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LINICAL INVESTIGATION Prostate

RADIOACTIVE SEED MIGRATION TO THE CHEST AFTER
TRANSPERINEAL INTERSTITIAL PROSTATE BRACHYTHERAPY:

EXTRAPROSTATIC SEED PLACEMENT CORRELATES WITH MIGRATION

JEFFREY S. ESHLEMAN, M.D.,* BRIAN J. DAVIS, M.D., PH.D.,* THOMAS M. PISANSKY, M.D.,*
TORRENCEM. WILSON, M.D.,† MICHAEL G. HADDOCK, M.D.,* BERNARD F. KING, M.D.,‡

CHARLES H. DARBY, M.S.,§ WAYNE N. LAJOIE, B.S.,* AND ANN L. OBERG, PH.D.§

*Division of Radiation Oncology, Departments of†Urology and‡Diagnostic Radiology, and§Division of Biostatistics,
Mayo Clinic, Rochester, MN

Purpose: To examine the incidence of seed migration detected on chest X-ray and to identify the predictors
associated with its occurrence.
Methods and Materials: Between May 1998 and April 2000, 102 patients underwent permanent prostate
brachytherapy at our institution and 100 were eligible for the study. Chest X-rays obtained at follow-up were
examined for the number and location of seeds. The patient and treatment variables potentially associated with
the occurrence and number of seed migrations were analyzed.
Results: One or more seeds were identified on the chest X-rays of 55 (55%) of 100 patients. The mean number
of intrathoracic seeds in patients with migration was 2.2 (range, 1–10), and the proportion of seeds that migrated
to the thorax was 0.98%. The rate of extraprostatic seeds planned was 43.9%, and postimplant CT identified
37.9% in such a location. The number of seeds planned for extraprostatic placement and below the apex were
statistically significant (� � 0.05) predictors in univariate logistic analysis. Multivariate analysis revealed the
planned number of extraprostatic seeds as the only statistically significant predictor (p � 0.04).
Conclusion: Extraprostatic placement of loose seeds is associated with an increased likelihood for, and frequency
of, seed migration to the thorax. Nonetheless, the small proportion of implanted seeds that migrated (<1%) is
highly unlikely to have significant dosimetric consequences. © 2004 Elsevier Inc.
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INTRODUCTION

n 2003, an estimated 220,900 men in the United S
ere diagnosed with adenocarcinoma of the prostate
8,900 men died of this cancer(1). With the advent o
rostate-specific antigen screening, most prostate c
iagnoses are made in the early stages. An increasingly
ption in the management of early-stage prostate can

ransperineal interstitial permanent prostate brachythe
TIPPB) (2).

A unique property of TIPPB is the possibility of rad
ctive seed migration. In 1988, Hempelet al. (3) reported on
patient who underwent125I interstitial therapy for carc-

oma of the anus and was later found to have metallic s
n chest X-ray(3). Subsequently, Steinfeldet al. (4) re-
orted chest migration of a radioactive seed after TIP
uptaet al. (5) later reported seed migration to the ch

rom various anatomic sites after interstitial brachyther

Reprint requests to: Brian J. Davis, M.D., Ph.D., Division
adiation Oncology, Mayo Clinic, 200 First St. SW, Roches
N 55905. Tel: (507) 284-3191; Fax: (507) 284-0079; E-m
avis.brian@mayo.edu
419
n recent years, the increased use of TIPPB has le
ultiple reports of radioactive seed migration to the c

4, 6–13). Published rates, as summarized inTable 1, range
rom 0.6% to 29% of patients with one or more seeds fo
n a postimplant chest X-ray (CXR). Published patient

reatment parameters influencing the incidence and ra
eed migration include the use of Vicryl sutures, numbe
eeds implanted, planning volume, and number of l
eeds placed(7, 10).
The basis of radioactive seed migration seems clea

rostatic capsule has a rich venous plexus with vessels
nough to accommodate seeds. Seeds placed extrapr
ally have access to this plexus and often migrate a
rom their intended position via access to the venous c
ation. Through the venous pathway, seeds migrate thr
he inferior vena cava, right chambers of the heart and
he pulmonary circulation. Because of their size and ri

Originally presented at the 43rd Annual Meeting of the Am
can Society for Therapeutic Radiology and Oncology, Novem
001.
Received Jun 26, 2003. Accepted for publication Oct 15, 2
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ty, seeds lodge in the end arterioles of the pulmonary
ystem where, owing to their metallic content, they can be
asily visualized by CXR.

To date, no untoward clinical consequences have been
eported when pulmonary embolization has occurred (4,
–13). However, it is conceivable that seeds could migrate
r become entrapped in other organ systems. In this regard,
utopsy-documented evidence has recently been published
f seeds lodged in the right ventricle of the heart (14) and in
coronary artery as visualized by angiography (15).
Other potential consequences of seed migration in-

lude dosimetric consequences (16). Seeds lost to migra-
ion detract from the overall dose meant to cover the
lanning target volume. Merrick et al. (7) reported that
ulmonary seed embolization accounted for only 10% of
he seeds absent after orthogonal films were taken of the
elvis after implantation. Thus, CXR detection alone may
ignificantly under represent the total seed loss from the
arget volume.

Migration rates have been linked to technical differ-
nces in TIPPB, which have been previously reviewed
17). Many institutions perform a modified peripheral
oading technique in which loose seeds are placed. Most
eeds are placed in the periphery of the gland to admin-
ster a homogenous dose and limit severe overdosing to
he urethra. A typical margin of 3–5 mm is planned
round the prostate (18) to account for extraprostatic
umor extension (19, 20), the accuracy of delivering the
adiation dose to the target volume (21, 22), and the
ccuracy of the imaging technology used in the proce-
ure. Other factors influencing migration rates may in-
lude both patient and tumor characteristics. The purpose
f this study was to examine both clinical and treatment-
elated factors associated with migration of seeds to the
horax.

Table 1. Chest migrati

Study Isotope
s

Present study 125I and 103Pd 5
Grimm et al. (12) 125I and 103Pd 1
Merrick et al. (7) 125I (Rapid STRAND

in periphery)
2

103Pd 2
Overall 2

Nag (8) 103Pd 1
Older (13) 103Pd 2
Steinfeld et al. (4) 125I 2
Tapen et al. (10) 125I (Rapid STRAND

in periphery)
125I loose 1
103Pd 1
Overall

Abbreviation: TIPPB � transperineal interstitial permane
METHODS AND MATERIALS

atient characteristics
The patient characteristics are given in Table 2. Between
ay 1998 and April 2000, 102 patients with Stage T1-T2

rostate cancer underwent TIPPB at our institution of whom
00 were included in this study. All patients underwent
ransrectal ultrasound (TRUS)-based planning using a mod-
fied peripheral loading technique and loose seed placement.
ost-TIPPB dosimetry was evaluated by CT within 30 days
fter the date of the procedure. PA and lateral CXRs ob-
ained at follow-up were examined for the number and
ocation of seeds. Patient and treatment variables potentially
ssociated with the occurrence and number of seed migra-
ions were analyzed.

reimplant planning
All patients underwent TRUS-based preplanning using

he Theraplan Plus 3.0 system (Theratronics, MDS Inc.,
oronto, Ontario, Canada). The planning target volume was
reated by placing a 3–5-mm margin around the prostate,
xcept in the posterior and superior directions. Posteriorly,
n proximity to the rectum, and superior to the bladder base,
smaller margin was used.

IPPB procedure and postimplant CT scanning
The TIPPB procedure has been previously described

23); it includes the use of a Mick applicator and a modified
eripheral loading technique. Ninety-seven patients under-
ent 125I implantation and three underwent 103Pd implan-

ation. Ninety-nine patients were treated with TIPPB as
onotherapy, and one received combination external beam

adiotherapy and TIPPB. All patients were admitted post-
peratively to the hospital overnight, and a Foley catheter
as placed in each. Urine and Foley catheter bags were

nspected and surveyed for displaced seeds. Patients rou-

eported TIPPB series

ts with
igration
st (%)

Rate of seed
migration to chest

(%)

Maximum
seeds to

migrate in 1
patient (n)

55/100) 0.98% (119/12,135) 10
39/221) Not reported 3
18/84) 0.18% (24/13,467) Not reported

16/72) 0.28% (29/10,338) Not reported
34/156) 0.22% (53/23,805) Not reported
19/107) 0.30% (32/10,612) 2
32/110) Not reported 4
1/5) 0.80% (5/600) 5
1/143) Not reported 2

1/10) Not reported Not reported
15/126) Not reported Not reported
17/289) Not reported Not reported

state brachytherapy.
on in r

Patien
eed m
to che

5.0% (
7.6% (
1.4% (

2.2% (
1.8% (
7.8% (
9.0% (
0.0% (
0.7% (

0.0% (
1.0% (
5.9% (
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inely underwent postimplant CT scanning within 2 days
fter their procedure. The prostate was contoured on the CT
mage by the treating radiation oncologist. Postimplant do-
imetric analysis was performed according the American
rachytherapy Society recommendations (24).

tatistical analysis
The preplans were reviewed and the following information

as recorded: preimplant prostate size in cubic centimeters as
etermined by TRUS planimetry and prolate spheroid calcu-
ation, number of needles planned, total number of seeds
lanned and placed, and postimplant prostate size in cubic
entimeters by CT contouring. Preplanning ultrasonography
nd postimplant CT were then carefully reviewed for periph-
ral and extraprostatic seed placement. Extraprostatic seed
lacement was defined as any digitally reconstructed seed
alling completely outside the CT-contoured prostatic capsule
r planimetric margin. Peripheral seed placement was defined
s any extraprostatic seed or any digitally reconstructed seed
alling on the CT-contoured prostatic capsule or margin. Seeds
lanned and placed above the base and below the apex were
nalyzed separately as well as included in the extraprostatic
roup. An example of a preplan TRUS image identifying

Table 2. Patient and treatment characteristics

Characteristic
Patients

(n) Mean (range)

ge (y) 68.8
55–70

umor stage (1997 AJCC)
T1c 63 (63)
T2a 35 (35)
T2b 2 (2)

retreatment PSA (ng/mL) 6.3
0.7–16.3

SA (ng/mL)
0.0–4.0 24 (24)
4.1–10.0 64 (64)
�10.0 12 (12)

leason score 6 (4–7)
4–5 15 (15)
6–7 85 (85)

retreatment ultrasound
volume (cm3)

43.3 (16–98)

ostimplant CT volume
(cm3)

56.7 (20–124)

ime to postimplant CT
(days)

5.7 (0–57)

adioisotope (Gy)
125I 97 (97)
103Pd 3 (3)

eeds planned (n) 113.1 (58–192)
eeds placed (n) 123.8 (60–214)
eedles implanted (n) 30.3 (18–50)
Ci per source (125I only) 0.4 (0.3–0.5)
otal mCi implanted (125I
only)

48.1 (22.2–82.2)

Abbreviations: AJCC � American Joint Committee on Cancer;
SA � prostate-specific antigen.
Data in parentheses are percentages, unless otherwise noted.
xtraprostatic and peripherally labeled digitally reconstructed
eeds is shown in Fig. 1.

All patients whose records were used in this analysis had
reviously provided consent for use of their records in
etrospective medical research. Univariate analyses were
repared and examined to ascertain any transformations that
ould be necessary before subsequent model building en-

ued. Predictors were transformed using the natural loga-
ithm function to reduce skewness of distribution if appro-
riate. Univariate and multivariate logistic models of
ccurrence of seed migrations were performed.

RESULTS

Of the 102 patients whose medical records were consid-
red for use in this study, 1 did not have a postoperative
XR and 1 refused research authorization. Thus, 100 pa-

ients with one or more postimplant CXR were evaluated.
ne or more seeds were identified on the CXRs of 55 (55%)
f 100 patients. A total of 119 (0.98%) of 12,135 seeds
mplanted were identified on CXR. The mean number of
ntrathoracic seeds in patients with migration was 2.2 (me-
ian, 2; range, 1–10). The distribution of seeds on CXR
Table 3) was 11 right upper lobe, 3 right middle lobe, 74
ight lower lobe, 3 left upper lobe, and 26 left lower lobe
nd 2 autopsy proven seeds in the right cardiac ventricle.
he proportion of extraprostatic seeds planned was 43.9%,
nd 37.9% were actually placed in an extraprostatic location
s ascertained by postoperative CT imaging (Table 4). The
umber of seeds planned for extraprostatic placement and
nferior to the apex was a statistically significant predictor
f seed migration in univariate logistic analyses at the � �
.05 level (Table 5).

Three additional predictors were suggestive of signifi-
ance at or below � � 0.14. These included the number of
eeds planned for implantation above the prostate base,
umber of peripheral seeds for implantation, and natural log
f time from the procedure to the first CXR. All five
redictors were tested in multiple logistic models via a
tepwise model building process. A priori,, a four-predictor
odel was also considered on the basis of our knowledge.
he predictors considered were the number of seeds
lanned for implantation at the prostate periphery and below
he apex, the total number of seeds planned for placement,
nd the interval (expressed as natural logarithm [LnT]) from
IPPB until the first CXR. Subsequent evaluation indicated

hat the multiple predictor models were unstable and pro-
ided no usable information. Consequently, multivariate
nalysis revealed the planned number of extraprostatic
eeds as the only statistically significant predictor (p �
.04). LnT was suggestive of an effect (p � 0.053).
No toxicity was reported from chest migration of the

adioactive seeds. Although the patient with two 125I seeds
ound within the right ventricle died of a cardiac event, he
ad had a long history of heart disease, and the cause of
eath was not attributed to the embedded seeds (14).
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DISCUSSION

We report the postimplant seed migration rate to the chest
n 100 of the first 102 consecutive patients undergoing
IPPB at our institution. Fifty-five percent of the 100 pa-

ients had seed migration to the chest after TIPPB. As
ummarized in Table 1, this rate was greater than in any
revious study on seed migration. However, the total num-
er of seeds found on CXR accounted for �1% of seeds
mplanted into the prostate and periprostatic tissue. This
atter finding is consistent with that of other studies pertain-
ng to the use of loose seeds. The results of the present study
iffer from many others in that the percentage of seeds
lanned for extraprostatic placement exhibited a high cor-
elation with seed migration. It also differs in that a thor-
ugh review of both PA and lateral CXRs before and after
IPPB was performed.

d placement defined as any digitally reconstructed seed
gin on ultrasound imaging. Peripheral seed placement
ed seed falling on contoured prostatic capsule or margin
ion of postimplant CT scans.
Fig. 1. Preimplant planning ultrasound scan. Extraprostatic see
falling completely outside contoured prostatic capsule or mar
defined as any extraprostatic seed plus any digitally reconstruct
on ultrasound imaging. Similar method also applied to evaluat
Table 3. Seed migration to chest

Lobe of
lung

Patients
(n)

Total seeds
migrating

to chest (%) Range

UL 7 11/119 (9) 1.0–3.0
ML 2 3/119 (3) 1.0–2.0
LL 41 74/119 (63) 1.0–8.0
UL 3 3/119 (3) 1.0–2.0
LL 19 26/119 (22) 1.0–2.0
eart* 1 2/119 (2) —

Abbreviations: RUL � right upper lobe; RML � right medial
obe; RLL � right lower lobe; LUL � left upper lobe; LLL � left
ower lobe.

* Autopsy proven.



b
f
e
t
h
6
w
p
p
s
e
c
T
s
p
u
t
o
v
n
a

t
s
a
m
t
s
s
o
t

e
l
v
w
a
e
a
l
s
f
s
v
p
t
3
e
s
e
r
t
e
e
r
B
s
e
a
e
r
s
t
p
w
l
p
o

T
T

T
T
T

T
T
R
S
S
S
P
P
A

c

a

423Radioactive seed migration after TIPPB ● J. S. ESHLEMAN et al.
The high rate of seed migration found in this report may
e attributed to several factors. First, CXRs were available
or review in �98% of the 100 study patients. This patient
valuation rate contrasts with several other studies such as
hat of Older (13) in which only 110 (60%) of 183 patients
ad postimplant CXRs available for review. Whether the
0% of patients was representative of the group as a whole
as not indicated, so the overall seed migration rate in their
atients may have been different. In the present study,
reoperative CXRs were available for comparison allowing
elective identification of migrated seeds even in the pres-
nce of multiple surgical clips in the chest from prior
oronary artery bypass grafts or other surgical interventions.
he identification of seeds from CXRs showing multiple
urgical clips in patients with prior chest surgery without
re-TIPPB CXRs for comparison may add a source of
ncertainty. From a review of plain film imaging, it is clear
hat diagnostic-quality PA and lateral CXRs more thor-
ughly and readily identify seeds than would a limited PA
iew on a fluoroscopic simulator. Some patients had seeds
ear the diaphragm, which were only identifiable as such on
lateral CXR. Finally, the results of our study suggest that

Table 4. Peripheral and extraprostatic se

Seed placement

Average proportion of extraprostatically placed seeds
Average proportion of peripherally placed seeds
Average proportion of seeds placed inferior to the apex
Average proportion of seeds placed superior to the base

Abbreviation: TRUS � transrectal ultrasonography.

Table 5. Univariate analysis of patient and treatment parameters
with seed migration to chest

Parameter p

otal seeds planned for extraprostatic placement (TRUS) 0.03
otal seeds planned for placement inferior to the apex
(TRUS)

0.03

otal seeds planned for peripheral placement (TRUS) 0.06
ime from implant to CXR 0.14
otal seeds planned for placement superior to base
(TRUS)

0.21

otal number of seeds planned 0.35
otal number of seeds placed 0.36
adiation oncologist 0.38
eeds placed peripherally (postimplant CT) 0.45
eeds placed extraprostatically (postimplant CT) 0.55
eeds placed inferior to apex (postimplant CT) 0.60
ostimplant CT volume 0.63
retreatment TRUS volume 0.86
ctual seeds placed superior to base (by postimplant
CT)

0.92

Abbreviations: TRUS � transrectal ultrasonography; CXR �
hest X-ray.

TRUS used for preplanning; CT used for postimplant imaging
nd dosimetry analysis.
he timing of the CXR may be relevant to the occurrence of
eed migration. The greater the duration between TIPPB
nd subsequent CXR, the more likely that seed migration
ight be detected. In our series, CXRs were usually ob-

ained 2–3 months after TIPPB; CXRs were obtained much
ooner after the procedure in some other reports. This ob-
ervation is consistent with that of Merrick et al. (7) who
bserved an increasing rate of seed migration depending on
he timing of post-TIPPB CXR.

In the present study, regression analysis revealed that
xtraprostatic seed placement in the TRUS preplan corre-
ated with migration. This finding is consistent with obser-
ations made during TIPPB in which seed migration was
itnessed by fluoroscopy, particularly as seeds were placed

nterior to the prostate where abundant venous drainage
xists (25). The anterior and lateral periprostatic locations
ppear more prone to seed migration than other periprostatic
ocations. Nonetheless, seed migration has also been ob-
erved with intraprostatic seed placement, albeit much less
requently than with extraprostatic placement. No other
tudy, to our knowledge, has confirmed the clinical obser-
ation that extraprostatic seed placement as per TRUS pre-
lanning correlates with migration. Treatment of extrapros-
atic extension of prostate cancer is accomplished using a
–5-mm dosimetric margin (19, 20, 26). TIPPB may treat
xtraprostatic extension with placement of a portion of the
eeds in extraprostatic locations (27). In a survey report on
xperienced brachytherapists by Prete et al. (28), 53% of
espondents reported using a 5-mm treatment margin. On
he basis of this response and radiation dosimetric consid-
rations, it is likely that the placement of some seeds in
xtraprostatic locations remains a common and arguably
ational approach to TIPPB (27). In a related study by
utzbach et al. (29), examination of treatment margins and

eed placement was conducted. Seeds were implanted in
xtraprostatic locations only at the prostatic base and apex,
nd the treatment margins were judged adequate to treat
xtraprostatic extension by postimplant CT-based dosimet-
ic analysis. Nonetheless, and in principle, it appears pos-
ible that a dosimetric margin may be achieved if intrapros-
atic peripheral seed location is within 1–2 mm of the
rostatic capsule or edge. Intraprostatic seed placement,
ithout extraprostatic placement, would then likely result in

ower rates of seed migration. Technical factors, including
rostate mobility, seed tracking at implantation, degradation
f the TRUS image, and operator error limit such precise

ement by pre- and postimplant imaging

Planned preimplant
TRUS

Actual postimplant
CT

39% (43.9/113.1) 31% (37.9/123.8)
60% (68.3/113.1) 47% (58.6/123.8)

7% (8/113.1) 4% (4.7/123.8)
6% (7/113.1) 3% (3.6/123.8)
ed plac
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lacement of all seeds. In a study by Yu et al. (30), it was
oted that seed placement may occasionally vary by up to 1
m from the intended position. In a related study (21),
upplemental implantation in a prostate phantom on a
mock” cold implant was examined. Seed placement accu-
acy under idealized conditions with an experienced prac-
itioner using a Mick applicator was determined. Seed
lacement accuracy as determined by all 41 supplemental
eeds implanted ranged from 0 to 7.5 mm (mean � standard
eviation 2.3 � 2.3 mm). Roberson et al. (22) found similar
ource placement error, with an average displacement of 4.6
m. Such findings suggest that exclusive intraprostatic seed

lacement may not approach the accuracy desired to ensure
omplete treatment of a 3–5-mm periprostatic margin and
lanning target volume.
Evaluation of the preimplant TRUS-based plans revealed

rate of planned extraprostatic seed placement of 39% and
n observed rate of placement of 31% by postimplant CT.
nother seed placement definition, termed “peripherally
laced,” incorporates those seeds that are on the “ line” of
he contoured prostate, in addition to the seeds placed in
xtraprostatic locations. This latter definition is meant to
ccount for seeds that are at the prostatic margin and may be
ore prone to migration than just those that are placed in

xtraprostatic locations. Furthermore, this definition ac-
ounts for the uncertainty in prostate segmentation whereby
eeds judged to be at the prostate margin are actually in
xtraprostatic locations. To our knowledge, no other study,
ther than that of Merrick et al. (7), has reported either of
hese values, but comparisons between studies might be
ifficult because of the known rates of interobserver and
ntraobserver variability in post-TIPPB prostate contouring
31). Nevertheless, Merrick et al. (7) reported a rate of
1.3% extraprostatic seed placement, comparable to the rate
f 39% reported in our study. Their study did not, however,
nd a correlation with extraprostatic seed placement and
mbolization; otherwise, their findings are consistent with
any of those described in the present study.
It is remarkable that the planned extraprostatic placement

f seeds as determined by preimplant TRUS correlated with
eed migration and extraprostatic seed placement as deter-
ined by postimplant CT scanning did not. This finding
ay be attributable to differences in reproducibility and

ariability of preimplant TRUS and post-TIPPB CT imag-
ng in segmentation of the prostate such that the preplan
ore accurately reflects extraprostatic seed placement. Al-

hough no recent studies directly comparing the reproduc-
bility of preimplant TRUS with postimplant CT have been
ublished, several studies have demonstrated that observer
ariability in postimplant CT segmentation is significant. In
study by Dubois et al. (31), interobserver and intraob-

erver variabilities of postimplant CT and MRI were mea-
ured and revealed that a difference of 5 mm routinely
ccurs in establishing prostate dimensions. Lee et al. (32)
nd Al-Qaisieh et al. (33) have reported that interobserver
ariability in postimplant prostate segmentation on CT im-
ges resulted in differences that were statistically significant
ith respect to predicted dosimetry. In detailed studies by
arayana et al. (34, 35), difficulties and differences in

egistering TRUS and CT for treatment planning related to
IPPB were evident. In contrast, Sech et al. (36) have
emonstrated relatively good interexaminer reliability of
RUS prostate volume estimation using a prolate ellipsoid
alculation. Furthermore, Tong et al. (37) have shown that
tep-section TRUS planimetry similar to that used in TIPPB
lanning has less variability in prostate volume determina-
ion than the ellipsoid method.

Patients at our institution are counseled before TIPPB that
eed migration to the chest and other locations may occur.
lthough no untoward effects from seed migration have been
bserved, reducing the rate of migration after TIPPB nonethe-
ess seems an intrinsically worthwhile endeavor. One method
f reducing seed embolization is to use seeds that are packaged
n absorbable suture material (10). Tapen et al. studied 289
onsecutive patients who underwent TIPPB with the use of
utured seeds (n � 143) placed at the periphery or with loose
eeds only (n � 146). The rate of seed migration in those
atients with sutured seeds was 0.7% and for those with loose
eeds was 11%. In their study, the postimplant CXRs were
erformed on the day after the procedure, so that the rate of
onger term seed migration from sutured seeds may have been
reater, as has been noted by Merrick et al. (7). Nonetheless,
apen et al. (10) demonstrated a clear advantage in reducing
eed migration with use of seeds in absorbable suture material.

delay in the timing of seed migration, if it is to occur, may
ave favorable dosimetric consequences compared with im-
ediate seed migration. Similarly, Merrick et al. (7) found that

he proportion of Vicryl suture-encapsulated seeds implanted
nfluenced the rate of seed migration. Histopathologic exami-
ation of salvage prostatectomies after TIPPB failure has dem-
nstrated that a fibrous capsule may form around the seeds
fter a period (14). Such observations are consistent with those
escribed in reports on radiation pathology (38) and provide an
xplanation for the relative “fi xity” of seeds embedded in
icryl suture material after the suture material has been ab-

orbed. The use of seeds in Vicryl suture material may, there-
ore, be considered if significant extraprostatic seed placement
s contemplated in the planning process, because its use may
educe seed migration.

CONCLUSION

The number of loose seeds placed in extraprostatic loca-
ions as per the TRUS preplan correlated with an increased
ikelihood of seed migration to the thorax. This finding is
onsistent with observations made with fluoroscopy during
IPPB. Although a substantial proportion of patients had
eed migration to the thorax, the small proportion of im-
lanted seeds that migrated (�1%) is not likely to have
dverse dosimetric or patient health consequences. Until the
osimetric affects of peripheral seed loss are quantified,
ttention to the proportion of seeds planned for extrapros-
atic placement appears warranted when using a free seed
pproach.
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