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Summary.- OBJECTIVE: low dose rate (LDR) prostate
brachytherapy (permanent 1251 or 103Pd seeds) is an
accepted freatment option for low risk prostate cancer
patients. However, differences in prostate spatial loca-
tion, volume and gland deformation between the ima-
ges obtained during pre-planning and later on during
the implant procedure prevent the pre-planned infended
dose fo be accurately delivered. VWe are reporting on
a new technique based on interactive realime dynamic
intra-operative dose calculation with avoidance of post
implant CT for final dosimetry. The reasons leading us
to implementing this new technique are discussed and
preliminary results reporfed.
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METHODS: A pre-planning TRUS for volumetric analy-
sis is performed in all our patients prior to implantation.
This TRUS accomplishes two objectives: 1) assessment
of implantability of the gland, of organs at risk and ana-
tomical considerations and 2) determination of seed
activity and fotal number of seeds. On the day of the
implant, new TRUS images from base fo apex are ob-
tained using a molorized stepper connected fo the ul
trasound and planning system. Each real time needle
position placed on the target is identified and capture
by the planning system in the true position. Once all real
needle positions have been captured, dosimetry is per
formed intra-operatively and the physician approves the
corresponding isodoses on real fime. Flexible cystosco-
py is then performed followed by seed placement. Each
seed implanted is then identified upon withdrawing the
needle using TRUS guidance. This allows realime intra-
operative dosimetric analysis, allowing for correction of
under-dosed zones during implantation in an interactive
dynamic manner. Peripheral loading is used.

RESULTS: We began our LDR prostate brachyitherapy
program on 1999. While we have freated >700 pa-
tients with LDR, the last 63 patients were treated with
our real time dynamic infra-operative planning system.
The median time duration for the procedure was 90 mi-
nutes. The median follow up time for these 63 patients
was 20 months with a range of 10-36 months. At pre-
sentation, Stage Tlc was seen in 55%, T2a in 36%
and 9% as T2b. The Gleason grade was </ in 81%
of the patients. The median PSA value was @ ng/ml
[range 4.2-30). The median age was 64 years (range
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47-78 years). For the real time infra-operative dosimetric
analysis the following values were obtained: a median
of 98% (90%-100%) for VRO, of 60% (22%-76%) for
V150 and 24% (9%-34%) for V200. The median in-
tra-operative DYO obtained was 16,817 cGy with a
range of 13,743 to 19,553 cGy. The median dose
point calculation to the rectum maximum was 12,936
cGy and for the maximum in urethra was 21,880 cGy.
For the realtime dynamic planning, the acute GU grade
1&2 foxicity was reduced from 28% and 21% to 16%
and 6% respectively. Acute urinary refention was seen in
2/63 or 3% requiring a temporary postimplant bladder
catheter. In addifion, a decrease in chronic GU grade
1-2 toxicity was also seen from16% and 17% to 11%
and 2% respectively. No change in Gl toxicity pattern
was nofed. No severe grade 3-4 inira-operative compli-
cations were noted.

CONCIUSION: Realime intra-operative planning was
successfully implemented in our center. It avoids the pos-
sible implant quality and dose delivery disadvantages
of the standard postimplant CTbased dosimetry by im-
proving the accuracy of seed placement on real time,
which was translated in lower rates of acute and chronic
GU morbidity. In addition, avoids the unnecessary fime,
effort and cost of postimplant CTbased dosimetry.

Keywords: Prostate cancer, Brachytherapy, Dynamic
dose calculation, Realtime.

Resumen.- OBJETIVO: El tratamiento con braquitera-
pia de baja tasa de dosis (LDR) con implantes perma-
nentes de 1251 o 103Pb, constituyen en la actualidad
una opcién terapéutica en los pacientes con céncer de
prostata de bajo riesgo. la variacién observada en el
posicionamiento espacial de la préstata, asi como en
el volumen y contorno prostatico entre las imdgenes ob-
tenidas durante la  planificacién 'y posteriormente du-
rante la intervencién, hacen dudar de la exactitud de
dosificacién, en los pacientes tratados con la técnica
de preplanificacién. Analizamos la técnica basada en
la planificacién previa, la planificacion infraoperatoria
interactiva, asi como nuestro proceder actual de planifi-
cacién intraoperatoria por cdleulo dinémico en fiempo
real y los motivos que nos llevaron a realizar este cam-
bio de técnica.

METODOS: Con el céleulo del volumen prostdtico
preoperatorio por ecografia transrectal, determinamos
la posibilidad de realizar el implante en base a las con-
sideraciones anatémicas existentes y decidimos la acti-
vidad por semilla y la actividad total del implante. El dia
de la intervencién comprobamos de nuevo la volume-
tria, obtenemos de nuevo las imdgenes ecogrdficas de

base a apex, ayudados por un stepper motorizado que
va conectado con el ecégrafo v el planificador. Cada
aguja que se coloca en la posicién que deseamos y no
en una coordenada obligada, se identifica en el planifi-
cador en la posicién real, una vez colocadas todas las
agujas y obfenidas unas primeras isodosis adecuadas,
realizamos una cistoscopia flexible y a continuacion
sembramos, identificando todas y cada una de las se-
millas en la refirada de la aguja guia ecogréficamente,
con lo que nos permite obtener una postplanificacién
infraoperatoria en fiempo real y hacer las correcciones
oportunas en el propio acto quirdrgico. Realizamos un
implante periférico puro.

RESULTADOS: Iniciamos los fratamientos con braquite-
rapia de baja fasa de dosis en 1.999. Superadas las
700 intervenciones, hemos evaluado a los primeros 63
pacientes tratados con la técnica de célculo dindmico
de dosis en tiempo real por presentar un seguimiento
minimo de 10 meses. El tiempo medio del proceso fue
de 90 minutos. la media de seguimiento para los 63
pacientes estudiados fue 20 meses con un rango entre
10y 36 meses. Un 55% de los pacientes fueron esta-
diados como Tlc, 36% T2a v 9% T2b. En el 81% de
los pacientes el Gleason fue < 7. Lla media de PSA al
inicio de tratamiento fue de 9ng/ml (4.2-30 ng/ml). la
media de edad fue de 64 afos (4779 afos). la téc-
nica de braquiterapia por célculo dindmico de dosis en
tiempo real obtuvo los valores que se especifican a con-
tinuacién: media 98% (90%100%) para V90, V150
de 60% (22%76%), V200 de 24% (9%-34%). la DLO
media fue de 16.817 cGy (13.743-19.553 cGy). la
dosis media méxima a nivel rectal fue de 12.936 cGy
y a nivel uretral de 19.553 cGy. Con la técnica de cal-
culo dinémico de dosis en tiempo real, la toxicidad agu-
da genitourinaria de grado 1-2 fue reducida del 28% y
21% respectivamente a 21% y 16%. El porcentaje de
retenciones fue del 3% vy la foxicidad urolégica crénica
fue reducida del 16% y 17% al 11% y 2% respectiva-
mente. No se observaron cambios gastrointestinales de
grado 3-4.

CONCILUSIONES: la técnica de célculo dindmico
de dosis en tiempo real es utilizada de forma habitual
con éxito en nuestro centro. Evita las desventajas que
presenian ofras técnicas, mejorando la cobertura de la
prostata por las dosis ideales de irradiacion que se fra-
ducirén en un mejor control local de la enfermedad y
una disminucién de las complicaciones asi como evitar
la realizacién de la postplanificacion  postoperatoria.

Palabras clave: Cancer de prostata. Braguiterapia.
Céleulo de dosis dindmico. Tiempo redl.
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INTRODUCTION

Prostate cancer brachytherapy has rapidly
gained popularity in the USA (1,2), in Europe (3,4)
including Spain [5] as an accepted, effective and
safe therapy for localized prostate cancer. A number
of techniques have been developed to perform low
dose rate permanent seeds interstitial brachytherapy.
However, uniform terminology to describe the diffe-
rent methods is somehow lacking. Any description
should therefore adhere to a concrete nomenclature
for clarity. In this context, we have adopted the Ame-
rican Brachytherapy Society proposal for describing
the different planning processes (6):

® Preplanning. A treatment plan is developed several
days or weeks before the implantation.

* Intra-operative planning. The treatment plan is de-
fined within the operating room, followed by seed
implantation. Three types of intra-operative planning
have been defined:

1. Intra-operative preplanning: Definition of a plan
within the operating room immediately before im-
plantation, and involving immediate execution of the
plan.

2. Interactive planning: The procedure is the same as
before, with the addition of an isodose calculation
derived from identification of the needles in the pros-
tate gland.

3. Realtime dynamic dose calculation: Dose calcu-
lation is carried out based on identification of the
seeds affer placement in the prostate. In 1999 we
performed our first interstitial implant procedure with
125] seeds (RAPID-strand®), following the classical pre-
planning technique described by the Seattle group (7-
9). Our initial experience using the Seattle approach
has been previously described (5).

We have noted a series of limitations when
using the standard above mentioned preplanning
with CT-based dosimetry technique:

® From the needle placement point of view, there are
changes in prostate gland volume, gland deformation
and spatial location between the images obtained at
preplanning and those TRUS images during the actual
surgical procedure. In addition, there are uncertain-
ties related to differences in patient’s positioning for
the test and the implant procedure as well as pelvic
muscle relaxation induced by the spinal anesthesia.
Another source of pre-planning dosimetric quality
degradation is the intra-operative swelling related
to the needle trauma in it self. Occasionally pubic

arch inferference requires either immediate change of
needle coordinates and or changing patient’s positio-
ning. All these problems introduce many uncertainties
between dose planned and dose delivered from using
a pre-planning strategy.

® Postimplant dosimetry and implant evaluation with
CT poses a series of difficulties due to poor delinea-
tion of the prostatic contour as well as accurate identi-
fication of the base and apex of the gland. The ideal
timing of CT-based dosimetry compounds these signi-
ficant uncertainties. In addition, this process does not
allowed for either real time dosimetry assessment or
for intra-operative correction of these uncertainties.

The purpose of the present study is to contrast
the classical preplanning technique, the intra-operati-
ve planning with or without interactive planning (10)
with our realtime dynamic calculations technique.
Also, to describe our present protocol based on intra-
operative planning with realtime dynamic dose cal-
culation reporting our preliminary results obtained in
63 patients so treated. Few institutions have already
made reference to intra-operative planning as a bet-
ter technical approach (11, 12).

MATERIAL AND METHODS

Considering that the preplanning technique,
the implantation procedure and postimplant CT ba-
sed evaluation, including ours, is well documented
in the literature (6-9), we are not describing the pro-
cess.

LDR Intra-operative planning Technique.

Both intra-operative preplanning and interac-
tive planning eliminate the patient visit for preplan-
ning, since the procedure in question is carried out in
the actual operating room. The approximate number
of seeds is defined from nomograms or tables based
on the prostate volume (usually determined by trans-
rectal ultrasound).

Image capture by TRUS is performed during
the intervention. The target, rectum and urethra are
contoured, and the ideal needle position within the
volume to be implanted is defined and depicted by
the TRUS monitor. Implantation is then carried out ac-
cordingly.

The intra-operative planning technique solves
the problems of changes in spatial prostate location,
but can't correct for changes related to needle pla-
cement such as organ distortion, deformation and
spatial dislocation. Occasional difficulty placing the
needles due fo pubic arch interference remains a pro-
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blem. However, since the seeds are not identified du-
ring the implant procedure, intra-operative corrections
can’t be executed. As a result, postimplant dosimetry
and implant evaluation by CT must be performed with
the above-mentioned consequences and drawbacks.
The implantation technique referred to as “intra-ope-
rative planning with realtime dynamic dose calcula-
tion” avoids all these problems. We have therefore
developed this approach and have used it in all our
LDR prostate implantation procedures. Our technique
is described below.

TECHNIQUE

On of the first visit we perform a trans-rectal
ultrasound to assess anatomical implantability, and to
defermine prostate gland volume, calculated by the
software (volume of an ellipsoid).

Based on the information obtained, we can
then determine:

e Total implant activity, based on the nomogram pu-
blished by Wu et al. (13), as a function of prostate
gland volume.

* Activity per seed to be used, based on our own
experience (see Table ).

Of the total number of seeds, 75-80% is posi-
tioned within the periphery of the prostate, since our

aim is o perform peripheral loaded implantation.

On the day of the infervention we proceed as
follows:

1. Patient positioning:

Patient positioning, in the pelvic flex position
and image acquisition are depicted on Figure 1.

TABLE |.
VOLUME ACTIVITY
=30Cm 0.46m Ci
31-40Cm 0.48m Ci
41-50Cm 0.50m Ci
51-60Cm 0.52m Ci
> 60 Cm 0.54m Ci

2. Intra-operative planning:

Prostatic volumetric analysis is performed.
Ultrasound images are obtained every 0.5 cm from
base to apex. The TRUS images are then transferred
to the planning system using a motorized stepper with
direct connection between the ultrasound unit, step-
per and planning system. The images are processed
with the planner, and the contours of prostate, urethra
and rectum are obtained in each of the sections.

Needle positioning starts at the place we
consider most adequate, not at a given coordinate. A
needle is positioned and then identified by TRUS in its
true position — since the image obtained is realtime.
This same procedure is then repeated with all the nee-
dles, thus yielding a first series of isodoses with the
corresponding volumes. If the established dosimetric
criteria are satisfied (Figure 1) (14), we continue with
flexible cystoscopy to confirm that none of the needles
have invaded the urethra or bladder.

3. Implantation:

Once all the guiding needles are in the posi-
tions considered ideal (Figure 3), each is loaded with
the corresponding number of seeds, and during nee-
dle withdrawal we identify all the deposited seeds via
ultrasound in a longitudinal acquisition — as a result
of which the isodoses are generated according to the
true positioning of the seeds (Figure 4). This procedu-
re is repeated with each needle, thus yielding the true
isodose distribution.

In the event of discovering under-dosed zo-
nes, corrective measures are implemented during the

FIGURE 1. Positioning of the patient.
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FIGURE 2. Prostate gland with onine isodose
distributions.

surgical procedure. Overdosed zones can be avoi-
ded by examining how the isodoses evolve as implan-
tation proceeds. The total duration of the procedure is
approximately 90 minutes.

Intra-operative planning requires a trained,
coordinated and experienced team in order to avoid
prolongation of the surgical intervention and seed
placement uncertainties capable of precluding ideal
coverage by the reference isodose. Postimplant CT,
for dosimetric evaluation, after implantation is avoi-
ded, since implant dosimetry and evaluation is done
in real time during the implant procedure.

RESULTS

We began our LDR prostate brachytherapy
program on 1999. Based on the difficulties previously
mentioned, in May 2003 we began our new intra-
operative planning implantation technique described
in this paper. While we have treated >700 patients
with LDR, the last 63 patients who had a minium fo-
llow-up of 10 months were treated with our real time
dynamic intra-operative planning system. The median
follow up time for these 63 patients was 20 months
with a range of 10-36 months.

Patients Characteristics:

In our patient population, more than half of
the patients, 55% presented as Stage T1c, 36% as a
T2a, and 9% as T2b prostate cancer. The Gleason
grade was <7 in 81% of the patients and 7 in the
remaining 17%. The median PSA was 9 ng/ml with a
range of 4.2-30 ng/ml. The median prostate volume
implanted was 38cc (16-69cc). The median age was
64 with a range of 47-78 years.

Dosimetric analysis:

For the real time intra-operative dosimetric
analysis, we obtained a median of 98% (90%-100%)
for V9O, of 60% (22%-76%) for V150 and 24% (9%-
34%) for V200. The median intra-operative D90 ob-
tained was 16,817 cGy with a range of 13,743 to
19,553 cGy. The median dose point calculation to

TABLE IIl. ACUTE TOXICITY

GU Gl
Grade 1 Grade 2 Grade 1 Grade 2
Standard Pre-Planned 28% 21%* 8% 4%
Real Time Dynamic 16% 6%* 8% 1%
*Acute Urinary Retention necessitating a catheter was seen in 3% for each technique.
TABLE lll. CHRONIC TOXICITY
GU Gl
Grade 1 Grade 2 Grade 1 Grade 2
Standard Pre-Planned 16% 17% 3% 2%*
Real Time Dynamic 1% 2% 2% 2%

*Rectal Ulcers in 0.7%. One patient treated with the standard pre-planning technique.
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FIGURE 3. Ultrasound imagen showing needle
placement.

the rectum maximum was 12,936 cGy and the me-
dian for the maximum in urethra of 21,880 cGy.

Acute and Chronic Toxicity:

All 63 patients were discharge from the cen-
ter the same day of the procedure between 6-8 hours
of implantation. All patients have been seen in follow
up. The RTOG toxicity criteria were utilized to score
acute and late complications. Using this glossary, a
toxicity comparison was performed between those
patients treated with standard pre and postimplant
CT planning with those treated with our realtime dy-
namic planning. For the realtime dynamic planning,
the acute GU grade 1&2 toxicity was reduced from
28% and 21% to 16% and 6% respectively. Acute
urinary refention was seen in 2/63 or 3% requiring a
temporary postimplant bladder catheter. In addition,
a decrease in chronic GU grade 1-2 toxicity was also
seen from16% and 17% to 11% and 2% respectively.
No change in Gl toxicity pattern by planning tech-
nique was noted. RTOG-rectal complications consis-
ted in acute proctitis of 8% and 2% for chronic. No
severe grade 3-4 infra-operative complications were
noted. However one patient freated with the standard
technique developed a rectal ulcer (Table I, 1l).

Most patients with grade 2 urinary symptoms
were treated a-blockers and/or anti-inflammatory me-
dications of the non-steroidal types. At this moment
the follow-up is short to evaluate the impact on sexual
function.

DISCUSSION

Transperineal ultrasound guided interstitial
LDR 25| implant is considered a treatment option for

09-07-2004 B8658/S
. 21:34:20 B.5HHz
b 6.8

IMPRO. C.M.ASTURIAS

I
v
G
P

ersist:2

Alto:50. BmiP
Ancho:41 . 3mm
Largo:47 . Srm
Vol :52.6cm

FIGURE 4. Ultrasound imagen showing the seeds.

selected prostate cancer patients with presume disea-
se confined to the gland. The technique affords local
control and survival outcomes similar to those obtained
with radical prostatectomy, with fewer complications.

Permanent seed implantation with 1231 is usua-
lly performed based on the preplanning technique (6-
9). However the preplanning technique poses a series
of limitations stated in the introduction with the con-
sequence of degrading the optimized pre-planned
dosimetry leading to significant inaccuracies, poten-
tial errors and modification of the intended prescri-
bed dose. On the other hand, the initial TRUS is used
to order the expected number of seeds implanted.
Certainly, postimplant CT planning is necessary 4-
6 weeks after implantation, to examine the definitive
disposition of the seeds and the definitive isodoses. In
the event of finding either over or under-dosed zones,
corrections seldom can be performed adding com-
plexity to dose delivery.

All permanent seeds techniques including
infra-operative planning require determination of
prostate gland volume, since this parameter serves
to calculate total implant activity based on the volu-
me/activity encompassing tables developed by Wu
et al. (13). These authors used a mathematical model
assuming a peripheral load and a sphero-cylindrical
shape of the implanted volume. In an analysis of 40
patients, they observed good prostate coverage with
the 145 cGy isodose (V100), with good coverage of
90% of the prostate gland. Knowledge of the prostate
volume can also inform us of the activity per implan-
ted seed (Table I). We have adopted this correlation
after performing over 200 '?°| seed implants, with
the observation that it allows peripheral implantation
in compliance with the symmetrical parameters spe-
cified by the American Brachytherapy Society (14),
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and with the premise of placing over 1.5 seeds per
millimeter volume.

With the intra-operative planning technique it is
advisable to place 5-10% more seeds, due to possible
changes in prostate volume, which can be seen in the
real time TRUS, secondary to pelvic muscle relaxation in-
duced by spinal anesthesia and swelling due to frauma.

In 1991 William Beaumont Hospital pionee-
red real time dynamic intra-operative dose calcula-
tions using HDR prostate brachytherapy for locally
advanced prostate cancer (15-17). In 1995 they ex-
panded the real time dosimetry planning to include
HDR monotherapy for patients with favorable disea-
se (18). Following the WBH intra-operative dosime-
try concept, we developed our own in-house project
for LDR brachytherapy. It will allow us to make a first
dose calculation and quick evaluation of gland cove-
rage intra-operatively with the first attempt to needle
position selection by the computer. Changes in virtual
needle positions can be executed in the computer to
improve implant quality. This allows us to further ad-
just needle positioning in the central and posterior
prostate regions, thus improving the coverage dose
delivered to the prostate gland and tissues at risk
(such as the urethra and rectum).

The concept of performing the entire LDR pro-
cedure in a single intervention with intra-operative
planning has already been advocated by a couple of
authors. Gewanter et al. (19) reported improvement
in administration of the prescribed dose, with signi-
ficant improvement of D100 (dose covering 100%
of the prostate volume) and V100 (prostate volume
bathed by the 100% isodose). Wilkinson et al. (20)
likewise observed improvement in relation to parame-
ters such as V80, V90, V100, V150, and D90, when
they compared the cases treated with pre-planning to
intra-operative planning. Similar findings were repor-
ted by Polo et al. (21).

With the technique we are reporting, the gui-
ding needles are all implanted as captured by TRUS
before loading. In this way we observe less mobility
and increased accuracy when placing the posterior
seeds, compared with one-by-one insertion and in-
dividual loading of the needles. Moreover, with all
needles in the appropriate spatial distribution we can
perform a flexible cystoscopy and assess the possibi-
lity of needle penetration into the urethra or bladder.
Any such needles can be repositioned, before seed
placement.

Using the Variseed 7.1 (Varian) planning sys-
tem to identify the seeds as they are deposited in the
prostate gland, we can monitor the true dose coverage

in real time. Following placement and identification of
each seed, we can intra-operatively determine the true
gland coverage and corresponding dose distribution.
Thus allowing us to implant additional seeds in under-
dosed areas and overcome a problem that is otherwise
difficult to solve when final dosimetry and planning
are performed 4-6 weeks affer the procedure. Stone
and Stock (22-25) also indicated that intra-operative
dosimetry offers a good representation of the dose ad-
ministered. Implantation modifications are thus made
possible in real time during a single stage process.

One of the problems that may arise is the
difficulty of identifying the 1%l seeds by ultrasound at
the time of implantation in the prostate. However, this
problem is minimized when using the motorized step-
per (Acuseed) connected to the Variseed 7.1 (Varian)
planner, which allows the identification of guidance
needles in sagittal and longitudinal acquisitions, This
is facilitated by using stranded seeds (RAPID strand)
format offering increased rigidity. This TRUS based
software for seed identification after seed placement
allow us to assess final gland coverage and isodoses
intra-operatively.

The drawback of our technique requires a tra-
ined and coordinated operating team, with additional
performance pressure by the need that the implant pro-
cedure must be completed in less than 120 minutes.

This technique is currently endorsed by the
American Brachytherapy Society (14) because of the
one stage process increasing dose delivery accuracy
and decreasing utilization of resources such as addi-
tional CT, Physicians and Physicists time.

CONCLUSIONS

Intra-operative planning with realtime dy-
namic dose calculation represents the latest step in
the management of prostate cancer with permanent
LDR implants. It avoids the disadvantages of the other
LDR techniques such as classical preplanning, intra-
operative preplanning and intra-operative interactive
planning all requiring the additional cost of a CT and
additional personnel time doing the final planning.
Our results demonstrated clinically a decrease in acu-
te and chronic GU toxicity with our realtime dynamic
infra-operative planning.
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