
Brachytherapy 16 (2017) 1113e1118
Prostate

A novel urethral sparing technique for high-dose-rate prostate
brachytherapy after transurethral resection of the prostate
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ABSTRACT PURPOSE: The purpose of this study was to
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assess retrospectively the variability of the urethral
dose optimized using a Foley catheter versus urethral contrast injected using a new modified
triple-lumen catheter, in CT-based high-dose-rate (HDR) prostate brachytherapy of posttransure-
thral resection of prostate (TURP) patients.
METHODS AND MATERIALS: At our institution, there were six post-TURP patients with
prostate carcinoma between July 2014 and April 2016 who underwent transperineal interstitial HDR
brachytherapy (16 needles). A custom modified triple-lumen catheter was placed to inject contrast into
the TURP defect. Three-dimensional optimal plans using inverse planning simulated annealing algo-
rithm was generated according to radiation therapy oncology group dose requirements. Alternative
plans were retroactively generated for comparison using standard technique based on a Foley catheter
as a urethral constraint volume for each patient with the same weighting factors. We compared the
dosimetry parameters in each planning using Wilcoxon’s ranked sum nonparametric test.
RESULTS: The median followup of all patients was 17.5 months. No significant genitourinary or
gastrointestinal toxicity was noted using this technique. In the dosimetric analysis, the prostate V100

values and TURP urethral V100 were significantly different between plans with and without the
contrast (V100 [mean]: 92.4 [%] vs. 94.4 [%], p 5 0.046; TURP UV100 [mean]: 1.4 cc vs. 2.2 cc,
p 5 0.028). There were no statistical differences in the mean values of planning target volume
V150%, V200%, and D90, and each bladder V75 and rectum V75.
CONCLUSIONS: Post-TURP HDR brachytherapy with urethral contrast showed significantly
more volume effect of the TURP defect than that with a Foley catheter alone. Better visualization
of the TURP defect should lead to more accurate urethral sparing administration of HDR
brachytherapy which is necessary to prevent urethral complication. � 2017 American Brachytherapy
Society. Published by Elsevier Inc. All rights reserved.
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Introduction

High-dose-rate (HDR) brachytherapy is a treatment
option as monotherapy for low to favorable intermediate-
risk prostate cancer and as a dose-escalated boost for
patients with unfavorable intermediate to high-risk prostate
cancer (1). Excellent clinical outcomes have been docu-
mented with HDR brachytherapy. Five-year biochemical
progression-free survival ranging from 85% to 100% for
HDR brachytherapy monotherapy has been reported in
multiple prospective single institutional studies. In addition,
5-year biochemical progression-free survival of 75% has
been observed in clinical studies using HDR brachytherapy
boost.
hed by Elsevier Inc. All rights reserved.

rom ClinicalKey.jp by Elsevier on December 15, 2017.
opyright ©2017. Elsevier Inc. All rights reserved.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:ihsu@radonc.ucsf.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.brachy.2017.07.017&domain=pdf
http://dx.doi.org/10.1016/j.brachy.2017.07.017
http://dx.doi.org/10.1016/j.brachy.2017.07.017
http://dx.doi.org/10.1016/j.brachy.2017.07.017


1114 H. Kunogi et al. / Brachytherapy 16 (2017) 1113e1118
Benign prostatic hyperplasia is the most common cause
of lower urinary tract symptoms and affects up to 40e50%
of men. Transurethral resection of the prostate (TURP) is
used to treat symptomatic bladder outflow obstruction sec-
ondary to benign prostatic hyperplasia. Patients may be diag-
nosed with prostate cancer from TURP chips or several years
after the procedure. Although HDR brachytherapy is an
effective therapy for localized prostate cancer, the American
Brachytherapy Society Consensus Guidelines has indicated
that a prior TURP is a relative contraindication for HDR
brachytherapy (2) due to increased risk of subsequent uri-
nary tract symptoms, especially with incontinence. Previous
studies have suggested a high rate of treatment-related
morbidity in 17e83% of patients undergoing brachytherapy
after a TURP. Demanes et al. (3) reported a 44.4%, 38.9%,
5.6% rate of Grade 2, 3, and 4 toxicities, respectively, in 36
patients who had undergone a prior TURP procedure before
HDR brachytherapy and recommended that prior TURP is a
contraindication for HDR brachytherapy.

Multiple studies have correlated increasing urethral dose
with urinary toxicity after brachytherapy (4, 5). Therefore,
accurate delineation of the urethra is important to avoid
excessive urethral dose in HDR treatment planning. Our
clinic follows the radiation therapy oncology group
(RTOG) 0321 protocol for contouring of the urethral
volume which recommends that the urethra be contoured
based on the outer surface of the urinary catheter (6).
Because post-TURP defect come in all different shapes
and sizes, as is evident on cystoscopy (Fig. 1) and the
urinary catheter does not conform to the shape of post-
TURP urethral anatomy, an urinary catheter is not adequate
surrogate to define the post-TURP urethral anatomy. The
inability to accurately visualize and delineate the TURP
defect and urethra may lead to underestimation of the ure-
thral dose during image-guided HDR treatment planning.

Our group has developed a method to visualize the post-
TURP defect and urethral anatomy on the HDR treatment
planning CT. With this method, a CT-imaging contrast agent
Fig. 1. Cystoscopy image urethra of a representative patient with TURP.

It shows the complex shape created by the TURP defects. TURP 5 tran-

surethral resection of prostate.
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is injected into the urethra directly using a modified
triple-lumen catheter. The contrast agent fills the TURP defect
to allow for visualization of the TURP defect and urethral
anatomy. This, in turn, allows for dose optimization to the
prostate while minimizing dose to the urethra. In the current
study, the dosimetry based on using the urinary catheter alone
‘‘conventional’’ to delineate the urethra will be compared to
that of the ‘‘contrast-enhanced’’ approach with the modified
triple-lumen catheter. The hypothesis of the study is improved
visualization of the TURP defect and urethra using the
contrast-enhanced approach that will improve treatment plan-
ning dosimetry when compared to the conventional approach.

Methods and materials

Catheter modification for injection of urethral contrast

Prior to the HDR procedure, the triple-lumen catheter is
selected based on the size of the patient’s urethra. The
triple-lumen catheter is modified as follows: (1) identify
the third lumen of the catheter; (2) introduce a stiff obtu-
rator into the third lumen through the eyelet to visualize
the entire length of the third lumen to 1e1.5 cm proximal
to the balloon; (3) cut a 0.5-cm opening on the outer wall of
the third lumen using a scalpel or scissors; (4) tie off the
distal end of the third lumen with a 0-silk suture; (5)
confirm that the balloon is still intact by inflating and
checking for leakage. Figure 2 shows the final modified
catheter. The catheter is then placed during the implant
procedure. Then, immediately before acquisition of the
treatment planning CT scan, 5 cc of contrast is injected
in the third lumen into the urethra. This contrast will fill
the urethra and the TURP defect through the opening in
the third lumen of the catheter created from Step 3.

CT-based planning for prostate HDR brachytherapy
after TURP

Six patients with prostate carcinoma and previous TURP
between July 2014 and April 2016 underwent transperineal
Fig. 2. An image of the modified catheter with inflated balloon.
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interstitial HDR prostate brachytherapy in our clinic using
an 192Ir source. The median time interval between the TURP
and HDR brachytherapy was 37.5 months (2e132 months).
Of the 6 patients in the study, 2 patients underwent three-
dimensional conformal whole-pelvis external beam radiation
therapy using to 45 Gy in 1.8 Gy fractions prior to the HDR
brachytherapy boost dose. The median age was 73.5 years,
ranging from 69 to 82 years. Our standard HDR brachyther-
apy implant technique was used with our freehand technique
under ultrasound guidance as previously described (7).
Sixteen interstitial catheters were placed, with 4 centrally
around the urethra and 12 on the periphery in close prox-
imity to the prostatic capsule. After catheter placement,
contrast was injected into the third lumen immediately
preceding CT image acquisition encompassing the bladder,
prostate, seminal vesicles, urethra, and rectum with 1.5-mm
slice spacing. No intravenous contrast material was used.
The planning target volume (PTV) included the entire pros-
tate and proximal seminal vesicles without any expansion
margins. Organ at risk volumes included the urethra, bladder,
and rectum. For the contrast-enhanced plans, the urethral
surface was defined to include both the outer surface of the
triple-lumen catheter and the outer surface of the area of
contrast enhancement due to TRUP defect (Fig. 3). For the
conventional plans, the urethra was defined as the outer sur-
face of the triple-lumen catheter. The brachytherapy doses
prescribed to the PTV were 15 Gy in one fraction for patients
with prior external beam radiotherapy (n 5 4) and 19 Gy in
one fraction for patients receiving HDR monotherapy
(n 5 2). Three-dimensional inverse planning using the
inverse planning simulated annealing algorithm (IPSA)
algorithm for optimization was performed on the Elekta
Nucletron Oncentra Planning System (version 4.3; Elekta In-
strument AB, Stockholm, Sweden). No manual adjustment
Fig. 3. Planning CT scan of the prostate (orange)/rectum (brown) before

(left) and after (right) urethral contrast injection in a representative patient.

The contrast-enhanced approach improves visualization of the TURP

defect (light green). TURP5 transurethral resection of prostate. (For inter-

pretation of the references to color in this figure legend, the reader is

referred to the Web version of this article.)
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of dwell time, graphical optimization, or dwell time devia-
tion constraint (8) was allowed. Planning criteria followed
the RTOG 0321 dose requirements: prostate V100 (volume
receiving 100% of prescribed dose) O 90%, bladder and
rectum V75 (volume receiving 75% of prescribed
dose) ! 1 cm3, and urethra V125 (volume receiving 125%
of prescribed dose)! 1 cm3 (6). A plan was only approved
if all of these criteria were met. To avoid planning bias in the
comparison of the two plans, the same dose constraints were
used for each plan and only the urethra contour is different.
All patients received a single fraction on the same day of
implant, after which the implant was removed.

For the analysis, we compared DVH-based dose metrics in
one-to-one matchups between the conventional (using only
the Foley catheter for contouring) and the contrast-
enhanced plans. The metrics used were as follows: V100%,
V150%, V200% (i.e., the percentage of PTV covered by
100%, 150%, and 200% of the prescription dose, respec-
tively), D90 (i.e., the minimum dose received by 90% of
the PTV expressed as a percentage of the prescription dose),
UV100%, UV110%, UV120%, UV130%, UV140%, UV150% (i.e.,
the TURP urethral volume receivingO 100%, 110%, 120%,
130%, 140%, and 150% of the prescription dose, respec-
tively), BV75% (i.e., the bladder volume receiving O 75%
of the prescription dose), and each RV75% (i.e., the rectal vol-
ume receivingO 75% of the prescription dose). The urethral
volume is delineated from the contrast-enhanced plans as the
true urethra. Toxicity was assessed by CTCAE v4.0 (9).

Statistical analysis of dose evaluation metrics

Differences in the mean value of each parameter were
compared using Wilcoxon’s ranked sum nonparametric
test. Because of the limited sample size, a normal distribu-
tion was not assumed. Statistical analyses were performed
using SPSS ver. 18 (SPSS Inc., Chicago, IL). p-values less
than 0.05 were considered to be statistically significant.
Results

The median followup was 17.5 months. No Grade 3 or
greater genitourinary or gastrointestinal toxicity was
observed. Figure 4 illustrates axial CT images of the pros-
tate, urethra, bladder, and rectum receiving 50%, 100%,
and 150% isodose lines with and without urethral contrast
in a representative patient. The results of the analysis of
the DVHs were compared between plans with and without
contrast and the modified triple-lumen catheter for the six
cases (Table 1). The prostate V100 values and UV100 (the
true urethral volume) in this study were significantly
different (V100 [mean]: 92.4 [%] vs. 94.4 [%], p 5 0.046;
UV100 [mean]: 1.4 cc vs. 2.2 cc, p5 0.028). Figure 5 shows
each UV100%, UV110%, and UV120% values of each patient.
Our results demonstrated a trend toward a lower UV110%
for the contrast-enhanced plans versus the conventional
plans, reducing from a mean of 0.35 cm3 for the
rom ClinicalKey.jp by Elsevier on December 15, 2017.
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Fig. 4. Axial and coronal CT images of the prostate (light green), urethra (yellow), the Foley catheter (purple), bladder (light blue), and rectum (brown)

receiving 50% (blue lines), 100% (red lines), and 150% (white lines) of the prescription dose in the inverse planning with and without urethral contrast

in a representative patient. A shift in the red isodose line (100% of the prescription dose) and the changes of the urethral volume (yellow) receiving the

red line (100% dose) are apparent. The urethral area receiving the red isodose line (100% dose) on the plan with contrast is less than that without contrast.

(For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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conventional plans to a mean of 0.16 cm3 with the contrast-
enhanced plans but was not statistically significant
(Table 1). No statistical differences were observed in the
mean values of PTV V150%, V200%, and D90, and each
BV75 and RV75 (Table 1).
Discussion

The current study assesses the utility of a novel method to
improve the visualization of the urethral-prostate boundary
and urethral contouring and, hence, treatment planning
dosimetry in patients with a prior TURP history undergoing
HDR brachytherapy for localized prostate cancer. In the post
hoc dosimetric analysis of RTOG 0321, the most common
side effect, Grade 2þ urinary toxicity, was positively corre-
lated with higher urethral dose (10). This suggests that high
dose to the urethral mucosa should be avoided. The true cause
of higher rate urinary toxicity in post-TURP patient is un-
known. However, to study any possible relationship between
dose and urethra mucosa in post-TURP patient, an improved
method of visualization is needed. Such method and our pre-
liminary clinical experience are presented in this study. The
post-TURP prostatic-urethral boundary is not well visualized
Downloaded for Anonymous User (n/a) at Juntendo University
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on standard method. The RTOG 0321 proposed method of us-
ing an unmodified urinary catheter as a surrogate for the ure-
thra will lead inaccurate delineation of the urethra as the
catheter will not conform to extent of the TURP defect. A
simple modification of a triple-lumen catheter is proposed
with creation of a side opening and injection of contrast to
facilitate visualization of the TURP defect and prostatic-
urethral boundaries. This novel approach may decrease the
risk of radiation-induced urethral complications in post-
TURP patients.

An additional conventional treatment plan was
recreated for each of the 6 patients who had previously un-
derwent HDR brachytherapy using the contrast-enhanced
method in order to compare treatment plans between each
method. The results in the current study demonstrate that
the urethral dose is decreased to the urethra in the region
of the post-TURP defect with the contrast-enhanced
method in comparison to the conventional method. Higher
urethral dose is associated with a greater risk of urinary
symptoms after prostate HDR brachytherapy. Hsu et al.
(10) demonstrated that Grade 2 or greater urinary toxicity
was associated with increasing urethral dose using
dosimetry data from RTOG 0321. In addition, Cunha
 from ClinicalKey.jp by Elsevier on December 15, 2017.
 Copyright ©2017. Elsevier Inc. All rights reserved.



Table 1

The results of the analysis of dose-volume histograms (DVHs) with and without contrast

With contrast Without contrast

Mean differencea p-valueMean Range Mean Range

Target

V100 (%)b 92.4 84.6e97.5 94.4 89.4e98.6 �2 0.046

V150 (%)b 28.8 23.6e35.5 27.8 10.8e36.3 1 0.35

V200 (%)b 11.9 10.0e13.1 11.3 4.5e13.4 0.6 0.46

D90 (Gy)
c 102.6 95.4e108.5 104.6 99.5e108.5 �2 0.068

Urethra

UV100 (cc)
d 1.4 0.12e2.6 2.2 0.41e4.0 �0.8 0.028

UV110 (cc)
d 0.16 0e0.82 0.35 0.05e0.67 �0.19 0.12

UV120 (cc)
d 0.007 0e0.04 0.038 0e0.13 �0.031 0.2

UV130 (cc)
d 0 0e0 0.015 0e0.05 �0.015 0.11

UV140 (cc)
d 0 0e0 0.005 0e0.02 �0.005 0.18

UV150 (cc)
d 0 0e0 0.002 0e0.01 �0.002 0.32

Bladder

BV75 (cc)
e 0.17 0e0.52 0.23 0e0.76 �0.06 0.11

Rectum

RV75 (cc)
f 0.48 0.12e0.76 0.45 0.13e0.75 0.03 0.35

a Comparisons between with and without contrast.
b V100, V150, and V200dthe percent volume of the target receiving 100%, 150%, and 200% of the prescribed dose, respectively.
c D90dthe minimum dose received by 90% of the target volume. For this calculation, all prescribed dose were normalized to 100 Gy.
d UV100, UV110, UV120, UV130, UV140, and UV150dthe TURP urethral volume receiving 100%, 110%, 120%, 130%, 140%, and 150% of the prescribed

dose, respectively.
e BV75dthe volume of the bladder receiving 75% of the prescribed dose.
f RV75dthe volume of the rectum receiving 75% of the prescribed dose.
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et al. (11) demonstrated the further urethral sparing using
IPSA without affecting target coverage or increasing
rectal/bladder dose. Because increasing urethral dose has
been associated with increased urinary complications,
Fig. 5. UV100% (A), UV110% (B), and UV120% (C) values in each patient with

significantly lower than that (4.0 cc) without contrast ( p 5 0.028). Each UV110

contrast. IPSA 5 inverse planning simulated annealing algorithm.
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the proposed method to improve delineation of urethral
anatomy may decrease the rate of urinary toxicity
experienced in patients with prior TURP undergoing
brachytherapy (3, 5).
or without contrast. The UV100% value (2.5 cc) in IPSA with contrast was

% and UV120% value in IPSA with contrast was lower than that without

rom ClinicalKey.jp by Elsevier on December 15, 2017.
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Previous TURP can result in the devascularization of the
urethra, and radiotherapy can decrease the capability of the
mucosa to repair damage (12, 13). TURP is not an absolute
contraindication for prostate brachytherapy, although
previous TURP is one of the risk factors of urinary toxicity
after radiotherapy. Luo et al. (14) showed TURP is not a
contraindication to HDR brachytherapy. However, they did
not report urethral dose metrics in their study. Mate et al.
(15) reported that 1 patient who had a prior TURP developed
significant urinary toxicity after CT-based HDR brachyther-
apy. Sullivan et al. presented a multivariate analysis in which
prior TURP and dose per fraction in HDR were predictive
factors for urinary toxicity. They recommend limiting the
urethral dose (calculated at the center of each urethral
outline each 5 mm) to be !120% of prescribed dose (16).
Ishiyama et al. reviewed 40 papers and compared the urinary
toxicities between patients with and without TURP treated
with either external beam radiotherapy or brachytherapy.
They found a strong association between TURP and urinary
toxicity. A history of TURP significantly increased late
urinary toxicity after radiotherapy (17). The extent of tissue
removed during the TURP procedure and temporal relation-
ship between the TURP and radiotherapy events may
contribute to some of the difference in these clinical studies.
However, it seems logical to minimize the dose to the TURP
defect to minimize the risk of urinary complication.

In this study, we have demonstrated that our contrast-
enhanced technique combined with IPSA-based planning
reduced the dose to the urethra and TURP defect. Further-
more, the benefit was greatest at the higher dose levels,
which has been associated with urinary toxicity (10).
Image-guided HDR brachytherapy is a modality that has
the ability to create a sharp dose gradient to deliver a high
dose of radiation to the prostate with great precision while
minimizing dose to the surrounding normal tissues
including the bladder and rectum.

The geometric relationship between the triple-lumen
catheter and the TURP defect is an important factor
affecting the sparing effect. This distance varies from the
apex to the base due to the irregular shape of the defect.
This positional relationship can influence the differences
observed in this study. In the patients with large TURP
defect, the TRUS-guided implanted needles are located
closer to the urethral wall. In this study, the patients with
the large TURP showed a larger sparing effect in the
contrast-enhanced plans, compared to the conventional
approach (the urinary catheter alone).

It is unknown if the normal urethral dose constraints
(i.e., RTOG 0321’s V125!1 cm3) should be applied to the
post-TURP urethra. Sullivan et al. reported that a urethral
stricture is located at the bulbomembranous urethra in
92.1% patients. This did not correlate with dose to the site
(16). If stricture is not correlated with dose, our urethral
sparing method might not decrease its rate. However,
minimizing the maximum urethral dose may reduce risk
of urethral necrosis and scarring.
Downloaded for Anonymous User (n/a) at Juntendo University
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Conclusion

We describe a new TURP defect sparing technique for
prostate HDR brachytherapy and demonstrated improved
dosimetry compared to the conventional approach. We
recommend our new urethral sparing technique in all pa-
tients with history of TURP or any patient with a tortuous
or unusually shaped urethra contour.
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