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Abstract
Purpose: To perform a dosimetric comparison between a pre-planned technique and a pre-plan based intraopera-

tive technique in prostate cancer patients treated with I-125 permanent seed implantation. 
Material and methods: Thirty patients were treated with I-125 permanent seed implantation using TRUS guidance.

The first 15 of these patients (Arm A) were treated with a pre-planned technique using ultrasound images acquired 
prior to seed implantation. To evaluate the reproducibility of the prostate volume, ultrasound images were also acquired
during the procedure in the operating room (OR). A surface registration was applied to determine the 6D offset between
different image sets in arm A. The remaining 15 patients (Arm B) were planned by putting the pre-plan on the intrao -
pe rative ultrasound image and then re-optimizing the seed locations with minimal changes to the pre-plan needle loca -
tions. Post implant dosimetric analyses included comparisons of V100(prostate), D90(prostate) and V100(rectum). 

Results: In Arm A, the 6D offsets between the two image sets were θx = –1.4 ± 4.3; θy = –1.7 ± 2.6; θz = –0.5 ± 2.6; 
X = 0.5 ± 1.8 mm; Y = –1.3 ± –3.5 mm; Z = –1.6 ± 2.2 mm. These differences alone degraded V100 by 6.4% and D90 by 9.3%
in the pre-plan, respectively. Comparing Arm A with Arm B, the pre-plan based intraoperative optimization of seed lo-
cations used in the plans for patients in Arm B improved the V100 and D90 in their post-implant studies by 4.0% and 5.7%,
respectively. This was achieved without significantly increasing the rectal dose (V100(rectum)). 

Conclusions: We have progressively moved prostate seed implantation from a pre-planned technique to a pre-plan
based intraoperative technique. In addition to reserving the advantage of cost-effective seed ordering and efficient OR
implantation, our intraoperative technique demonstrates increased accuracy and precision compared to the pre-planned
technique. 
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Purpose
Accurate and reproducible prostate ultrasound volume

acquisition, precise implantation of the needle and placing
seeds guided by an optimized plan are essential require-
ments to perform high quality prostate implants. Pre-plan-
n ing ultrasound studies have value in that anatomic vari-
ation such as pubic arch interference and the presence or
absence of median lobe hypertrophy can be evaluated in the
treatment position [1]. The three-dimensional size and vol-
ume of the prostate can be accurately measured, verifying
coverage of the ultrasound template and allowing a cost-
efficient ordering of seeds. However, performing pre-plans
for prostate implants has the disadvantage that planning
volumes in the pre-plan may differ from those obtained in
the operating room (OR). In addition to the difficulty of re-
producing the setup position, a part of the difference may

result from OR anesthesia causing relaxation of pelvic 
musculature and consequently changing the shape of the
pro state. Additionally, the prostate may undergo volume
changes in the interval between pre-planning and implan -
tation for other reasons. 

In 2009, our institute was seeking a progressive transi-
tion from a pre-planned technique (PI) to an intraoperative
technique. As a result, a pre-plan based intraoperative tech-
nique was developed which consists of applying the pre-
plan to an intraoperative ultrasound image followed by an
optimization of seed locations with minimal changes to pre-
plan needle locations. This new method (PII) preserves the
aforementioned cost and time efficiency of the pre-plan tech-
nique while increasing the quality of the implantation. 
The improvement of the new technique over the previous
method is quantified by comparing dose metrics from post
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implementation CT analysis. We also compared our results
with other major intraoperative techniques [2-9] – intra-
operative preplanning (OI), interactive planning (OII), and
dynamic dose calculation (OIII)) in terms of post implan-
tation dosimetric results and efficiency.

Changes in the shape of the prostate and the resulting
loss of geometric fidelity in the implantation procedure can
degrade the quality of the implant. This study also inves-
tigated the effect these changes have on both implantation
techniques. By applying a surface registration to preope -
rative and intraoperative ultrasound prostate volumes, 
the reproducibility of the ultrasound prostate volumes and
its impact on the dose distribution was analyzed. We quan-
tified the degradation in geometric fidelity between the vol-
umes and reported the ability of our new pre-plan based
intraoperative technique to mitigate these effects. 

Material and methods
Between 10/2009 to 04/2011, thirty consecutive prostate

cancer patients were treated in our institution using Trans-
 rectal Ultrasound-guided (TRUS) I-125 permanent seed im-
plantation. Thirteen (43%) of the patients had received 
45 Gy to the whole pelvis prior to the implantation via exter -
nal beam radiation therapy. Six (20%) of the patients had
received hormonal therapy prior to radiation therapy. These
thirty patients were divided into two arms to study the dosi-
metric impact between the pre-planned with and without
re-optimization in the OR. Each patient was placed in the
extended dorsal lithotomic position and a bi-planar ultra-
sound probe (B&K Medical, model 8558, Wilmington,
MA, USA) was inserted into the rectum. Ultrasound images
were acquired at 5 mm steps and transferred directly to the
VariSeedTM planning system for treatment planning (Ver-
sion 7.1, Varian Medical System, Palo Alto, CA, USA).

Pre-planned technique

The first 15 patients (Arm A) were treated with a pre-
planned technique which has been explained in detail else-
where [10-12]. In short, it requires a detailed ultrasound map-
ping of the prostate some weeks (typically two weeks) before
the implant itself. Instead of using uniform loading, we
planned using the modified peripheral loading technique.
On the day of treatment, after anesthesia and a setup check
via ultrasound image, the brachytherapist executes the nee-
dle insertion and seed implantation by adhering to the pre-
plan done before surgery. No further ultrasound image 
acquisition was needed for the pre-planned technique. While
each patient in Arm A was treated utilizing this technique,
for study purpose an additional ultrasound image set was
acquired. 

Intra-operative optimizing pre-planned technique

The next 15 patients (Arm B) were treated by re-optimiz -
ing the pre-plan in the OR. After the acquisition of the ultra -
sound image and target delineation, the bra chytherapist 
inserted the needles based on the pre-plan needle locations
and the physicist covered the pre-planned seed distribution
simultaneously. A re-optimization of the seed distribution

follows to account for any changes in prostate position and
volume of images acquired in the OR. 

Post implant dosimetric study

For both arms, post implant CT scans were obtained 
30 days after the implant. To minimize the effects of the 
inter-observer variation, all of the prostate contours in CT
were delineated by the same physician (WB). By compar-
ing the CT image (2.5 mm slice thickness) with the TRUS
image (5 mm slice thickness), puboretalis muscles and an-
terior venous plexus were excluded from prostate contour.
Rectum includes the entire rectal wall and inner mucosa was
delineated 1 cm above and below base and apex of prostate,
respectively. Cumulative dose-volume histograms (DVHs)
were generated for each plan. Plan evaluation was based
on RTOG guidelines and its outcome from multi-institute
analyses [13,14]. Post plan dosimetric results were evaluat -
ed by the percentage volume of the prostate receiving 100%
and 150% of the prescription dose (V100, V150) and the min-
i mum percentage of the prescribed dose received by 90%
of the prostate gland (D90). Rectal dose was evaluated in
terms of the volume of the rectum receiving 100% of the pre-
scribed dose [V100 (rectum)]. Currently our implantation 
is planned with modified peripheral technique with nee-
dle loading at least 1 cm away from the boarder of urethra
plus the planned D90 is less than 103% of the prescribed dose,
urethra area was less than 110% of the prescribed dose. 
As this dose level at urethra is much less than the dose con-
straint of 150% prescribed dose, urethral dose results are not
discussed in this study. Results of our current study are com-
pared with the major intra-operative planning techniques
(Table 1, Fig. 1) [15] in terms of dosimetric coverage and ef-
ficiency. 

Statistical comparisons of the two techniques

Two hypotheses were made in the present study. First,
the two techniques were the same in terms of pre-planning
results. To allow possible outliers and non-normal distri-
butions of testing parameters in both arms, Mann-Whitney
tests (non-parametric equivalent to independent t-test) were
applied to compute the Z-scores (sample size > 10) of each
testing parameter. By using a two-tailed test, the hypo-
the sis is not true if |z| > 1.96 such that the observed z is
significant at the 5% level. The second hypothesis is that 
the modified technique has better post dosimetric coverage.
The same z-score is computed and tested against a one-tailed
distribution. It is true if |z| > 1.64 such that the observed
z is significant at the 5% level. 

Reproducibility between volume studies

The pre-plan volume study was utilized as the reference
and a pre-plan was done with this image set. A second ul-
tra sound volume study was acquired in the operating room
prior to the seed insertion. The prostate volume was con-
toured for each set of ultrasound images and was export-
ed from the VariSeed (Varian) TPS. For each set of the pros -
tate volume images, the posterior portion of the prostate base
closest to the center of the ultrasound probe was taken as
the reference point. A 3D point set surface registration was
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performed between the pre-plan prostate volume and the
intra-op volume. An in-house software utilized an interactive
closest points (ICP) algorithm to find the correspondence
of the points between two volumes. Specifically, a 6D (three
dimensional space translations plus three angle rotation with
respect to the three axes) Euclidian transformation was op-
timized to find the best fit between the two volumes. The
reproducibility of the prostate volume in 6D and its impact
on the dose coverage for the intra-op volumes were ana-
lyzed. To study the dosimetric effect of the uncertainty
caused by the 6D offset between different volume images,
the pre-planned seed distribution was overlaid on the ac-
quired images in the OR and new planned dose was cal-
culated.

A limitation of the ICP algorithm here is that the 6D Eu-
clidian transformation is based on the assumption of rigid
body and does not consider the shape change between vol-
umes acquired before and in OR. 

Results

Figure 2 shows a box-plot of the 6D offset between the
two TRUS image sets acquired before the OR for the fifteen
patients we compared in Arm A. The 6D offsets between 
the two images (expressed by mean ± standard deviation)
were θx = –1.4 ± 4.3°; θy = –1.7 ± 2.6°; θz = –0.5 ± 2.6°; 
X = 0.5 ± 1.8 mm; Y = –1.3 ± –3.5 mm; Z = –1.6 ± 2.2 mm.
Table 2 summarizes the dosimetric results from the different
implantations. The mean prostate volumes measured from
TRUS and CT are similar in both arms. The planning V100
and D90 in both Arms meet the criteria of 90% and 100%,
respectively. In Arm A, after overlaying the seed distribu-
tion from the pre-plan onto the second set of ultrasound 
images acquired in the OR, the V100 and D90 of the pre-
plan were degraded by 6.4% and 9.3%, respectively (Arm A*
in Table 2). These degradations make some of patients 
in Arm A have D90 in post implant plan less than 90%. 

Planning modality Description

Pre-planning Creation of a plan a few days or weeks before the implant procedure. Plan executed without modification
(PI)

Intraoperative optimized Re-optimize preplan by adapting the volume change in OR while needles are inserting
pre-planning
(PII)

Intraoperative planning Creation of a plan in the OR just before the implant procedure, with immediate execution of the plan
(OI)

Interactive planning Stepwise refinement of the treatment plan using computerized dose calculations derived from image-based 
(OII) needle position feedback

Dynamic dose calculation Constant updating of calculations of dose distribution using continuous deposited seed position feedback
(OIII)

Table 1. Terminology of the techniques compared in this report
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Fig. 1. Flow chart of different pre-planed (P) and intraoperative (O) prostate implantations
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The z-scores of D90 and V100 in the pre-implantation set of
Table 2 are –0.35 and –0.26 indicating both arms are the same
in terms of dosimetric coverage. The z-score of D90 and V100
of post plan set of Table 2 are –2.09 and –1.70 showing a sig-
nificant difference at the 5% level. The range and distribu-
tion of dosimetric results in each group is displayed in 
Fig. 3. Smaller ranges (SD ~2%) were seen in the pre-im-
plantation set (either pre-plan or OR plan) for each arm. In
the post plan set, Arm B shows smaller range (~4.5% vs. 8%
in Arm A) and has less deviation from the pre-plan. Table 3
demonstrates the dosimetric results from the different
techniques. To be concise, the table only lists the results from
the pioneers of each technique [2,7,8] and compares the 
results of our current study. Each technique has no varia-
tion from the prescription dose (as defined from RTOG’s 
D90 > 90% criteria [13,14]) except the results from our pre-
plan approach which has a mean value with minor varia-
tion (90% > D90 > 80%). The total loading seed strength is 
low in our current implantation (0.97 U/cc) compared to
1.10 U/cc, 1.08 U/cc and 1.32 U/cc for techniques utilized
by Seattle, Matzkin, and Mt. Sinai, respectively. This indi-
cates a slight under loading of total seed strength in our im-
plantation compared to other published techniques. 

Discussion
This study demonstrates a progression from a pre-

planned implant technique to intraoperative optimization.

The study design includes a two phase investigation for
a transition toward an intraoperative prostate implantation
technique. In the initial phase, no attempt was made to
change the seed distribution generated from the volume
study before OR. Rather, we were interested in determin-
ing whether the prostate volume acquired in the OR was sim-
ilar to the prostate volume acquired in the pre-plan volume
study. The second phase is a controlled use of a different seed
loading implementation. Both Arms have been compared
and have similar pre-plan dosimetric coverage in terms of
D90 and V100 and are statistically indistinguishable.

The 15 ultrasound image sets acquired in the OR from
Arm A showed a significantly different orientation and po-
sition from the image sets acquired during the volume study
for the pre-plan. The intraoperative prostate volume differed
slightly (~10%) compared to the pre-plan prostate volume.
Patients who had their initial OR appointment postponed
showed larger volume change due to a longer time lapse
between the volume study and the OR. Some patients
showed pubic arc interference in the OR and needed angling
the ultra-sound probe. This reduced the pressure to the
gland causing a shape change in volume. The precision lim-
its of contouring on ultrasound may contribute to the vol-
ume difference between the two volumes acquired before
and in the OR. Combined with the 6D offset (standard 
deviation of 4.3°, 2.6°, 2.6°, 1.8 mm, 3.5 mm and 2.2 mm 
in θx, θy, θz, X, Y, and Z direction, respectively) between 
the two volumes, V100 and D90 of the prostate volume in the
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Fig. 2. Box-plot of the 6D offset between the two TRUS image sets acquired before OR and during implantation for the patients
we compared in Arm A. Rx, Ry and Rz are the θx, θy, and θz in text, respectively. The bottom and top of the box is the 25th and
75th percentile, respectively. The band across box is the median and the square is the mean. The error bars represent the range 

Arm A Arm A* Arm B Z-score

Cases 15 15 15

TRUS (cc) 34.1 ± 15.3 37.5 ± 16.3 34.9 ± 11.7

CT (cc) 32.8 ± 13.1 32.8 ± 13.1 33.8 ± 9.6

V100 (planning, %) 90.3 ± 1.5 83.9 ± 1.5 90.4 ± 0.7 –0.26

D90 (planning, %) 100.4 ± 2.1 91.1 ± 6.8 100.7 ± 1.2 –0.35

V100 (post, %) 81.8 ± 7.4 81.8 ± 7.4 85.8 ± 3.7 –1.7

D90 (post, %) 87.7 ± 8.9 87.7 ± 8.9 93.4 ± 5.2 –2.09

V100 (rectum, cc) 0.04 ± 0.04 0.04 ± 0.04 0.26 ± 0.26

Table 2. Summary of the analysis in this study. Z-scores are computed between Arm A and B
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OR decreased by 6.4% and 9.3%, respectively. This implies
that the dosimetric coverage of the pre-plan on the volume
study image set is different from the dosimetric coverage
of the same pre-plan on the OR volume image set (z-score
–4.5 and –4.13 for D90 and V100, respectively) due to the re-
producibility of prostate volume image in the OR.

The second phase of the study was to adapt the volume
change in the OR and modify the seed distribution simul-
taneously in the planning computer while the needle pat-
tern of the pre-plan is being used for insertion. Although
the cases in our study have a 10% volume increase in the
OR compared to the volume study, we found that with 
the same total number of seeds as the pre-plan, the re-op-
timization of the seed distribution enabled us to reshape the
dose distribution upon viewing the OR image and make the
target coverage similar to the pre-plan. Part of the reason
is that the target of our pre-plan is a PTV with a 3 mm mar-
gin to the prostate. Occasionally, we needed to alter the 
needle placement to recover the cold island due to a major
volume change; most of the time, re-optimizing the seed dis-
tribution (up to 10~20% of the original seed locations) will
make the coverage meet the same criteria of D90 ~100% and
V100 ~90% (no significant difference with z-score of –0.39 and
–0.33, respectively).

Compared to the original pre-planned technique, this new
implantation technique only takes minimal additional
time to acquire OR ultrasound image and delineate target,

plus a little time for re-optimization if it cannot be completed
within the time of needle insertion. The overall planning time
increased approximately 10 minutes. The time increase 
can be reduced by another 2-3 minutes if planning system
can support loading the pre-plan automatically to the OR
image set. Re-optimization of pre-plan is normally done 
by the time when brachytherapist completes needle inser-
tions based on the pre-planned pattern. In contrast, it will
be at least 20-30 minutes more (compare to pre-plan tech-
nique) for an intraoperative pre-planned technique [3] to
start a computerized plan in the OR before the needle and
seed implantation. Another 30 minutes on top of this will
be added if it is to perform real time interactive adjustments
of the needle and seed position [4,8].

The post CT dosimetric results of this new implantation
technique showed the overall degradation of V100 and D90
from the OR plan was 4.6% and 7.3%, respectively. This
degradation is close to Stone’s report [5] of 4.8% and 3%,
respectively or Ishiyama’s recent report [16] of 1.1% and
7.9%, respectively. This indicates that our seed implemen-
tation with a modified pre-plan has compatible results com-
pared to other implementation utilizing the real time 
interactive optimization technique. In terms of the impro -
vement with the modified pre-plan to the pre-planned tech-
nique, the 15 consecutive controlled pre-planned patients
in Arm A, V100 and D90 were 81.8% and 87.7%, respectively;
the following 15 consecutive OR optimization implantations

Fig. 3. Box-plot of D90 and V100 with pre-plan or OR plan vs. post plan for Arm A and Arm B, respectively. |z| > 1.96 and 
|z| > 1.64 indicate a significant difference at the 5% level for a two-tailed test and a one-tailed test, respectively

Technique PI PI PII OI OII OIII

Study Seattle Current Current Matzkin Mt. Saini MSKCC

U/cc* 1.10 0.97 0.97 1.08 1.32

V100 (%) 94 81.8 85.8 95.2 94 94

V150 (%) 47 44.4 50.4 45.4 56 32

D90 (%) 107 87.7 93.4 115 121 105

OR min. ~60 60~90 60~100 > 90 > 120 > 120

Table 3. Comparison of post implant CT-based dosimetric parameters with different implantation

RTOG criteria: D90 > 90%. V150 > 60% correlates with urethral stricture. “*”: 1 U = 0.787 mCi
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demonstrated the dosimetric results of V100 and D90 to 85.8%
and 93.4%, respectively. Z-scores of –1.70 and –2.09 on V100
and D90 show that our OR re-optimization is a statistical-
ly significant improvement over pre-plan technique. There
are other studies that show a different degree of improve-
ment by comparing pre-planned and intraoperative opti-
mization techniques. Matzkin et al. [2] showed a big impro -
vement of dosimetric results in V100 and D90 from 58.4% and
53.3% to 95.4% and 113%, respectively, by comparing their
pre-planning and intraoperative implant. The same com-
parison made by Wilkinson et al. [17] showed V100 increas -
ed from 76.2% to 84.9% and D90 increased from 82.8% to 
94.1%. Shanahan et al. [18] compared their pre-planning with
the hybrid technique and the improvement of V100 and D90
were from 86% and 91% to 91% and 103%, respectively. 
The implant transition in this study shows that the proposed
technique is an effective intra-operative implantation
method as well.

Although this initial study seems promising, the post
dosimetric results of our V100 and D90 are still low compared
to other reports, e.g., the Seattle [11], Mt. Sinai [5] and
MSKCC [8] studies, which are listed in Table 3. We at-
tempted not to overplan the target to avoid D90 of 180 Gy
(125%) or V150 of 60% as these are factors found to be re-
lated to urethral stricture [19-21]. Even D90 greater than
160Gy (110%) was not allowed in our implantation since it
correlates to rectal complication [22,23] and erectile dys-
function [24]. These considerations limit our current plan-
ning with conservative constraints and are set at D90 ~100%
and V150 < 45%. Compared to the aforementioned reports,
our current criteria restrict us to under-plan slightly. One
way to improve the results of our implantation is to esca-
late our D90 and V100 in OR’s pre-plan. With test plans of
increasing the original activity by 5-10% such that the mean
activity/(prostate volume) increased from 0.97 U/cc
(mCi/cc) to 1.04 U/cc (0.82 mCi/cc) in the post dosimet-
ric results of Arm B, the V100, D90 and V150 become 89.9 ±
1.9, 100.2 ± 3.4 and 57.4 ± 4.6, respectively. Based on these
results and other institute’s criteria, we may enhance our
post dosimetric coverage by changing our planning con-
straints to 100% < D90 < 110%, V100 > 95% and V150 < 50%.

Intraoperative optimization prevents the loss of geometric
fidelity between pre- and in-OR prostate volumes, however,
it cannot prevent the volume shape change during needle
insert and seed loading. To keep higher D90, V100, and low
V150 values at the same time, dynamic calculation with up-
dating of needle and seed position provide a better way to
adapt the shape change during loading.

Conclusions
We have progressively moved our prostate seed implan -

tation technique from a strictly pre-planned approached to
an intraoperative optimization of the pre-plan. Our results
demonstrate that the intraoperative modification provides
superior target coverage while maintaining low rectal
doses and a minimal increase in operative time (~10 min-
utes). Without modifying the seed distribution in the OR,
the planning V100 and D90 degraded by 6.4% and 9.3%, re-
spectively. With modification, the same numbers of seeds
and needles could maintain a similar planning V100 and D90

between pre-plan and OR plan. The improvement of V100
and D90 in the post plan was 4.0% and 5.7%, respectively,
with less variation (reduced 40~50% standard deviation).
In addition, to preserving the advantage of the cost-effec-
tive seed ordering and efficient OR implantation, our ada -
ptive intraoperative optimization demonstrates increased
accuracy and precision compared to the pre-planned tech-
nique. 
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