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Purpose: The preplanned technique used for permanent prostate brachytherapy has limitations that may be

overcome by intraoperative planning. The goal of the American Brachytherapy Society (ABS) project was to

assess the current intraoperative planning process and explore the potential for improvement in intraoperative

treatment planning (ITP).

Methods and Materials: Members of the ABS with expertise in ITP performed a literature review, reviewed their

clinical experience with ITP, and explored the potential for improving the technique.

Results: The ABS proposes the following terminology in regard to prostate planning process:

® Preplanning—Creation of a plan a few days or weeks before the implant procedure.

® |ntraoperative planning—Treatment planning in the operating room (OR): the patient and transrectal
ultrasound probe are not moved between the volume study and the seed insertion procedure.

® Intraoperative preplanning—Creation of a plan in the OR just before the implant procedure, with immediate
execution of the plan.

® [nteractive planning—Stepwise refinement of the treatment plan using computerized dose calculations derived
from image-based needle position feedback.

® Dynamic dose calculation—Constant updating of dose distribution calculations using continuous deposited
seed position feedback.

Both intraoperative preplanning and interactive planning are currently feasible and commercially available and

may help to overcome many of the limitations of the preplanning technique. Dosimetric feedback based on

imaged needle positions can be used to modify the ITP. However, the dynamic changes in prostate size and shape

and in seed position that occur during the implant are not yet quantifiable with current technology, and ITP does

not obviate the need for postimplant dosimetric analysis. The major current limitation of ITP is the inability to

localize the seeds in relation to the prostate. Dynamic dose calculation can become a reality once these issues are

solved. Future advances can be expected in methods of enhancing seed identification, in imaging techniques, and

in the development of better source delivery systems. Additionally, ITP should be correlated with outcome

studies, using dosimetric, toxicity, and efficacy endpoints.

Conclusion: ITP addresses many of the limitations of current permanent prostate brachytherapy and has some

advantages over the preplanned technique. Further technologic advancement will be needed to achieve dynamic

real-time calculation of dose distribution from implanted sources, with constant updating to allow modification

of subsequent seed placement and consistent, ideal dose distribution within the target volume. © 2001 Elsevier

Science Inc.
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INTRODUCTION

Prostate brachytherapy is rapidly gaining popularity in the
United States as a method of treating early prostate cancer.
Historically, the prostate has been implanted using a pre-
planned dosimetric method in most centers (1). A planning
transrectal ultrasound (TRUS) prostate volume study is
performed a few weeks before the procedure, and the phy-
sician outlines the prostate contour. A treatment plan con-
taining needle locations and the number and strength of
seeds in the needles is prepared using contiguous transverse
images of the prostate from the TRUS. On the day of the
implant, the intraoperative patient positioning and setup
should match the pre-implant planning study as closely as
possible. The prostate is then implanted according to the
preplan. The preplanned method has a number of potential
disadvantages:

o Alterations in the prostate volume and shape occur be-
tween the time of the preplan and the implant procedure,
because of changes in patient position and relaxation of
pelvic musculature induced by anesthesia or as aresult of
hormonal therapy. Hence, these changes can introduce
inaccuracies in an implant based solely on the preplan.

¢ The patient positioning, setup, and images acquired dur-
ing the actual implant should be matched with those
obtained during the pre-implant planning study. These
can occasionaly be difficult to replicate in the operating
room (OR).

¢ The preplanned method requires a separate TRUS imag-
ing planning study, which is cumbersome and sometimes
difficult to schedule. Furthermore, a separate pubic arch
obstruction evaluation study is required in some pre-
planned techniques.

To overcome the disadvantages of the preplanned method,
the recently published American Brachytherapy Society
(ABS) recommendations for prostate dosimetry noted that,
“ldeally, one should strive for on-line, real-time intraoper-
ative dosimetry to allow for adjustment in seed placement to
achieve the intended dose” (2). A few ingtitutions are cur-
rently performing and refining intraoperative treatment
planning (ITP) with a goal of achieving this ideal (3-16).
The use of a portable computer in the OR to perform
treatment planning and calculation of dose distribution in
real time is a new technology in the evolution of prostate
brachytherapy. This technology is still in the early phase of
development and practiced in only a few centers, to allow
the formation of a consensus on guidelines. However, the
ABS feels that the time is opportune to critically assess the
current state of the art, explore the potential for improve-
ment in ITP, and suggest a focus of further technologic
development for both investigators and industry.

METHODS AND MATERIALS

A panel meeting was held August 12-14, 2000 in New
York City. Members of ABS with expertise in ITP per-

formed a literature review, reviewed their clinical experi-
ences, critically assessed the current state of the art of ITP,
and explored the potential for technologic improvement.
Representatives from the industry were invited to provide
input during the brainstorming sessions. A preliminary re-
port was then drafted. This initial report was revised based
on the comments of external experts, including some who
were not ABS members. The board of directors of the ABS
approved this final document.

RESULTS

The results of the deliberations of the ABS panel on the
potential for improvement are given in the following sec-
tions.

Terminology

There are several methods of 1TP; however, there is no
uniform terminology for the various methods. The ABS
therefore proposes the following nomenclature in regard to
the prostate planning process.

Preplanning. Creation of a plan a few days or weeks
before the implant procedure.

Intraoperative planning. Treatment planning in the OR;
the patient and TRUS probe are not moved during the time
between the volume study and seed insertion procedure.

1. Intraoperative preplanning: Creation of a plan in the OR
just before the implant procedure, with immediate exe-
cution of the plan.

2. Interactive planning: Stepwise refinement of the treat-
ment plan using computerized dose calculations derived
from image-based needle position feedback.

3. Dynamic dose calculation: Constant updating of calcu-
lations of dose distribution using continuous deposited
seed position feedback.

The elements of ITP and their current availability are tab-
ulated in Table 1.

Intraoperative preplanning

Intraoperative preplanning eliminates the preplanning pa-
tient visit by bringing the planning system into the OR.
Because there is no preplan on which to base seed ordering,
the approximate number of seeds to be ordered is deter-
mined from a nomogram or table based on the prostate
volume obtained from a CT scan or ultrasound. TRUS is
performed in the OR, and the images are imported in real
time into the treatment planning system. The target volume,
rectum, and urethra are contoured on the treatment planning
system either manually or automatically, and a treatment
plan is generated. The prostate isimplanted according to the
plan.

Wilkinson et al. (10) have reported that, using the ABS
dose evaluation indices (2), ITP-based implants were of
better quality than those in patients treated with the conven-
tional preplanned method. When ITP was compared to the
preplanned method, the median Dy, (dose to 90% of the
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Table 1. Elements of an intraoperative planning system
Commercially Under
Level* Description available development
1,2,3 Treatment planning in operating room X
1,2,3 Image acquisition X
1,2,3 Target definition X
1,23 Organ segmentation (draw contours manually) X
1,2,3 Identify needle position in relation to prostate X
2 Intraoperative optimization based on imaged needle location X
2 Estimate seed positions from imaged needle position X
2 Update dose calculation based on imaged needle location X
3 Auto organ segmentation X
3 Capturing deposited seed positions in real time X
3 Optimization based on deposited seed location X
3 Dynamic updating of dose calculation based on actual seed position X
3 Account for motion of prostate during placement X
3 Account for intraoperative edema X
3 Postimplant dose calculation at time of surgery X
3 Account for postoperative edema X
* Levels

1. Intraoperative preplanning refers to the creation of a plan in the OR just before the implant procedure with immediate execution of

the plan.

2. Interactive planning refers to stepwise refinement of the treatment plan using dose calculations derived from image-based needle

position feedback.

3. Dynamic dose calculation refers to constant updating of dose calculations of implanted sources using continuous seed position

feedback.

prostate volume) increased from 120.5 Gy to 136.5 Gy, the
V g0 (Volume of the prostate receiving 80% of the prescribed
dose) increased from 90.4% to 95.6%, and the V ;oo (volume
of the prostate receiving 100% of the prescribed dose)
increased from 76.2% to 84.9% (10). These improvements
were statistically significant. Similar results were confirmed
by Gewanter et al. (5). However, it must be noted that these
were prospective but nonrandomized studies and are there-
fore subject to selection bias. In addition, studies comparing
ITP to historic controls cannot distinguish between im-
provements due to I TP and those due to improved physician
skill or to use of radioisotope with larger total activity.
Intraoperative preplanning has some advantages over the
two-step preplanned method. It avoids the need for two
separate TRUS procedures and for reproducing patient po-
sitioning, and setup is obviated. However, intraoperative
preplanning does not account for intraoperative changes in
prostate geometry or deviations of needle position from the

preplan (13).

Interactive planning

The process of seed ordering, image acquisition, target
definition, and organ contouring is similar to the intraoper-
ative preplanning method. An optimized treatment plan is
then performed, the dose-volume histogram (DVH) is gen-
erated, and the plan is examined. If necessary, seeds may be
added or deleted manually, and the new isodose distribu-
tions and DVH displays are regenerated. The needles are
inserted as per plan. In interactive planning, it is critical that
the dose calculation is updated based on estimated seed
positions derived from actual (imaged) needle positions (6,

9, 12, 14-16). The needles are repositioned, or subsequent
needle positions are altered in the plan if there are adverse
dosimetric consequences. The dose calculation is then up-
dated based on actual needle location. The interval at which
the dose distribution is recalculated is operator dependent.
Various interactive planning systems exist; some are com-
mercially available, whereas others are ingtitution based.
Commercially available systems include the Interplant sys-
tem (Burdette Medical System, Champaign, IL), PIPER
(RTek, Pittsford, NY), SPOT (Nucletron Corporation,
Veenandaal, Netherlands), Strata (Rosses Medical Systems,
Columbia, MD), and VariSeed (Varian Medical Systems,
Palo Alto, CA). Theinstitution-based systems include those
at Memoria Sloan-Kettering Cancer Center (MSKCC) and
Brigham and Women’s Hospital in Boston. A brief descrip-
tion of some of these systems is included here to illustrate
the differences between them. The reader should refer to the
origina publications for details.

In the technique used by Stock et al. (17, 18) and Stone
et al. (7, 19) using the VariSeed system (modified version
6.7), the implantation begins with insertion of needles, 1 cm
apart, into the periphery of the gland using the largest TRUS
transverse diameter cut as a guide. The position of the
needles is determined on the acquired TRUS images by
identifying the echo bright markings (“acroflash”) of the
implanted needles. The planning system assumes that the
needles run straight and do not deviate. Seventy-five percent
of the seeds are then implanted through these periphera
needles using a Mick applicator. The seed positions are
marked on the planning system along the needle track, and
isodoses are generated. The remaining 25% of the seeds are
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implanted using about 6 to 8 needles in the prostate interior
such that they remain 0.5-1 cm from the urethra and cover
the periphery of the base and apex. The needle positions in
the interior are optimized to limit dose to normal structures
(urethra, rectum) and minimize cold or hot areas within the
prostate. DVH constraints for prostate Dy, urethral D4,, and
the volume of the rectum irradiated by the prescription dose
are used to adjust interior seed numbers and positions.

The MSKCC technique (9, 14) relies on an inverse plan-
ning optimization program, which uses a genetic algorithm
optimization system. The genetic algorithm optimizer (20—
23) attempts to find seed positions on a grid of available, or
potentially available, sites that satisfy the dose constraints
for the normal organs, such as the urethra and rectum, while
maintaining maximal target coverage with the prescription
dose to the prostate. This iterative optimization process
analyzes more than 10° possible seed locations to achieve
the ideal fit and solution and requires approximately 5-10
min for completion in the operating program. The computer
determines the ideal seed location that meets the predeter-
mined dose constraints for the urethra, rectum, and target (9,
14, 24). The seeds are loaded using a Mick applicator
according to the seed-loading pattern dictated by the plan.

In the PIPER (Prostate Implant Planning Engine for Ra-
diotherapy) system (12, 16), an automatic segmentation
algorithm is used to contour the prostate, rectum, and ure-
thra on TRUS images, reducing the contouring time to less
than 2 minutes (25). The dosimetric planning is accom-
plished within 2 minutes using the inverse planning engine
(or optimization). The ITP evaluation is a continuous, in-
teractive process of isodose review, DVH analysis, and
assessment of the feasibility of the needle placement plan
(e.g., avoiding the urethra) during the actual procedure, by
taking into account needle placement deviations as observed
on live ultrasound. An assumption is made that the seeds are
deposited along the actual needle track identified on live
TRUS at the planned retraction distances (i.e., the x and y
coordinates of each seed are displaced to reflect the ob-
served needle deviation, but the z coordinate remains faith-
ful to the plan).

The Interplant System (Burdette Medical System, Cham-
paign, IL) has a built-in optical encoder in the probe-
stepping mechanism that permits the real-time ultrasound
images to be spatially registered against the position of the
probe and template, thereby allowing instant operator feed-
back of the probe position within the prostate (6). Multiple
loading configurations based on the dose constraints for the
target, urethra, and rectum are preprogrammed in the sys-
tem, allowing in the OR the comparison of several plans, if
required. The plan is updated based on the seed position as
estimated from the probe position and the needle track.

Although the previous methods rely on TRUS for imag-
ing, interactive planning can aso be performed using a
split-ring MRI, as in the method developed at Brigham and
Women's Hospital (11, 13, 26, 27). The split-ring MRI
located in a surgical suite allows imaging in the lithotomy
position. The placement of source-bearing needlesis guided

by dosimetric feedback (15). Interactive planning incorpo-
rates the actual needle placement, determined by the nee-
dle's MR (magnetic resonance) artifact observed on real-
time images. Dosimetric consequences of needle placement
are calculated with the needle in the patient, and the plan is
maodified, if necessary, before the sources are deposited.

Dosimetric outcome data. Zelefsky et al. demonstrated
consistent excellent dose coverage of the prostate with the
144 Gy isodose line (V;q0), With a median of 96%, and
median Dy, values of 116% of the prescription dose with the
use of ITP(9). In acomparative dosimetric analysis of three
implant techniques used at MSKCC, lower maximal ure-
thral doses were observed significantly more frequently
with the intraoperative computer-generated conformal plan
in comparison to aCT preplan approach or an intraoperative
ultrasound manual optimized approach (9, 14). Using this
ITP approach, intraoperative dose intensification has been
accomplished by directing higher doses toward regions
showing active disease on MR spectroscopy without ex-
ceeding dose constraints on the urethra and rectum (21).

Lo et al. (8) compared the dosimetry results generated
intraoperatively to CT-based evaluation performed 1 month
postimplant in 70 patients, (37, 1-125 alone; 33, boost Pd-
103). This revealed a good correlation between intraopera-
tive and postimplant results. The mean Dy, results intraop-
eratively compared to those seen postimplant were 178 Gy
vs. 188.5 Gy for 1-125 implants and 98 Gy vs. 98.5 Gy for
boost Pd-103 implants, respectively (8).

Interactive planning represents an improvement over in-
traoperative preplanning, and potentially would allow for a
shortening of the learning curve for inexperienced brachy-
therapists, and the technical outcome of the procedure
would be less operator dependent. However, in interactive
planning the calculated dose distribution is based on im-
planted needle position, and hence interactive planning may
not account for seed movement after deposition.

Dynamic dose calculation

At thistime, dynamic dose calculation is not available for
permanent prostate brachytherapy, because it is difficult to
image individual seeds on TRUS. However, dynamic dose
calculation has been used for high-dose-rate prostate
brachytherapy (28, 29), and it is possible that some of its
components could be adapted for permanent prostate dy-
namic dose calculation. Dynamic dose calculation is feasi-
ble for high-dose-rate prostate brachytherapy, because it
requires imaging the needles, not the individual seeds, with
TRUS. There is rapid development in this field, and it is
possible that some of the features of dynamic dose calcu-
lation may become available by the time this report is
published.

In comparison to interactive planning, dynamic dose cal-
culation requires the following additional components. The
essential feature is that the deposited seed positions are
captured in real time, and the optimization is based on
deposited seed location (rather than needle location). The
dose distribution is updated dynamically based on actua
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positions as the seeds are deposited. The motion of the
prostate during placement, as well as changes in prostate
size and shape due to intraoperative edema, are accounted
for. Postimplant evaluation is performed at time of surgery,
obviating a separate postimplant dose-calculation proce-
dure.

Future directions in ITP

ITP addresses many of the limitations of current perma-
nent prostate brachytherapy. However, current methods do
not as yet alow for localization of the seeds, which is
essential for dynamic dose calculation. If dynamic dose
calculation is to be achieved, the advances in ITP must
include the following: improvements in target visualization,
ability to account for dynamic changes in prostate contour,
improved seed detection, and better delivery systems. Al-
though some of these potential improvements in ITP may
seem far-fetched now, they are presented here to suggest
directions in which the industry might focus its efforts.

Improved ultrasound technology

Sonoelasticity imaging. Sonoelasticity imaging is an ul-
trasound-based technique that holds promise for both seed
localization and prostate-tissue segmentation. The basic
principleisto transfer amechanical vibration to theimaging
area containing materials of different vibration properties
and to detect such differences in Doppler mode ultrasound
(30, 31). Sonoelastic imaging may be used to detect seeds
and to distinguish the prostate itself from surrounding tis-
sues by virtue of its ability to adjust resonance frequencies
in the vibration harmonics. In addition, sonoelastic imaging
may be used to more accurately localize prostatic tumors,
thus allowing possible tumor dose intensification.

Automatic segmentation of the prostate boundary. A
number of methods can be used for automatic segmentation
(contouring) of the prostate boundary. These include the use
of genetic algorithm (32), radia bas-relief method (33),
multiscal e edge detection algorithm with nonlinear Laplace
filtering (34, 35), and atrainable method for TRUS segmen-
tation (25). This would allow faster, automatic contouring
of the prostate gland.

Transurethral ultrasound. Transurethral ultrasound de-
vices, based on intravascular ultrasound currently in clinical
use, may offer improved visualization of prostate anatomy
and seed position. This is due primarily to the increased
resolution of the image, alowing better differentiation of
the seeds from the surrounding tissue. The merging of this
imaging technology with dose calculation software may
help develop intraoperative source-based dose calculation
methods.

Fusion of ultrasound and fluoroscopy

The availability of both radiography and ultrasound im-
aging in the OR leads naturally to consideration of fusion of
these two imaging modalities. TRUS is used to image the
prostate, and the fluoroscope or flat panel radiograph is used
to image the seeds. The seeds are identified automatically,
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and their positions are reconstructed and registered (fused)
with the TRUS image. Solutions to the problems of auto-
matic seed matching and reconstruction are well docu-
mented; most involve a 3-film approach (36—41). Using
captured fluoroscopic imagesto replace the film radiographs
in this approach would provide an automated system for
capture, identification, and reconstruction of the seed posi-
tion. Research is currently ongoing to solve the technical
problems resulting from image distortion, organ motion,
and spatia shifts.

Improved CT technology

CT technology currently joins the prostate implant pro-
cess primarily for postimplant evaluation of the procedure.
Automated source localization from volumetric CT data is
straightforward. However, the physical constraints of cur-
rent CT scanners restrict the use of this modality in intra-
operative procedures. Current efforts may lead to CT de-
vices that can improve the implant procedure. Using cone
beam techniques and amorphous silicon detectors may al-
low CT imaging of the prostate and sources with the patient
in the treatment position. This could be used for end-of-
procedure evaluation of the implant while allowing place-
ment of additional sources to fill in underdosed regions.
Registration of an intraoperative CT data set (which can
localize sources well) into the ultrasound planning system
(which can visualize the prostate well) could alow incor-
poration of CT-derived source locations into the planning
process. Alternatively, with increased availability of CT
scanners, CT may be used for the entire implant process:
initial imaging, planning, and source-based evaluation.

Improved MRI technology

MR technology is not widely used in the prostate implant
process, though its soft-tissue resolution is well suited for
visualizing the anatomic structures of interest, including the
prostate and its subsections, urethra, rectum, and neurovas-
cular bundles. Registration of diagnostic MR images onto
intraoperative TRUS images could allow the integration of
MR information into the I TP process. However, it should be
recognized that if the MR images are obtained without the
TRUS probe in place, not only is there an image registra-
tion/fusion problem but a soft-tissue deformation problem
as well. Further research is ongoing in the area of deform-
able image registration. Interventional MR units, which are
becoming more common, could allow MR imaging in the
treatment position with the TRUS probe in place and pro-
vide the means for more generally available MR-guided
implants. In the postimplant setting, MR may be fused to
CT data sets to alow source-based calculation of dose
distribution derived from CT data to be overlaid on MR
images for visualization of the anatomy. Improvements in
MR scanning techniques may lead to the ability to use MR
to find sources directly from the MR imaging data, although
this approach may be limited by the spatial distortions that
are present in the MR modality.
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Accounting for target geometry changes

There are changes in the target (prostate) geometry that
are induced by needle insertion, by intraoperative edemal
hemorrhage, and by postimplant edema. Some of these may
be accounted for.

Changes due to needle insertion. The z axis (crania-
caudal) movement of the prostate can be compensated for
by continuous monitoring of needle positionsvia TRUS and
updating needle positions at selected intervals during the
procedure. Sagittal ultrasound imaging is well suited for
this. Altering the needle coordinates can compensate for the
lateral intraoperative swelling of gland. At the present time,
the need to add activity to compensate for prostate volume
changes remains unclear.

Changes induced by intraoperative edema. The extent of
intraoperative edema can be decreased by decreasing the
number of needles used, decreasing the number of needle
punctures, and using needles with sharper bevels, designed
to reduce trauma.

Accounting for postimplant edema. Postimplant edemaiis
prevalent within 24 hours and usualy resolves at 4—6
weeks postimplant (42—46). Postimplant edema can be ac-
counted or adjusted for by increasing target dose or target
volume and by increasing the total activity or air-kerma
(42). In the future, computer programs may be able to
account for intraoperative and postoperative edema by ad-
justing the cumulative seed activity and position to deliver
the prescription dose to the target over the lifetime of the
implant.

Improvements in delivery system
Improvements in ITP may be achieved by further refine-
ments in source delivery systems, such as the following:

¢ Improvements in needle loading can be achieved with the
use of an autoloader, which can speed the process and
improve the consistency of the seed positions within the
needle.

o Fixed-space sources such as RapidStrand can be im-
proved to decrease the “ compressibility” of the strand and
remove the limitations inherent in the fixed 10-mm spac-
ing between the sources. Strengthening the strand by
changing the material or adding a hardener immediately
before implantation should help “hold” the seeds in their
intended positions. A mechanism to vary the seed spacing
along the strand will improve the flexibility of planning
the implant.

e A more automated system of seed insertion should in-
clude higher-capacity cartridges, a seed-counting mecha-
nism, and an improved withdrawal format.

¢ A motorized device could automatically push the needle
tip a predetermined distance to facilitate the implant pro-
cedure (47). Optical encoders would allow feedback of
the needle position. This would alow robotic placement,
minimizing operator dependence.

e Seeds (“smart seeds’) can be designed to incorporate
computer chips that emit unique signals; these can be

detected three-dimensionally external to the patient, a-
lowing seed localization independent of the imaging mo-
dality used.

e The surface of the seeds could be “dimpled,” enhancing
their echogenicity (“echo-bright”) and allowing them to
be more readily identified on TRUS during the implant.

e Diodes could be placed within needles to autodetect
source position as they are being deposited, and the in-
formation could be used to update the dose calculation.

Improved target localization

Currently, the entire prostate gland is considered to be the
target volume for implantation, because the tumor cannot be
definitively visualized. The use of functional imaging may
alow better localization of tumor within the prostate, thus
allowing dose intensification by directing higher doses to-
ward regions showing active disease on MR spectroscopy,
radiolabeled monoclonal antibody scan, ultrasonic spectrum
analysis, or positron emission tomography (21, 25, 26, 48,
49).

DISCUSSION

Historically, the prostate has been implanted using a
preplanned dosimetric method in most centers. However,
the preplanned technique has a number of limitations. These
include the need to match patient positioning, TRUS probe
setup, and images acquired during the actual implant with
those obtained during the preimplant planning study. Occa
sionally, these can be difficult to replicate. Changes in the
prostate volume and shape occur between the time of the
preplan and the implant procedure because of aterationsin
patient position, relaxation of pelvic musculature induced
by anesthesia, or as aresult of hormonal therapy. Hence, an
implant based solely on the preplan can be inaccurate.
Furthermore, the preplanned method requires a separate
TRUS imaging planning study and occasionally a separate
pubic arch obstruction evaluation study, which are time-
consuming, cumbersome, and sometimes difficult to sched-
ule. Intraoperative treatment planning can overcome some
of the drawbacks of the preplanned method (see Table 2).

With ITP, reproducing patient and ultrasound probe po-
sitions is unnecessary, because ultrasound images are cap-
tured in the OR immediately before implant with the patient
in the treatment position. Furthermore, any changes in size
and shape of the prostate due to hormone therapy, muscle
relaxation, or prostate movement can be accounted for. If
pubic arch interference is encountered, the probe can be
repositioned, a replan done, and the implant continued,
making a separate pubic arch interference study unneces-
sary. There are disadvantages with ITP: (1) It adds about
10-20 min to the OR time, which can be expensive; (2) The
physicist must plan under pressure because of time con-
straints.

The number of seeds to be ordered for ITP casesis based
on the prostate volume obtained from a CT scan or TRUS.
Hence, athough a complete TRUS planimetric study is not
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Table 2. Comparison of preplanning with intraoperative planning

Preplanning Intraoperative planning
Preprocedure TRUS Full volumetric study and Not required or limited to volume
planning measurement
Preprocedure CT Not done Required if TRUS not done
Pubic arch obstruction evaluation Usually required Not required
Reproducing preplan in OR Sometimes difficult to reproduce Not required
Time and manpower requirements in OR Less More
Treatment planning environment Low-pressure with greater time High pressure with time
available for QA constraints
Account for changes in prostate size and shape
due to hormonal therapy or anesthetic muscle
relaxation No Yes
Account for needle deviation from plan No Yes
Account for seed movement after seed deposition No No (for interactive planning)
Yes (for dynamic dose calculation)
Account for postimplant prostate edema No No

Abbreviations: OR = operating room; QA = quality assurance; TRUS = transrectal ultrasound.

required, asin the preplanned method, a prostate CT scan or
a limited TRUS study is needed to estimate the prostate
volume. Some brachytherapists order 5-10% more seeds to
account for changes in volume encountered in the OR.
Hence it is possible that some of the ordered seeds may not
be required. These will be wasted if the manufacturer re-
fuses to accept returns. Some brachytherapists (who are
accustomed to the preplanned technique) may not initialy
be comfortable in changing over to ITP. If so, they may
wish to have an additional preplan until they are confident
with ITP.

Some brachytherapists currently perform prostate im-
plants using “manual” intraoperative treatment planning.
No preplanning is done. Seeds are ordered based on a
nomogram. In the OR and without a computer, the seeds are
inserted according to a predetermined seed distribution pat-
tern within the prostate. The seeds could be distributed
using a peripheral, uniform, modified peripheral, or modi-
fied uniform distribution pattern. The use of a portable
computerized treatment planning system in the operating
room would be invaluable to further refine technique. Con-
versdly, for those using computerized I TP, the use of a nomo-
gram could serve as a valuable quality assurance check of
the intraoperative computer-based dose calculations.

Currently, only intraoperative preplanning and interactive
planning are commercially available. Intraoperative pre-
planning has produced improved dosimetric results when
compared to those seen with preplanned techniques per-
formed at the same center (5, 10). However, it is not clear
if this dosimetric improvement was solely due to intraop-
erative planning or whether it represented (at least partly)
the experience gained during the learning curve (i.e., the
investigators started with the preplanned method, gained
experience, and later went to the ITP). While interactive
planning is based on the position of the needles and not on
the position of the implanted seeds, the initial dose calcu-
lation results agree well with the post-CT results (8). The
full potential of real-time intraoperative dose calculation

will, however, be realized only with the implementation of
dynamic dose calculation based on deposited seed position.
Current treatment planning must be improved to alow
autoregistration, autocontouring of the target (prostate), and
autosegmentation of the normal tissues, and current imaging
technology (ultrasound, CT, or MRI) must be improved to
alow localization of individual seed position within the
tumor. The isodose calculations must be rapidly performed,
optimized, and updated as subsequent seeds are implanted.
This real-time dynamic dose calculation will permit identi-
fication of areas of underdosage and allow modification of
subsequent seed placement to obtain ideal dose distribution
within the target volume. Another advantage of intraopera-
tive computer-optimized treatment planning is that the
learning curve for the inexperienced brachytherapists can be
potentially shortened, and the technica outcome of the
procedure would be less operator dependent, allowing the
necessary dose distribution to be achieved, even by the
novice. Further, once dynamic dose calculation becomes a
reality, and individual seeds can be imaged, the postimplant
evauation can be performed in the OR, thus eliminating a
separate postimplant dose calculation procedure.

CONCLUSION

ITPisanother step in the evolution of permanent prostate
brachytherapy. It addresses some of the limitations of cur-
rent permanent prostate brachytherapy and has some advan-
tages over the preplanned technique. Both intraoperative
preplanning and interactive planning are currently feasible
and commercialy available. In interactive planning, the
dosimetric feedback based on imaged needle positions can
be used to modify the treatment plan. However, current
technology cannot quantify the changes in prostate size and
shape or the alterations in seed positions that occur during
the implant. The major current limitation of ITP is the
inability to localize the seedsin relation to the prostate. Use
of ITP does not obviate the need for postimplant dosimetric
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analysis, and it will not do so until the technology is
developed to achieve dynamic dose calculation. This will
allow constant updating of dose calculations of implanted
sources and modification of subsequent seed placement to

10.

11.

12.

13.

14.

15.

16.
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consistently obtain the ideal dose distribution within the
target volume. The advantages of I TP need to be confirmed
through correlation with dosimetric, toxicity, and efficacy
outcome studies.
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