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Metastatic liver tumors from breast cancer are
a common clinical problem associated with a poor
prognosis that is due to disseminated disease req-
uiring systemic, rather than local, therapy, even if
metastasis appears to be limited to a single organ.
However, it has been reported that in 5 to 12% of
patients metastases can be confined to the liver1, 2).
There have been recent reports of improved sur-
vival in patients undergoing surgical resection of
limited liver metastases from breast cancer3, 4).

In recent years, minimally invasive surgical pro-
cedures for the treatment of cancer such as percu-

taneous ethanol injection therapy5), cryotherapy6),
laser therapy7), radio-frequency (RF) interstitial
thermal ablation therapy8), and microwave thermo-
coagulation therapy9) have been rapidly develop-
ing. Various clinically available imaging modalities
have been used for guidance. Among them, mag-
netic resonance (MR) imaging possesses many
advantages, because it is free of ionizing radiation,
produces good soft-tissue contrast, is useful even
with bone and air spaces, and has multiplanar mul-
tisection capabilities. An open-configuration MR
system, which was specially designed for intraop-
erative use, enabled us to employ new minimally
invasive surgical techniques with MR imaging
guidance10). We began our clinical studies of MR-
guided microwave thermocoagulation therapy of
liver tumors in 2000 11). 

In this study, open-configuration MR-guided
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Background: Liver metastases from breast cancer are associated with a poor prognosis, however,
local control with microwave thermocoagulation therapy has been used in certain subgroups of these
patients in the past decade. In this study, open-configuration magnetic resonance (MR) -guided
microwave thermocoagulation therapy was used for metastatic liver tumors from breast cancer, and the
efficacy of this treatment was assessed.

Methods: Between June 2000 and April 2004, we used MR-guided microwave thermocoagulation ther-
apy on 11 nodules in 8 patients with metastatic liver tumors from breast cancer. The procedure was car-
ried out under general anesthesia. A 0.5 T open-configuration MR system and a microwave coagulator
were used. Near-real-time MR images and real-time temperature images were collected and displayed on
the monitor. The MR-compatible thoracoscope was used and combined with MR imaging guidance. Navi-
gation software, a 3D Slicer, was installed and customized.

Results: The customized navigation software displayed near-real-time MR images. The percutaneous
puncture into the tumors was successful in all cases. No mortality or major complications occurred as a
result of the procedures. Five of the 8 patients are alive with new metastatic foci with a mean observation
period of 25.9 months.

Conclusions: We developed several devices to allow safe, easy, and accurate MR-guided microwave
thermocoagulation therapy of liver tumors. Open-configuration MR-guided microwave thermocoagulation
therapy appears to be a feasible method for tumor ablation of metastatic liver tumors from breast cancer.
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microwave thermocoagulation therapy was used
for metastatic liver tumors from breast cancer, and
the efficacy of this treatment was assessed.

Patients and Methods

Patients

To evaluate the efficacy of microwave thermo-
coagulation therapy for local control of liver meta-
stases from breast cancer, the inclusion and exclu-
sion criteria for entry into the study were estab-
lished as follows: 1) the object of treatment was
limited to 5 lesions in each patients; 2) the size of
the lesion was＜3.0 cm in diameter, and patients
having a 3.0 cm or greater lesion underwent tran-
scatheter arterial embolization; and 3) the patients
were free of major coagulation disorders and hep-
atic failure.

Between June 2000 and April 2004, we used
MR-guided microwave thermocoagulation therapy
at our hospital on 11 individual metastatic liver
tumors from breast cancer, measuring 10-55 mm
(mean, 22.4 mm), in 8 consecutive patients who
had previously undergone resection of their pri-
mary tumors. All patients were women with a
mean age of 49.0 years (range, 41-69 years). At
presentation, 4 of the 8 patients had metastases
confined to the liver, whereas the other 4 patients
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Fig 1．Open-configuration 0.5 T superconducting MR imaging system (SIGNA SP/i).

also had metastases to the other sites (lung metas-
tases in 2 patients, bone and lung metastases in 1
patient, and bone metastases in 1 patient). The
ethics committee of Shiga University of Medical
Science approved this study. The procedure and
any possible complications related to this type of
therapy were explained to each patient, and signed
informed consent was obtained from the subjects.

Methods

All MR imaging was performed with a 0.5 T
superconducting system (SIGNA SP/i; GE Med-
ical Systems, Milwaukee, WI) (Fig 1). Near-real-
time MR images were obtained with a spoiled gra-
dient-echo sequence. The acquisition time for one
image was less than 2 seconds. An interactive
image plane control system, FlashPoint model
5000 (Image Guided Technologies, Boulder, CO)
was integrated with this MR system. The image
plane could be controlled by the surgeon with a
hand-piece having a needle guide at the center
and three light-emitting diodes on the three pedi-
cles (Fig 2). Two liquid crystal displays were pre-
pared between the two magnets to show the sur-
geons the MR images for navigation. A microwave
coagulator (Microtaze, OT-110M; Azwell, Osaka,
Japan), operating at 2.45 GHz, was used as a heat-
ing device. MR-compatible needle-type electrodes



(250 mm long, 1.6 mm in diameter) were made of
brass coated with silver and gold (Fig 3).

After the patient underwent general anesthe-
sia, the MR-compatible biopsy needle (Daum, Sch-
werin, Germany) under the guidance of near-real-
time MR imaging was used to insert an electrode
into the tumor through the outer sheath of the
needle. Microwave ablation was carried out at 60
W for 60 seconds. Usually, three ablations were
repeated at the same points. Preliminary studies
during laparotomy revealed such ablations caused
an oval-shaped coagulated area 20 mm in diame-
ter and 30 mm in length along the axis of the elec-

trode. Ablation and puncture were repeated dep-
ending on the size and number of tumors. 

Temperature changes in individual pixels were
calculated by the proton resonance frequency me-
thod12) using a Real Time Image Processing appli-
cation in the SIGNA SP/i system, which was mod-
ified to display temperature increase values. Real-
time temperature images during ablation were
displayed on the surgeon’s monitor with a color
scale (Fig 4). For the treatment of tumors located
just below the diaphragm, the MR-compatible tho-
racoscope was used and combined with MR imag-
ing guidance. 
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Fig 2．Procedure of MR-guided microwave thermocoagulation therapy: targeting, puncture, and ablation.
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Fig 3．MR-compatible needle and electrode for microwave thermocoagulation therapy.



Navigation software, a 3D Slicer13, 14), was inst-
alled in an independent SUN Ultra 60 workstation
(Sun Microsystems, Santa Clara, CA) and con-
nected with the MR scanner by a network cable.

The 3D Slicer could display a fluoroscopic MR
image in combination with two reformatted images
(same and perpendicular planes to the fluoroscop-
ic MR image) from preoperative high resolution
three-dimensional volume data (Fig 5). Recently, a
new function, footprinting, which recorded and
displayed football shaped coagulated areas (foot-
prints) 20 mm in diameter and 30 mm in length
along the electrode in the 3D space, was intro-
duced to the 3D Slicer. The direction of the elec-
trode was obtained from the information of the
FlashPoint system. The footprint was placed along
the direction of the electrode and its position was
manually adjusted along the axis of the coordi-
nates determined by the electrode, while the fluo-
roscopic MR images showed the electrode tip15).

Results

Imaging Findings

The percutaneous puncture into the tumors
was successful in all cases. Even if ablations were
repeated, the visibility of the tumor by MR imag-
ing was not disturbed throughout the procedure.
The thoracoscope was used to ensure that the lung
was not injured by the puncture process and to
detect any bleeding from the diaphragm or chest
wall, which was easily stopped by the microwave
coagulator. The 3D Slicer was customized to pro-
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Fig 4．Thermal mapping during microwave thermocoagulation therapy. Around the electrode tip, temperature increase was
clearly observed.

Fig 5．Display of the navigation software (3D Slicer) during
near-real-time imaging navigation for thoracoscope- assisted
microwave thermocoagulation therapy. The upper left is a
near-real-time MR image, thoracoscopic image shows a nee-
dle through the diaphragm, and below it are two reformatted
images from the three-dimensional data.



vide safe, easy, and accurate near-real-time image-
guided navigation. The combined display of the
tumor area and the footprints clearly demonstrat-
ed already treated and nontreated areas, and
specifically indicated to the surgeons which part
should be treated next (Fig 6).

Treatment Efficacy

Of the 11 metastatic tumors, 10 showed com-
plete necrosis, not only of the tumor area but also
of the neighboring noncancerous tissue after mic-
rowave thermocoagulation had been repeated 3-
10 times for each tumor. In one other tumor, mic-
rowave ablation was found to be incomplete. In
this case, complete ablation was not possible beca-
use of multiple and large tumors. To date, 5 of the
8 patients are alive with new metastatic foci with a
mean observation period of 25.9 months (1-43
months).

Side Effects and Complications

Serum aspartate and alanine aminotransferase
levels generally increased up to two to three times
the baseline values transiently after each treat-
ment but they normalized by one to two weeks
postoperatively. No changes were observed in
other serum levels.

No mortality or major complications occurred
as a result of the procedures. Only one patient
developed a high fever, which resolved after 1
week.

Discussion

Metastatic breast cancer generally is managed
with systemic, rather than local, therapies. Recent-
ly, minimally invasive surgical procedures for the
treatment of cancer such as ethanol injection ther-
apy, cryotherapy, laser therapy, RF therapy, and
microwave thermocoagulation therapy have been
rapidly developing. For patients with metastatic
breast cancer, percutaneous local treatment should
satisfy most of the following requirements in addi-
tion to destroying the lesion: safety, expense, ease
of operation, and effectiveness. These are all fac-
tors that should be considered in determining the
optimal treatment for liver metastases from breast
cancer.

MR imaging possesses good soft tissue con-
trast and is applicable even if either bone or an air
space lies between the puncture point and the tar-
get. In addition, MRI can monitor tissue tempera-
ture changes during the procedure. Laser beams
do not generate RF noise in MR images, but con-
trol of transmission is not necessarily easy beca-
use it is affected by tissue color or carbonization.
An RF generator can be a source of electromagnet-
ic noise in MR images. Various types of RF gener-
ator have been applied to reduce the electromag-
netic interference in MR images. Some investiga-
tors have reported on the feasibility of microwave
thermocoagulation under the MR imaging guid-
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Fig 6．Footprinting of the coagulated areas by microwave ablation. Football-shaped footprints were placed at the
locations of the heating center along the axis of the electrode.
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ance16). Recently, microwave thermocoagulation
therapy has been established as a useful treat-
ment of liver tumors 17). 

In the present study, open-configuration MR-
guided microwave thermocoagulation therapy
showed satisfactory therapeutic efficacy for local
cancer control. For near-real-time MR imaging,
T1-weighted imaging with a spoiled gradient-echo
sequence was used because of its short acquisi-
tion time. The customized 3D Slicer navigation
software was useful in overcoming these limita-
tions of near-real-time MR imaging navigation.
The high-resolution three-dimensional data clear-
ly depicted not only the target but also the sur-
rounding vascular structures. The display of refor-
matted images in the two perpendicular planes
was also useful for navigation in three-dimensional
space, because two-dimensional near-real-time
images did not include such information. As a
result, surgical navigation was accomplished more
accurately and safely with the customized naviga-
tion software. Near-real-time MR images showed
not only the needle position but also any tissue
movement or shape change.

In conclusion, we developed several devices to
allow safe, easy, and accurate MR-guided micro-
wave thermocoagulation therapy of liver tumors.
Although this method requires refinement and
further assessment, open-configuration MR-guid-
ed microwave thermocoagulation therapy appears
to be a feasible method with several advantages to
ablate tumors from metastatic breast cancer.
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