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PURPOSE: To evaluate the feasibility of a technique of MR-guided stereotactic radio frequency
ablation, which was developed as a minimally invasive treatment for brain tumors, and to deter-
mine MR characteristics and sequential evolution of radio frequency lesions created to ablate brain
tumors.METHODS: Fourteen lesions in 12 patients with primary and metastatic brain tumors were
treated with this technique and followed for up to 10 months. The stereotactic coordinates of the
tumor and the angle of the radio frequency probe were calculated on MR imaging. The radio
frequency lesion was generated in the awake patient by increasing the temperature to 808C within
the tumor for 1 minute. This was repeated until the entire tumor volume was destroyed. MR imaging
was performed before, during, and immediately after the radio frequency procedure, and sequential
MR was obtained during clinical follow-up. RESULTS: MR imaging clearly showed well-defined
radio frequency lesions and provided feedback for treatment planning. The radio frequency lesion
boundary was well identified as a dark signal rim on T2-weighted images and showed ring
enhancement on contrast-enhanced T1-weighted images. The sequential MR imaging showed the
radio frequency lesions decreased in volume in all cases, suggesting focal control. CONCLUSION:
Stereotactic MR-guided radio frequency brain tumor ablation is a feasible and promising technique
that can be an attractive brain tumor treatment alternative. MR provided not only accurate tumor
location but also visualization of feedback of thermal tissue changes that reflected therapeutic
effect.

Index terms: Interventional neuroradiology; Brain neoplasms, therapeutic radiology; Brain neo-
plasms, magnetic resonance
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Radio frequency energy has been used suc-
cessfully over 3 decades in the neurosurgical
field and proved to be a safe, well-controlled,
and reproducible energy source (1–5). Radio
frequency has been applied for treatment of
functional disorders such as Parkinson disease,
essential tremor, intractable cancer pain, and
trigeminal neuralgia (5–13). Probes have been
placed in well-defined lesions of the brain and
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spinal cord under fluoroscopy or ventriculogra-
phy guidance and recently computed tomogra-
phy (CT) and magnetic resonance (MR) control
(1, 7, 8, 10). Because delivery of radio fre-
quency energy during the treatment of func-
tional disorders is controlled by observing
changes in patient symptoms, such as tremor or
dyskinesia or pain, the main role of imaging is
locating the lesion, rather than monitoring treat-
ment effect.
MR imaging has excellent soft-tissue contrast

resolution. Small brain tumors that cannot be
found on CT often can be easily detected with
MR, and appropriate treatment can be per-
formed. Because a mass lesion seen on MR
does not necessarily indicate neoplasm, ster-
eotactic biopsy is required in the majority of
cases. With the development of MR-compatible
stereotactic frames, MR-guided stereotactic bi-
opsy has become a standard procedure at
many institutions (8, 10, 14). Once the biopsy
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needle has reached the lesion, the possibility of
providing focal treatment at the same setting
can be explored.
We have developed a technique of MR-

guided stereotactic radio frequency ablation of
brain tumors, based on the combination of three
modern techniques: stereotactic neurosurgery
for precise placement of devices, radio fre-
quency energy for creating focal thermal coag-
ulation, and MR imaging for locating tumor and
monitoring the therapeutic effect. This is a min-
imally invasive interventional procedure that al-
lows brain tumor ablation under local anesthe-
sia in the MR suite while the patient is awake.
The main objectives of this initial clinical

study were to evaluate the feasibility of this
technique, and to determine the MR character-
istics and sequential evolution of the appear-
ance of radio frequency lesions created within
brain tumors.

Materials and Methods

Clinical Study
Patients with a solitary or multiple metastatic tumor, or

high-grade primary brain tumor, less than 3 cm in maxi-
mal diameter, were considered for this study. Twelve pa-
tients with primary or metastatic brain tumors were en-
rolled in this study. The ages ranged from 20 to 80 years
(mean, 57 years). Ten patients had metastatic brain tumor
(5 patients with adenocarcinoma, 4 with melanoma, 1 with
osteosarcoma) and 2 patients had primary brain tumor (1
patient with oligodendroglioma and the other with glioblas-
toma multiforme). A total of 14 lesions were treated with
stereotactic MR-guided radio frequency ablation. Two pa-
tients had two metastatic lesions treated at the same time.
The follow-up period ranged from 2 weeks to 10 months.

All patients received a full explanation of their treatment
options including surgical resection, stereotactic radiosur-
gery, conventional radiation, and/or chemotherapy alone.
Patients were allowed to volunteer for this study. This
protocol was approved by the Human Subject Protection
Committee at UCLA. Written informed consent was ob-
tained from all patients. Patients without prior histologic
confirmation of their tumor had stereotactic biopsy of the
lesion for frozen-section diagnosis in the first part of the
thermoablative procedure. Only patients with tumor con-
firmed with histologic section underwent thermoablation of
the lesion.

Surgical Procedure

All patients were premedicated with dexamethasone
(Decadron) and anticonvulsants at least 48 hours before
the procedure. In the MR suite, an intravenous line was
started for antibiotics and light sedation. An MR-compati-
ble Leksell stereotactic frame (Elekta Instruments,
Atlanta, Ga) was placed using clean technique. With the
frame attached to the patient’s head, the patient was
placed in the MR scanner where MR images were obtained
without gadolinium. All patients had had previous gado-
linium-enhanced MR that allowed identification of tumor
borders. The stereotactic coordinates of the tumor for
placement of the biopsy needle and the radio frequency
coagulative lesion were determined in the axial scan. The
angles of entrance for the trajectory of the electrode to the
tumor were planned on the sagittal (anteroposterior angle)
and coronal (right-left angle) scans.

After the pre–radio frequency MR, the patient was with-
drawn from the scanner. Local anesthesia was adminis-
tered at the location of the electrode entrance. A 5-mm
skin incision allowed the placement of a small twist drill
hole. Biopsy specimens were obtained from the lesion if
necessary. After histopathologic diagnosis was confirmed
by frozen section, the biopsy needle was removed. The
MR-compatible radio frequency probe then was intro-
duced through the same opening, and radio frequency
impedance monitoring was performed as the electrode
was advanced. The neurologic status was monitored in the
awake patient throughout the procedure.

Radio Frequency Ablation

A modified MR-compatible radio frequency lesion gen-
erator system (Radionics Inc, Burlington, Mass), which
generated 480 KHz sine wave signals, was used in this
study. The radio frequency lesion was generated by in-
creasing the temperature to 808C and maintaining this for
1 minute. This is an accepted technique, well described in
the literature, that results in a local area of coagulation
necrosis of the tissue (1–4). This 1-minute treatment frac-
tion at different locations in the tumor was repeated until
the entire tumor volume was treated. The endpoint was
determined by a combination of known probe position,
tumor shape and volume, temperature, duration, and MR
appearance. Patients were treated using a single insertion
of either a 5- or 10-mm exposed-tip straight electrode or a
side-advance spring that describes a 10-mm diameter
semicircle from the tip of the electrode to create a three-
dimensional treatment volume. The goal of the treatment
was to cover the entire tumor seen on the pretreatment
image plus a small rim of normal surrounding tissue. The
probe was removed and the incision was closed using 1 to
2 nylon sutures and covered with a bandage. MR imaging
was used to monitor the lesion and confirm its extent
before and after treatment in all patients and later during
treatment in 3 patients in the series. Patients were ob-
served for 24 hours before discharge.

MR Imaging

In this study, a modified 1.5-T, superconducting MR
unit was used. Specific modifications include additional
life-support monitoring system, MR-compatible television
camera observation for the patient within the magnet, MR-



Fig 1. A, T2-weighted fast spin-echo
image of a patient with radio frequency
electrode in place confirms the location
of the electrode within the tumor (arrow).

B, Radio frequency T2-weighted fast
spin-echo image obtained immediately
after beginning ablation before the ap-
pearance of the radio frequency lesion.
Slight increased noise is seen because of
radio frequency energy delivery inside
MR unit; however, the image quality re-
mains acceptable.
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compatible computer display for use in MR room, slight
enlargement of magnet bore for improved patient access,
and integration of compatible radio frequency ablation
under MR so that either device would not interfere with the
other. Image section thickness of 3 mm with interleaving
was used to define tumor location, to determine anatomic
relationships with surrounding vital structures, and to mea-
sure tumor volume. T2-weighted fast spin-echo imaging
(2000–2800/80–90/2 [repetition time/echo time/excita-
tions]) was obtained in axial, coronal, and sagittal planes,
providing location of the tumor as well as determination of
radio frequency–probe trajectory. Additional T1-weighted
spin-echo images (500–650/16–20/2) were obtained.
The standard head coil in which a Leksell stereotactic
frame could be fitted was used. MR imaging before the
procedure was performed with a 28-cm field of view, which
is large enough to cover the fiducials to calculate the
stereotactic coordinates and angle of trajectory. The re-
mainder of the MR examination was performed with a
22-cm field of view. A 256 3 192 matrix was used for both
T1- and T2-weighted images. The administration of gado-
linium was not performed before the radio frequency ab-
lation except in one case, in which tumor was too small
and close to the sulcus to be well seen on the noncontrast
study. In addition, MR angiography with two-dimensional
time of flight (45/8/2) using 60 degree flip angle and
1.5-mm section thickness was obtained in later patients,
locating vascular structures at the entry point of the radio
frequency probe and along its planned trajectory into the
brain.

MR imaging was performed before, during (Figs 1A and
B), immediately after, and 1 day, 1 week, 1 month, 3
month, and 6 months after radio frequency ablation. The
images were reviewed by two neuroradiologists in con-
junction with a review of the clinical data.

Volume Measurement

Three-dimensional reconstruction of the initial brain tu-
mor and the radio frequency lesion was obtained in each
imaging time point using a thresholding technique. The
radio frequency lesion was segmented and reconstructed
to calculate sequential volumes.

The radio frequency lesion volumes were calculated
based on three-dimensional reconstruction of images in all
patients. The sequential radio frequency lesion volume
was plotted as a function of time after treatment in 6
patients who had more than 3 months follow-up with MR
imaging. The volume of the acute radio frequency lesion
also was plotted as a function of the time-temperature
dose of radio frequency energy delivered.

Results

Clinical Outcome

A summary of the 12 patients and 14 lesions
treated by stereotactic MR-guided radio fre-
quency ablation is shown in the Table.
Two patients who had had previous whole-

brain radiation and one patient who had had
open craniotomy and radiation therapy pre-
sented with recurrent tumor, which was treated
with radio frequency ablation. One patient had
received systemic chemotherapy for osteosar-
coma before radio frequency treatment. One
patient received whole-brain radiation after
stereotactic radio frequency ablation, and 3
months after radiation therapy was completed,
she presented with another two lesions that also
were treated with stereotactic MR-guided radio
frequency ablation. The seven remaining pa-
tients had not received any treatment before
radio frequency ablation. Six of these patients
were over 65 years old.
The radio frequency lesion was large enough

to cover the initial tumor volume in all cases.
Although the follow-up period was limited, focal



Brain tumors treated by stereotactic MR-guided radio frequency ablation

Patient Age, y/sex Histology
Location/
Size, cm

Previous
Treatment

Bx?
Radio Frequency
Dose, minutes

Follow-
up,

months

1 44/M Melanoma RF/1.2 None Yes 45 10
2 65/F Adenocarcinoma RP/1.0 None Yes 4 9
3 56/M Melanoma LP/0.8 None Yes 3 8
4 71/F Adenocarcinoma LF/1.5 None Yes 9 6
5 70/F Glioblastoma multiforme LF/2.8 None Yes 9 5
6 75/F Adenocarcinoma LF/2.6 None Yes 16 5
7 45/F Oligodendroglioma LF/2.5 Surgery and

radiation
Yes 9 4

8 69/M Melanoma LF/1.3 None Yes 3 3
9 20/F Osteosarcoma RF/1.0 Chemotherapy No 10 2
10 40/F Melanoma RF/1.0 None No 4 1.5

RT/1.0 None No 3 1.5
11 70/F Adenocarcinoma RP/1.2 Whole-brain

radiation
No 2 1

LO/0.8 Whole-brain
radiation

No 1 1

12 80/F Adenocarcinoma RF/0.8 None No 1 0.5

Note.—Bx indicates biopsy immediately before radio frequency therapy; F, frontal; P, parietal, T, temporal; and O, occipital.
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control was obtained in all lesions treated by
radio frequency ablation. Two patients who had
active primary cancers (one hadmelanoma, the
other had lung cancer) presented with other
metastatic brain tumors after radio frequency
ablation. However, no lesion treated by ra-
dio frequency ablation showed any disease
progression.
Broca aphasia developed in two patients who

had tumors adjacent to the left motor cortex;
one was transient and completely resolved, the
other patient still has mild speech difficulty at
10 weeks after treatment. These symptoms had
their onset approximately 10 minutes after
completion of the procedure, rather than during
or immediately after radio frequency ablation.
No other serious adverse events were noted.

MR Findings

The MR appearance of the acute radio fre-
quency lesion consisted of four concentric
zones, A–D. Zone A, an innermost central area
of high signal intensity on T1-weighted images,
was seen in patients who underwent biopsy im-
mediately before radio frequency ablation (Fig
2). This high-signal appearance was not seen in
patients who did not undergo biopsy immedi-
ately before treatment (Fig 3). Zone B was a
second concentric zone isointense to gray mat-
ter on T1-weighted images and of low signal
intensity on T2-weighted images. Zone C was
the outermost low-signal rim on both T1- and
T2-weighted sequences. Zone D corresponded
to a perilesional high-signal area suggestive of
edema on T2-weighted images without signifi-
cant mass effect. On postgadolinium images,
peripheral enhancement outside the low signal
rim (zone C) was seen. Some small tumors (less
than 1 cm in diameter) that required a limited
radio frequency exposure did not develop a
zone D after treatment at all, and central en-
hancement after gadolinium administration was
noted (Fig 4).
Sequential changes of the radio frequency

lesion on MR images were studied and several
patterns emerged: (a) the central high signal on
T1-weighted image persisted 1 to 3 months af-
ter procedure and then gradually resolved (Fig
2); (b) the peripheral low-signal rim became
well-demarcated and more prominent with time
(Fig 4); (c) the perilesional high-signal area was
the maximum in size at 1 day to 1 week after
therapy, then gradually reduced; however, in
some cases it was still seen 6 months after radio
frequency ablation; (d) the overall size of the
radio frequency lesions gradually reduced with
time (Figs 2 and 4); (e) peripheral enhance-
ment was seen up to 6 months after radio fre-
quency ablation. A small radio frequency lesion
created for ablation of a metastatic melanoma
has greatly decreased in size 6 months after
treatment (Fig 4).



Fig 2. Case 1. A 44-year-old man with a history of melanoma presented with a metastatic melanoma in the right frontal lobe.
A, T1-weighted sagittal image before radio frequency treatment shows the large area of edema without evidence of hemorrhage within

the tumor.
B, Unenhanced T1-weighted image immediately after radio frequency ablation shows high signal foci in the central portion of the radio

frequency lesion (arrow head). This is often seen in patients who had biopsy immediately before thermal ablation and is presumably
related to heat-induced methemoglobin formation.

C, Gadolinium-enhanced axial image immediately after thermoablation shows well-defined ring enhancement of the radio frequency
lesion (arrow). Multiple high-signal foci seen outside the head represent fiducials in an MR-compatible stereotactic frame (small arrow).

Contrast-enhanced MR images taken 1 month (D), 3 months (E), and 6 months (F) after radio frequency ablation show that radio
frequency lesions gradually decrease in size. There is no evidence of tumor progression observed for this 10-month follow-up period.

Fig 3. Case 10. A 40-year-old woman
with known history of melanoma presented
with four brain tumors. No biopsy was per-
formed immediately before the radio fre-
quency ablation.

A, T1-weighted sagittal image shows a
small tumor surrounded by extensive
edema (arrow).

B, After radio frequency ablation, very
little increased signal is present. This is un-
like the high signal foci often seen in pa-
tients who were treated immediately after
biopsy (compare with Figure 2B and 4B).
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Fig 4. Case 3. A 56-year-old man with melanoma presented with two metastatic tumors.
A, A small tumor in the left parietal lobe (small arrow) was treated with radio frequency ablation, and the other large tumor (arrow

head) in the right parietal lobe was removed by open craniotomy after thermal ablation of the tumor on the left. Biopsy from this small
lesion revealed metastatic melanoma.

B, T2-weighted image immediately after radio frequency ablation shows low-signal rim at the boundary (arrow).
C, Gadolinium-enhanced axial image immediately after radio frequency ablation shows enhancement of the radio frequency lesion,

representing the area of blood-brain-barrier disruption (arrow).
Sequential T2-weighted images obtained 1 month (D), 3 months (E), and 6 months (F) after radio frequency ablation show significant

volume reduction of the radio frequency lesion. The peripheral dark rim becomes well demarcated and more prominent 1 month after
treatment (arrowhead), and the overall lesion size gradually reduces and is barely seen in the image taken 6 months after the radio
frequency ablation (F).
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Volume Measurement

The sequential radio frequency lesion vol-
umes were calculated based on gadolinium-
enhanced 3-D reconstruction images in six pa-
tients who had more than 3 months follow-up
with MR. The outermost enhancing portion
was segmented at the lesion margin. The se-
quential radio frequency lesion volumes were
plotted as function of time after treatment in
each patient.
A gradually decreasing volume was observed

in all patients in follow-up studies (Fig 5). This
volume-curve analysis was consistent with the
clinical impression that focal control was ob-
tained in all radio frequency–treated lesions. It is
hypothesized that a sudden increase in volume
could represent progression or recurrence of
tumor.

Radio Frequency Lesion Volume versus Radio
Frequency Dose

Lesion volumes calculated on gadolinium-
enhanced MR images were plotted as function
of the radio frequency dose (time in minutes at
808C), which reflects tissue heating at the elec-
trode tip (Fig 6). The lesion volume did not
correlate well with radio frequency dose. Fur-
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thermore, the lesion size did not increase over a
certain volume despite increased radio fre-
quency lesion energy delivery. For example, the
volume of the lesion treated for 45 minutes was
similar to that treated for 7 minutes. The volume
of the radio frequency lesion depends not only
on the energy delivered but also on the volume
over which the energy is applied. Thus, a
large radio frequency lesion could be created,
by advancing and/or retracting the radio fre-
quency probe and by using the side arm
rather than by merely increasing the dose in
the same position. The thermal capability of
the tissue also varies depending on whether
there are large vessels (acting as heat sinks)

Fig 5. The sequential volume change in radio frequency le-
sions in patients who had more than 3 months follow-up with MR.
The radio frequency lesion volume was plotted as function of time
after treatment in six patients. The lesion volume slightly in-
creases up to 7 days after radio frequency therapy and gradually
decreases in all patients.

Fig 6. Radio frequency lesion volume versus radio frequency
dose.

The acute radio frequency lesion volume calculated on the
gadolinium-enhanced MR image was plotted as function of the
radio frequency dose (cumulative times in minutes that the tissue
was maintained at 808C). The graph shows that lesion size did not
increase over a certain volume despite repeated radio frequency
energy delivery.
nearby, which can distort the uniform delivery
of a radio frequency dose.
Prediction of radio frequency lesion size is

helpful for treatment planning. However, all
these factors made accurate preoperative do-
simetry planning of limited predictive value for
lesion volume and underscore the need for im-
aging feedback during treatment.

Discussion

The MR appearance of radio frequency le-
sions in the brain and interpretation of their sig-
nal characteristics has been reported (8, 15) in
two papers describing radio frequency thalam-
otomy. It has been reported that the signal in-
tensity change of the radio frequency lesion has
been closely related to the MR appearance of
intracranial hemorrhage (8).
In our patients the signal intensity changes

were consistent with previous animal experi-
ments and previous reports investigating histo-
logic changes after radio frequency ablation in
the brain. The innermost high signal on T1-
weighted images most likely represents heat-
induced methemoglobin conversion from de-
oxyhemoglobin (Farahani K et al, Radiology,
1993; 189(P): 167), which normally takes more
than 72 hours in cerebral hematoma without
heat induction (16, 17). These high signal foci
were seen only in patients for whom biopsy was
performed immediately before radio frequency
ablation, which presumably caused a small
amount of local bleeding. High-signal foci were
not observed in three patients who had treat-
ment of five lesions for which biopsy was not
necessary. The contribution of a high protein
content fluid collection to the high signal foci on
the acute radio frequency lesions, however, can
not be entirely excluded.
The second zone of low signal intensity cor-

responded to the area of coagulative necrosis,
with resulting loss of tissue water seen in the
histologic studies. This phenomenon has been
noted in other examples of interstitial thermal
tissue injury caused by Nd:YAG laser and rep-
resented irreversible tissue damage (18, 19).
The third zone consisting of the low-signal

rim was well seen especially in relatively large
radio frequency ablations that required multi-
ple radio frequency applications in different
locations within the tumor. This most likely
represents deoxyhemoglobin in the acute sit-
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uation and hemosiderin deposition in later
follow-up studies.
The outermost zone of peripheral high signal

most likely represents edema in the acute lesion
and gliosis in the chronic stage.
The hemoglobin products are a potential,

intrinsic marker to help define resolving radio
frequency lesions on follow-up MR imaging. In
small radio frequency lesions, this ring of he-
mosiderin was not as visible as in the larger
lesions. In these cases, gadolinium enhance-
ment may help to delineate the radio fre-
quency lesion, because peripheral ring en-
hancement is invariably seen at the boundary
of the radio frequency lesion, which presum-
ably corresponds to heat-induced blood-brain-
barrier disruption.
One of the clinical issues to be addressed is

how to differentiate recurrent tumor adjacent to
or inside the radio frequency lesion from resolv-
ing radio frequency thermal tissue effects on MR
imaging. In this study, sequential volume mea-
surement was helpful for showing no tumor pro-
gression. Although we had no treatment fail-
ures, we anticipate from experience elsewhere
that recurrent tumor could appear as an in-
creasing volume. Increased edema around 1
week after thermal treatment was expected
based on previous reports in the animal model
(19) as well as with radio frequency thalamot-
omy in the human (8, 15). This high-signal
edema did not show as much mass effect as
that often seen with recurrent brain tumors.
Therefore, the new onset of mass effect might
be one of the MR findings suggesting progres-
sion of tumor. We are also beginning protocols
using thallium scanning and MR spectroscopy
to help in this area.
MR imaging has high soft-tissue contrast,

which allows not only precise location of the
brain tumor but also visualization of the im-
mediate thermal injury caused by the radio
frequency energy. The application of MR an-
giography allows large cortical vessels to be
seen easily without additional contrast agents
and avoided during instrumentation. MR im-
age information defines the angle of electrode
trajectory as well as how much additional
treatment is necessary to cover the entire tu-
mor. Although the physical access of conven-
tional diagnostic MR units is limited, we are
installing a new open 0.2-T interventional MR
system, which will help overcome this limita-
tion of currently available devices. The rela-
tively large susceptibility artifacts from even
MR-compatible electrodes tend to obscure
smaller lesions with our current high-field
scanner. The use of new lower-field interven-
tional MR units will reduce the susceptibility
artifact from instruments.
Interventional MR may be criticized as an ex-

pensive technology. However, when compared
with more costly inpatient surgical procedures
and considering patient morbidity, hospitaliza-
tion costs, and lost time from work for open
surgical procedures, closed MR-guided inter-
ventions may potentially lower the ultimate cost
of medical care.
Although the number of patients studied was

limited, this study demonstrates that stereotac-
tic MR-guided radio frequency ablation of brain
tumors is feasible and a promising brain tumor
treatment alternative. The advantages of this
technique are multiple. First, the procedure is
minimally invasive, performed under local an-
esthesia while patients are awake and commu-
nicating with the physician. Neurologic symp-
toms can be monitored during the entire
procedure, whereas many neurologic deficits
can not be clearly identified until a patient is
awake from general anesthesia often necessary
for an open craniotomy. Second, MR-guided
stereotactic localization provides accurate tar-
geting of the lesion to minimize damage to sur-
rounding structures. In addition, by the use of
low-energy stimulation of the area to be treated
before lethal energy delivery, undesired dam-
age to normal functioning brain can be further
avoided (1).
Third, radio frequency heat lesions can be

clearly identified on MR imaging performed im-
mediately after the procedure, allowing feed-
back during the procedure. This approach is
more analogous to a conventional surgical pro-
cedure than to radiation therapy in which there
is no immediate imaging feedback of the effects
of treatment. Because radio frequency energy
creates focal tissue coagulation, this technique
can be used in previously fully radiated patients
and can be applied and reapplied to multiple
lesions.
The entire procedure takes approximately 3

hours including pretreatment and posttreat-
ment MR examinations. With interventional
MR scanners, it is anticipated that this would
decrease further. This technique requires mini-
mum observation (usually 24 hours after the
procedure) and after more experience the
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treatment probably can be done entirely on an
outpatient basis. This technique has the po-
tential to improve the quality of life of patients
and is appealing if this approach could pro-
vide therapeutic benefit similar to other treat-
ments.
The limited lesion size created by the radio

frequency electrode is one possible limitation of
this technique. Several factors influence the ra-
dio frequency lesion size, including current in-
tensity, temperature of tip, duration of radio fre-
quency application, size of the exposed
electrode (length and diameter), and the prop-
erties of the tissue to be treated (4, 20, 21).
Increased lesion size can be obtained by repo-
sitioning the radio frequency probe, using a
probe with a side arm or a probe with larger
diameter or length. Once coagulation necrosis
takes place, current conductivity will drop off,
resulting in the limited lesion size in one location
even with long exposure (4). Therefore, the du-
ration of application does not increase the radio
frequency lesion size after a certain point. The
temperature setting is also one of the factors
that influence lesion size. Most radio frequency
lesions in the brain are made at electrode-tip
temperatures between 60 and 808C and a dura-
tion of 30 to 90 seconds. Tissue vascularity also
affects the lesion size and shape. For a given set
of parameters, a lesion extends more into areas
of white matter than gray matter because of the
lower electrical resistance and the greater vas-
cularity of gray matter. Based on theoretical
limitation, we currently limit the size of tumors
we treat to 3 cm because of swelling after abla-
tion; however, with more experience it may be
possible to treat larger lesions.
The risk of hitting major intracranial vessels

during instrumentation is not high but still ex-
ists, which might cause a significant intracranial
hematoma. Careful planning of needle trajec-
tory with MR angiography helps avoid major
injuries.
Most patients in this initial clinical study were

elderly and had systemic disease, such as hy-
pertension, diabetic mellitus, asthma, or previ-
ous lower lobectomy of the lung or systemic
chemotherapy. Open craniotomy could have
resulted in a very long recovery period, loss of
quality of remaining life, and would for many
reasons not be desirable for these patients. Ste-
reotactic MR-guided radio frequency ablation is
suitable for those patients who have a systemic
illness, previous full course of radiation, or mul-
tiple small tumors, and those who refuse the
other alternatives. Because the maximum fol-
low-up period at the time of this writing was 10
months, the ultimate prognosis for patients
treated with this technique remains to be deter-
mined. We are now moving into the next phase
of evaluation and have begun a randomized
clinical trial, comparing patient treatment re-
sponse with MR-guided stereotactic radio fre-
quency ablation and stereotactic radiosurgery
at our institution.
Finally, because the technique is simple,

minimally invasive, and effective for focal dis-
ease, possible uses of MR-guided radio fre-
quency ablation of tumors elsewhere in the
body, such as soft-tissue tumors in the breast,
head and neck, abdomen, prostate, and meta-
static bone tumors should be explored.
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