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Abstract

Purpose: This study quantified the dosimetric uncertainty caused by needle-tip detection errors in ultrasound im-
ages due to bevel-tip orientation differences, with respect to the location on template grid.

Material and methods: Trans-rectal ultrasound (TRUS) system with physical template grid and 18-gauge bevel-tip
brachytherapy needles were used. TRUS was set at 6.5 MHz in water phantom, and measurements were taken with
50% and 100% B-mode TRUS gains. Needle-tip localization errors were then retrospectively applied back to 45 prostate
seed implant plans to evaluate the important planning parameters for the prostate (Dgy, Vio9, Vis0, and Vo), urethra
(Do and Dy), and rectum (V4oy, Dy, and Dy ;..), following the ABS and AAPM TG-137 guidelines.

Results: The needle-tip detection errors for 50% and 100% TRUS gains were 3.7 mm (max) and 5.2 mm (max), re-
spectively. The observed significant decrease in prostate coverage (mean Dy, lower by 12.8%, and V,,, lower by 3.9%
for smaller prostates) after seed placements were corrected by compensating the needle-tip detection errors. Apex of
the prostate was hotter, and the base was cooler. Dosimetric difference for urethral and rectal parameters were not

statistically significant.

Conclusions: This study revealed that the beveled needle-tip orientation could considerably impact the needle
tips detection accuracy, based on which the seeds might be delivered. These errors can lead to significant dosimetric

uncertainty in prostate seed implantation.
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Purpose

Trans-perineal interstitial low-dose-rate (LDR) pros-
tate brachytherapy is one of the common modalities of
treating low- and intermediate-risk prostate cancer pa-
tients. Accurate implantation of radioactive seeds is very
important for effective delivery of radiation to the pros-
tate, with sufficient dose sparing to organs at risk (OARs).

Prostate seed implantation (PSI) is commonly per-
formed under the guidance of trans-rectal ultrasound
(TRUS), and seeds are delivered using bevel-tip needles.
However, needle-tip localization difference may occur
due to the ultrasound system setting (e.g., imaging ori-
entation and ultrasound gain), bevel-tip orientation, and
elevation beamwidth (side-lobe) artifacts [1, 2]. Seed
placement uncertainty is affected by the ultrasound im-
age quality, needle placement accuracy, prostate motion,
and prostate edema [3-5]. It is difficult to capture this
systematic error caused by ultrasound artifacts relying
on TRUS for needle guidance. In addition, the deviation
in seed delivery location due to the localization error of

the bevel-tip needle may be responsible for the dose of
the prostate to shift systematically towards the apex, and
thereby, under-dosing the base of the prostate.

The dosimetric impacts of seed migration have been
reported by several studies. Detrimental effects of seed
migration were more severe in terms of increasing the
dose to normal structures, such as rectum Vs, may be 70%
higher and urethra V5, may be 50% higher in the case of
6 mm migration [6]. Bues et al. applied stochastic three-
dimensional Gaussian errors to the seeds in PSI plans.
They reported acceptable (less than 5%) target coverage
(e.g., Dy) variation, with less than 2 mm seed placement
uncertainty [7]. Su et al. reported similar results on the
impact of seed position uncertainty on Dy, [4]. Moreover,
they stated that the increased use of number of seeds
was associated with less variability in dosimetry. For
example, a plan using 80 seeds with 3 mm seed uncer-
tainty demonstrated the same changes in Dy, compared
with the one using 120 seeds with 5 mm seed location
uncertainty. Seed location uncertainty can affect PSI do-
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simetry differently based on the prostate volumes, since
the required number of seed is dependent on the size of
the prostate as well as the anatomical distance of OARs
may also vary from one patient to another. Although the
increased number of seeds improves the overall dose de-
livery robustness, it would result in higher susceptibility
to systematic positioning errors.

The needle placement accuracy depends on the qual-
ity of image, physical property of the needle (e.g., nee-
dle-tip shape, gauge), and tissue deformation, which
contribute to seed placement uncertainty [1, 8]. Wan et al.
reported the correlation between needle placement in the
template and the corresponding error due to needle de-
flection or bending in ultrasound image; however, they
did not evaluate any dosimetric uncertainty [8]. Nath et al.
stated that the displacement between a needle image and
its” planned grid point at the base of prostate should be
less than 5 mm in order to keep the reduction in mini-
mum target dose deviation less than 5% [9]. Datla et al.
applied a model to predict the bevel-tip deflection for
real-time dose monitoring during PSI [10]. Zheng and
Todor have reported a novel method for accurate identifi-
cation of needle-tip in TRUS images for HDR [11], where
the average accuracy was 0.7 mm in water phantom. Mul-
tiple reports on dosimetric uncertainty due to needle-tip
identification error for high-dose-rate (HDR) prostate
brachytherapy are available in literature [12, 13]. Howev-
er, dosimetric uncertainty of needle-tip detection error in
PSI has not been studied adequately. Normally, it is ob-
served in post-PSI dosimetric analysis that the base of the
prostate is lightly covered and the apex becomes hotter, as
compared with pre-op or intra-op plan, due to a number
of reasons, such as seed or strand movement (follows the
needle or stylet when retracted), uncompressing or relax-
ation of the prostate after needle withdrawal, inaccurate
identification of needle-tip and seed deposition, etc. Any
individual seed location can be adjusted when free seeds
are delivered using Mick applicator, and with modern US
image guidance, the actual location of an individual seed
can be detected for real-time dosimetry. However, this is
not possible when a seed strand (2-6 seeds held together)
is delivered using a pre-loaded needle, i.e. the location
of the first seed will determine the relative location of
the rest of seeds in the strand; no individual seed can be
adjusted. In our PSI procedure, we use pre-loaded nee-
dles, where the seeds are loaded in the needles based
on the pre-operative plan created using TRUS images
by setting the patient same as that would be in the op-
erating condition on the day of the actual PSI procedure
(2-4 weeks later). On the day of the procedure, in the
operating room (OR), the patient is positioned exactly
at the same pre-operative condition and TRUS images
are acquired. The pre-op plan is then transferred to the
intra-op images, and the dosimetric plan and param-
eters are checked before implanting the seeds by using
the pre-loaded needles. The seed strand in a needle is de-
livered based on the location of the tip of the needle vi-
sualized in real-time TRUS image. Hence, the needle-tip
detection error described in this study can result in sys-
tematic unintended seed placement deviation. In this
technique (pre-loaded needle), the seed implantation is

primarily determined by visualization of the needle-tip
on TRUS image; therefore, the seed implantation will al-
ways be affected by the needle-tip detection error, which
can further amplify due to the bevel-tip orientation.
In this study, we evaluated the needle detection errors
in detail for PSI, when bevel-tip needles were used. This
information will be helpful for the clinicians to be aware
of potential errors and related dosimetric effects, espe-
cially when using pre-loaded bevel-tip needles. During
PSI procedure, the bevel-tip needle orientation can be
monitored in TRUS images, and the needle-tip can be
accurately identified to reduce the undesired dosimetric
deviation. The purpose of this study was to evaluate the
dosimetric uncertainty due to bevel-tip needle detection
errors caused by variation in needle-tip orientation.

Material and methods
Imaging guidance with TRUS and QA protocol

The present study was performed with an IRB-ap-
proved protocol (STUDY# 20210259), and it was conduct-
ed using a TRUS unit (Flex Focus 500 with biplane 8848
probe, BK Medical, Burlington, MA, USA) with 6.5 MHz.
The axial TRUS image combined with the virtual tem-
plate grid was applied to ensure the location of the needle
agrees with the physical template. Then, the longitudinal
view was used to ensure the needle insertion depth. PSI
treatment plans were generated using MIM Symphony
version 14.4 (MIM Software Inc., Beachwood, OH, USA).
Quality control for the TRUS system was performed fol-
lowing the American Association of Physicists in Medi-
cine (AAPM) Task Group-128 report [14]. As the velocity
of sound is the critical consideration for the ultrasound
imaging and accurate detection of the needle mimicking
the realistic PSI condition, a water bath phantom with
a temperature at about 40°C was used for measurements.
Although the recommended water temperature of 48°C
would produce the same velocity of sound in soft tissue
(about 1,540 m/s), the water bath temperature for the
ultrasound system calibration and the experiment was
kept at 40°C to have the velocity of sound closer to that in
the soft tissue, and to avoid the risk of damaging
the transducer.

Evaluation of needle localization error

In this study, the main focus was the errors in inser-
tion depth caused by 18-gauge bevel-tip (20-deg beveled
angle, Bard Medical, Covington, GA, USA) needle’s ori-
entation. The bevel-tip side facing away from the trans-
ducer was considered as ‘beveled up’ or ‘tip0®, while
the bevel-tip facing towards the transducer was labeled
as ‘beveled down’ or ‘tip180°". Measurements with tip0°
were considered as the reference (Figure 1A, B). Needles
in the tip0° orientation (Figure 1A) were placed through
PSI template grid holes (Figure 1C, D) until the needle-tip
was detected on the transverse image of TRUS. A clamp
was used to keep the needle in place to assist depth mea-
surement (Figure 1D). Once the needle-tip was detect-
ed in TRUS image, both ultrasound probe and clamped
needle were carefully removed from the water phantom
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Fig. 1. Bevel-tip needle orientation with respect to trans-rectal ultrasound (TRUS) probe and measurement setup. A) Facing-up,
i.e. beveled angle away from TRUS (reference configuration), B) facing down, i.e. beveled angle toward TRUS, C) prostate seed

implantation (PSI) template grid, and D) experimental setup

for physical measurement and confirmation. A high-res-
olution digital Vernier caliper was applied to measure
the needle depth in water from the template grid to the
needle-tip. The needle was then rotated to tip180° (Fig-
ure 1B), and the depth was adjusted until the needle-tip
appeared again in TRUS image. The depth of tip180° was
then measured and compared to tip0°, this difference was
the resultant ‘error’ solely due to opposite orientations of
the bevel-tip needle. The measurements were performed
for half of the template grid from columns ‘a” to ‘D’ due
to template symmetry (Figure 1C). Measurements for
the axial depth ranged from 50 to 100 mm. All the measure-
ments were acquired with 50% and 100% B-mode TRUS
gains, and each measurement was repeated five times.

Dosimetric uncertainty due to needle-tip
detection errors

The systematic error of needle-tip detection was
retrospectively applied to a total of forty-five PSI cases
performed in our clinic (monotherapy of 145 Gy with
iodine-125 ['?°1], seed model TheraSeed AgX100, Ther-
agenics Corp., Buford, GA, USA). We took the clinical
intra-op plan for each of PSI cases and seeds were moved
towards the prostate apex by the amount of needle-tip
errors based on the seed location, i.e., xy-coordinates or
row-column number on the template’s grid hole. The av-
erage seeds activity was 0.375 mCi (air-kerma strength of
0.476 U). Cases were divided into three groups in terms
of prostate volume: 1) Small volume: less than 30 cm?;
2) Medium volume: 30 to 40 cm?; 3) Large volume: larger
than 40 cm®. Each of these groups had fifteen patients.

For each PSI case, three treatment plans were gener-
ated. 1) Plan,,: a reference plan, which was generated
during the PSI procedure and clinically accepted (i.e., in-
tra-operative plan); 2) Plans: a plan with bevel-tip needle
errors applied with 50% B-mode ultrasound gain; and

3) Plan;yy: a plan with bevel-tip needle errors applied
with 100% B-mode ultrasound gain.

Clinical intra-operative plans were generated using
modified peripheral loading technique. Prostate and
OARs were contoured by the physicians on TRUS im-
ages. For the intra-operative plans, prostate V5, > 98%
was used as the minimum coverage criteria, and all
the other planning criteria for the prostate (Dgy Vs,
Vo), urethra (D, Dyg), and rectum (Vygp, Dyer D 1cc) fOl-
lowed the AAPM TG-137 recommendations [15].

For plans with needle localization errors (i.e., plans,
and plan;yy), an in-house MATLAB program was de-
veloped to apply needle localization errors to three-di-
mensional coordinates of the seeds in DICOM plan files.
These plans were not re-optimized, only the tip detection
errors were applied to the clinical intra-op plan. DICOM
files were then imported back into TPS for dose calcula-
tion and DVH parameters evaluation. DVH parameters
derived from plans, and plan,y, were compared to those
from plan,. Statistical significance of each DVH param-
eter was analyzed using two-tailed Student’s t-test, and
p-values less than 5% were considered significant.

Results
Evaluation of needle localization error

A grid template-specific two-dimensional lookup ta-
ble for the distance from transducer vs. average needle
depth error was created and applied to the clinically ap-
proved intra-operative PSI plans. For 50% gain, bevel-tip
detection errors of column ‘a’ ranged from 0.69 £0.31 mm
(1%t row) to 2.75 +0.05 mm (9" row, marked 5 on template,
see Figure 1C), while those of column ‘D’ ranged from
0.78 £0.31 mm (1%t row) to 3.73 £0.51 mm (9" row, marked
5 on template). For 100% gain, errors of column ‘a’ ranged
from 0.57 £0.25 mm (1% row) to 5.24 +0.36 mm (9" row,

Journal of Contemporary Brachytherapy (2022/volume 14/number 6)



Dose uncertainty due to needle localization error

585

marked 5 on template), while those of column ‘D’ ranged
from 0.84 +0.30 mm (1t row) to 4.2 +0.20 mm (9™ row,
marked 5 on template) (Figure 2).

Dosimetric uncertainty due to needle-tip
detection errors

The prostate volumes ranged from 16.6 to 59.6 cm®.
The differences in DVH parameters among plan,,;, plans,,
and plan;,, are presented in Tables 1-3; a DVH plot of
a representative case is presented in Figure 3. The pros-
tate Vg of plansy demonstrated an average decreases of
3.9% (p < 0.05), 2.0% (p < 0.05), and 2.0% (p < 0.05) for
small, medium, and large volume prostates, respectively.
The decrease in V;(, ranged from 0.5% (prostate volume
of 40.8 cm®) to 8.9% (prostate volume of 26.7 cm?). An
average deceases in Doy were 12.8 Gy (p < 0.05), 5.0 Gy
(p <0.05), and 5.4 Gy for small, medium, and large pros-
tate volumes, respectively. Decreases in Dy, varied from
1.3 Gy (prostate volume of 40.8 cm®) to 27.0 Gy (prostate
volume of 26.7 cm3). Urethral doses deviations from ref-

A
40 ; ; ; ; : : ;

Bevel-tip orientation deviation (mm)

erence plans ranged from 1 to 3.6 Gy for D;), and 1.2 to
3.4 Gy for Dy, but these were not statistically significant.
Similarly, rectal doses variations in planned parameters
were small and were not found to be statistically signifi-
cant (Tables 1-3).

Compared to the V,, of plans, the V;, of plan,,, ex-
hibited larger average decreases of 4.5% (p < 0.05), 2.4%
(p < 0.05), and 2.4% (p < 0.05) for small, medium, and
large volume sizes, respectively. In addition, average
decrease in Dy, of plan;y, were larger: 6.0 Gy (p < 0.05)
and 6.4 Gy for medium and large prostate volumes, re-
spectively. Small and comparable rectal dose differences
were observed as in the plans with TRUS gains of 50%
and 100%.

Discussion

Higher B-mode ultrasound gain (100% vs. 50%)
demonstrated larger DVH differences that resulted from
the bevel-tip needle detection errors. The ultrasound gain
difference did not have significant impact on the needle

B

Needle-tip localization error (mm)
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Fig. 2. Mean detection error for needle-tip position: A, B) With a 50% B-mode ultrasound gain setting for each lateral locations
(‘a’ through ‘D’) on the prostate seed implantation (PSI) template grid, C) errors at ‘a’ column for 50% and 100% B-mode ultra-
sound gains, and D) errors at ‘D’ column for 50% and 100% B-mode ultrasound gains
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detection error along column ‘D’ (Figure 2D), whereas
the difference in error increased as the needle was placed
away from the central column (away from vertically
above TRUS transducer, Figure 2C). These results agree
with the conclusion of a study conducted by Peikari et al.
[1]. As the needle is placed away from the transducer, the
ultrasound wave reflections increase, thus echoed signal
from the needle-tip is reduced (Figure 4). Due to the posi-
tion of the needle in relation to the transducer, the sound
wave attenuates more when moving from midline to lat-
eral position. The difference in intensity as a function of
position was plotted using the following equation (1).

relative intensity (dB) = 10 log (_IfChO )
incedent
I &y
or echo
incedent

=10

With equation (1) and using a 6.5 MHz ultrasound
beam with the assumption that there is 100% reflection
between the tissue and needle interface, we can examine
the differences in echo intensities at the transducer nor-
malized to the incident intensity (Figure 4). In reality,
these values will be even lower due to acoustic reflection
losses, refraction, and scattering of the ultrasound wave
as it traverses the medium. These losses of intensity may
attribute to the deviations in needle-tip positioning, es-
pecially when moving laterally from midline (i.e., away
from vertically up).

When the sound wave interacts with the needle-tip
oriented towards the transducer, the curvature of the
tip allows a majority of the sound wave to reflect back
towards the transducer (Figure 5A). Therefore, a better
physical design of the needle-tip is a solution to improve

Table 1. Dosimetric comparison of plans, and plan,g, with plan, for patients with prostate volumes less than

30 cc

Dosimetric parameters for group 1: Small prostate (< 30 cc)

With 50% gain

With 100% gain

Mean difference Range p-value Mean difference Range p-value

Prostate

V00 (%) —3.92 +2.09 (-8.86,-1.39) < 0.001 —451+2.77 (-12.11, -2.11) < 0.001

Vs, (%) —3.67 +1.85 (-6.97,-1.08) 0.443 —4.50 +1.84 (~7.28,-1.49) 0.029

Vo0 (%) —5.24 +1.45 (-7.46,-2.79) 0.004 =5.50 +1.61 (-7.95,-2.57) 0.003

Dy (Gy) —12.80 +2.11 (-27.04,-2.59) 0.001 —12.52 +7.86 (-34.40,-5.16) < 0.001
Prostatic urethra

D, (Gy) 3.58 +2.26 (0.71,7.33) 0.932 —0.10 +3.60 (-6.26, 6.22) 0.972

Dy (Gy) 3.44 4321 (0.17,11.29) 0.899 0.3145.21 (-6.77,16.95) 0.928
Rectum

V00 (%) 0.07 +0.09 (0.00, 0.34) 0.867 0.03 +0.12 (-0.17,0.28) 0.914

D, (Gy) 0.93 +0.75 (0.15, 2.89) 0.930 0.63 +1.35 (-1.34, 3.60) 0.930

Do1cc (GY) 2.64 £2.32 (0.01, 8.18) 0.807 2.18 £3.13 (-2.38,9.57) 0.825

Table 2. Dosimetric comparison of plans, and plan,y, with plan,. for patients with prostate volumes between

30 and 40 cc

Dosimetric parameters for group 2: Medium prostate (30-40 cc)

With 50% gain

With 100% gain

Mean difference Range p-value Mean difference Range p-value

Prostate

V00 (%) —2.08 +0.87 (-3.27,0.72) < 0.001 —235+1.88 (~4.53,-0.43) < 0.001

Vs (%) —1.09 +2.79 (=3.90, 8.05) 0.482 —2.70 +1.47 (-4.87,-0.33) 0.063

Vs00 (%) —2.87£2.43 (=5.71, 5.07) 0.105 —3.89 +1.06 (-5.96,-2.15) 0.025

Dy (Gy) —4.96 £2.96 (-10.14, 1.37) < 0.001 —6.09 £3.96 (-12.88,-0.31) < 0.001
Prostatic urethra

D5, (Gy) 2.51+3.33 (0.02,13.41) 0.876 -0.78 +2.79 (-5.15, 4.69) 0.750

Dy, (Gy) 2.53 +3.25 (0.09, 13.69) 0.795 —1.59 +3.28 (-10.65, 2.40) 0.695
Rectum

V00 (%) 0.09 +0.14 (0.00, 0.50) 0.761 0.010.11 (-0.25, 0.21) 0.966

D, (Gy) 0.77 £0.59 (0.04, 2.04) 0.850 0.21 £0.74 (<112, 1.24) 0.953

Doxcc (GY) 1.73 £1.52 (0.22,5.73) 0.789 0.13 +0.51 (-2.58,2.93) 0.977
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Table 3. Dosimetric comparison of plans, and plan;y, with plan, for patients with prostate volumes greater

than 40 cc

Dosimetric parameters for group 3: Large prostate (> 40 cc)

With 50% gain

With 100% gain

Mean difference Range

p-value

Mean difference Range p-value

Prostate

-1.99 +1.11 (-3.76, -0.46)

< 0.001

—2.37 +1.22 4.34,-0.64

=

< 0.001

leO (%)
)

Viso (% —2.46 +1.28 (-5.44, -1.12)

0.118

=

0.062

Vaoo (%) -3.04+0.70 (-4.45,-1.98)

0.128

(_
-3.0£1.38 (-5.99, -1.00
-3.09+0.71 (-4.76,-2.16

N

0.119

Doy (Gy) —5.40 +2.99 (-10.84, -1.29)

< 0.001

—6.63 +3.55 (-12.25,-1.55

~

< 0.001

Prostatic urethra

Dy, (Gy) 1.02 +0.97 (0.11, 3.90)

0.897

0.14 £1.43 (-2.06, 2.69) 0.935

Dy, (Gy) 1.24 +0.99 (0.18,3.27)

0.800

—0.37 +1.50 (-3.09, 1.75) 0.807

Rectum

Va0 (%) 0.13 0.15 (0.00, 0.53)

0.689

0.07 +0.13 (-0.15, 0.36) 0.768

D, (Gy) 0.72 +1.11 (-1.51, 2.79)

0.842

0.47 £1.02 (-1.39,2.22) 0.895

Doicc (GY) 1.97 £2.95

(-2.82, 8.83)
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Fig. 3. Dose-volume-histogram (DVH) showing dose devi-
ation between original plan (solid lines) and deviated plan
(dotted line) for prostate (pink color), urethra (blue color),
and rectum (sienna color) of a representative case. Black
dashed line represents prescription dose (145 Gy)

the needle-tip detection accuracy. Wang et al. reported on
the optimized needle designs, which can either reduce
the insertion force by 11% with the same bevel length, or
reduce the insertion force by 46% with an improved de-
sign [16].

Moreover, the beam width enlargement may result
from an increase in the main lobe thickness, and the
directed side lobe energy, which diverges further from
the transducer. Needle-tip detection is more affected by
the side-lobe artifacts as the gain increases, due to the in-
crease in energy assigned to the side-lobe beam (Figure 6).
The increase inside lobe energy amplifies the reflected

01.59 +2.84 (-2.39,7.91) 0.783

1.0

0.9

0.8

Echo incident
oS o o o o
T T O S N
| | | | |

o
[
]

o
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0 05 10 15 20 25 3.0 35 40 45 50
AP distance (cm)
—D a
Fig. 4. Ultrasound attenuation as a function of distance from
the transducer. ‘D’ is along the midline of the brachytherapy

needle template, where ‘a’ is positioned the most laterally
(2.5cm)

intensity from needles positioned laterally from midline,
which may explain the increase in needle-tip detection
error at position ‘a’ for 100% gain.

The bevel-tip needle detection error resulted in signif-
icant decrease in Dgy and V;, of prostate dose coverage.
This impact on the prostate dose coverage is also depen-
dent on the prostate volume and shape. The bevel-tip
detection error has the most significant impact on pros-
tates with volumes of less than 30 cm®. The inaccuracy of
seed placement in longitudinal direction is the primary
factor for deviation in dosimetric coverage in prostates
of small sizes, especially at the apex and at the base of
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o) @)

Fig. 5. Effect of needle-tip orientation on the reflected
soundwave

the prostate. A systematic shift of the seed-strand due to
bevel-tip detection error would move the seeds towards
the apex, and even could bring it out of the prostate, i.e.,
it would not have enough prostate tissue left in the apex
direct (when seen from the base to the apex) to irradiate.
At the same time, the base of the prostate would be dosi-
metrically under-covered, resulting in decreased Dy, and
Vo of the target, i.e., the prostate.

The bevel-tip detection error, for 50% gain that is nor-
mally used for PSI, decrease as the needle is placed lat-
erally from the central axis of the ultrasound probe due
to increased projected reflection area (or less slant sur-
face) and the off-axis side-lobe echoes. As a result, needle
placements for prostates with larger volumes have small-
er localization errors on lateral columns, but larger errors
for needles in central column. However, the opposite is
true for 100% gain.

The bevel-tip needle error did not have statistically
significant impact on the DVH parameters of rectal and
urethral doses. However, a large variation in DVH pa-
rameter changes should not be neglected. For example,
the D, and Dy, of the rectum showed an increase
across the three prostate size groups for both 50% and
100% gains. When the anterior rectal wall is close to the
prostate, the dose to the rectum may increase if the seeds
are deposited adjacent to the prostate apex. Normally, the
urethra is curved up at the apex and the base of the pros-
tate. Therefore, an increase in urethral dose is expected if
the urethra is curved at the apex when seeds are moved
towards the apex.

In the literature, various solutions are suggested on
compensating the needle deflection error. Real-time seeds
registration can be performed either manually or automat-
ically using mechanized device and with the application
of artificial intelligence [17, 18]. Lehmann ef al. developed
a system with sensors for real-time needle-tip deflection
estimation using the force-sensor-based model during
needle insertion [19]. Podder et al. utilized a curvilinear
technique, with curved needles that can achieve accept-
able plan quality with 30% less needles, which eventually
could reduce the tip detection error for the whole implant
resulting in less dosimetric uncertainty [20]. However,
realistic solutions that can be clinically implementable
without requiring large resources are more desirable.
The current study revealed the dose uncertainty and

Main lobe

TN

Needles
Side lobes

Transducer
100% gain

Transducer
50% gain
Fig. 6. As the gain increases, the frequency remains con-
stant, while the energy assigned to the side lobe increases

as shown above

dosimetric coverage issue due to the error in detecting
the tip of the beveled needle when the orientations of
the bevel-tip are different. In clinical practice, the phy-
sician should be aware of these issues and should spin/
rotate the needle, so that the needle-tip can appear on
TRUS images correctly, and the tip identification can be
accurate for depositing the seed at planned location. Do-
simetric deviation can also be minimized by adjusting the
reference needle depth with respect to the physical tem-
plate grid, and visualizing the needle in both axial and
sagittal planes prior to delivering a seed or seeds’ strand.

One weakness of this study is that only %I cases were
analyzed in this study. Because of the lower energy and
higher dose gradient, the magnitude of seed localization
uncertainty would be higher for palladium-103 (\®Pd) im-
plants, and the opposite is true for cesium-131 (**'Cs) due
to their higher energy and lower dose gradient [5]. Anoth-
er drawback is that the dosimetric impact on post-implant
dosimetry could not be evaluated because no clinical plan
was delivered following the methodology studied here as
well as the seed movement and migration would be com-
pounded with the needle-tip detection errors.

Conclusions

The bevel-tip needle detection error evaluated in this
study is affected by the ultrasound gain and the nee-
dle-tip orientation. It is found that the localization errors
of bevel-tipped needles lead to significant under-cover-
age of the prostate (Dgy, V). Prostates of small volume
are affected the most by such errors. The dose uncertainty
of OARs was not statistically significant. However, indi-
vidual patient’s anatomy should be considered to avoid
unnecessary normal tissue irradiation and potential tox-
icity caused by needle-tip localization errors.
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