersignal with subsequently 

increased conspicuity of enhancement along or 
within these fatty areas. When the precontrast 
hyperintensity is of nonfatty origin, fat suppres-
sion doesn’t decrease the signal, enhancement 
conspicuity might not increase, and areas that are 
slightly hyperintense might be rescaled moder-
ately to strongly hyperintense.

One should be aware of the risk of misinter-
pretation when Gd uptake is evaluated by com-
parison of FS-enhanced T1-WI with non-FS 
precontrast T1-WI since a high signal intensity 
of a lesion on FS-enhanced T1-WI can be the 
consequence of two variables that have been 
changed [12]. The change of one variable by 
applying fat suppression to precontrast T1-WI 
causes a rescaling effect, leading to an 
increased signal intensity of tissues, especially 
those which are hyperintense to muscle on 
non-FS images. Differences in signal intensity 
between T1-WI and FS T1-WI are the result of 
fat suppression and rescaling (Figs.  4.2, 4.3, 
and 4.4).

IV administration of Gd changes another vari-
able. Differences in signal intensity between 
pre- and postcontrast T1-WI, or between pre- and 

a b

c

Fig. 4.8  (a–c) Hibernoma of the left groin. (a) Axial 
unenhanced SE T1-weighted image. Mass between the 
femoral neurovascular bundle and the pectineus muscle, 
hyperintense to muscle, and hypointense to fat, resulting 
in an excellent tumor-to-fat contrast. (b) Axial 
Gd-enhanced SE T1-weighted image. The strong Gd 

uptake by the lesion causes a complete loss of tumor-to-
fat contrast. (c) Axial fat-suppressed Gd-enhanced SE 
T1-weighted image. Due to suppression of the high signal 
intensity of fat, the excellent tumor-to-fat contrast is 
restored, allowing the exclusion of infiltration of the mass 
into the surrounding fat
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postcontrast FS T1-WI, are the result of Gd 
uptake in vascularized tissues (Figs. 4.1, 4.4, and 
4.8). The change of two variables simultaneously 
by comparison of precontrast T1-WI with post-
contrast FS T1-WI might hamper interpretation 
since differences in signal intensity can be the 
result of fat suppression, rescaling, or Gd uptake. 
The rescaling effect might be responsible for 
apparently obvious Gd enhancement of tissue 
that only shows minimal enhancement on non-FS 
T1-WI [10, 12], or even apparently slight or mod-
erate enhancement of tissue which is non-
enhancing on non-FS T1-WI (Fig. 4.4).

Gd administration might cause a downscaling 
effect on FS T1-WI. Hyperintense areas may lose 
signal intensity when they are not or only mini-
mally enhancing due to rescaling induced by 
strongly Gd-enhancing tissue (Fig. 4.4). In these 
cases interpretation might be more difficult. 
Availability of non-FS pre- and postcontrast 
T1-WI, or the use of subtraction images, might 
facilitate interpretation.

As a consequence, reliable interpretation of FS 
Gd-enhanced T1-WI is only possible if also unen-
hanced FS T1-WI and enhanced non-FS T1-WI 
are obtained, resulting in longer examination 
times. However, the use of FS-enhanced T1-WI 
certainly is not a routine requirement [12].

4.4.3	 �Subtraction Images

With subtraction imaging, an unenhanced T1-WI 
sequence is digitally subtracted from the identical 
Gd-enhanced sequence by means of a postpro-
cessing tool. The exact similarity in all imaging 
parameters between both sequences to be sub-
tracted is required. Any gray scale value other than 
signal void on subtraction images is consistent 
with Gd enhancement. To obtain useful subtrac-
tion images, the patient should not change position 
during the examination, and IV access should be 
acquired before the start of the examination.

Tissue Characteristics  Subtraction images are 
especially useful in lesions showing hyperintense 
signal on precontrast T1-WI due to nonfatty con-
tent (methemoglobin, melanin, or proteinaceous 
fluid). Determination of the presence or absence 

of enhancement in these lesions might be critical, 
and visual assessment of enhancement is difficult 
or even impossible [5]. The subtraction technique 
can adequately determine Gd enhancement on a 
background of hyperintense signal, which is 
extremely important in differentiation between a 
subacute hematoma and a hemorrhagic tumor 
(Fig.  4.5). When time constraints are a matter, 
enhancement conspicuity can also be obtained by 
the use of image subtraction.

4.4.4	 �Static Versus Dynamic 
Enhanced MRI

Static Gd-enhanced MRI is performed in the 
equilibrium state when the Gd concentration in 
the interstitium equals that of plasma. Dynamic 
Gd-enhanced MRI provides physiologic infor-
mation, such as tissue perfusion and vasculariza-
tion, capillary permeability, and the volume of 
the interstitial space, which is not available on 
static Gd-enhanced MRI (see Chap. 5) [27, 29].

Local Staging  Reliable differentiation between 
tumor and peritumoral edema cannot be made by 
means of T2-WI nor by static enhanced 
T1-WI. Dynamic enhanced MR studies can con-
tribute to the differentiation of tumor from edema, 
because edema shows a much more gradual 
increase in signal intensity than the tumor tissue.

Tissue Characteristics  Static enhanced MRI 
has a limited value in the characterization of soft 
tissue tumors and the differentiation of benign 
from malignant lesions. Dynamic enhanced stud-
ies improve differentiation between highly vas-
cularized, less well-vascularized, and necrotic 
tumor areas, which further narrows down the dif-
ferential diagnosis, helps to increase the suspi-
cion of malignant lesions [25], and is important 
in the selection of the highest vascularized, 
highest-grade part of the tumor for the biopsy site 
[20, 26].

Since dynamic enhanced sequences are obtained 
with lower spatial resolution, these should be fol-
lowed by a delayed static enhanced study, which 
produces higher spatial resolution [7].
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