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Abstract

Coronary restenosis is still regarded as Achilles’ Hill of interventional cardiology despite relentless efforts
of many investigators. Recent experimental and clinical studies have suggested that both gamma and beta
radiation can reduce restenosis after angioplasty. Currently, intracoronary brachytherapy for the prevention
of restenosis has become a new evolving treatment modality in interventional cardiology. This report dis-
cusses a physical aspect of gamma and beta radiation, initial clinical results and delivery systems used in
intracoronary brachytherapy. We shall take a brief overview of methods and their advantages in intra-
coronary brachytherapy. Future work should provide further insight for the best way of treating restenosis.

(Korean J Nucl Med 1999;33:209-21)
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Table 1. Human Vascular Brachytherapy Trials

Human Trial Institution Inclusion Criteria Isotope Gy at 2 mm
ARREST uSscC de novo or restenotic lesion 1 12
ARTISTIC Washington H. in-stent restenosis e 12-18

BERT Emory Univ. de novo, balloon angioplasty 7ie'¢ 12, 14, 16
BETA WRIST Washington H. in-stent restenosis Oy 20 at 1.2 mm
BETA-CATH Beth-Israel Med. de novo or restenotic lesion 90Sr/goY 14, 18

BRIE Thoraxcenter de novo or restenotic lesion 90Sr/gOY 12-16

CURE Columbia U. de novo or restenotic lesion '¥Re 20 to surface
GAMMA-I Washington H. restenotic lesion e 8-30
GAMMA WIRE  Venezuela after PTCA Py 12025
GENEVA U. H. Geneva de novo or restenotic lesion Oy 18 at surface
GRANITE Thoraxcenter in-stent restenosis 2y low dose
INHIBIT Washington H. in-stent restenosis _ p 20 at 1 mm-
IRIS Beth-Israel H. de novo or restenotic lesion p stent .
LONG WRIST Washington H. long in-stent restenosis 1r

PARIS Washington H. - lower extremity lesion P 14
PREVENT Balor College de novo or restenotic lesion p 28, 35, 45
SCHNEIDER Cardiovascular C.  de novo lesion *y 9, 12, 15, 18
SCRIPPS Scripps Clinic restenotic lesion 1 8-30
SMARTS Washington H. small vessel, with stent h 12

STARTS Washington H. in-stent restenosis . "sr/”y 18-20

SVG WRIST Washington H. SVG in-stent restenosis Oy 15

WRIST Washington H. in-stent restenosis 1y 15
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ZrapAdel] & A 2E 317 A3 AARNL 24

ecm$] 7o}, 2-5 mme] W7, 0.5-3 mm FA2] EH

WARsE 7HA 3 glA gk

W] 3 o A 23 X B0 AdEE
Ir-192 seedv+ 10 mCi2] #5558 2+ FA 05
mm, 7ol 3 mm Wl seed o} AE Aol
50-400 mCi®] A& 255 FAgc

Zabd el 23 B S = mm o] ue] g
o thet A gell2] FA o] ol FollE BFsln
o] 24, A§Hog gol| dFso] gt AgHe)
ZAol| A= GafChromic filmo] F& A-L=c}
(Table 3). GafChrmic film-2 table 36| GA% A
A u)] ol £3] dose gradient7} 2 Lol §-£3]
t}? 7+ Folle Aol 0.1 mmel He-Ne laser

scanner 24| 343} Wl S (optical density) & ¢l o] &

o] 10-30 Gy¥] single acute dose & & F oo} 3}

2,2 Gy/min ol4ke] WA ZAZ joid) 152 of

Woll A22 vk 4 glofok s, BE= ol 91

g 5 JEF 2719 GRS FhAof Sk w2
Aol AL =2AE k5 B gk A2 WA
A zAo] HAFolol Qe oleldt AS 35
A717] SHAE 100 keV olste] AoluiA] Zhuka
& WEelE 1 Ci olgel WASS 2E 4%l &
7T 2o} A AR ARed Ay FAUE
—‘mﬁ%(specific activity), Ak, 7474, =4,
shelf life 5-& 3L2]% ufjoll 370 keV o] v] 23 =&
H oAUAE 7FAE Ir-192 o|tl(Table 2). 1-125
S Pd-103& & oA E 7Xm glont ¥k
A 27 A 2ol 489 F e AEY B )

Ao S Ak,

22 Zubdsd Fao] AR F2 kA
o] Aol gk AAYe] FA9l
Ao 2R 2 Al AlFel unlwgch
WA 2 A Bell AgEs ALY  mm
7124 10 mm o] HojZl ol A o] WAl ek
Aol s AR eR orjn AE F o,
A 7471 2-4 mm Azlo]7] wiel FAhow
HHske Aol AAsA & + Uk

22t 10 mm ofsie] AzlollAE Aglel] wE
WAL 24 AR PARAS A 54
of W Holuch $alelA vepded #nz
American Association of Physicist in Medicine

(AAPM)oll A& wlElA, ki Zhell Aol whE 1w

gt ox X
A Ao e

Table 2. Properties of Radioisotopes Appropriate for Intracoronary Radiation Therapy

Energy (MeV)

Isotope Emission Half life
Maximum Average

Ir-192 (Iridium) gamma 74 d 0.6 0.37
P-32 . (Phosphrous) beta 14 d 1.7 0.6
Sr-90 (Strontium)* beta 28 yr 0.55 0.20
Y-90 (Yttrium) beta 64 hr 2.28 0.93
Ho-166 (Holmium) ) beta 27 hr 1.10

Re-186 (Rhenium) beta 91 hr 1.09 0.36
W-188 (Tungsten)* beta 69 d 05 0.17
Re-188 (Rhenium) beta 17 hr 2.12 0.77

* Indicates a long-lived parent of the more energetic daughter listed in the line below.
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W19} oUAE 7= FHU4E P-327) Y
sleh P-329] 1.7 MeV Bt} 2 oUR]E 2= e}
A e A FA4EE 9] AsiAE ofu)Ey
Z(parent-daughter nuclide) & A}&3}= Whuloj=
glch $r-90, W-188- 71 HIZH7|E 7pA L & o]
UAE ZHA2 glevt ol walEel Y-903
Re-1882- dIz7)7F Zar, X 8ol H g3l £2 oy
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A7t =A gk=th
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Table 3. Advantages of Radiochromic (Gaf-Chromic) Film for Dosimetry

High special resolution
Permanent absolute values of absorbed dose

Nearly tissue equivalent with near linear response (optical density vs dose)

No post-irradiation processing

Large dynamic range (OD from 0.1 to 3.0 for dose between 0 and 200 Gy)

Differences in film response between gamma ray and electron is less than 3%

Postirradiation color stability: 16% increase/ the first 24h with only a slight rise (4%) thereafter
Insensitive to visible light: ease of handling and preparation in room light

Acceptable accuracy and precision

Table 4. Advantages of Beta over Gamma Radiation in Intravascular Brachytherapy

Lower levels of radiation dose given to tissue outside the target vessel
No additional lead shielding in catheterization laboratory

Shorter time to administer comparable doses

No necessity to leave the patient alone while the dose is being administered
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Venezuelan Experience: Al&lei|lA]2] A1 Atz 4]
Venezuela®] Condado Fof] 2Jsle] 8=t
(Table 1)."” o] Q7%= 1r-1922] 30 mm line source
(Vasculor Therapies, CT)E AM83l93 <o v}
AADE AXAZ 2196014 22 B8 =3}
QL 20-25 GyE Alslgl et AAlE 19-55 Gyr}
22590} 60Y o] ujel] 23Ewlo]] acute thrombosis,
159] pseudoaneurysmo] 4rAlslgl s 28 Thol) A
T ol #gAbo] gigich 6/YholiAE HF "
WAL 1.65+0.8 mm, AP 27.3% (6/22), %
T 8ol late loss indexi= 0.19+0.4, late
loss 0.27+0.56 mm$ic}t. 3y 73 Auls} & W
ZE| el 871X 9] Itz odse] Aate) 2t
i, 1789] A4, BASE 790l A=Yt

SCRIPPS (Scripps Coronary Radiation
to Inhibit Proliferation Post-Stenting): A
gollAe] R 7249 A)goigiet.” 557 9] AmlE A
=& 23 328 292 noncentered Ir-1929}
placebo ribbon (Best Medical, VA)-S AF8-3}9]c}h
7= Table 59} Zu} WA RS intravascular
ultrasound (IVUS)2] ZHiutel] A3} internal
elastic membranel] 8-30 Gy} S %& s} 3w
AR A BAR DA g glol dAbAel Kash
4=l 357 9] in-stent restenosisg] 7--ofl:=
WAA X 25 8 7o) 14%, placeboto] 70% 2] 2N
{482 H9rHp<0.0006).

WRIST (Washington Radiation In-Stent
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Restenosis Trial): FDA $91& AFE
13072} in-stent restenosis 3+Z}ol|A] noncentered
Ir-192 ribbon (Best Medical, VA)#} placebo ribbon
& FASE 3-4 mm 727]¢] FollA = 2 mmollA
15 Gy, 4-5 mm gl A+ 2.4 mmoll4 15 GyE
2489k o] ed5-= Washington Hospital Center
olA 1997l 2%l Al&slgdch 10072 native
vessel, 307%-2 saphenous vein graft® 671 733}
We] Az Table 63} e,

ARTISTIC (Angiorad Radiation Therapy
for In- Stent resTenosis Intra Coronaries):
Ir-192 wire 419191 Vascular Therapies, CT$]
ANGIORAD™ & 0] 83} adFo|c}. thAH2 in-stent
restenosis in native arteries= 2 mmel] 12-18 Gy &
28t H - 269 Ayt Rusgied 25
HollA Aoz XgE ven, X& A

T 1038, IVUSE Z4% dabdo] w4z
10-45 Gygick 309 o]WHoll MACE(major adverse
cardiac event): gl9lom, 6714 16% (4/25)9)
A o] Yk o]2jol] LONG WRIST, SVG-
WRIST, GAMMA-1, ARTISTIC, ARREST, SMARTS
5 o8 9T A8 Fojch

2. HEIMRAE 0|88 iy 7

The Geneva Experience: WeHI-E o] &
g X AFZA] Geneva, Switzerlandoll4] A E=%]
B0 s BEAAYE Foll T et} 3
A& -§-As}=(centered by segmented balloon) Y-
90 wire Z(Schneider, Bulach, Switzerland) ®3FAM4
2A% sigleh 1599 PASTRAE dide 18
GyE AT 6.5% Fo] T4 Sol ZAgek
4ol A e ATEY wiiol o8] o el =

Table 5. Summary of SCRIPPS (Scripps Coronary Radiation to Inhibit Proliferotion Post-stenting) using Ir-192
ribbon (BEST Industries, VA) for Patients with Restenosis and Stenting. (Teirstein PS, et al. N Engl

J Med 1997;336:1697)

Subject: Restenotic coronary artery (reference vessel: 3-5 mm, target length: <30 mm)
Methods: Radioactive or placebo source after angioplasty

Radiation dose: 8-30 Gy
Results: 6 month angiographic follow-up

Irradiation (n=26) Placebo (n=29) p value
Minimal Luminal Diameter (mm) 2.43+0.78 1.85+0.89 0.02
Late loss (mm) 0.38+1.06 1.03+0.97 0.03
Restenosis (%) 17 54 0.01

Table 6. Summary of WRIST (Washington Radiation In-Stent Restenosis Trial) using Ir-192 ribbon (Best
Medical, VA) for Patients with in-stent Restenosis. (n=100 native vessel and 30 saphenous vein graft)

Ir-192 (n=65) Placebo (n=65) p value
Mean follow-up (days) 188 +58 15171
Angiographic restenosis. 19% 58% <0.001
Death 4.6% ( 3) 6.1% ( 4) n. s.
Any MACE* 292% (19) 67.7% (44) <0.001
Target vessel revascularization 13.8% ( 9) 63.1% (41) <0.001

* Major cardiac event including mortality, morbidity and repeat target vessel revascularization

site.

at the treated
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Asigiet. 6719 Foll 1HL X 29} Algls 8
of 93 AR E Adel, 1352 TEs
2o, 392 AsAAZTUAREEE Wt A
AEL FA &S AHE B ol K E adventitia
o] $E3kA X3(<4 Gy) BALZE =AR) uiE
2.2 Azt

BERT (Beta Energy Restenosis Trial):
FDA £9& ¥ 72 A3 Table 73} 2o
o] oi3~= Novoste Corp.2] Beta-Cath system2]
feasibility studyojc}t. o] 137} Fulislo] A g3 o]
o, §-2+9), placebo controlled ¢37-¢) BETACATH
AF7} 718 Folth.

CURE (Columbia University '®®Re Enium
Trial): HAdele] Re-188-2 A-dslo] 7l wA
A2 QA FZA] Re-188 MAG3E o] 83lo] FAl9)
Fol 20 GyE =Aslgitl Columbia University
oflA A7t RgY Folrh

Roval Perth Hospital, Australia: <
Re-188 perrhenate-d F4 Ex}oll HolA %3} Q)
ARATEA AEHANA 0.5 mm AlellA 30 Gy
E zAIP.en, 26739 in-stent restenosisS 4t
22 % pilot el 23lwd 2870 B =AI3
el € 3R A X gge =A% & AN, B
A BAle] 22 Yged, gaAlel gk WA
A 3 FL FAIY Hxgic) 192 CPKA|7} A4
sl oo FUlstARt q wave AT 9L
At 2479 FAtollA 670Y FH HR=P<EE 3}
ek 27 3 ol MAAX &S T Tl Y
Zro] Y31, 4732 edge effectol] Qa4 X g F
W B2o)o] o] gloA] o]E EF target vessel
revascularization-2 slgich!”

RADIANT (Radiation Angioplasty Trial):
Re-188 perrhenate “§Al8 RADIANT™ 7] 7% o]
S5lo] FAEA ] Yol AL XaE e 92
3-8 Munichg] Technische University?} w]=-g]
Cedars-Sinai Medical center, Cleveland Clinico] %}
of Foleh

o]2]ol] Novoste Beta-Cath& ©]-83}+= STARTS,
Y-90 centering catheter (Schneider)& o]-&3l=
BETA WRIST, P-32 with a centering helical bal-

loon delivery catheter (Guidant Intravascular Bra-
chytherapy System)-§& ]88} PREVENT, INHI-
BIT <37, Re-186 WARA] alx|(Mallinckrodt) & A}
£3l= MARS a7} A3 Folct

3. WAIM AHEE 0|88 Y&t o1

IRIS (Isostent for Restenosis Interven-
tion Study): P-32 Palmaz Schatz A®lE(Isos-
tent Inc., CA)E o] &3} ed-o|u}. 0.5-1.0 pCie) ¥
A4 AEIEE native coronary artery®] zf&Zlo]
U= 30700A AHgsiAct. 30l 82 il
2} 6709ell 31%2] zAFZ ol Ul.2m, 21%004]
target lesion revascularizationo] A}3BE|rHIRIS
1). o] A Fojl 2579} dA}olA] 0.75-1.5 pCi
9] YA EE Hgslo] 670Ul 32% 9] HHE
+ B3k o] 2 A £2891EQ] 1.5-3 pCig] 2
= 3096 9.1% 2} AE= 0.75-20 pCig #A}
A A" EE L3 Milan¥} Rotterdamol| A 2] oI -
© 670l 43- 50% 2] AP Kot

ZSY HARM 2F xRl WY

1. Manually loaded Ir-192 ribbon (Best
Medical International, VA)

Fhcha ARIE Yeiel 1192 A4 49E 7}
A& }o]Z ribbono. g SCRIPPS clinicollA] A&
Agieh PR BFUL EHAER seed Aolol

Table 7. Summary of BERT (Beta Energy Restenosis
Trial-1) using noncentered Sr-90 Beta-Cath
system (Novoste Corp, GA) for Patients
Undergoing Balloon Angioplasty as the Pri-
mary Therapy: Result of 6 month Angio-
graphic Follow-up

BERT Placebo
(n=78) (n=161)

Restenosis at lesion site 17% (13/78) 42%
Edge restenosis 8% ( 6/78)
Total restenosis 25% (19/78)
Late loss index 8% 43%
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0.5 mme] 7+A4e] 9rt. YA &= 300 cme] guide
wire7} 9lo1 A HEAA ribbong WolA] A6 £k
1A 3tk Noncentered systemeo|c)h X 2A|7He
15258 A% £23th Ir-1929] WSS =04
AEALE 2Y 4 etk olol] Bt BAs o
Aol Ak A H3E F7MFIE FAIPL
w-Ect

22 vt el vlsle] P el F53 WA
Ae 248 F o, g5 AgE Zge] 3
Zto] Juigts JaFS WA gkerth

9} 443 7= SCRIPPS, WRIST7} Z2¥ 3, t}7]
B F29] 79l GAMMA-1o] 218 Fojc}.

2. Beta-Cath Intracoronary radiation
system (Novoste, GA)

Aol Sr-90 WALAR], delivery catheter,
transfer device] 37}A| & FAlE o] 9ic}. A
FUgRee AY o FUEAT ek
guidewire & ¥}o] delivery catheterZ x| EX-9]0)|
212171k, Transfer deviceE o] 83dlo] oF 3 =
Qtoll HAAYRE X5 B2 Bk X8 A7k
343olch A systemol7] whEo] WAALo] 3
Zke] zZ e} ol HEFHA vl X5 F
delivery catheterg& ® 2]z HFAAIQ L transfer de-
vice Woj} zAlsf] £} Noncentered systemo|t}.

e okig WA shemz A Asivh
Soha AE 30 A A 7)Eo] glev,
37149 syt B eskw, Bate) BAle] e
WA z A7t HolA] fluoroscopy 2] 1/1000 A x o)
o oz AFRnE A7l BAARe A2
olEg mAT PAUYY W) e Ame
YFL ALY 7 U, A Alfte] w)
§ Zreksieh g kY] HAd) FEFeA| grem
2 oJ] Aol ALE3ka, 3 kAjollA o] WS
X% g Ak A&7 A7te] 3-4% AR gL, vt
A ] Adsick

o)Akl 3= ujStol|A] A|8¥¢t BERT 1, 7htcls}
S0l A& BERT 157} 9, Haalolod, =
Z}+9] placebo controlled, th7]13 A5 BETACATH
Trial)2} STARTS o137} X183} Folch

3. GUIDANT intravascular brachy-
therapy system (Guidant Corp., Tx)

P-32 wire®} Guidant centering catheter, source
delivery unitZ FAHr} Guidewire?} 4| cen-
tering catheterZ $}2|%} o}-2 £4-& HEealx P-32
wireg Yol X8& ¥l

A2 centering cathéter7} glolA] xjEeFe] F
%3] BE5t} Centering catheter®] F41-2 11413
o4 F4o] REUHE BF AR BAA
2e AFew AAEn A F A% P32 4
A% A4tz YAsh 2ol Y PAA B
o] F &3}t

44d7= PREVENT <A+2 AgFH, F29),
placebo controlled, t}7]3 edfolc}. 71 Azl
s 22704 3% 2] late loss (placebo: 39%, n=
9), 9% 9] restenosis (placebo: 44%), 22% 2] target
vessel revascularization (placebo: 44%)2] A2

23

4. Re-188 solution system (Oak Ridge
National Laboratory and Vascular
Therapies, CT)

") Oak Ridge National Laboratoryoll4] g3}
= W-188/Re-188 HA37]oll 4] 112 Re-188S o]
$9% A7 QNS Fol PAY 27 A2
£ & X9l perfusion F4(Columbia university)
£ XA F4E Re-188 A2 A7)
olufjel] Alg-%]= Re-188 YAl= perrhenate, Re-
DTPA, Re-MAG37} A-&3tHTable 8). 4 ol
= contrastE 10-30% 4]ow ERX)AX 2 AA7) F
A ol 91x13 Ag A 5 ek HHL FAE
REeT B¢ Y /vt Adsle Aol
281} perfusion balloon-g AH-&3 739-oll&= 5-10
B.o] X187} 7F58}c). Perfusion balloon FHio g
2 744 Wl Y ASAE 1387 FAE HE
2 ohg 3)rsta oA g Wkl o whet v}
ANAZ A7 7 F9ol] kA ko] Zola] &2t
o] 9= A9 “edge effect”7} Q17] wljifol] Wiw] H
3 AAE BF HAAX EE sfoF gk B
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o1
RADIANT™3= Vascular Therpiesoll4] Al=sk
AX) 2 A Re-188 N A, X% isolation/trans-
fer device (ISAT), modified over-the-wire or rapid
exchange delivery balloon, 7]€} kit S22 Eo] gl
t}. it Re-1880)2)9] of A4 AAE A8
7F5stcl. Oak Ridge Laboratoryol|4] 7iutsl w-
188/Re-188 LA 7]el|A] 1}& Re-188-2 anion ex-
change column®} Millipore filterE AL&slo] oF
100 mCi/mlZ £33} o ISAT] AXslo] A%
A 7§43k} Delivery catheter: Champion™
over-the-wire, TNT™™ rapid exchange stent deli-
very balloono]ct. X & Aol F71& Yol 234
HE FA8ta, FAE X8 chgoll AR )
& 3 71ke g F]Jdch AwkEl okel whAde] 2
ASREE o8] W F4E FEele 2E& HEg
ol FAHEL /& polyethylene & 7}A| 9l
olA] Frdo] LA gkEF IRIEGh X & AR
Re- 1889] WrAlgoll whel ch2AqE 5-10F0] 48
ek A€t e BAA HEL 5 mR/hr o]l 2
H 3 2 mR/hro Z o] Sr-90 seed9} vl
WAA QA FHAEAE o] &3 HAA EF X
B9 AL F4E FEHA WA 2AE sle2
centeringe] $h¥3] HojA GeHel F53 WA
< F 5 vhs Aol 282 ik st
A% 2 AZE F 27 U] wiEel FETE A

28 AldlEe] € & Sitk Yate] mEmEY 7
FU ZL 7Sl ohE =g o] 83 whe] wk
A9-E AXs7) oleg A2l slvieks BAlgle]
ANEgEE & 4 Jrt wo] Zhebslar, ulsa] gt
HzE717) vla®] gopa] WAA edolu H)71Ee)
A7} Zeksiet

wALYhe] HolA Yhs AL RE A 2
A X859 73 98 Aol BE Ir-192 A%
o] 734 2 HlET}t F3] Yl & F glon) €A
He 59 wireth £x19] &4 deidl EAlHoln
A7 735l ol & AlAsl7] A7tA] B akel kA
A 2155 F3lA "ok i) A4 A A
& Foll w2 A} 4oiA AUFAE slgl e
wje} o] MAlom HEsle] AAH, ol oM
FglA £ X8 F ¢ we X859 oy F
A ZIE ook FAERS] A ol 5L Ui
1/1000 o|stela el glom], RADIANT™ sys-
tem®] 735 3 7|¢& Adsl=dl, ol Tl &4
o] o ¢t¥e) HFR) 4 TF HA oplEA &
£ 1/30000 o]slo]r}.

9JAt @d-+= Table 87} Zt}. Re-188 perrhenate,
DTPA, MAG39] 3714 WkAL4 o]okgo] AL E|d,
CURE, RADIANT 139} 7]e} oJ&] vatollA] ¢
Q77 A Folrt.

x

Table 8. Vascular Bfachytherapy Trials Using Re-188 from W-188/Re-188 Generator, 1999

Application Agents

Institution

Coronary artery Perrhenate

MAG3

DTPA

Peripheral vessel Perrhenate

Royal Perth H., Australia

U. Ulm, Germany

Klinikum rechts der Isar, Munich, Germany
Cedar-Sinai Medical C., USA
U. Dresden, Germany
Cleveland clinic, USA

U. Antwerp, Belgium

U. Taichung, Taiwan
Columbia U., USA

Asan Medical Center, Korea
Seoul National U., Korea

U. Tenesse, USA
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5. Radioactive Stents (Isostent, CA)

7393 [eugRAEEn A ALEE F5
28l wlel} Zubdg wEshe A T4
A5 J3A Aggch "R ALEE AL p-322
A 0.5-3.0 pCig ALt} Aguhye waiso)
e £XES] Ag 2l

2L 3t AlgAtel gt B4 Fe] ¢l
omA, 71Ee] AnlES 2 WhoR Agd
glth= Ao}, 9JArel L IRIS, INHIBITo|t)

6. The Nucletron Coronary System
(Nucletron, Netherlands)

Remote controlled afterloading device 4] sealed
wleh} 2ol wire A& A% 5 ok AFEE
Rl o] A 71716 EH7A 9] o] FF A
3} wlAbA ERS =A%}, Source-centering afterloa-
ding catheter®} 37| A-&slo] X E Foll GHII &
£ 4 JEF ok Agele PAY FAULE W-
188/Re-1883) P-320|t}. X8 A|7H- 5HOZ W-
188& wizl7)7) 69¢ & < 3704, P-32&= 304 w}
o B994E 2R Aok e 494 B
WA el 48 A|3Pslal source centering afterloading
catheterZ $]Xxj3kc}h. ZA LA S Asla WA dum-

y ARE AXAAA 1L & o BARRS
SR X8 F Aoz Hedn

AL X & AZbe] 5Ho2 gk AL 249
22 REE Wi Ee] ol 2] A7} gk
Ao 2 il AFHololA] FL How
o] o] 7hgsith B SEAtlAl shte WA
Ao X877} 7hsslth Ask ApHeld. 3
s} AE AR 4 sick. Y4 E INHIBIT,
PREVENT S-0| X3} Folch

7. The ANGIORAD™ System (Vas-
cular Therapies, CT)

Ir-192 wire 4991 Vascular Therapies, CT]
ANGIORAD™ 2 & Condado ol 2Jsle] Vene-
zuelaoll A -2 A%t 22 source wire, deli-
very catheter®} §~% delivery device2 A}

AL sk, TFo] A3 Aol slriEte
=28 & glon, X8 Foll A5 /7t |A
s} Afterload7} ZpolA] Ahge] Zigkshy <FAE
QA TaAlol WAARe] W AA7} FHseh,

QJAted F= Venezuela, ARREST, ARTISTIC,
SMARTS, R2: Rotablation Radiation Trial ©] )t}

8. Scheneider-Sauerwein Intravascular
Radiation System (Schneider, Swit-
zerland)

Y-90 linear source®} introducer catheter (intra-
arterial centering =%]), automatic afterloaderE 3
A=l 0.1 mm 3739 titanium coated pure yttri-
umolch. AFEIZ 7 35 2Peln] o]
folsth, BE PICAE A4 918 4% 4
e

A4E Wepde] AAE RHE Ak g 7
527 A9A oil¢ mEmEd el X 87t 7}
%3}c). Centering o] 7l5slo] #5383 WhAE =4
7 Fbseieh AEAYe s Aaze] W2 oA
ok=t} AZ afterloader® Al-&slo] ALfo] Hals}
3 qbdsiet. e Y-908 Agstaz vigtylvl
64 Aol m2 HAAAE 15 Folle TAIok
#th. 94ATE SCHNEIDER 77 §elld
Z18 Folct.

9. Radiocath™ system (Mallinckrodt,
MO)

Re-186 HFAA MA|E- MallinckrodtA+2] Radio-
cath™ systemol] 223t oh-g o] AXE Eslo] vt
A% AAE FAAC Hulo] WG ZASKE
spole}.

27L& Re-188 WA A7t 7HAE A 32
o uk77|7} 7oA unit doseE AlFHoHA o]
W A-go] 7hgsiet

¢]4} od &= RadioCath triale] University Hos-
ptal of Leuven in Belgium¥} Academic Hospital of
Utrecht in Netherlandsel|4] %13} Z-o]c)
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10. 7IEt

o}2lol] Xe-133 gas filled balloon, Soft X-ray
system, Intravascular red light therapy, local deli-
very of radionuclide (liposome of Tc-99m HM-
PAO) using irradiator/infiltrator angioplasty catheter

device 2] oig] wo] A= a. 9ct®

g £

ofg] 7kA whge] B WA 24 A8 o
g Wizl o] 23 Q) A, A vlasle] Kokl v
ete} Zuliell tigk A2 A2 Hely] S
shAE ko2 whAA Qo] gl FA] wiioll ul
EMAS o] 838t At Bl gbalA|elel dlF =

oy el Wl wletd (AE AHSsl=
£ gEg T8 A 2AE 8 F de A
3 o 2919 AFUE X8 T de AHE A
ek v A el digk o)zt lejof 3t
3, BAA QoFEe Fulel 2L =¥o] lojok
sl B Qe Zol Aol olEdt AL
RADIANT, Radiocathd} Z+-& 4| ulAlA ojeks
9 FEAH nEEe A SEE S A
€ 7 e V1] HHoR EHYe] dAE Ae
2 A=, e BAA QokEe] Aiez
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A Aelck
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