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Abstract

Percutaneous coronary angioplasty is well established therapeutic modality in the management of coronary
artery disease. However, the high restenosis rate of 30 to 50% limits its usefulness. The principal mechanism
of restenosis, intimal hyperplasia, is the proliferative response of vessel wall to injury, which consists largely
of smooth muscle cells. A large body of animal investigations and a limited number of clinical studies have
established the ability of ionizing radiation to reduce neointimal proliferation and restenosis rate signifi-
cantly. Human studies have been reported that intravascular radiation after first restenosis inhibits a second
restenosis. Encouraged by these reports, we are also conducting a double blind, placebo-controlled, random-
ized trial to evaluate this new therapeutic modality in patients with coronary artery stenosis. The objective
of our trial is to determine the safety and efficacy of catheter-based solutional beta emitting radioisotope
system in preventing restenosis after angioplasty. This review describes the vascular brachytherapy systems
and isotopes that have been utilized in the initial clinical trials performed in this area of post PTCA
coronary restenosis. The results of many worldwide ongoing clinical trials will determine whether this new
technology will change the future practice of vascular intervention. (Korean J Nucl Med 1999;33:228-41)
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Fig. 1. Photograph of a 'Ir source ribbon. Nylon ribbon containing an array of
small, cylindrically shaped It radioactive sources. (A) shows a

photograph of a typical 192

Ir seed ribbon for coronary brachytherapy

application. (B) is schematic drawing (not to scale) of Ir seed
arrangement in nylon ribbon. These lengths of radioactive segment were
initially chosen to match the required length of tissues to be irradiated
around one or two Palmaz-Schatz stents.
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Fig. 2. The Beta-CathTM system is a proprietary ca-
theter delivery system that delivers localized
beta radiation to a coronary artery at the site
of coronary intervention. The system is com-
posed of three separate components: 1) the
radiation source train, a ”"train” of several
mmlature cylindrical sealed sources contain-
ing *5r-90, 2) the transfer device a multiple-
use, hand-held instrument to store the radia-
tion source train and to position these sources
hydraulically within the catheter, 3) the deli-
very catheter, a multilumen, over-the-wire
catheter which uses saline solution to send
and return the radiation source train.
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Fig. 3. Guidant intravascular brachytherapy sys-
tem. Guidant intravascular brachytherapy
system is compnsed of three compon-
ents: The Guidant *’P source wire for
coronary use (A). The Guidant-center-
ing catheter (B). The Guidant source
delivery unit (C). (A) The centering ca-
theter showing the spiral balloon infla-
ted. Proximal and distal balloon mar-
kers are shown. (B) Schematic drawing
of the Guidant-centering catheter. (C)
The source delivery unit (afterloader)
calculates radiation treatment time and
uses touch-screen technology to facili-
tate operator use.
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Fig. 4. The AgioradTM System. This system has three components. A small and

flexible source wire, a delivery catheter, and a manual delivery device
which stores, advances and retracts the source wire (A-C). (A) Schematic
drawing of the Angiorad™ source wire, featuring a 3 cm ®r core inserted
into the distal cavity of a .014 inch nitinol wire. (B) The AngioradTM
delivery catheter, featuring a distal monorail section for the PTCA wire with
a balloon lumen and a closed end lumen for the source wire. The catheter
is compatible with 6 French guide catheters and features a .030 inch profile
on a 3.2 French shaft. (C) and (D) show an illustration and schematic
drawing of the Angiorad™ manual delivery device which stores the source
wire with its radioactive core. It features a manual crank for advancement
and retraction of the source wire and a tungsten drum to shield the
radioactive core. The unit has an automatic stopping mechanism and
multiple safety locks for source replacement and unit service.
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Table 1. Clinical Trials Using Catheter-based System with Gamma Radiation in Coronary Arteries

Investigator Study Design Radiation System Dose (Gy) Results and Status
Condado  open hand delivered 19-55  completed
post-balloon angioplasty 0.014" iridium wire 8, 24, 36 months follow-up
21 patients non-centered safe
de-novo lesion catheter (Angiorad) low late loss index
Teirstien ~ SCRIPPS hand delivered 8-30  completed
single center 0.030" iridium seeds 6 month follow-up
double blind, randomized non-centered catheter reduction of restenosis
post-stenting
55 patients
restenotic lesion
Waksman WRIST (native coronaries) hand delivered 1520  completed
single center 0.030” iridium seeds 6 month follow-up
double blind, randomized non-centered 79% reduction of target lesion
100 patients catheter (Medtronic) revascularization
in-stent restenosis
Waksman SVG WRIST hand delivered 15-24  ongoing
multicenter 0.030” iridium seeds
double blind, randomized non-centered
120 patients catheter (Medtronic)
in-stent restenosis of SVG
Waksman LONG WRIST hand delivered 1520  ongoing
single center 0.030" iridium seeds
double blind, randomized non-centered
120 patients catheter (Medtronic)
in-stent restenosis
long lesion (36-80 mm)
Leon Gamma 1 ' hand delivered 830  ongoing
multicenter 0.030" iridium seeds
double blind, randomized non-centered
250 patients catheter (Cordis)
in-stent restenosis
Waksman ARTISTIC mechanical delivered 12-18  ongoing
multicenter 0.030” iridium seeds
double blind, randomized non-centered
450 patients catheter {Angiorad)
in-stent restenosis
Faxon ARREST mechanical delivered 8-35 ongoing
multicenter 0.030” iridium seeds

double blind, randomized
700 patients ~

post-PTCA & provional stenting

non-centered
catheter (Angiorad)
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Waksman SMARTS

multicenter

double blind, randomized
180 patients

small vessel 2.0-2.75 mm
provisional stenting

mechanical delivered
0.030" iridium seeds

non-centered

catheter (Angiorad)

12 ongoing

Table 2. Clinical Trials Using Catheter-based system with Beta Emitters in Coronary Arteries

Investigator ~ Study Design Radiation System Dose (Gy) Results and Status
Verin open mechanical loading 18 completed

post-balloon angioplasty 0.014” 90-Y wire to balloon surface 6 months follow-up

15 patients segmented-centered feasible, safe

de-novo lesion balloon no reduction of restenosis
King BERT BetaCath system 12, 14, 16 completed

single center (Novoste) to 2 mm depth 6 month follow-up

open label feasible, safe

post-balloon angioplasty reduced restenosis (15%)

23 patients late loss index (4%)

de-novo lesion
Bonnan BERT European arm BetaCath system 12, 14, 16 completed

post-balloon angioplasty (Novoste) to 2 mm depth 6 month follow-up

with IVUS feasible, safe

30 patients reduced restenosis (10%)

de-novo lesion late loss index (negative)
Serruys BERT Canadian arm BetaCath system 12, 14, 16 completed

post-balloon angioplasty (Novoste) to 2 mm depth 6 month follow-up

30 patients feasible, safe

de-novo lesion reduced restenosis (27%)

late loss index (28%)

Kuntz BETACATH BetaCath system 14, 16 ongoing

multicenter (Novoste) to 2 mm depth

double blind, randomized

1100 patients

post-PTCA

provisional stenting
Verin Dose finding *y 9, 12, 18 ongoing

European multicenter automatic afterloader to 1 mm depth

open label (Schneider)

160 patients centered balloon

post-PTCA
Raizner PREVENT Zp 16, 20, 24 ongoing

multicenter automnatic to 1 mm depth
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open label afterloader (Nucletron)
80 patients centered balloon
post-PTCA or stent
Weinberger CURE liquid '®Re 20 Gy to balloon ongoing
single center perfusion balloon surface
open label (Guidant)

30 patients post-PTCA
30 patients post-stenting

Waksman ~ BETA WRIST y 20 Gy ongoing
single center centering balloon to Imm depth
50 patients (Schneider)
in-stent restenosis

Wakman INHIBIT Zp 20 Gy ongoing
multicenter automatic afterloader  to lmm depth
320 patients (Nucletron)
in-stent restenosis centering balloon

Table 3. Clinical Trials Using Radioactive Stents in Coronary Arteries

Investigator Study Design Radiation System Dose (uCi) Results and Status
Fischell  IRIS IA *p 0.509  completed
multicenter Palmaz-Schaz feasible, safe
open label 15 mm coronary stent 6 month restenocsis - 31%
32 patients (Isostent)
de-novo or restenotic lesion
Mosses IRIS 1B “p 0.7-1.5  completed
multicenter Palmaz-Schaz 3 month restenosis > 35%
open label 15 mm coronary stent
25 patients (Isostent)
de-novo or restenotic lesion
Hehrlien  Heidelberg steudy p 30  completed
15 patients Palmaz-Schaz no major adverse event
restenotic lesion 15 mm coronary stent 4 month restenosis >35%
(Isostent)
Colombo  single center p 30& 6.0 completed
higher activity BX 15 mm coronary stent no major adverse event
safe study restenosis at the edges of the
stent
Colombo  multicenter p 12-24  ongoing
open label BX 15 mm coronary stent

de-novo or restenotic lesion

Mosses in-stent restenosis “p 8-12 ongoing
BX 15 mm coronary stent
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Fig. 5. Schematic dlagram of SNUH Rhenium trial. QCA: quantitative coronary angiography, ICUS: intracoro-
nary ultrasound. %¥Re-DTPA: '®Rhenium-Diethylenetriaminepentaacetic acid.
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