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Abstract

Purpose: The aim of this study was to evaluate the feasibility, safety and therapeutic effects of ultrasound (US)-guided high
intensity focused US (HIFU) ablation in the treatment of extra-abdominal desmoid tumours.

Materials and methods: From May 2006 to May 2010, ten consecutive patients with pathologically proven extra-abdominal
desmoid tumours were treated by US-guided HIFU ablation. Eight patients with multiple recurrent tumours were treated
with a palliative aim, two patients with new solitary tumours were treated with a curative aim. The mean size of the largest
tumour was 9.2 cm (range 5.9-12.8 cm). An acoustic power of 300-500 W was used according to the echogenic changes after
energy exposure, intermittent HIFU exposure of 2-3 s was applied until the planned target area became hyperechoic on US.
Outcome of HIFU ablation was observed by serial contrast-enhanced imaging examinations during follow up.

Results: HIFU ablation was successfully performed without major complications. Large volume coagulation necrosis was
obtained in all patients. During a mean follow up of 30 months (range 8-55 months), the treated tumours (7= 25) shrank
significantly (>50% in volume). Complete tumour necrosis was observed in the two patients with solitary new tumours. Two
patients received repeat HIFU ablation for enlarged residual tumours. No tumour spread along the treated area was
observed in any patient.

Conclusion: US-guided HIFU ablation could be used as an effective minimally invasive therapy for local control of extra-
abdominal desmoid tumours.
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Introduction a large rim of normal-appearing tissue needs to be
resected because tumours infiltrate beyond palpable
margins at surgery, and is defined on imaging.
However, local recurrence is common, even after
apparent complete surgical excision [2, 3]. Reported

local recurrence rate can be as high as 60% [4]. Due

Desmoid tumours, also called aggressive fibromato-
sis, are rare fibrous neoplasms originating from the
musculoaponeurotic structure. Histologically they
are characterised by proliferation of fibroblasts and
myofibroblasts with abundant production of inter-

cellular collagen [1]. Desmoid tumours are classified
into intra- and extra-abdominal type, the latter
principally involves the trunk and extremities.
Desmoid tumours have a locally infiltrative growth
pattern, lesions may intertwine extensively with the
surrounding tissues and are difficult to remove [2].
Although this tumour never metastasises, manage-
ment of extra-abdominal desmoid tumours is a
challenge. Surgical excision has been the traditional
main therapy for extra-abdominal desmoid tumours;

to lack of normal soft tissue, wide excision with
sufficient normal margin may be extremely difficult
for recurrent lesions, many lesions are inoperable
because of involvement of significant neurovascular
structures [2, 3].

Radiation therapy has been used in patients with
inoperable desmoid  tumours, local recurrence,
or incompletely excised lesions [3, 5, 6]. It can
improve local control but may be associated
with post-irradiation fibrosis, joint contracture,
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Table I. Patient and tumour characteristics.

Treatment Maximum  Number of Follow
before tumour treated Ablation up duration HIFU
Patient Age/Sex HIFU ablation size (cm) tumours Tumour location ratio (%) (months) retreatment
1 15/M 2 resections 9.5 3 right leg 78 55 once
2 12/M 4 resections 11.2 4 right leg and buttock 85 53 twice
3 57/M 1 resection 5.9 2 right chest wall 89 49 no
4 19/M 1resection 7.5 2 left chest wall 93 36 no
5 33/F 2 resections 10.4 3 left leg and groin 82 34 no
6 28/F no 8.5 1 abdominal wall 100 19 no
7 5/M 2 resections 12.8 4 left leg and buttock 86 18 no
8 7/F 3 resections 9.1 3 left leg and buttock 92 18 no
9 10/M 1 resection 7.0 2 right buttock 90 9 no
10 32/M no 10.0 1 right back 100 8 no

Patient 1 and patient 2 received pre-scheduled two HIFU ablation sessions separated by one month. Patient 1 received one HIFU ablation
session one year later for enlarged residual tumours, patient 2 received two HIFU ablation sessions one and two years later for enlarged

residual tumours.

and neuropathy. Also, response to radiation can be
extremely slow, complete resolution may require
several months [7]. Chemotherapy has been used for
inoperable progressive lesions in patients in whom
surgery or radiotherapy would cause morbidity [7, 8].
However, it was associated with cytotoxic adverse
effects while the response rate was disappointing.

High intensity focused ultrasound (HIFU) abla-
tion is a conformal extracorporeal treatment which
can yield thermal coagulation necrosis of the target
lesion without surgical resection or insertion of
applicators [9-13]. The focused ultrasound (US)
energy can pass harmlessly through overlying tissues
to the target area, the rate of energy deposition at the
target tissue far exceeds the rate of heat dissipation,
resulting in rapid temperature rise and subsequent
coagulation necrosis. Under real-time imaging guid-
ance, large volume well-delineated ablation zones
can be induced at depth in the focal area, through the
intact skin. The ablation procedure is repeatable as
long as an acoustic pathway is present [12]. In the
past decade, HIFU ablation has been successfully
used for treatment of various malignant tumours;
significant coagulative necrosis of the tumour has
been obtained [9-13]. However, to our knowledge,
there has been no report of HIFU ablation for the
treatment of desmoid tumours so far. Thus, the
purpose of this study was to evaluate the therapeutic
efficacy of HIFU ablation for the treatment of extra-
abdominal desmoid tumours.

Materials and methods
Patients

From May 2006 to May 2010, ten patients (seven
men, three women) with pathologically proven extra-
abdominal desmoid tumours received US-guided
HIFU ablation in our hospital. The study was

approved by the institutional ethics committee.
Informed consent was obtained at enrolment.

The inclusion criteria for HIFU ablation were as
follows: 1) inoperable tumour or patient refusal of
surgery; 2) the tumour could be shown on US; 3) the
tumour was located more than 2mm from the skin
surface. Exclusion criteria were as follows: 1) exten-
sive scarring in the proposed path of the HIFU beam;
2) skin in the pathway of the HIFU beam had
become hard and fibrous due to previous radiation
therapy.

The age of the patients ranged from 5 to 57 years
(mean 22 years). The diagnosis of desmoid tumours
was made by US-guided 16 gauge cutting-needle
biopsies before HIFU ablation. Eight patients had
multiple recurrent tumours in the area of previous
surgical resection such as the leg, buttock, groin and
chest wall, and the tumours were considered inop-
erable by experienced surgeons. Two patients had
new solitary tumours and refused surgery. For the
two patients that received no treatment before HIFU
ablation, one had a tumour located in the abdominal
wall, the other had a tumour located in the right
buttock (Table I). Before HIFU ablation, all patients
received colour Doppler US and contrast-enhanced
magnetic resonance imaging (MRI) examination to
evaluate the extent of the tumour. The mean size of
the largest tumour (the maximum diameter in three
orthogonal directions) was 9.2cm (range, 5.9—
12.8cm). The tumours were seen as hypoechoic
nodules on US, which showed substantial enhance-
ment on contrast-enhanced MRI.

Equipment

A HIFU system (model JC; Chongqing Haifu
Technology, Chongqing, China) was used in this
study. The system can be operated by using one of
several therapeutic transducers with different focal
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lengths. In this study, the focused US energy is
produced from a 20-cm diameter therapeutic trans-
ducer with a focal length of 140 mm operating at a
frequency of 0.8 MHz. The focal region is 9.8 mm in
length along the beam axis and 1.3mm in the
transverse direction. In the centre of the HIFU
transducer, a 3.5-5.0 MHz convex diagnostic US
probe is mounted coaxially to provide real-time
imaging for targeting. The integrated transducer is
immersed in a water reservoir filled with degassed
water maintained at a temperature of 12-15°C.
Through computer control, the integrated trans-
ducer can be moved smoothly in six directions,
including three orthogonal directions (x, v and 2),
rotation along the US beam axis (f), and rotation
along the long (y)or short(¢) axis of the bed.

HIFU ablation procedures

For better observation and treatment of possible
complications of HIFU ablation, all patients were
treated as inpatients in our department. HIFU
ablation was performed under general anaesthesia.
The patients were carefully placed in an appropriate
position — either prone, supine or on the side
according to the tumour location — so that the skin
overlying the lesion to be treated could be easily
placed in contact with the degassed water.

For patients with multiple recurrent tumour nod-
ules, HIFU ablation was performed with a palliative
aim. If the tumour nodule was not adjacent to major
nerves such as the sciatic nerve, the planned ablation
area enveloped the entire tumour. If the tumour
nodule was adjacent to major nerves, the planned
area enveloped the tumour as much as possible but
evaded the major nerves. For patients with an
untreated tumour in the abdominal wall and right
buttock, HIFU ablation was performed with a
curative aim, the tumour and a margin of at least
1 cm were ablated.

First, real-time US was used to target the tumour,
the area to be treated was divided into sections with
5mm of separation perpendicular to the transducer
surface on US. HIFU energy was intermittently
applied with an acoustic power varying from 300 to
500W; each exposure lasted 2-3s to ablate one
target spot. A power output of 300W was used
initially, if the treated area did not become hyper-
echoic on US after the energy exposure, the power
output was increased at an increment of 40 W until
the treated spot became hyperechoic on US. After
ablation of the spot, the transducer was moved, and a
nearby spot was treated. This process was repeated
section by section, in successive sweeps from the
deep to shallow regions until cavitation and bubble
formation occurred (the target area became hyper-
echoic on US). To avoid excessive skin heating, the

focused beam did not pass through the scars if
possible, energy exposure was intermittently applied,
and the skin overlying the tumour was observed on
US during the intervals. All HIFU treatments were
performed by the same physician (W.W.).

Post-treatment observation and follow up

After HIFU ablation, patients were carefully
observed for possible complications such as skin
burn and side effects such as pain and fever, the
function of the affected limb was also observed.
If there was severe pain after HIFU ablation, oral
non-steroidal analgesic or morphine injection was
administered depending on the pain severity. During
the follow-up period, the treated area was examined
by colour Doppler US and contrast-enhanced MRI 1
and 3 months after HIFU ablation and then at
4-6 month intervals to assess the therapeutic
response or tumour progression. Areas which did
not enhance after contrast administration on MRI
were considered to represent necrotic tissue.
Enhancing areas were assumed to represent viable
tumour. If residual tumour enlarged significantly
which caused symptoms or recurrent tumour was
detected, another HIFU ablation session was
planned if the tumour still met the inclusion criteria.

Results

HIFU ablation was successfully performed in all
patients, a total of 25 tumour nodules were treated
during HIFU ablation. Eight patients received one
HIFU ablation. To avoid possible compartment
syndrome, two patients with multiple recurrent
tumours received two HIFU ablations separated by
one month as scheduled. After HIFU ablation, the
skin overlying the treated area became swollen in all
patients. One patient had a first-degree skin burn
2cm in diameter requiring no treatment. The func-
tion of the affected limb was not impaired in patients
with tumour nodules adjacent to the sciatic nerve. All
patients complained of mild pain in the treated area
which subsided in 1-3 days requiring no analgesics.
Four patients were afebrile after treatment, six
patients had low-grade fever (less than 38.5°C)
which persisted for 1-3 days after HIFU ablation.
No major complications were encountered after
HIFU ablation. Recovery after HIFU ablation was
speedy. Patients with tumour involvement of the
lower extremity were allowed to walk the next day
after HIFU ablation. All patients were discharged
within three days of treatment. According to
contrast-enhanced MRI 1 month after scheduled
treatment, the mean ablated volume was 89.5% of
the tumour (range, 78-100%).
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Figure 1. A 7-year-old girl with multiple recurrent desmoid tumour nodules in the left leg and buttock, who received three
surgical resections before HIFU ablation. Further resection was considered impossible. HIFU ablation was performed with a
palliative aim. (A) Before HIFU ablation, there were multiple tumour nodules (arrows) which showed high enhancement on
coronal T1-weighted contrast-enhanced MRI. (B) One month after HIFU ablation, almost all treated tumours (arrows)
showed no enhancement. (C) Nine months after HIFU ablation, the treated area (arrow) showed no enhancement and
shrank significantly. (D) Sixteen months after HIFU ablation, the treated area (arrow) showed no enhancement and shrank

further.

The patients were closely followed up until January
2011. During a mean follow up of 30 months (range,
8-55 months), the treated area shrank significantly
over time (Figure 1). No tumour spread along the
treated area was observed in any patient. In the eight
patients with inoperable recurrent tumours, two
received further HIFU ablation session due to
enlargement of residual tumours; significant coagu-
lation necrosis was also obtained without complica-
tions. Because tumour progression was effectively
suppressed by HIFU ablation and no recurrence was
observed after 9-55 months of follow up, the patients
with recurrent tumours received no other treatments.
Persistent absence of contrast enhancement was
observed in the treated area in the two patients with
a solitary new tumour in the right buttock or abdom-
inal wall, suggesting complete tumour necrosis
(Figure 2).

Discussion

In this study, HIFU was used for the first time to
treat extra-abdominal desmoid tumours. HIFU abla-
tion was performed as a palliative treatment for
patients with recurrent inoperable tumour or as a
curative option for patients refusing surgery. Because
the echogenic change during HIFU ablation bears
no relationship with the temperature change or
extent of ablation [12, 15], to ensure treatment
efficacy, the HIFU energy was intermittently applied
until cavitation and bubble formation occurred
inside the tumour. At this time, the tumour became
hyperechoic on US, indicating coagulation necrosis
[10, 11, 13, 14].

Though HIFU ablation could not achieve com-
plete tumour eradication in all recurrent tumours,
it did obtain significant debulking effect and
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Figure 2. A 28-year-old woman with an abdominal wall desmoid tumour receiving no treatment before HIFU ablation.
(A) Before HIFU ablation, the tumour (arrow) showed high enhancement on transverse T1-weighted contrast-enhanced
MRI. (B) Four days after HIFU ablation, the treated area (arrow) showed no contrast enhancement, the skin overlying the
treated area was swollen. (C) Ten months after HIFU ablation, no contrast enhancement was observed in the treated area
(arrow), which shrank significantly. (D) Eighteen months after HIFU ablation, no enhancement was observed in the treated

area (arrow), which shrank further.

suppressed the local progression of the tumour,
thereby preserving the affected limbs of the patients
and improving the quality of life. As a repeatable
minimally invasive therapy, HIFU ablation can
induce large volume coagulation necrosis in a
single session and has a speedy post-operative
recovery. Therefore, it is easily accepted by the
patients and may become a promising treatment for
local control of recurrent desmoid tumours. This
technique may also have great potential for the
treatment of other soft tissue masses, especially
inoperable ones.

HIFU ablation was performed with a curative aim
in the two patients with new untreated tumours not
involving major neurovascular structures. The
tumours were ablated with a margin of at least 1 cm
to obtain i sizu ‘radical resection’. After HIFU
ablation, the entire tumour showed no enhancement
on contrast-enhanced MRI which gradually shrank
over time, no local recurrence was encountered
during follow up. The results suggested that HIFU
ablation may also be potentially curative for new
desmoid tumours not involving major neurovascular
structures.

Tumour spread along the incision is common in
extra-abdominal desmoid tumours after incomplete
resection, which often precludes further surgery.
Loss of integrity of fascial compartment due to
surgery is the main cause for tumour spread. Because
HIFU ablation requires no incision, no tissue needs
to be sacrificed, the integrity of the fascial compart-
ment is preserved. Therefore, the likelihood of
tumour spread is low, which may be an advantage
for HIFU ablation. As can be seen in this study, no
tumour spread along the treated area was observed in
all patients.

This study has some limitations. First, it was not a
randomised controlled trial with surgical resection or
radiation therapy, the patient number was small and
the follow up was short for some patients. Second,
the therapeutic efficacy and safety of HIFU ablation
is influenced by the acoustic pathway. If there is
extensive scarring in the proposed pathway of the
HIFU beam or if the skin has become hard and
fibrous due to high-dose radiation therapy, it may
destroy the focus of the beam and absorb excessive
energy during HIFU ablation, causing irreversible
skin burn. Third, measures to prevent neurovascular

RIGHTS L



Int J Hyperthermia Downloaded from informahealthcare.com by University of Toronto on 12/06/11
For personal use only

damage are based on the operator’s experience in this
study. Because diagnostic ultrasound does not visu-
alise the nerve effectively, more reliable methods
such as MRI guidance should be employed to clearly
depict the neurovascular structure and temperature
rise inside the tumour, thereby preventing nerve
damage while enlarging the ablation area.

Conclusion

In conclusion, our preliminary results showed US-
guided HIFU ablation could be used as an effective
minimally invasive therapy for local control of extra-
abdominal desmoid tumours. The authors alone are
responsible for the content and writing of the paper.
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