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Purpose: Magnetic resonance imaging (MRI) provides superior visualization of the prostate and surrounding
anatomy, making it the modality of choice for imaging the prostate gland. This pilot study was performed to
determine the feasibility and dosimetric quality achieved when placing high-dose-rate prostate brachytherapy
catheters under MRI guidance in a standard “closed-bore” 1.5T scanner.

Methods and Materials: Patients with intermediate-risk and high-risk localized prostate cancer received MRI-
guided high-dose-rate brachytherapy boosts before and after a course of external beam radiotherapy. Using a
custom visualization and targeting program, the brachytherapy catheters were placed and adjusted under MRI
guidance until satisfactory implant geometry was achieved. Inverse treatment planning was performed using
high-resolution T,-weighted MRI.

Results: Ten brachytherapy procedures were performed on 5 patients. The median percentage of volume
receiving 100% of prescribed minimal peripheral dose (Voo achieved was 94% (mean, 92%; 95% confidence
interval, 89-95%). The urethral V,,sranged from 0% to 18% (median, 5%), and the rectal V5 ranged from 0%

to 3.1% (median, 0.3%). In all cases, lesions highly suspicious for malignancy could be visualized on the
procedural MRI, and extracapsular disease was identified in 2 patients.

Conclusion: High-dose-rate prostate brachytherapy in a standard 1.5T MRI scanner is feasible and achieves
favorable dosimetry within a reasonable period with high-quality image guidance. Although the procedure was
well tolerated in the acute setting, additional follow-up is required to determine the long-term safety and efficacy
of this approach. © 2004 Elsevier Inc.

Prostate cancer, Brachytherapy, MRI, Image guidance.

INTRODUCTION extracapsular, seminal vesicle, or regional lymph node in-
volvement and have a larger burden of disease in the pros-
Prostate cancer is the most common noncutaneous maligtate gland(2, 3). Evidence is mounting that local control
nancy in men, with radiotherapy (RT) constituting the main- rates can be improved by delivering higher boost doses of
stay of definitive local therapy for patients with intermedi- RT to the prostate gland in these patie(ts-6)
ate- and high-risk diseasé€l). Compared to low-risk Brachytherapy, designed and delivered with accurate an-
subgroups, these patients are at greater risk of microscopicatomic reference, is well suited for dose escalation. By
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virtue of the “inverse square” law, brachytherapy resultsin
a much steeper dose gradient, and hence can achieve an
improved therapeutic ratio compared with external beam
RT (EBRT). The technique, however, demands a high level
of accuracy and precision. Compared with ultrasonography,
MRI provides far better visualization of the prostate and
surrounding anatomy, making it the modality of choice for
imaging the prostate gland (7). Given that accuracy in
brachytherapy is largely dependent on the quality of the
images, the rationale for using MRI during brachytherapy
catheter placement and treatment planning is strong. MRI
offers a three-dimensional (3D) data set, arbitrary imaging
planes, and unparalleled soft tissue contrast.

Furthermore, MRI technology offers the unique possibil-
ity of integrating a wide range of biologic images to precise
dosimetric maps within the gland and of studying the un-
derlying molecular properties of images and the changes
that occur during RT (8). Examples include, but are not
limited to, dynamic contrast-enhanced MRI and MR spec-
troscopy. In this regard, high-dose-rate (HDR) temporary
implants may offer an advantage over permanent seed im-
plants, such that complex dose distributions can be achieved
by optimizing the dwell times after catheter placement.
Specific areas with a high burden of disease or with biologic
features indicative of radioresistance within the prostate
gland may be specifically targeted for higher dose delivery
(9, 10).

For these reasons, we chose to address the challenges
involved with performing HDR prostate brachytherapy in a
standard 1.5T MRI scanner. Standard MRI scanners, as
opposed to “open” scanner architectures, are cylindrical in
shape and can pose significant challenges to patient inter-
ventions within the spatial constraints of the scanner bore.
However, they afford greater image quality because of their
higher magnetic and gradient field strengths. Thisisincreas-
ingly the case with the 3T magnets now becoming available
for clinical use. Moreover, they are more widely available
and can be used for diagnostic studies and are, therefore,
more cost effective than specialty magnets.

We report our results from the pilot “run-in” phase of a
two-stage clinical trial designed to determine whether HDR
prostate brachytherapy implants performed in a standard
15T MRI scanner would result in favorable dosimetric
profiles. In this pilot phase of thetrial, we sought to develop
and perfect our technique. Having demonstrated the feasi-
bility and consistency in our implant dosimetry and tech-
nique, the trial will now proceed to an evaluation phase with
alarger cohort of patients.

METHODS AND MATERIALS

Eligibility evaluation and preplanning

Patients with intermediate- and high-risk localized pros-
tate cancer were eligible to enroll if their disease profile
included either Gleason score >6, or clinical stage greater
than T2a (American Joint Committee on Cancer, 2002 edi-
tion), or prostate-specific antigen (PSA) level of =10 ng/

mL, with no evidence of distant metastatic disease. Staging
investigations included PSA measurement, digital rectal
examination, histopathologic review, diagnostic endorectal
coil MRI of the prostate, and bone scan in those with
high-risk disease. Patients unsuitable for general anesthesia
or MRI were excluded, as were patients who had undergone
transurethral resection of the prostate (TURP) in the pre-
ceding 6 months, who had a large TURP defect, or had
significant urinary symptoms as reflected by a high (>18)
International Prostate Symptom Score.

All €eligible patients underwent preliminary MRI in the
treatment position before enroliment to confirm adequate
perineal access and the absence of pubic arch interference.
Preliminary MRI evaluations and procedures were per-
formed on a Siemens Sonata 1.5T MRI scanner with a
60-cm-diameter bore (Siemens Medical Systems, Erlangen,
Germany). A custom-built MRI table overlay was designed
to permit patient and device immobilization. The patient
was positioned head first in the left lateral decubitus posi-
tion (Fig. 1). An axillary roll was placed to prevent brachial
plexopathy during prolonged immobilization. The patient’s
position was adjusted such that the shoulders and hips did
not collide with the anterior edge of the bore, and perineal
exposure was optimized. Immobilization was achieved with
support cushions (Action Products, Hagerstown, MD), sur-
gical tape, and Velcro straps securing the patient to the table
overlay at the head, shoulder, chest, abdomen, legs, and
feet.

After adigital rectal examination, an endorectal imaging
coil (USA Instruments, Aurora, OH) modified with immo-
bilization hardware and rigidly affixed perpendicular to a
custom-designed perineal template was inserted and placed
against the anterior rectal wall adjacent to the prostate
gland. A custom-modified immobilization arm (Siemens
Medical Systems, Erlangen, Germany) affixed the coil/tem-
plate device to the table overlay. The patient was then
advanced into the scanner bore until the prostate gland was
positioned at the magnet isocenter. Three-plane scout im-
ages were acquired to verify the position and orientation of
the endorectal coil/template assembly. The endorecta coil
was adjusted until it was parallel to, and centered on, the
urethra (right to left).

Using the MRI scanner’s graphic user interface, an im-
aging plane parallel to the template face was prescribed and
a 3D-Steady State Free Precession (SSFP) image volume
(TR 4.4 ms, TE 2.2 ms, Flip Angle (FA) 56°, pixel band-
width (BW) 560 Hz, field of view 25 cm, dice thickness 3
mm, 256 X 256, 60 dices, Number of Averages (NEX) 1,
scan time 1:20 min, and images corrected for gradient
nonlinearity) covering the template, pubic arch, and prostate
gland was acquired.

An image of a grid with 5-mm spacing representing the
template was fused to the prostate MR images with custom
software. These images were transferred to a treatment
planning workstation (PLATO, Nucletron, Columbia, MD),
where the pubic arch, prostate gland, urethra, and rectum
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Fig. 1. Patient immobilized in left lateral position to maximize perineal exposure. Endorectal coil (a) perpendicular to
template (b). Custom system placed against perineum, adjusted parallel to urethra under image guidance, and affixed to
table with immobilization arm (c). Location of base of prostate clearly visualized (arrow).

were segmented. A peripheral catheter arrangement, re-
specting the template projection and pubic arch, was gen-
erated and arbitrarily optimized for target coverage. Those
patients with pubic arch interference compromising target
coverage were deemed ineligible and were excluded from
the trial.

MRI-guided brachytherapy catheter placement

The patient underwent a bowel preparatory regimen and
antibiotic prophylaxis (levofloxacin, 500 mg daily) 2 days
before brachytherapy. The patient was placed under general
endotracheal anesthesia for the entire procedure. A Foley
catheter was inserted into the bladder and the balloon in-
flated with 10 mL of 0.5 mM gadolinium-diethylenetri-
amine pentaacetic acid. Once the bladder was completely
drained, the Foley catheter was clamped to permit urine to
collect in the bladder, thereby improving bladder mucosal
definition on MRI. When satisfactory vital sign monitoring

was achieved in the MRI scanner, the patient was placed in
the left lateral decubitus position and immobilized as de-
scribed. Great care was taken to prevent positional injuries
and to protect pressure points. Pneumatic compression
stockings were applied to both lower extremities.

After digital rectal examination, the perineum was pre-
pared and sterilely draped. The sterile endorectal imaging
coil and template device was placed and affixed to the table
overlay, and three-plane scout images were acquired, as
described. After satisfactory device positioning, a parallel
MRI plane was determined, and a 3D-SSFP image volume
comprising the template, pubic arch, and prostate gland was
acquired. These images were immediately sent to an adja
cent personal computer workstation with a custom written
image visualization and targeting program. The template
position and orientation within the image volume was reg-
istered, and an intensity correction for the endorectal cail
was applied on-line, as previoudy described (11). Those
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Fig. 2. Magnetic resonance imaging (MRI) scanner room setup. Entire needle placement procedure performed inside of
scanner room. Two physicians performed needle placement and one engineer controlled MRI scanner (via in-room
console) and targeting and visualization application (via wireless keyboard and mouse). To ease visualization and
planning, images were projected onto screen within scanner room.

needle paths potentially encroaching on the pubic arch and
urethra were identified and marked, and a peripheral cath-
eter arrangement was designed with the assistance of the
preplan. Fast-spin-echo axial images of the prostate gland
(TR 741 ms, TE 60 ms, ETL 7, pixel bandwidth 125
Hz/pixel, field of view 25 cm, dice thickness 4 mm, 256 X
256, 12 slices, NEX 1, scan time 28 s, images corrected for
gradient nonlinearity) were then acquired for improved tar-
get definition and to confirm the adequacy of the catheter
arrangement. These images were projected with an LCD
projector within the MR room to allow the operator more
timely feedback of the catheter position (Fig. 2).

Catheters were placed by withdrawing the scanner table,
inserting a coaxial MR-compatible needle (MRI Devices,
WI; the depth that places the needle tip at the prostate base
is displayed by the targeting program), advancing the table
to the isocenter, and acquiring fast-spin-echo images to
verify needle position accuracy. The transverse position of
beveled coaxial needles can be adjusted within 5 mm of the
projected target location by retracting the needle, rotating
the bevel in the desired direction, and reinserting the needle.
When a satisfactory needle position was confirmed with its
tip at the base, a brachytherapy catheter (ProGuide, 5F, 294
mm, Nucletron) was inserted through the coaxial needle,
which was then removed. Initialy, one or two coaxial
needles were inserted between each image verification se-
guence. As we gained confidence in the needle targeting
accuracy of our system, up to five coaxia needles were
typically inserted between each image verification se-
gquence. When all brachytherapy catheters were satisfacto-
rily placed, they were locked into position with template
screws. For the first two procedures, cystoscopy was per-
formed to verify that no catheter was perforating the ure-
thral or bladder mucosa. In subsequent cases, this step was
omitted because the location of the catheters in relation to
the urethra and bladder base could be accurately identified
by MRI aone.

The obturators within the brachytherapy catheters were
removed, and most of the urine was drained from the
bladder to prevent bladder distension, which could lead to

prostate displacement and bladder atony. The Foley catheter
was then clamped again to create a distance between the
dome of the bladder and the first dwell position, thereby
reducing the radiation dose to the bladder mucosa. Fina
images were then acquired for treatment planning. These
consisted of axial, sagittal, and coronal T,-weighted fast-
spin-echo images (TE 121 ms, TR 3500 ms, ETL 9, pixel
bandwidth 130 Hz/pixel, field of view 20 cm, slice thickness
3 mm, 256 X 256, 26 slices, NEX 2, scan time 3.38 min,
images corrected for gradient nonlinearity). All images
were corrected for nonuniform imaging coil sensitivity and
sent via network to an image server. The axial images were
then loaded into the PLATO treatment planning worksta-
tion, and the other images were visualized (eFilm, Merge
eFilm, WI) on an adjacent personal computer workstation.

After the acquisition of the treatment planning images,
the obturators were replaced inside the brachytherapy cath-
eters, and the patient was transferred by dliding the table
overlay onto an MR-compatible stretcher while maintaining
the left lateral decubitus position and without releasing any
of the immobilization straps. Great care was taken to pre-
vent pelvic movement with the transfer, and immobilization
was maintained. The patient was brought to the shielded
treatment room for RT. The Foley balloon MRI contrast was
replaced with 10 mL of X-ray contrast (Isovue-300). A
patient lateral portable X-ray was obtained to verify the
needle tip location in relation to the Foley catheter balloon
immediately before treatment. This X-ray was subjectively
compared with a two-dimensional representation of the
catheters and Foley balloon, generated from the treatment
planning MRI in PLATO, in a plane approximating that of
the portable X-ray (Fig. 3).

3D-MRI-based treatment planning, RT delivery, and
recovery

A clinical target volume (CTV) comprising the prostate
gland and any extracapsular disease visualized on the MRI
was contoured, along with the urethra, rectal mucosa, blad-
der, and Foley catheter balloon. The location of the apex of
the gland was verified on the sagittal and coronal images.
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Fig. 3. (a) Diagnostic portable X-ray showing relationship between Foley balloon and brachytherapy catheters acquired
immediately before radiotherapy delivery and compared with (b) surface-rendered image generated from treatment
planning MRI. No appreciable motion of catheters was noted.

The 3D reconstructions of the brachytherapy catheters were
manually performed on the axial MRI. Dwell time optimi-
zation was performed to achieve the following dosimetric
parameters:. target percentage of volume receiving 100% of
prescribed minimal peripheral dose (V1o0) >90%, urethral
Viso <2% and V55 <20%, and recta V.5 <2%. The
guidelines were chosen to follow those previously published
in the literature recommending a rectal dose of <75% and
urethral dose of <125% of the prescription dose (12, 13).
Because these studies defined the urethral dose at a point in
the center of the urethra, our urethral constraints were
modified to alow for a relatively larger urethral organ
volume definition. At the inception of the trial, dwell time
optimization was performed with “forward planning,” con-
sisting of geometric computer optimization followed by
manual isodose manipulations until a satisfactory plan was
achieved. From the third procedure onward, “inverse plan-
ning” was performed with inverse planning-smulated an-
nealing (IPSA) (14) (Nucletron, courtesy of Dr. J. Pouliot)
in which dose constraints were applied to the target, urethra,
bladder, and rectum and adjusted until a satisfactory plan
was achieved.

If the above-defined dosimetric parameters were
achieved, a dose of 1050 cGy was prescribed to the 100%
isodose. If they were not achieved, but a urethral V5,
<2%, and rectal V.5 <5% were obtained, 950 cGy was
prescribed to the 100% isodose line (13). RT was deliv-
ered immediately after completion of treatment planning,
and the catheters were then removed and pressure was
applied to the perineum until hemostasis was achieved.
All immobilization devices were removed, and the pa-
tient was placed in the supine position for recovery from
general anesthesia. The Foley catheter was removed 1-2
h after RT delivery, and the patient was monitored for
vital signs and urine output. The patient was discharged

when stable and able to void without difficulty. Antibi-
otic prophylaxis was continued for 7 days.

EBRT and follow-up

Computed tomography simulation was performed 1 day
after the first brachytherapy procedure with the patient in
the supine position. The patient was instructed to void
before simulation. CT images of the pelvis were obtained,
and treatment planning for EBRT was performed. For those
patients with high-risk localized disease (Gleason score =8,
PSA =20 ng/mL, or Stage T3aor greater disease), the CTV
included the prostate gland, seminal vesicles, and regional
pelvic lymph nodes at risk. For all other patients with
intermediate-risk localized disease, the CTV included the
prostate gland and seminal vesicles. A planning target vol-
ume was obtained by adding amargin of 1.5cmtothe CTV.
A dose of 4600 cGy was prescribed to the 100% isodose in
23 fractions, 200 cGy/d. Hormonal therapy was permitted
during the trial at the discretion of the patient and treating
physician and administered in a neoadjuvant, concurrent,
and adjuvant fashion. During the last week of EBRT, or the
week after EBRT, a second brachytherapy fraction was
delivered in the same fashion.

At treatment completion, patients were instructed to re-
turnto clinic for follow-up evaluations at 1, 3, 6, 12, and 18
months, and yearly thereafter. The Radiation Therapy On-
cology Group toxicity grades were documented at each
follow-up visit.

RESULTS

To date, 10 MRI-guided prostate HDR brachytherapy
procedures have been successfully performed on 5 patients.
Nine patients have undergone the preplanning MRI €ligi-
bility evaluation, and all had satisfactory perineal exposure
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Table 1. Patient characteristics
Lesion
Gland Pretreatment visualized
Age Height Weight size Gleason PSA Clinical ERC-MRI on T,W

(y) (cm) (kg) (cm®) score (ng/mL) stage* T stage MRI Risk group
63 188 89 38 7 6.0 T2a T2c Yes Intermediate
50 177 90 29 9 11.2 Tlc T3a Yes High
52 189 101 29 7 5.8 T2a T3a Yes Intermediate
60 174 68 35 7 8.3 Tlc T2c Yes Intermediate
68 167 75 a7 7 74 Tlc T2c Yes Intermediate

Abbreviations: PSA = prostate-specific antigen; ERC = endorectal coil; T,W = T,-weighted.

* American Joint Committee on Cancer Staging System, 6th edition.

with no evidence of pubic arch interference. One patient
was enrolled in thetrial but was later removed when hisfirst
brachytherapy procedure was aborted owing to instability in
the template fixation system, which was then modified. Of
those screened, 2 patients opted not to enroll in the trial, and
another patient was rendered ineligible because of a new
diagnosis of bladder cancer. All 5 remaining patients were
enrolled in the trial and completed their course of therapy.
One patient was followed for 6 months, 3 patients for 3
months, and 1 patient for 1 month after therapy completion.
The patient and disease characteristics are described in
Table 1. The prostate gland size as determined by treatment
planning MRI obtained within 1 month of the first implant
procedure ranged from 29 to 47 cm?®. In 2 patients (with a
gland size of 29 and 35 cm®), hormonal therapy was deliv-
ery during this interval, thereby potentially reducing the
gland size. In al patients, lesions highly suspicious for
malignancy could be visualized on MRI, and extracapsular
disease was identified in 2 patients (Table 1). Figure 4
shows two representative examples of the MRI quality
obtained to guide catheter placement and for treatment
planning. The catheters appear as small black dots (signal
void) without creating image artifacts. Areas of low inten-
sity suspicious of malignancy and extracapsular extension
were delineated in the procedura MRI, included in the
target volume (purple), and encompassed by the 100%
isodose line (yellow). The shape of the rectum conformed to
the shape of the endorectal coil. All generated preplans met
our dosimetric guidelines, with a median of 14 catheters.
The overall procedure time, determined from the time of
anesthesia induction to extubation, has consistently im-
proved as we have gained experience with this new proce-
dure (Fig. 5). The introduction of IPSA for treatment plan-
ning and alarger number of coaxial needles placed for each
image verification sequence were in part responsible for the
improvement in the overall procedure time. However, most
of the time gain can be attributed to the team’s level of
experience and efficiency at each additive step. The inter-
ventional MRI procedure time was approximately 90 min
with the last procedure performed. No complications re-
sulted from the anesthetic procedure, which was well toler-
ated. Given the low room temperatures dictated by the MRI
system, great care was required to prevent hypothermia by

covering the patient with warm blankets. The mean needle
targeting accuracy of our system was 2.1 mm, as previously
described (11). On average, 15 catheters (range, 13-17
catheters) were placed during each procedure. Patient and/or
template shift was detected once during seven procedures,
so that the position and orientation of the template within
the image volume was re-registered on-line before proceed-
ing with the implant.

The urethra and prostate-bladder interface were clearly
visualized on MRI (Fig. 1), which permitted precise place-
ment of the catheter tips at the prostate and bladder base
without puncturing the urethra or bladder mucosa. Cystos-
copy was performed during the first two procedures and
confirmed the MRI findings. With the exception of one
procedure, no appreciable motion of the catheters occurred
between the MRI scan acquired for treatment planning and
the diagnostic X-ray obtained immediately before RT de-
livery despite patient transfers (Fig. 3). The pubic arch did
not interfere in a prohibitive fashion, nor did clinically
significant prostate gland motion occur to the left side of the
pelvis in the lateral decubitus position.

The median V5, achieved with this technique was 94%
(mean, 92%; 95% confidence interval, 89-95%; Fig. 4).
The urethral V,,5 ranged from 0% to 18% (median, 5%),
and the rectal V5 ranged from 0% to 3.1% (median, 0.3%).
The treatment planning and dwell time optimization was
significantly shorter with IPSA compared with a “forward
planning” approach, and the quality of the plan was consis-
tently superior.

In al but one instance, patients were able to void without
difficulty shortly after brachytherapy. In 1 patient, a pro-
longed procedure time with a distended bladder resulted in
bladder atony, necessitating an indwelling Foley catheter
for 2 days. Hematuria resolved spontaneously within 24—48
h in al cases. No infections or pressure injuries resulted
from these procedures. One patient experienced transient
Grade 1 sensory ulnar neuropathy 1 day after the brachy-
therapy procedure that was of uncertain significance. Five
patients required oral analgesics after the procedure. For the
duration of therapy, all 5 patients experienced Radiation
Therapy Oncology Group Grade 2 acute urinary toxicity
(requiring symptomatic support with tamsulosin), and Ra-
diation Therapy Oncology Group Grade 1 acute Gl toxicity
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Fig. 4. Representative examples of MRI quality obtained to guide catheter placement and for treatment planning.
Catheters appear as small black dots (signal void) without creating image artifacts. Areas of low intensity suspicious for
malignancy (A, arrow) and extracapsular extension (C, arrow) can be delineated in procedural MRI included in target
volume (purple) and encompassed by 100% isodose line (yellow).

consisting of increased bowel frequency. No Common Tox-
icity Criteria Grade 3 or worse acute toxicities occurred.

DISCUSSION

The high quality of anatomic images achieved with MRI
technology (7) provides astrong rationale for the integration
of MRI data with prostate brachytherapy, a technique that
demands a high level of accuracy in target delineation. To
this end, two general approaches are actively under inves-
tigation. The first involves performing brachytherapy pro-
cedures directly under the “real-time” guidance of MRI,
which to date has focused on using MRI scanners with an
“open” architecture. These systems have lent themselves
well to interventional procedures because they afford a
greater spatial freedom than conventional scanners. A tech-
nique for permanent seed implants of the prostate using an
“open” MRI scanner has been designed, implemented, and
reported (15-21). The results confirmed that transrectal
ultrasound-guided implants may be improved on using
MRI. However, because “open” MRI scanners have a sig-
nificantly lower field strength and less gradient performance

than standard cylindrical magnets, less signal is available to
generate the MRI data. This results in anatomic images of
lesser quality than those acquired in standard MRI scanners
and severe limitations to the integration of emerging tech-
niques in biologic imaging (e.g., dynamic contrast-en-
hanced MRI, MR spectroscopy), al of which demand high
signal levels.

A second approach isto “fuse” the diagnostic MRI data
to the interventional images that guide needle placement,
most commonly ultrasonography (22—24). This approach
may be more broadly applicable, because ultrasound guid-
ance for brachytherapy procedures demands less technical
support and is readily available in most centers. However, it
introduces registration errors and mandates two separate
imaging sessions, one to acquire the diagnostic data and one
for brachytherapy.

We chose to address the challenges involved with per-
forming HDR prostate brachytherapy in a standard 1.5T
MRI scanner for two main reasons. The first was to circum-
vent the errors introduced with deformable image registra-
tion of MRI data setsin an effort to improve the accuracy of
anatomic target delineation, and in turn, the quality of the
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Fig. 5. Overall procedure time and target Vo, through course of development of MRI-guided prostate brachytherapy

in standard 1.5T scanner.

treatment. More importantly, however, we sought to estab-
lish a procedural platform in which new techniques for
imaging tumor biology could be investigated simulta-
neously, compared with needle core tissue samples obtained
under the same image coordinate reference, and directly
applied to cancer therapy. Reducing the interval between the
acquisition of the investigational imaging data, biopsy, and
therapy, therefore, became important.

We have shown that HDR prostate brachytherapy in a
15T MRI scanner is feasible and can achieve favorable
dosimetry in a reasonable period with exceptional image
guidance. This procedure may offer a therapeutic advantage
for those patients with extracapsular disease extension vi-
sualized on MRI, because extracapsular disease may be
included in the radiation target volume. Our dosimetric
results compared favorably with those published for a per-
manent seed implant technique performed under “open’
MRI guidance, for which the median V5, was 96% (range,
89-99%) (21), and for HDR implants performed under
ultrasound guidance with ISPA (mean Vo, 96.3%) (25).
However, this standard dosimetric measure of implant qual-
ity does not take into account the accuracy of the target
delineation, which we surmise to be superior with the
present technique. Also, the urethra and distal urethral mus-
cles are more visible on MRI than on ultrasonography
(images not shown); therefore, the urethral contours may be
bigger on MRI. The same dosimetric index values (V 15)
may result in less dose to the urethra using our technique.

Both the dosimetric parameters and the overall procedure
time improved with the introduction of IPSA for treatment
planning. As we continue to gain experience with this new
technique, we anticipate additional improvements in the
overall time required for this procedure. As we achieve

consistency in the overall procedure time, alternative anes-
thetic approaches such as spinal blocks and conscious se-
dation may be considered, because they may be better suited
for some patients.

One of the challenges with this technique has been safe
positioning and immobilization in the left lateral decubitus
position. We chose this approach because it permitted max-
imal perineal exposure within the scanner bore size con-
straints. Although the scanner bore diameter is 60 cm, the
space available in the AP dimension is limited to 45 cm
because of the patient table. By placing patients in the
lateral decubitus position, we took advantage of the much-
needed additional 15 cm to better expose the perineum. For
anesthetic considerations, this position was also favored
over a prone position.

To our knowledge, no prior published experienceis avail-
able to draw from regarding transperineal brachytherapy
with patients in the left lateral decubitus position. A major
concern with this position for a prolonged period is the
stability of the position and the potential for brachial plex-
opathy and injuries to cutaneous pressure points. This risk,
caused by traction on the brachia plexus from weight
bearing on the dependent shoulder, can be reduced by
placing an axillary roll that redistributes the weight to the
chest wall (26). This standard technique is frequently ap-
plied during other surgical procedures performed in the
lateral decubitus position. We have found that when suffi-
cient time and care is taken during patient positioning and
immobilization, pressure injuries and problems with patient
shifts during the procedure can be largely circumvented.

Another concern was the position and stability of the
prostate gland relative to the bony pelviswith patientsin the
left lateral position. To date, we have not experienced
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difficulties with pubic arch interference and/or displacement
of the prostate gland to the left side of the pelvis. Although
limitations will surely exist in the eligible gland size and
body habitus with this technique, we have not yet encoun-
tered them and they may not differ significantly from those
applicable to a dorsal lithotomy approach. We suspect that
the patient’s shoulder width may become the most impor-
tant limiting factor for this technique because of collision
with the anterior edge of the scanner bore. Finaly, our
feasibility results to date must be confirmed with a larger
cohort of patients.

As in al HDR brachytherapy procedures, preventing
organ and/or catheter motion between the acquisition of the
treatment planning images and RT delivery is of critical
importance. Relatively small shifts in the catheter position
relative to the target can potentially lead to important errors
in delivery (27). In our case, the catheters were locked to the
template, which was locked to the table overlay. The patient
was kept under general anesthesia and in the same position
until the treatment was delivered without releasing any of
the immobilization devices. Patient transfer for RT delivery
was achieved by simply sliding the table overlay from the
MRI table to the stretcher. This table transfer, organ swell-
ing, and a small amount of bladder filling in the 45—-60-min
interval between image acquisition and RT delivery could
conceivably result in catheter shifts. For that reason, porta-
ble X-rays were obtained immediately before RT delivery,
documenting the location of the catheter tips relative to the
Foley catheter balloon. No subjective systematic shifts in
catheter tip location relative to the Foley balloon between
the MRI and X-ray images were appreciated. In the future,
we hope to quantitate this observation by obtaining CT
images in our department immediately before RT delivery.
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Although this procedure is technically complex and re-
quires more equipment and personnel resources than ultra-
sound-guided HDR prostate brachytherapy, it is ideally
suited to the study of emerging MR-based biologic imaging
techniques. Examples of novel imaging techniques cur-
rently under investigation include MR spectroscopic imag-
ing (28, 29), dynamic contrast-enhanced MRI (30-33), dif-
fusion-weighted imaging (34, 35), and bold oxygen level-
dependent imaging (36), al of which require additiona
histopathologic and molecular validation before they are
applied to the design of radiation targets. Once the diagnos-
tic accuracy of these techniques is better determined, spe-
cific areas with a high burden of disease or with biologic
features indicative of radioresistance within the prostate
gland may be specifically targeted for higher radiation dose
delivery. In essence, the basic knowledge gained from the
clinical imaging research that can be conducted during this
procedure may be trandated directly back to patient care.
This avenue of research is now being integrated with the
HDR brachytherapy procedures and will be the subject of
future work.

CONCLUSION

We have devel oped atechnique for accurate transperineal
prostate needle placements in a standard 1.5T MRI scanner
that isan ideal platform for the validation and biologic study
of various emerging molecular imaging techniques before
and after RT, and alows for HDR brachytherapy with
excellent target delineation (owing to high-quality MRI)
and favorable radiation dosimetric profiles.
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