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INTRODUCTION

Magnetic Resonance-guided Focused Ultrasound Surgery 
(MRgFUS) is a non-invasive thermo-ablative technique for 
the treatment of various benign and malignant soft tissue and 
bone tumors, using focused ultrasound under real-time mag-
netic resonance imaging (MRI) guidance and control (1). 
This method of thermal ablation has proved effective in more 
than 5,000 uterine fibroid treatments and in more than 500 
treatments of various other tumors (2).

Recently, MRgFUS was tested for the palliation of pain caused 
by bone metastases, utilizing the acoustic properties of bone 
for absorption of ultrasonic energy to achieve palliation and 

has yielded very promising initial results (3, 4). Applying acous-
tic energy on the bone surface allows the creation of tempera-
ture rise in the part of the bone cortex enclosed in the beam 
path zone, thus indirectly ablating the adjacent periosteum 
and tumor tissue (4). Since the periosteum is considered to be 
a major source of pain in patients with metastatic bone le-
sions, ablating the source of pain should produce lasting pain 
relief. High absorption of energy in the bone allows using 
lower energies (compared to soft tissue MRgFUS treatment), 
thereby enhancing the safety profile of this procedure. Thus, 
MRgFUS offers a novel, alternative treatment option for pain-
ful bone metastases.

The present report briefly discusses the successful use of 
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Magnetic Resonance-guided Focused Ultrasound Surgery (MRgFUS) is a clinically 
effective, non-invasive treatment for thermal ablation of various soft tissue tumors, 
and is effective in pain palliation following radiation therapy, as has been demon-
strated in the initial studies of bone metastases. The current study evaluated the 
safety and clinical efficacy of MRgFUS for pain palliation prior to radiation therapy, 
in a patient with a solitary metastatic bone lesion.  This is the first case report of 
MRgFUS treatment with a 1-year follow-up in a patient.
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technique for pain palliation in bone metastases to the pa-
tient, she decided to undergo MRgFUS treatment and provid-
ed written informed consent for the procedure.

The patient was asked to complete a standard 11-point pain 
scale questionnaire (with 0 representing no pain at all and 10 
representing the worst pain imaginable) to evaluate her average 
pain score prior to treatment. The patient’s average pain score 
in the area of the left scapula was 7, during the screening proce-
dure. The patient also reported reduced mobility of her left arm 
due to the severe pain caused by metastasis in the scapula. The 
patient did not take any medication for pain control.

The patient underwent MRgFUS treatment to control the 
pain from bone metastases. The treatment was performed us-
ing the MRgFUS system (ExAblate® 2000, InSightec Ltd, Hai-
fa, Israel) integrated with an MRI scanner (GE 1.5-T MRI, 
Healthcare, Milwaukee, WI, USA). The ExAblate® 2000 sys-
tem consists of a multi-element focused ultrasound transduc-
er and motion system, which is fully integrated with a conven-
tional diagnostic 1.5 or 3 Tesla MRI scanner. The ExAblate® 
device is an integrated component of the MR table and pro-
vides real-time therapy planning algorithm, thermal dosime-
try, and closed-loop therapy control. 

On the day of treatment, the patient reported increased 
pain for the past few days prior to treatment, and her average 
pain score was 8. Patient preparation prior to treatment in-

this novel technique for pain palliation in bone metastasis in 
a single patient who did not receive any radiation therapy pri-
or the MRgFUS treatment, and who was followed long-term 
for a period of one year. 

CASE REPORT 

A 62-year-old female with breast cancer presented with a 
solitary, painful osteoblastic bone metastasis in her left scapu-
la. She had been diagnosed with breast cancer 10 years ago 
and radical mastectomy had been performed. Her oncologist 
referred her to our clinic for pain palliation with MRgFUS 
treatment since the patient was unable to take analgesics due 
to liver cirrhosis secondary to Hepatitis C viral infection. De-
spite significant pain, the patient refused the first-line radia-
tion therapy. In order to evaluate the patient’s suitability for 
MRgFUS treatment, computed tomography (CT) and MR 
images were acquired and evaluated. CT images showed an 
osteoblastic lesion in the left scapula which was device acces-
sible (Fig. 1). T2-weighted MR images showed hypointensity 
in most of the left scapula and nearby soft tissue. The lesion 
was clearly seen on MR images and it was determined to be 
accessible to the ultrasonic beam of the MRgFUS device (no 
scars or healthy bone were present in the path of the acoustic 
energy). After explaining the risks and benefits of this novel 

Fig. 1. Axial CT images of the targeted bone metastatic lesion in the left scapula (circles) before treatment (left) and at 3 months after MRgFUS 
treatment (right). Compared with the image before MRgFUS treatment, the targeted lesion showed a more sclerotic pattern on follow-up CT im-
ages.
Note.-MRgFUS = Magnetic Resonance-guided Focused Ultrasound Surgery
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cal images to ensure patient immobility (Fig. 2). The overall 
duration of sonication was 1 hour and 45 minutes.

Immediately following treatment, T2-weighted and con-
trast enhanced T1-weighted images were acquired to evaluate 
treatment effectiveness. These images revealed areas of non-

perfusion in the treated area and soft tissue edema adjacent to 
the treated lesion, including the inner part of the scapula in 
the areas where the bone was thin (Fig. 3). The patient report-
ed sensations of mild pain during the treatment, which corre-
lated well with the energy delivery site at that time. Immedi-
ately following treatment, the patient reported improvement 
in the mobility of the left arm. She was discharged on the same 
day, after a brief recovery from conscious sedation (approxi-
mately 30 minutes). Neither procedure nor device-related ad-
verse events were reported during the treatment. 

One day after treatment, the patient reported (via a tele-
phone call) a dramatic reduction in the left scapular pain, 
with an average pain score of 5. The patient was followed for 1 
year post-treatment, and reported an average pain score of 5, 
4, 3, 2, 2, and 2 on the 3 day, 1 week, 2 week, 1 month, 3 month 

cluded insertion of the intravenous line to provide conscious se-
dation and wrapping the patient’s legs with compression stock-
ings to reduce the risk of deep vein thrombosis from prolonged 
lying down. The patient was then positioned supine on the 
ExAblate® table, feet first, with the left scapula centered on the 
acoustic coupling gel pad above the ultrasound transducer. 
During the treatment, the patient received sedative and anal-
gesic medications intravenously, to reduce anxiety and pain 
associated with the treatment (Remifentanil 1 mg mixed in 
1,000 mL normal saline, 360 mL on a slow drip, 130-150 mL/
hour). MR T2-weighted images were acquired for treatment 
planning (Fig. 2). The outline of bone cortex of the targeted 
bone as well as the skin line and the area to be treated were 
carefully drawn on the planning images. The system automat-
ically compiled the optimal treatment plan, covering the le-
sion area with a series of ultrasonic spots (sonications). The 
treatment included 29 sonications with an average energy of 
1,450 J per sonication (700-1,850 J). During each sonication, 
the system displayed the calculated temperature elevation in 
the target area as well as the acquired real time MR anatomi-

Fig. 2. An example of sonication during treatment. The left image shows the T2-weighted MR image of sonication to the left scapula for treat-
ment planning. The right MR image shows the thermal map following sonication. The central image shows the calculated temperature elevation 
during this sonication, which reached a maximum of 69°C.
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combined with improvements in the therapeutic manage-
ment of cancer patients has contributed to a dramatic in-
crease in the number of patients suffering from bone metasta-
ses. Thirty percent of cancer patients develop bone metastases 
during progressive stages of the disease (5) and at least 50% of 
them will suffer from pain caused by these metastatic lesions 
(6). Current treatments for patients with bone metastases are 
primarily palliative and include systemic therapies such as an-
algesics, chemotherapy, hormonal therapy and bisphospho-
nates as well as targeted therapies such as radiation, radio fre-

and 1 year follow-up visits, respectively (Fig. 4). She also re-
ported a significant improvement in arm mobility and stated 
that she could perform the movements which she was unable 
to perform prior to treatment. During the entire follow-up 
period, the patient did not take any pain medication, and no 
adverse events were reported.

DISCUSSION

The increased incidence of cancer over the past decade, 

Fig. 3. Treatment outcome - Left: Axial T1 with Fat Sat and with contrast MR image of the targeted bone metastatic lesion in the left scapula prior 
to MRgFUS treatment. Right: Axial T1 with Fat Sat and with contrast MR image of the targeted bone metastatic lesion in the left scapula immedi-
ately after MRgFUS treatment, showing non-perfusion in the soft tissue surrounding the scapula. Left scapula is marked with a circle.
Note.-MRgFUS = Magnetic Resonance-guided Focused Ultrasound Surgery

Fig. 4. A graph showing the average Visual Analog Scale (VAS) of pain in the left scapula as reported by the patient, before and after MRgFUS 
treatment.
Note.-MRgFUS = Magnetic Resonance-guided Focused Ultrasound Surgery
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stacle for the widespread adoption of this technique. Never-
theless, given the many advantages of MRgFUS, the benefits 
of the procedure may far outweigh the costs.

In conclusion, we believe that MRgFUS is a novel, non-in-
vasive procedure, which may provide a unique solution for pa-
tients with painful bone metastases. MRgFUS has the poten-
tial for treating patients who have either failed to respond 
favorably to radiation treatment or as a first-line therapy. Al-
though the evidence to date is promising, further clinical trials 
are required to establish the safety and efficacy of MRgFUS for 
long-term pain palliation in bone metastases. 
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be ineligible for subsequent radiation treatments due to high 
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골전이암 환자에서 장기간 통증을 완화시킨 자기공명영상 유도하 
고집적 초음파 시술: 증례 보고1 

이지은1 · 윤상욱1 · 김경아1 · 이종태1 · Lilach Shay2 · 이경식3

자기공명영상 유도하 고집적 초음파 시술(MRgFUS)은 다양한 종류의 연부조직 종양에 적용되는 소작 치료술로 임상적으

로 효과적이고 비 침습적인 시술로 알려져 있다.  초기 골 전이 병변 치료 연구에서 증명 되었듯이 방사선 치료 후 통증 경감

에도 효과적인 치료 방법이다. 본 증례는 단일 병소 골 전이 환자에 있어서 통증 경감을 위해 적용된 자기공명영상 유도 하 

고집적 초음파 시술로서 안전성과 임상적 효능을 보여주고, 또한 1년의 장기 추적 조사가 이루어진 최초의 보고이다.
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