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LINICAL INVESTIGATION Prostate

THE USE OF LINKED SEEDS ELIMINATES LUNG EMBOLIZATION
FOLLOWING PERMANENT SEED IMPLANTATION FOR PROSTATE

CANCER

BASHAR AL-QAISIEH, M.SC.,* BRENDAN CAREY, F.R.C.R.,† DAN ASH, F.R.C.R.,† AND

DAVID BOTTOMLEY, F.R.C.R.†
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Purpose: A number of reports of 125I seed migration to the lungs after prostate brachytherapy have been
published. There are, however, very limited data available on how to reduce the risk of this event. The purpose
of the present report is to determine whether seed embolization to the lungs can be minimized by using stranded
seeds alone for brachytherapy.
Methods and Materials: Between December 2001 and December 2002, 238 patients with early prostate cancer
were treated with prostate brachytherapy as monotherapy using 125I stranded seeds (RAPIDStrand) exclusively.
All patients had fluoroscopy during the implant and immediate postimplant radiographs of the pelvis. A sample
of 100 patients had chest radiographs performed, on average, 55 days after implant. To determine the ease, or
lack of ease, with which these 125I seeds could be visualized, 4 patients who did not have prostate cancer and who
were having routine chest radiographs as part of their management for other cancers consented to have
posteroanterior and lateral radiographs performed with inactive 125I seeds taped to the skin of the thorax. All
radiographs were reviewed by a single radiologist.
Results: The number of seeds noted on the postimplant radiographs corresponded to the number of implanted
seeds in all 238 cases: There was, therefore, no evidence of seed embolization immediately postimplant. On review
of the 100 chest radiographs, no embolized seeds were found.
Conclusion: No evidence of seed embolization was observed with the use of stranded 125I seeds as used for
prostate brachytherapy. © 2004 Elsevier Inc.
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INTRODUCTION

rostate brachytherapy is an increasingly popular meth
reatment for early-stage prostate cancer. Current see
lantation technique is generally based on peripheral

ng (1–3) to reduce the dose to the urethra. This techn
ften requires seeds to be implanted adjacent to the pro
argin, which may be associated with seed embolizatio

he lungs(3–16).
Steinfeld et al. (11) were the first to report pulmona

eed embolization after prostate brachytherapy. The l
xplanation is that an125I seed (4.5 mm in length and 0
m in diameter) is small enough to migrate through
ense venous plexus surrounding the prostate. Seeds

ng the venous system access the right heart and
mbolize and become lodged in the lungs(3). Seed migra

ion to other sites has been reported(17, 18) and is mos
ikely explained by the presence of a right-to-left intrac
iac shunt.
There have been a number of literature reports addre
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he risk of seed embolization(19–21). The aim of this stud
as to investigate the incidence of125I seed embolizatio
ith stranded seeds only (RAPIDStrand).

METHODS AND MATERIALS

Transperineal prostate brachytherapy at Cookridge
ital began in 1995 and, to date, over 1100 implants
een performed. Implant techniques have evolved ove
ears, but in essence are still based on the preplan me
etween 1995 and September 1999, all patients were
lanted with125I free seeds. After this, RAPIDStrand w

ntroduced. Initially, these stranded seeds were restrict
eedles placed at the periphery of the prostate with
xtracapsular placement. The periurethral areas wer
lanted with free seeds. Since December 2001, RA
trand has been used exclusively for all our prostate
lants.
Between December 2001 and December 2002, 23
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ients were implanted. The average treated prostate volume
as 31.9 cc (range, 11.7–54.0 cc). The average number of

eeds implanted was 81 (range, 44–115 seeds) with average
ctivity of 0.460 U (range, 0.413–0.492 U) loaded into an
verage of 30 needles (range, 20–40 needles) to deliver a
rescribed dose of 145 Gy (1, 2).

All patients had fluoroscopy during the implant as per
ormal procedure for this institution. One hundred consec-
tive patients had chest radiographs (posteroanterior [PA]),
erformed on average 55 days after implant (median, 53
ays; range, 24–115 days). These radiographs were re-
iewed by a single radiologist (B.C.), who is familiar with
rostate brachytherapy.
Four patients who did not have prostate cancer consented

o have chest radiographs to act as a reference group. None
f these 4 patients had any known chest pathology but did
equire chest radiography as part of their management. The
urpose of this was to explore the ease of visualization of
25I seeds on PA and lateral chest radiographs. Inactive 125I
eeds were taped to various parts of the chest wall, and the
ase of identification was noted over different tissues (lung
arenchyma, heart, spine, and ribs).

RESULTS

(A) The seed count on immediate postimplant pelvic radio-
raphs equated to the number of implanted seeds in all 238
atients. There was, therefore, no evidence of seed loss imme-
iately after the implant. (B) No evidence of seed embolization
o the lungs was observed on the sample of 100 consecutive
hest radiographs. (C) Seeds were clearly visible on all 4
ontrol patients—both PA and lateral projections.

DISCUSSION

In common with other groups, we did occasionally ob-
erve seed embolization to the lungs with the use of free 125I
eeds. The clinical consequences relating to these emboli-
ed seeds were considered negligible—the main concern
as the reduction in the number of seeds contributing to
ose in the prostate gland itself. The introduction of
tranded seeds (22) was considered an advantage by our
roup and was therefore incorporated into our brachyther-
py technique. Stranded seeds have been reported to im-
rove the implant dosimetry (23), as well as reduce the
ossibility of seed embolization from 11.6% to 0.7% com-
ared to free seeds (3). The results of our study suggest that
he exclusive use of RAPIDStrand seeds may eliminate the
isk of seed embolization to the lungs.

RAPIDStrand was initially used in our center in conjunction
ith a few free seeds that were implanted around the urethra.
REFEREN
his technique was adopted to avoid excess preurethral dos-
ge. Free seeds were loaded in brachytherapy needles using
pacers that left sufficient gaps between free seeds, as planned.
ecently, this technique has been replaced by one using only

inked seeds for the whole implant. To maintain an acceptable
rethral dose, a split needle method was introduced. For ex-
mple, if a plan produces a single needle containing 2 seeds at
.0-mm retraction from the base and another 2 seeds at
0.0-mm retraction, this needle is divided into 2 needles
splits). The first needle contains 2 linked seeds to be implanted
t 0.0-mm retraction, and the second needle contains another 2
inked seeds to be implanted at 40.0-mm retraction using the
ame coordinate on the ultrasound template. This method may
ncrease seed fixity and, hence, improve dosimetry and elimi-
ate seed migration, as well as avoid an excessive urethral
ose.

RAPIDStrand is 125I seeds linked by a braided, tissue-
bsorbable suture material made of Polyglactin 910. Exper-
mental i.m. implantation studies of Polyglactin 910 show
bsorption begins as a loss of tensile strength followed by a
oss of mass. The suture material retains approximately 75%
f the original tensile strength at 2 weeks postimplantation.
ll of the original tensile strength is lost between 4 and 5
eeks postimplantation. Absorption is essentially complete
etween 56 and 70 days (RAPIDStrand instructions for
se). The seeds, however, should be well epithelialized
ithin the gland by this time, and so migration and embo-

ization are unlikely to occur even after suture absorption.
ur study supports this view with no evidence of any seed

mbolization observed.
Visualization of 125I seeds on chest radiographs might be

nfluenced by a number of factors. If the seed is lying behind
igh-attenuation regions, such as bony structures or the
eart, it might be less visible on the chest radiographs. 125I
eeds are, however, very radiopaque (silver and titanium
hell), and there was no problem identifying these seeds on
he chest radiographs of the control patient group, regardless
f site or radiographic projection. Furthermore, all chest
adiographs were reviewed by an experienced radiologist
amiliar with prostate brachytherapy, who had the specific
urpose of identifying seeds. We do not consider, therefore,
hat seeds could have been overlooked or rendered incon-
picuous in our study.

CONCLUSION

The exclusive use of stranded seeds for prostate brachy-
herapy is associated with a negligible risk of seed emboli-
ation to the lungs. This should minimize any detrimental
ffect on prostate dosimetry resulting from possible seed
oss, as well as eliminate any potential risk of radiation
oxicity to organs affected by seed embolization.
CES
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