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Dynamic contrast-enhanced MRI
with subtraction of aggressive soft tissue tumors

after resection

Abstract Objective. To report the
application of dynamic contrast-en-
hanced subtraction MRI for detecting
recurrences in aggressive or malig-
nant soft tissue tumors.

Design. The imaging studies consist-
ed of static (T1- and T2-weighted
spin-echo) acquisitions, followed by
dynamic conventional spin-echo
short TR/TE images (at 45 s, 1 min
30 s and 5 min) after a bolus of in-
travenous contrast medium. Contrast
images were subtracted from the
precontrast scan on the console.
Patients. Ninety-eight patients were
studied who had had aggressive or
malignant soft tissue tumors treated
by surgery, and were followed up to
assess recurrences.

Results. Subtraction MRI character-
ized recurrences better than routine
sequences in 10 patients (1 lesion
was seen only with this technique,

6 were better delineated, and 3 in-

flammatory pseudotumors were
identified), and less well in 4 cases.
Conclusion. As the number of levels
studied on dynamic images is limited,
and all but one recurrence were de-
tected on T2-weighted images, it re-
mains logical to start the examination
with T2-weighted spin-echo images,
and to use the dynamic study only if
contrast injection is required.
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Introduction

Local recurrences of malignant or aggressive soft tissue
tumors are frequent (50-100% of cases) [1], and multiple
surgical procedures, chemotherapy, and radiation therapy
make their detection difficult. MRI, using T2-weighted
images and standard contrast-enhanced T1-weighted im-
ages, has been the most widely used method for distin-
guishing recurrent tumor from diffuse postradiation
changes, nonenhancing postoperative fibrosis, and post-
operative fluid collections [2]. These sequences cannot al-
ways differentiate the post-treatment inflammatory mass
from recurrent tumor. In other tumors such as those of

bone [3] or breast [4], dynamic contrast-enhanced MR
studies have proven helpful for distinguishing these mass-
es by showing two separate vascular phases: an early tu-
moral phase and a later inflammatory phase. This study
reports the application of dynamic contrast-enhanced
MR technique with subtraction for detecting recurrences
in aggressive or malignant soft tissue tumors.

Materials and methods

One hundred consecutive adult patients who had previously been
treated for malignant or aggressive soft tissue tumors and were rou-
tinely sent for MRI (Table 1), were entered into the study within 18
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Table 1 Histology of the lesions studied

Liposarcoma 25
Malignant fibrous histiocytoma 18
Synovial sarcoma 11
Aggressive fibromatosis 11
Neurofibrosarcoma 10
Leiomyosarcoma 6
Fibrosarcoma 5
Soft tissue Ewing sarcoma 2
Soft tissue chondrosarcoma 1
Clear cell carcinoma 1
Lymphoma 1
Rhabdomyosarcoma 1
High-grade sarcoma (unclassified) 6
Total 98

months. Aggressive fibromatosis behaves locally as a malignant tu-
mor, and raises the same local problems, and has therefore been in-
cluded in the study. There were 55 women and 45 men. The mean
age was 46 years (range 18-81 years). All patients had had previ-
ous surgery, and 62 had had radiation therapy. There were 62 tu-
mors of the lower extremities, 12 of the upper extremities, 15 of
the trunk, six of the pelvis, and three of the neck. Ninety-eight ex-
aminations, performed on a 1.5 T unit (Signa GE Milwaukee), were
analyzed. A surface coil was used where possible, including all ex-
aminations of the extremities, the back and the neck, but not the
studies of the proximal thighs or pelvis. Pregnant patients, those
who were breast-feeding, or participating in another clinical trial,
and those who had previously participated in this study were ex-
cluded. Written informed consent was obtained. The study had
the approval of our ethics committee. Two patients were excluded
after having given informed consent: one was too wide for the unit,
and one had a benign lesion at final histological examination (fi-
broelastoma).

The examinations were conducted as follows. First, an intrave-
nous line was established before the beginning of the examination.
Pre-contrast static sequences included axial T1-weighted (TR/TE:
500-700/10-20) and T2- weighted (TR/TE: 2000-2500/100) spin-
echo acquisitions. Then seven to nine levels were chosen from the
T2-weighted images, where lesions were best visualized. They were
studied on rapid acquisition conventional spin echo T1-weighted se-
quences (matrix 128x256, 1 acquisition, TR/TE: 300/17 for an ac-
quisition time of 45 s). The sequences were performed before injec-
tion, then following a bolus injection of gadodiamide, a nonionic ga-
dolinium chelate (Omniscan, Nycomed, Oslo, Norway), at a dosage
of 0.1 mmol/kg. The sequences with contrast medium were started at
the same time as the 20 s bolus was initiated and acquired in 45 s,
then at 1.5 min (early images) and 5 min (late images) [2—4]. The
initial T1-weighted sequence was repeated at 10 min (late images).
Postcontrast images were subtracted from the precontrast scan by
using the subtraction function on the console.

The following MRI criteria were applied for diagnosis: (a) on
standard sequences, a mass-like high signal on T2-weighted se-
quence; (b) enhancement on standard contrast-enhanced T1-weight-
ed sequence; (c) a mass enhancing during the early vascular images
on gadolinium-enhanced subtraction images. The criteria for no re-
currence were as follows: (a) on standard sequences, no high signal
or a non-mass-like high signal on T2-weighted sequences; (b) on
standard postcontrast T1-weighted images, no enhancement or en-
hancement without a definite mass; (c) on gadolinium-enhanced dy-
namic subtraction images, no or late enhancement. The MR studies
were read by two senior radiologists individually with consensus di-
agnosis if there was disagreement.

Twenty-one patients underwent surgery within 2 weeks, because
of a clinically or radiologically suspected recurrence, and no dissem-
inated disease. The others were followed for at least 2 years.

Results

Of the 21 patients who underwent surgery within 2
weeks after the MR examination, 19 had a recurrence
and two did not have a tumor (MRI was considered neg-
ative, but a mass was palpated by the surgeon). One re-
currence was operated on 2 months later. Five patients
with positive MR findings but a nonoperable lesion (ei-
ther nonremovable or associated with metastases) under-
went chemotherapy first. No surgery was possible in the
follow-up period. There were thus 24 patients with a re-
currence.

On T2-weighted images, 29 patients had a high signal
intensity mass. Twenty-three of the 24 tumors were de-
tected, with one false negative (Fig. 1) and six false pos-
itives, which included one granuloma, three inflammatory
masses and two hygromas.

On conventional postcontrast T1-weighted spin-echo
images 25 masses took up contrast medium, including
the three false positive studies due to inflammatory mass-
es (Fig. 2).

On the dynamic subtracted images 22 masses took up
contrast medium early, including one false positive,
which was a probable 5 mm large granuloma. As the le-
sion was small, and the scar thick, surgery was considered
difficult. (The mass disappeared spontaneously on MRI
examinations at 3 and 6 months.) There were three false
negative examinations. A 2 cm large, poorly vascularized
recurrent neurofibrosarcoma was easily visible on T2-
weighted images but did not take up contrast medium ear-
ly (Fig. 3). Close follow-up was decided on, and 2 months
later, at the control MR examination, the mass had in-
creased in diameter by 10% and early contrast uptake
was noted. Surgery confirmed the recurrence. The incor-
rect level was chosen from the T2-weighted images in a
patient with an aggressive fibromatosis, who had had
multiple surgery and a 100 cm long scar. A very small fo-
cus (3 mm large) of high signal inside the scar was visible
but ignored, and the dynamic study was done at another
level (Fig. 4). Six months later, an obvious recurrence
was detected at that level. Respiratory motion artifact
made a large recurrence of a liposarcoma, which was ob-
vious on static images, impossible to detect on the poor-
quality subtraction image (Fig. 5).

Subtraction MRI provided more information than rou-
tine sequences in 10 patients. One lesion was seen only
with this technique (Fig. 1). Six lesions were better delin-
eated from the associated inflammatory changes. Three
inflammatory pseudotumors were correctly identified, be-
cause of their late vascular uptake (Fig. 2). No surgery
was performed, and the masses were stable on 2-year fol-
low-up.

During the follow-up of the cases considered negative
on MR images, two recurrences appeared 2 months after
the MR examination. Even retrospectively no lesion was
identified on any sequence. Both recurrences grew very
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rapidly, with clinical changes visible daily, and surgery
confirmed the recurrences.

Discussion

Our MR protocol used very simple spin-echo sequences,
which are available on all units. More sophistication can

Fig.1 A Clinically obvious multiple cutaneous recurrences of a li-
posarcoma in an 81-year-old woman 2 years after surgery and radi-
ation therapy. MRI was performed to rule out deep lesions. The tu-
mors are not visible on A T1-weighted (TR/TE: 700/12) or B T2-
weighted (TR/TE: 2500/100) axial images. On subtraction gadolin-
ium-enhanced images (C, TR/TE: 300/17), two lesions are visible
(arrows)

Fig. 2A, B Inflammatory pseudotumor in a 59-year-old woman
studied 4 years after surgery and radiation therapy. A A poorly de-
fined high signal mass is visible on T2-weighted images (TR/TE:
2500/100). B The mass is not visible on subtraction 45 s after injec-
tion. It took up contrast medium late. There was no recurrence 2
years later

of course be used. Fat suppression, combined with T2-
weighted or fast T2-weighted spin-echo sequences im-
proves the conspicuity of the lesions. It was not used in
our study as it was not initially available and we did
not want to change the protocol. It has some limitations:
a limited number of levels can be studied and a very ho-
mogeneous field is required [5-8]. Fat presaturation can
be used after contrast injection, instead of subtraction.
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Fig. 3A-C Systematic follow-up of a neurofibrosarcoma of the foot
in a 58-year-old woman studied 10 months after surgery. A A mass
is visible on T2-weighted images (arrow) (2000/100). B The mass
has a low signal on T1-weighted images (500/11) and did not en-
hance early. C The mass takes up contrast medium late (TR/TE:
300/17, 5 min delay). Surgery was not performed immediately.
Two months later the tumor had increased a little in size, and early
enhancement had appeared. Surgery revealed a poorly vascularized
tumor.

Fig.4A, B A 24-year-old woman who had aggressive fibromatosis
and had undergone multiple operations. A On axial T2-weighted
(TR/TE: 2000/100) images there is a very limited high signal (ar-
row) in a low signal intensity scar. Dynamic images were made at
another level. B Six months later the recurrence is obvious, as a
high-intensity mass inside a low-intensity scar (TR/TE: 2000/100)

The results are the same, as only the locations with an up-
take of contrast medium have a high signal. A spoiled gra-
dient-echo fast sequence could improve the results, allow-
ing faster acquisitions at more levels.

In the follow-up of malignant and aggressive soft tis-
sue tumors, the configuration of the lesion and, more im-
portantly, its signal intensity are helpful for defining its
character. The T2-weighted sequence was the most useful

first step for evaluating a recurrent tumor [2, 9]. The ab-
sence of high signal intensity and the presence of low sig-
nal intensity implies an absence of recurrent tumor and
the presence of a post-operative scar [10-12]. There are,
however, two potential pitfalls. Firstly, isolated tumor
cells may be too small to be detected on MRI [9]. Second-
ly, some soft tissue tumors may be mistaken for benign
fibrous tissue because they contain a large quantity of col-
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Fig. 5SA-C Retroperitoneal liposarcoma in a 45-year-old woman,
studied 2 years after surgery. The fatty tumor is obvious (arrows)
on T1-weighted images (A axial and B coronal postcontrast: 500/
11). C The tumor was not visible on early subtraction images be-
cause of motion artifact. At operation a well differentiated tumor
was found

lagen and therefore show low signal intensity [13]. How-
ever, low signal intensity in recurrent fibrous tumors is
rare [2].

High signal intensity on T2-weighted images may be
found not only in recurrences but also in any tissue contain-
ing a high proportion of water, such as granulation tissue,
hygromas, hematomas, and radiation-induced inflammato-
ry changes [14]. The time it takes to return to low signal
intensity after treatment is very variable: cases with high
signal intensity were reported in the pelvis, yet no recur-
rence was present after 5 years [15]. The configuration of
the area of high signal intensity should also be considered
to obtain the correct diagnosis. In the radiation therapy por-
tals, a feather-like pattern of high signal intensity without a
mass in muscles dissecting along fascia planes usually in-
dicates inflammatory changes rather than recurrence.

Only a few patients exhibiting areas of high signal in-
tensity but without a mass subsequently develop a recur-
rence. Either the lesion may initially be too small or may
be overlooked because no definite mass effect is seen and
the lesion is isointense with inflammation.

When masses have a high signal intensity on T2-
weighted images, the addition of contrast medium to rou-
tine sequences allows differentiation of a nonenhancing
hematoma or hygroma from enhancing tumor or inflam-
mation. The extensively necrotic tumor that does not en-
hance because the few minute foci of residual tumor are
below the resolution of MRI is an exception [2]. Another
exception is the uncommon mucoid tumor that may en-
hance only in areas of active tumor with the mucoid tissue
remaining of low signal intensity. Although not yet re-
ported, a completely mucoid tumor could theoretically
be mistaken for a hygroma [16].

Standard contrast-enhanced MRI cannot, however,
separate a recurrent tumor from a rare inflammatory mass.
Different dynamic gadolinium-enhanced MR techniques
for studying musculoskeletal tumors have addressed this
issue. The region of interest (ROI) technique [17, 18] uses
a preselected part of the image and obtains curves to eval-
uate the uptake of contrast in the region after injection.
The limitations are that only the selected region is stud-
ied, an average of the whole ROI is obtained and results
seem not to be reproducible [19]. Factor analysis of med-
ical image sequences allows a pixel-by-pixel evaluation
of contrast uptake by the entire image but sophisticated
software is required and is not currently available on stan-
dard consoles [20]. First-pass images [21] demonstrate the
whole image on the slope of uptake of contrast media af-
ter the injection. The technique is simple to use but re-
quires software that is not currently available. Gadolini-
um-enhanced subtraction MRI, which we used in this
study, also allows differentiation between inflammation
and residual tumor. It is easy, fast, and available on every
unit. Active tumor increases its signal rapidly whereas in-
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flammatory changes enhance only after 3-9 min. Which-
ever dynamic sequence is chosen, tumor takes up contrast
medium within the 2 first min, probably because of abnor-
mal tumor vessels whereas in inflammatory changes the
uptake is after 2 min, mainly because of uptake by the
capillaries [22].

The main limitations of all dynamic sequences are
patient motion and technical factors. With patient mo-
tion, subtraction cannot be performed accurately, be-
cause of misregistration. Slow injection of contrast me-
dium could potentially be a limiting technical factor be-
cause the time parameters for the early and late vascular
phases would not be consistent. This was not a problem
in our study. Variable injection rates could be avoided

by using automatic machine injection of contrast medi-
um.

Conclusion

The MR evaluation of malignant or aggressive soft tissue
tumors in the post-treatment follow-up should begin with
a T2-weighted sequence. If there is no high signal inten-
sity, or widespread high signal intensity with no mass, the
examination is considered negative and is finished. If
there is a high signal intensity mass, dynamic subtracted
T1-weighted images should be obtained and are accurate
in differentiating tumor from inflammatory changes.
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