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Abstract

Soft tissue sarcomas are uncommon malignancies that have a high risk of local recurrence despite adequate
initial surgery. The aim of follow-up imaging with any malignancy is to detect recurrence promptly so that
treatment can be instigated at the earliest possible opportunity. In this review article, we discuss the
imaging modalities that can be employed to detect local recurrence following surgery for an extremity soft tissue
sarcoma. The role of radiographs, computed tomography, magnetic resonance imaging and positron emission
tomography is reviewed followed by a discussion on the imaging modalities useful in the detection of metastatic
disease. Finally, we present a robust pathway that is suggested for the follow-up of patients with an extremity

soft tissue sarcoma.

Keywords: Imaging; MR imaging; soft tissue tumours; recurrent sarcoma.

Introduction

Soft tissue sarcomas are rare tumours that account for
less than 1% of malignancy in adults!'~*. Local recur-
rence following surgery for a soft tissue sarcoma will
occur in between 5% and 35% of cases despite adequate
initial treatment®*~71. This typically occurs within
2 years of primary treatment'®!. The risk of developing
a local recurrence is dependent on a number of vari-
ables including the lesion size, location, histological
grade, adequacy of surgical resection and response to
adjuvant therapies. In general, histologically high grade
tumours have a higher risk of local recurrence and
metastatic disease when compared to low grade
tumours. If local recurrence occurs there is a higher
risk of the development of metastatic disease and sub-
sequent mortality from the tumour'”). There is, however,
no conclusive evidence that local recurrence in an
extremity soft tissue sarcoma predisposes the patient
to metastatic disease. It is rather that those tumours
which recur locally are usually of higher grade and
the biology of the tumour makes it more likely to lead
to metastatic disease.

The main aim of post-operative follow-up imaging of
soft tissue tumours is therefore to identify and character-
ize a clinically suspected recurrence. This will aid in both
surgical planning if a recurrence is found and guide
appropriate biopsy. Patient review and clinical examina-
tion is complimented by imaging using a number of mod-
alities including ultrasound, computed tomography (CT),
magnetic resonance (MR) imaging and positron emission
tomography (PET) scanning. It is important to be aware
of the imaging findings that may be observed in the
normal post-operative phase so that inappropriate
biopsy is not undertaken or unnecessary treatment insti-
gated for incorrectly diagnosed tumour recurrence.

The aim of this article is to review the imaging inter-
pretation of post-operative follow-up of soft tissue
tumours. We discuss the relative values of different ima-
ging modalities and the role they play in management.
We also suggest a practical and robust pathway for the
imaging follow-up of patients following surgery for a soft
tissue tumour. We focus on soft tissue tumours involving
the extremities. Those that originate within the abdomen,
thorax or retroperitoneum are outside the remit of this
article.
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Imaging techniques for local recurrence

Radiographs

Radiographs have a limited role in the follow-up of
recurrent soft tissue tumours. There are, however, a
number of situations where they may have value. First,
to identify the presence of matrix mineralization for
example, synovial sarcoma may demonstrate soft tissue
calcification in between 10 and 30% of cases'®l. Second,
heterotopic ossification may be identified which may
present as clinical recurrence. Finally, if the soft tissue
lesion has a deep location, any adjacent involvement of
bone may be visualized. In the post-operative phase,
however, it is normal to lose the normal soft tissue
planes and mass effect is a late radiographic sign.

Ultrasound

Ultrasound is readily available, cheap and rapid to per-
form and is an extremely useful modality in the monitor-
ing of recurrent superficial masses'®). Recurrent soft
tissue sarcomas typically appear as low reflectivity
nodules which are often round, oval or lobulated. Choi
and co-workers compared MR imaging and ultrasound in
the detection of local recurrence of soft tissue sarcoma
and found both techniques to be equally useful 10!,
Despite this, ultrasound has been underutilized in the
evaluation of soft tissue masses!''). Current high
resolution transducers provide excellent depiction of
soft tissues and can readily detect local recurrence.
Furthermore, ultrasound also allows image guided
fine needle aspiration or biopsy if a focal abnormality
is identified. Alexander and co-workers evaluated the use-
fulness of ultrasound in the identification and sampling
of recurrent malignancy. They were able to localize
recurrent disease and accurately target the recurrence
to obtain diagnostic material!'?!.

Ultrasound is particularly helpful when compared to
other imaging modalities in a number of circumstances.
Fluid can be readily identified on ultrasound and the
identification of posterior acoustic enhancement can be
a useful imaging sign in evaluating post-operative sero-
mas and may aid in the differentiation of cystic from
solid masses which can be challenging on occasion on
MR imaging[13 1 In addition, the degree of neovascularity
can be identified which can aid in the differentiation
of fluid from a solid mass!'*. Finally, in the presence
of metallic implants, ultrasound can provide improved
assessment of the adjacent soft tissues when artifacts
limit visualization. Previous workers have also found
ultrasound useful in the differentiation of nodal from
non-nodal soft tissue recurrence!'?!. The drawback of
ultrasound is that it is extremely difficult to review
serial examinations and is insufficient when planning sur-
gical re-excision of a recurrent sarcoma.

Computed tomography

The role of CT in imaging of extremity sarcoma is now
limited as MR imaging with its superior soft tissue
contrast allows better identification of recurrent
tumour. CT may be used if MR imaging is contraindi-
cated or the patient is unable to tolerate an MR exami-
nation. It is less accurate than MR imaging for small
recurrent lesions (less than 15 cm3)“5]. It is recom-
mended that when trying to identify recurrent masses
on CT, reporting should be performed from a worksta-
tion using narrow window levels in order that small
differences in attenuation values can be appreciated.
Post-contrast imaging may also aid in the differentiation
of tumour from adjacent soft tissues.

MR imaging

The inherent soft tissue contrast of MR imaging is ideally
suited to the evaluation of soft tissue masses. It is widely
accepted that MR imaging plays a vital role in the pre-
operative evaluation and staging of soft tissue tumours.
MR imaging also plays an important role in the post-
operative period. During follow-up, differentiation has
to be made between post-surgical soft tissue changes
and tumour recurrence and this may be problematic.
This is particularly true when the patient has undergone
chemotherapy and radiotherapy in addition to surgery.

When diagnosing tumour recurrence it is important to
identify a focal mass that is typically of high signal on
T2-weighted and short time inversion recovery (STIR)
sequences (Fig. 1)“6]. In the post-operative situation,
however, there are a number of entities which can dem-
onstrate increased signal intensity on T2-weighted
sequences which are not tumour recurrence. These
include seroma formation, fatty atrophy and post-irradia-
tion inflammatory change (Fig. 2)“7_19]. Fat-suppressed
T2-weighted images are more sensitive than conventional
T2-weighted fast spin echo images in the detection of
subtle fluid hyperintensity. A number of studies have
identified imaging characteristics that can aid in differen-
tiation of post-operative change and tumour recurrence.
Vanel and co-workers found that the presence of low
signal on T2-weighted sequences had 96% sensitivity for
exclusion of recurrent or residual tumour'!”!. However,
this signal characteristic is rarely identified in the
early post-operative period. Biondetti described the
‘muscle texture sign’ on T1-weighted sequences. Normal
muscle demonstrates a distinct imaging pattern where
muscle fibres are interspersed between fat and connective
tissue (Fig. 2). If an abnormal signal is identified in the
post-operative period on T2-weighted sequences, compar-
ison with a T1-weighted sequence obtained in an ortho-
gonal plane to the long axis of the muscle allows further
assessment. If this ‘muscle texture sign’ is preserved, it is
much less likely that the finding is secondary to tumour
recurrence'>").
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Figure 1 Recurrent soft tissue sarcoma in the biceps femoris muscle. Axial T2-weighted fast spin echo, T1-weighted pre-
and post-intravenous gadolinium and dynamic sequence showing regions of interest and a time/signal intensity curve. The
recurrence is revealed as hyperintense with mass effect on the T2-weighted image which enhances with gadolinium.
The time/signal intensity curve shows rapid uptake in the region of interest (ROI) positioned over the tumour.

Figure 2 Postradiotherapy changes. Axial T1-weighted
and T2-weighted fat suppressed fast spin echo images of
the thigh in a patient following excision of a soft tissue
sarcoma and post-operative radiotherapy. There is diffuse
oedema throughout the soft tissues within the radiation
field. Note the muscle texture sign on the T1-weighted
image and the absence of hyperintensity with mass effect.

The original signal characteristics of the tumour
need to be considered and pre-operative imaging should
be available when assessing for post-operative recurrence.
In the case of some myxoid tumours, their signal
characteristics can be difficult to differentiate from
fluid and care should be taken post-operatively in diag-
nosing a seroma. In this situation, gadolinium enhanced
imaging will show enhancement of the myxoid
tumour whereas seromas will not enhance or will show
minimal rim enhancement'?!22!. Similarly, if there are
areas of tumour mineralization or a predominantly
fibrous lesion this may show low signal intensity on T1-
and T2-weighted sequences so differentiating recurrent
tumour from scar tissue may be problematic.

Post-operative seromas occur in approximately
17—19% of patients following surgery for soft tissue sar-
coma and are more common in the lower extremity[23 241
The typical appearances are of a homogeneous, fairly
well-defined area of low to intermediate signal relative
to muscle on TI1- and high signal on T2-weighted

Figure 3 Post-operative seroma in a patient following
excision of a soft tissue sarcoma from the thigh.
Coronal T1-weighted, STIR and axial T1-weighted and
T2-weighted fat suppressed fast spin echo images showing
typical features with a homogeneous mass hypointense on
T1-weighted and hyperintense on the T2-weighted and
STIR images. There are florid post-radiotherapy changes
in the surrounding soft tissues.

sequences and rim enhancement on contrast enhanced
images (Figs. 3 and 4)[25 I, However, a spectrum of ima-
ging findings may be identified secondary to organizing
haematoma or granulation tissue. In the presence of
blood products, areas of high signal may be identified
on Tl-weighted sequences and the seroma may demon-
strate a heterogeneous signal on T2-weighted sequences
(Fig. 5a). In addition, a feathery appearance may be
identified on the inner margin of the seroma in approx-
imately 10% of cases (Fig. 5b). These atypical seromas
may occur in up to 25% of cases!?®. The seroma
may have a smooth or irregular border and may be
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Figure 4 Post-operative seroma. Axial STIR, T1-weighted spin echo and contrast enhanced T1-weighted images with
and without fat suppression. The STIR image shows a small focus of hyperintense signal with mass effect at the site of
previous excision of a soft tissue sarcoma deep to the fascia lata. The contrast enhanced images show minor rim
enhancement consistent with a small seroma best shown on the fat suppressed image.

LEFT THIGH

Figure 5 Post-operative seroma. Coronal T1-weighted and axial T2-weighted fat suppressed fast spin echo images.
The seroma appears hyperintense on the T1-weighted image due to methaemoglobin. The axial image shows a low signal
intensity rim due to haemosiderin deposition and a feathery internal pattern seen in approximately 10% of cases.

surrounded by mild soft tissue oedema!?®!. The border of
the seroma may demonstrate a low signal intensity
margin on T2-weighted sequences due to the deposition
of haemosiderin (Fig. 5b). The shape can be variable
including round, oval, or angular in nature in the trans-
verse plane and oval, elliptical or flame-shaped in the
longitudinal planem]. Typically, the longitudinal extent
of the seroma will exceed its transverse dimension
(Figs. 3 and 5a). Follow-up studies demonstrate that
these fluid collections may remain unchanged for consid-
erable periods of time, although resolution usually
occurs within 3—18 months!**!. Similarly, post-operative
haematomas may be identified in a subacute phase in the
weeks following surgery. An intermediate signal mass

with a high signal rim is demonstrated on T1-weighted
sequences due to the presence of extracellular methaemo-
globin (Fig. 6)!*21.

Post-radiation reactive changes demonstrate a high
signal on T2-weighted sequences but are not usually asso-
ciated with a mass lesion (Figs. 2 and 7). The oedema
may be demonstrated in the subcutaneous tissue or
tracking along the normal myofibrillar planes with a typ-
ical feathery pattern (Fig. 7). When this is identified,
comparison with the T1-weighted sequences should dem-
onstrate the ‘muscle texture sign’ to still be present.
There are wide variations in the length of time it takes
for this soft tissue oedema to resolve, however, it usually
peaks at between 6 and 18 months following treatment
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Figure 6 Axial T1-weighted image 5 weeks after excision
of a sarcoma from the anterior thigh. Typical appearances
of a subacute haematoma. The hyperintensity is due to the
paramagnetic effect of methaemoglobin.

and persists for between 2 and 4 years. The oedema tends
to persist for longer around the intramuscular septa than
in the fat or muscle itself and is more prominent for
patients treated with neutron radiation than photon radi-
ation. STIR sequences will identify this imaging finding
for longer periods that T2-weighted sequences. Following
radiation therapy, the thickness of the subcutaneous fat
increases whereas the muscle size tends to decrease'®’.
Post-operative fibrosis typically demonstrates low signal
intensity on both T1- and T2-weighted sequences (similar
to muscle) and shows little or no enhancement with
gadolinium (Fig. 8)[28].

If amputation is required for the treatment of soft
tissue sarcoma, follow-up imaging of the amputation
stump may be required. MR imaging is ideally suited
for this purpose and can readily identify complications
and recurrence in an amputation stump. In the post-oper-
ative period, it is important to be aware of the wide vari-
ety of problems that may be encountered other than
tumour recurrence including local bursitis, cellulitis,
osteomyelitis, neuroma formation, haematoma or hetero-
topic ossification!?!.

The use of myocutaneous flaps for complex reconstruc-
tive surgery is increasing and these are often encountered
when reporting follow-up studies for excised sarcomas.
The MR signal characteristics are initially of increased
signal on T2-weighted sequences with some contrast
enhancement following gadolinium administration.
Subsequently, there is often atrophic change in the flap
itself and a relatively high signal on Tl-weighted
sequences (Fig. 9)[30]. If unaware of the nature of the
surgery the oedematous muscle flap can appear as a
hyperintense mass on T2-weighted images mimicking
tumour recurrence (Fig. 9).
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Figure 7 Postradiotherapy change. Coronal STIR and
axial T2-weighted fat suppressed images showing diffuse
oedema affecting the medial aspect of the distal thigh
corresponding exactly with the radiation field. Note that
although there is a hyperintense signal it does not have
true mass effect.

Dynamic gadolinium enhanced MR imaging can help
in differentiation of recurrent tumour from an inflamma-
tory pseudotumour (Fig. 1)[31]. This latter entity is
unusual and demonstrates later enhancement, at approx-
imately 2 min following a gadolinium bolus (Fig. 10).
Recurrent tumour will tend to enhance at an earlier
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Figure 8§ Post-operative scar tissue. Axial STIR and T1-weighted images pre- and post-gadolinium. There is a small
irregular mass at the site of previous surgery over the posterior aspect of the proximal femur but it is hypointense on the
STIR image and does not show significant enhancement with gadolinium.

Figure 9 Coronal T1-weighted and T2-weighted fat suppressed images pre- and post-surgery. The initial images show an
infiltrative soft tissue sarcoma arising in the subcutaneous tissues over the sole of the foot. The post-operative
images show an irregular mass lesion at the site of the excised tumour with fatty atrophy on the T1- and oedema on
the T2-weighted images. This mass is due to a muscle flap and not recurrent sarcoma.

stage, usually within a few seconds'”!. A number of

other imaging characteristics of malignant tissue have
been described including a rapid initial enhancement
curve and non-peripheral enhancement. The sensitivity
of this technique has been reported as 87% with a posi-
tive predictive value of 70%32,

Diffusion weighted MR imaging has also been
evaluated in the detection of tumour recurrence and

post-treatment soft tissue changes!**!. This technique

enables the quantification of water molecule motion in
terms of signal loss. Malignant lesions are often highly
cellular and tend to inhibit diffusion, therefore benign
lesions tend to show low signal versus malignant lesions
demonstrating high signal. Baur and co-workers suggest
that this technique and the presence of signal loss can be
used to characterize different tissue types when
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Figure 10 Inflammatory pseudotumour. Coronal STIR and dynamic sequence with regions of interest (ROI) and time/
signal intensity curve. The STIR image shows a hyperintense mass at the site of a previously excised soft tissue sarcoma
in the right iliacus muscle. This mass shows no appreciable enhancement on the time/signal intensity curve compared
with the ROI over the iliac vessels.

Figure 11 Recurrent soft tissue sarcoma in the subcutaneous tissues. Axial T2-weighted fat suppressed fast spin echo
image showing a hyperintense mass. The pre- and post-contrast T1-weighted images show a posterior solid component
and an anterior cystic component. The three axial images all obtained at the same position with increasing diffusion
weighting show decreasing signal from the cystic component but little change in the solid. Diffusion weighting can be
used to distinguish fluid from solid but in this case is unable to differentiate a benign fluid collection from a cystic area in
a recurrent sarcoma.
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Figure 12 Algorithm for the MR approach to a patient
with a suspected local recurrence of a soft tissue sarcoma
modified after Vanel ez al.!'6!. SI, signal intensity.

monitoring for sarcoma recurrence. They found that they
were able to differentiate muscle oedema from post-oper-
ative seroma and tumour recurrence!**!. Recently, Kolla
and co-workers have also found diffusion-weighted ima-
ging useful to aid in characterization of simple fluid and
soft tissue oedema (Fig. 11)[34].

Fig. 12 shows an algorithm for the MR imaging
approach to the patient with a suspected locally recurrent
soft tissue sarcoma. This relies on identifying a hyperin-
tense signal on T2-weighted or STIR images with or with-
out mass effect. If the latter, consideration should be
given to administer gadolinium to distinguish tumour
recurrence from a post-operative seroma.

Positron emission tomography (PET)

PET is typically performed using fluorine-18-deoxyglu-
cose and the uptake of this radiopharmaceutical in gen-
eral is greater in malignant tumours than in benign
tumours. Similarly there is variation in the degree of
uptake with less uptake being seen in low versus high
grade lesions. The expansion in availability of both the
pharmaceutical and the development of PET-CT has
increased interest in the use of this technique in oncolo-
gical imaging[35 361 Johnson and co-workers found PET
to be more sensitive than CT and MR imaging in the
detection of recurrent disease from sarcomas!>’!. It may
also be used for the detection and localization of meta-
static disease (Fig. 13).

Imaging techniques for
metastatic disease

Between 10 and 15% of patients with an extremity soft
tissue sarcoma will have metastatic disease at the time of
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Figure 13 PET-CT showing a right lower lobe metastasis
from a low grade soft tissue sarcoma excised 10 years
before.

presentation, most commonly to the lungs. Following
treatment, approximately 70% of patients with extremity
sarcomas will recur with isolated lung metastases as the
manifestation of recurrent disease!®!. Metastases to
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lymph nodes are uncommon, occurring in approximately
5% of cases. The most common tumours to spread via
this route are epithelioid sarcoma, synovial sarcoma,
rhabdomyosarcoma and clear cell sarcoma!?®,

Radiographs

The role of routine chest radiography in the post-opera-
tive period is controversial. Lord and co-workers found
that only 27% of cases of pulmonary metastatic disease
were identified at routine 6 monthly examination as com-
pared with 42% during non-routine radiography and 32%
during staging studies for local recurrence!*®!.

Radiographic assessment of bone metastases in the
post-operative phase is typically performed for painful
lesions. Yoshikawa and co-workers reported the inci-
dence, imaging findings and sites of involvement in soft
tissue sarcomas that were metastatic to bone. They
found a 9% incidence of skeletal metastases with
alveolar soft part sarcoma, dedifferentiated liposarcoma,
angiosarcoma and rhabdomyosarcoma having a predilec-
tion for metastatic spread via this route®®!. The majority
of metastases from soft tissue sarcomas will be
osteolytic in nature and most commonly involve the
axial skeleton.

Computed tomography

The most common site for patients with an extremity
soft tissue sarcoma to develop metastatic disease is the
lungs[40]. Typically, metastatic lung disease occurs within
3 years of diagnosis[‘”]. Non-contrast CT can adequately
assess for the presence of pulmonary metastatic disease.
Multislice CT is extremely accurate in the identification
of pulmonary metastases, however, a number of workers
have questioned the routine use of this technique in
terms of cost-effectiveness'*>**!. Furthermore, up to
80% of pulmonary nodules identified on CT, which are
not identifiable on a chest radiograph in patients with
known extrapulmonary malignancy are of benign
cause! .

It is well recognized that the majority of soft tissue
sarcomas metastasize to the lung, however, intra-abdomi-
nal metastatic spread may occur. Ogose and co-workers
studied 505 patients with musculoskeletal sarcomas
and found intra-abdominal spread occurred to the liver
in 4%, the bowel in 1.2%, the pancreas in 0.8% and
the peritoneal surface in 0.8%. The most frequent soft
tissue tumours to metastasize to the abdominal cavity
in this series were liposarcoma (4/58) and malignant
fibrous histiocytoma (3/76)[45 . Other workers have
also reported myxoid liposarcoma to preferentially
spread to extra-pulmonary sites! 46471 including the
abdominal cavity[48]. This has prompted some workers
to suggest that in higher grade liposarcoma, routine
follow-up should include chest and abdominal CT!*°!.

Inadequate primary resection

The inadequate excision of a soft tissue tumour at initial
operation is a problem that is unfortunately encountered
all too often. This may occur because the diagnosis of a
sarcoma has not been considered and imaging may not
have been performed prior to surgery. Second, sampling
error may have occurred during biopsy leading to false
reassurance as to the nature of the mass. Often, the
tumour is then treated with local excision, but without
wide margins leading to a potential local recurrence rate
of 70—=90%*!. In this circumstance further imaging to
localize the lesion is often unrewarding as the primary
mass has usually been excised. Kaste and co-workers
found that MR imaging was unreliable in detecting the
need for additional resection when incomplete resection
had been performed for a soft tissue sarcomal?).
Siebenrock and co-workers reported that MR imaging
has a poor negative predictive value for the identification
of residual tumour following unexpected resection of a
soft tissue sarcomal>!!. In the immediate post-operative
situation, there is often extensive signal abnormality in
the soft tissues and unless there is a large residual mass, it
is impossible to differentiate inflammatory tissue from
residual tumour. Surgical resection in these cases may
yield residual tumour in 45-59% of cases so imaging
has a limited role in guiding any planned repeat proce-
dure?*3! In these cases of inadequate initial excision,
repeat surgery can be challenging as it is difficult to
locate the original tumour borders and the required mar-
gins are therefore hard to define. A number of workers
have identified the relatively high prevalence of tumour
positive margins at repeat excision®>>*, In the authors’
experience, MR imaging may be helpful in detecting the
relationship of any significant residual sarcoma to adja-
cent neurovascular structures, but it has to be stressed
that it cannot detect microscopic areas of residual
tumour>>!.

Follow-up strategy

Baseline MR imaging is useful following surgical resec-
tion of a soft tissue sarcoma as this aids in interpretation
of subsequent follow-up studies. However, this should not
be performed until at least 6—8 weeks following the initial
surgery so that the inflammatory change in the immediate
post-operative period will have subsided. There is no
standardized protocol for the post-operative imaging for
extremity soft tissue sarcomas, with few studies looking at
the cost-effectiveness of such regimes[40’42’43]. Varma and
co-workers suggest a baseline MR imaging followed by
6-monthly MR imaging for the first 2 years following
primary excision as most recurrences will recur in that
time period[25 1. Whooley and co-workers found that clin-
ical assessment of symptomatology, examination and
chest X-ray (CXR) were the most effective methods of
detection of disease recurrence. Chest CT was best
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reserved for patients with an abnormal CXR and routine
MR imaging on an annual basis was ineffective at
detecting recurrence . They also found that CXR was
a cost effective method of detecting pulmonary meta-
static disease compared with routine chest CTl42431,
Similarly, a recent study on follow-up of patients with
soft tissue sarcoma concluded that intensive regular sur-
veillance of the surgical field with MR imaging did not
add to clinical assessment in detecting local recur-
rence®®!. In the author’s own institution, routine
follow-up with MR imaging is reserved for those cases
considered at particularly high risk of developing a
local recurrence. These are histologically high grade
tumours where the surgical margin is considered at best
marginal.

Conclusion

Soft tissue sarcomas are rare. However, when they are
encountered they have a relatively high incidence of local
recurrence and metastatic disease. Monitoring these
patients in the post-operative period is challenging in
view of the spectrum of imaging findings that can be
observed. MR imaging is the modality of choice
for follow-up of the surgical field, however, a number
of other modalities can be useful in specific instances
to confirm or exclude tumour recurrence. The imaging
modalities for the detection and diagnosis of local recur-
rence and metastatic disease have been discussed and a
practical follow-up strategy for these patients suggested.
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