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Initial and Follow-up Results of Freedom TM Stent

Seok-Kyu Oh, MD and Yang-Kyu Park, MD
Department of Internal Medicine, College of Medicine, University of Wonkwang, lksan, Korea

ABSTRACT

BackgroundU The Freedom TM stent, which is one of recently developed balloon-expandable coil stents, has
advantages of low profile and good trackability and flexibility. We evaluated the initial results and the late
restenosis rate of Freedom TM stent in patients with coronary artery disease. Method[ A total of 40 Freedom
stents were implanted in 32 consecutive patients (38 lesions). The clinical diagnosis of the subjects were
stable angina in 1 patient, unstable angina in 19, and acute myocardial infarction in 12. The indications of
stenting were primary stenting in 11 stents, suboptimal result after PTCA in 26, and bailout procedure in 1. A
mean diameter of reference artery was 3.1 mm (SD, * 0.4)and mean of lesion length was 10.9 mm (SD, *

5.6). Stents were implanted with a mean maximal balloon pressure of 12.1 atm (SD, % 2.2). Follow-up
angiography was done at least 3 months (mean duration, 8.7+ 3.7) after stenting for 28 lesions of 22 patients.
Results[] All 40 stents were implanted safely except one, which was complicated with side branch occlusion.
There was no case of stent thrombosis and clinical success rate was 97% (31/32). Minimal luminal diameter
(MLD) was increased from 0.7 (SD, * 0.4) to 3.0 mm (SD, * 0.4) and % of diameter stenosis (%DS) was
decreased from 78 (SD, * 13)to 2% (SD, *5) immediately after stenting. The overall restenosis rate was
28% (8/28). The restenosis rate was increased in the complex lesions (complex, 38% vs simple, 0% pO]

0.05) and lesion of small vessel (<3.0 mm, 50% vs = 3.0 mm, 20%0 p[ 0.11). Conclusion(] Freedom TM
stent is safe and feasible in patients with various morphology of coronary lesions including small and tortuous
arteries, and in lesion associated with side branches. But lesions of small vessel and complex morphology are
tend to be associated with higher rates of restenosis. (KKorean Circulation J 1998:28(6):894-901)
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Fig. 1. The Freedom™ coronary stent demonstrating the
fishscale design.
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Table 1. Clinical characteristics of the subjects

Sex (Men/Women) 22/10
Age (years) 61+ 9
Clinical Diagnosis
Stable angina pectoris 1( 3%)
Unstable angina pectoris 19 (60%)
Acute myocardial infarction 12 (37%)
Risk factors
Diabetes Mellitus 4 (13%)
Hypertension 17 (53%)
Hypercholesterolemia (=>240mg/dl) 2( 6%)
Smoking 20 (63%)
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Table 2. Angiographic findings of the 38 coronary ste-

notic lesions

Number of diseased vessel

1—vessel disease 20 (63%)
2—vessel disease 11 (34%)
3—vessel disease 1( 3%)
Location of the lesions
Lt anterior descending artery 19 (50%)
Rt coronary artery 11 (29%)
Lt circumflex artery 8 (21%)
Modified ACC/AHA* lesion type
A 2( 5%)
By 7 (19%)
B2 19 (50%)
C 10 (26%)
Side branching 24 (63%)
Angulation (=>45°) 11 (29%)

*ACC/AHAO American College of Cardiology / Ame-
rican Heart Association.
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Table 3. Immediate angiographic result of stenting for
the 38 lesions

pre-PTCA* post-stenting

Minimal luminal diameter (mm) 0.7+ 0.4 3.0+ 0.4"
Diameter stenosis (%) 78+ 13 2+ 5*
Acute gain (mm) 2.3+ 0.5
Relative gain (%) 76+ 14

Angiographic success* 37/38 (97%)

Clinical success* 31/32 (97%)
*PTCADO percutaneous fransluminal coronary angioplasty.
" p<0.001.

¥ side branch occlusion in 1 lesion (3%).
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Table 4. Follow-up angiographic result in the 28 coro-
nary lesions of 22 patients after coronary stenting

pre-PTCA* post-stenting follow-up

Mininal luminal 0.7+ 0.4 3.0 0.4 2109
Diameter stenosis (%) 76+ 13 2+ 5 32+ 27
Acute gain (mm) 2.3+ 0.5

Relative gain (%) 74+ 14

Late loss (mm) 0.9+ 0.8
Relative loss (%) 29+ 29
Net gain index (%) 44+ 30

Follow-up durationd 8.7+ 3.7months
*PTCADO percutaneous fransluminal coronary angioplasty.

A, before dilationd B, after stent implantation.

Fig. 2. Right coronary angiograms of a 65-year old man with unstable angina. A, before dilationd B, after stent implantation.

Fig. 3. Angiograms of the left circumflex coronary artery in a 43-year old man with acute myocardial infarction.
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Table 5. Restenosis rate of the 28 lesions

variable Restenosis p-
rate value
Overall restenosis rate* 8/28 (28%)
Clinical diagnosis 0.62
Stable angina pectoris 0/ 2 ( 0%)
Unstable angina pectoris 4/14 (30%)
Acute myocardial infarction  4/12 (33%)
Indication of stenting 0.19
Primary stenting 1/ 7 (14%)
Suboptimal result after PTCAT 6/20 (30%)
Bailout procedure 1/ 1 (100%)
Location of lesion 0.59
Lt anterior descending artery  5/14 (36%)
Rt coronary artery 2/ 7 (29%)
Lt circumflex artery 1/ 7 (14%)
Modified ACC/AHA* lesion type 0.05
Simple lesion (Type AorB1) 0/ 7 ( 0%)

Complex lesion (Type B2 or C) 8/21 (38%)

Reference vessel diameter 0.11
< 3.0mm 4/ 8 (50%)
= 3.0mm 4/20 (20%)
Angulation (=>45°) 0.20
+ 4/ 9 (44%)
- 4/19 (21%)
Max. balloon pressure 0.88
< 13atm 6/20 (30%)
2 14atm 2/ 8 (25%)

*Restenosisl] defined as = 50% diameter stenosis on the
follow-up angiogram.

T PTCAD percutaneous transluminal coronary angiop-
lasty.

¥ ACC/AHAD American College of Cardiology/Amer-
ican Heart Association.

00 000 00 00000 Table 50 00. 000
00 0000800 CO)IO 0000(ADD By
0)O 00 000 (38%, 0%0p00.05), D000 O
00 3mm 000 000 3mm 000 0000 O
0 000 0000(50%, 20%0p00.11), 45°000
000 00 000 000 00 000 00 000
000 00 OO0 000 OO00(44%, 21%0 pO
0.20). 00 000 000 0000 000 0000
000 000 0000 000 00 00 O 000
0000, 0 00 0000, 000 00,00 000
000, 0000 00, 00000 000 0 000
00 00 000000 000 000 000. 000

898

0 000 8bb 3000 000 boogo oo 200
CABGO PTCAD O0ODOOO 100 OOOO DOO
ogg,stu0 ooo oo oo goooo.

i

2k

0000 000 0000 PTCAO OO0 00O O
0 000 0000 000 0 00 00 000 00
0 000 00 000 00 00 00oooo® oo
20000 OO0 0000 0DOO0OO0 0000 OO0.
00000 000 0000 0000 0000 OO0
00 OO0 000 00 000 00 00 000 O
0, 00000 00 00 O ACC/AHA CO 000
0000, 000 0000 000 000 0000 O
000 0000 000 000 00 00 AQ OO,
00 OO0 O OO0 000 0000 0000 OO0,
00000 0000 00 0 000 0000 000
ooo?

0 00000 OO0 000 000 000 0000
00 000,4mm 000 O 000 000 000 O
0 000 000 Freedom 0000 0000 97%0
0000 000.000 000 0000 000 00
00 Palmaz—Schatz 0000 000000 00O
000 00 000000 000 00000 00 O
00 OO0 OO0 000 000 0000 000
STRESS 00?0 BENESTENT 002000 OO
0 99%, 97%0 00000. 000 0000 DOO0
00 00 000 0000 0 00000 000 O
00 0000 Freedom OOO0O OO0 De Sche—
erder 00 0000 96%0 00O 000 OO
Freedom 0000 000 00,000 00 O OO
000 OO0 000 000 0000 0000 000
0 00 000 0O0O.

000 000 000 000 00 000 0000
0 000O0. Fischman 0®0 000 0000 Pal-
maz—Schatz 000 000 5%00 0000 00O
00000 0000 00 0000 0000 50% O
00 000 00 OO0 0000 00 0000 30
00 000 0D0000.00 Mazur 020 000 O
000 Gianturco—Roubin OO0 OO0 0.8%0 O
000 00 000 000000 000 000 00

Korean Circulation J 1998;28(6):894-901



0 0000 000 0000 00 0000 000 O
000 DO000O0 DO00O0. Freedom 0000 OO
0 De Scheerder 00 00000 00000 OO
0 000 0 00000 24000 100@(@%)00 O
0000. 0 0000 0D0O0O0 00000 000
00000 0000 OO0 000 000 000 OO0
00 000 0000 Freedom 0000 000 OO
000 0000 000 0@1~15%) 00000 O
00 00000 OO0 000 000 D000 000
0 00 000 0o0Oo0.

0000 0000 0000 0000 00 000
0 D00 0000 O0(ntimal flap)d 000 OO
00 OO0 OO0 000 0OO0. 000 000 00
0 2400 OO0 OO0 OO0 0000 90 OOOO
00 OO0 000 000 o000 000 000
00 DO0 O 100 000 000 D00 00 O
000 00 00 000 0000 0000 000
00, 0000 000 00, 000 000 0000
0 00 000 0O 00.000 D000 warfarind
0 000000 0000 000 Serruys 020 O
000 O 39%000 000, 000000 0000
00000 O 35%0 000 00 oooo oo2®
00 OO0 000 OO0 00000 o000 OO0
0, 0000 000000 0000000 000
000 000 0O 000000 0000 oo oo
0 0000 00000 000 00000 0000
000 0000000 0000 0 00 ooo
Freedom 00000 000 000 0000 OO0
000 000D OO0 0D00D 0000 0000 O
0000 000 000 00000 0000 000
00.0 00000 0000 00(78%)00 1300
000 OO0 00000000 0000 00000
00000 ticlopidined OO0 0000000 OO
00 00000 OO0 0000 000 0O 0000
000. 000 000 Freedom 0000 0000 De
Scheerder 090 06%0 0O0O0O, OO0 OO0
Gianturco—Roubin OO00 OO0 00O 0.9%,17)
Palmaz—Schatz 0000 OO0 000 1.6%*0 O
00 O Freedom 0000 00 000 0000 OO
00 0D00OD OO0 OO0 0000 OO0 00 OO0
000 0000, 00 Freedom 0000 0OOO0O

0000 OO0 0000 O 00, 000 0000 O
0 0000 000 0O 00 000 00Oo0.
00000 000 00000 PTCAOO 0000
000000 000 22~32%0 0000 0O02?
PTCAD 0000 000 0ODOO0OOOO0 0O00OO
(neointimal hyperplasia)d OO OO0 (vascular re—
modeling) 0 0000 (elastic recoil)d OO OO0
0,2 gpoo PTCAD 0000 00000 OO
0000 0D00O00 000 000000 00 000
0000 00000 00 0000 000 00 O0.
0 0000 00000 000000 28%00, Fr—
eedom 000D OO0 OO0 0OOOO O De Sc—
heerder 00 0DOODOO 21.3%00. 000 OO
0O OO0 00 OO0 0000 OO0 Palmaz—Schatz O
000 000 STRESS 0020 BENESTENT O
0%0 0000 31.6%0 22%0 0000, 0 000
De Scheerder 00 00 OO0 OO0 00O O
0 00000 Freedom O0O0O0O Palmaz—Schatz
0000 00 00000 00 000 0O 0000 O
0 000 000O0.
carrozza 0?0 00000, 00000 OO, O
00 000 00000 00 00 000 0000 O
00 000000, 000000 00 0000 00
0000 D00 0000000 00000 00, O
00000 00000 OO0 00000 00 000
0 000 000 0000 D00 0000 0000
0.0 00000 0000 000 00 000000
30mm 000 00000 20%0 0000 00 00,
3mmO00 OO0 00000 50%0 0000 000
0 De Scheerder 0?0 0000 000 30 mm O
000 13%, 25 mm OO0 3.0 mm OO0 24%, 25
mm 0000 39%0 0000 000 0000 000
0 D00 00000. 000 000 00000 00
0 0000 000 000 000 000 oO0.
00000 0O 000 OO0 Freedom 0000 OO
00 0 000 000 000 000 000 0000
000 O 00, 00000 00 0000 0000
000 0 OO0, 000000 00 0000 000
000 000 000 0 00 000 0O000. 00
0 3mmO00 OO0 00,0000 O 45° 000
00 00 0000 000 000 00 000 D00

899



U, 00000 oob ooo oo O bo goooo
00 00 ooo oob oo gooo.

o OF
I =

A

00 00000 0000 0000 0000 OO0
0O 000 000 0000 000 O O Freedom O
000 000 00000 OO 0oooo oooo o
000 0000 000 oo 000 oo oo ooo
000 000 000 0000 OO0 0 0o ooo
0000. 000 Freedom OO0O0O 0OOOO OO
000 Freedom OOO0O OOOO OO 0OOO OO
00 000 ooooo.

o4 o

19960 6000 19970 8000O OOOCOCO OO
00 0bbo 0b0 0Uboo boobo obb oo
000 00 320(@/0022/10, 00O 37~750)0
0000 38000 4000 Freedom 0000 OO
oo0. 00000 000 Oooo 10,0000 00
0 190, 00000 12000 OO0 OO0 ooo
00 1100, PTCAO O0OO0O0O OO 2600, OO0
0O 00 100000. 000 0obo Oooo oooo
0 0000 000 oooooo@~1300)d oo
0ooo.0oo0 0. 0 00000 ooo oooo 100
mgO ticlopidine 500 mg0 OO 2~30 OO0 OO
00 00 010000 ooooo. o0 ooo oo
00 00 87000 2200 OO 280000 OOO
oo.

2 1t

1) 00000 1900, O0O0O0O 800, OOOO
110000 00000, ACC/AHA OO0O 000
0000(Type A or B))O 90, 0OOO(Type By
or C)0 200000, 00000 OO 0O0O0O 2400,
45°000 00 00 000 1120000,

2) 000 0000 00 00000 ooooo O
00 00 31 mmIOO0O04)00O, OO OOOO
000 00 12200@000,22000.00 O-
0O MLDO OO0 o7 mm(OOCO0 04)00 OOO
30 mm@ OO0 04)0 OOODO DOOOO, %bs
0 000 780000 13)00 000 2%@O0

900

0 50 0000 00000,

3) 0000 10@%wO00 0000 000 00
000 00000, 00 0000 97%(37/38), OO
0 0000 97%(31/32)00.

4) 00 000 00000 28000 80000 O
000 00 00 00000 28%000, 00000
00(@O00, 38%00000,0%)0 00000 O
00 00 00(<30 mm, 50%0= 3.0 mm, 20%)0

oog ooo oo ooo ggo.

2 E:

Freedom OO0O0O OO0 O0O0O0O O0O0O OOO O
0o,000 oo, boo0oo oo booo oo o
o0 oooooo boo bo oboo, oooo
U0 0boooobO 0oob ooob oo ooo o o
0. 000 3mm 000 OO OO0 000000
000 000 00 0ooo oooo ooooo oo
0 0ooo oo boo ooog, oo ooog oo
0 00 0oooo oob ooo ooo oooo.

ZM BO{0DDDD 00O Freedom OOO- OOO.

REFERENCES

1) Sigwart U, Puel J, Mirkivitch V, Joffre F, Kappenberger
L. Intravascular stents to prevent occlusion and restenosis
after transluminal angioplasty. N Engl J Med 1987,;316:
701-6.

2) Fischmann DL, Leon MB, Baim DS, Schatz RA, Sav-
age MP, Penn I, et al. Goldberg S for the STent RESte-
nosis Study (ST-RESS)investigator. A randomized compar-
ison of coronary-stent placement and balloon angioplasty
in the treatment of coronary artery disease. N Engl J Med
1994;330:496-501.

3) Serruys PW, Jaegere PD, Kiemeneij F, Macaya C, Rutsch
W, Heyndrickx G, et al. Morel MA for the Benestent
Study Group. A comparison of balloon expandable stent
implantation with balloon angioplasty in patients with
coronary artery diease. N Engl J Med 1994;331:489-95.

4) De Scheerder IK, Kai Wang, Kerdsinchai P, Supana-
ntaroek C, Piessens JH. Clinical and Angiographic Exp-
erience with Coronary Stenting Using Freedom TM Stent.
J Invas Cardiol 1996,8:418-27.

5) Ellis SG, Vandormael MG, Cowley MIJ, DiSciscio G,
Deligonul U, Topol EJ, et al. Multivessel Angioplasty
Prognosis Study Group. Coronary Morphologic and Cli-
nical Determinants of Procedural Outcome With Angiop-
lasty for Multivessel Coronary Disease. Implication for
Patient Selection. Circulation 1990;82:1193-202.

6) Kuntz RE, Safian RD, Levine MJ, Reis GJ, Diver DJ,
Baim DS. Novel approach to the analysis of restenosis
after the use of three new coronary devices. J Am Coll
Cardio 1992;9:1493-9.

Korean Circulation J 1998;28(6):894-901



7

§)

10)

Fajadet J, Mehta S, Loubeyre C, Jordan C, Laborde JC,
Cassagneau B, et al. Lesion-specific coronary stenting.
Circulation 199694 (uppl):I-332.

Fishman DL, Savage MP, Leon MB, Schatz RA, Ellis S,
Cleman MW, et al. Fate of Lesion-Related Side Branches
After Coronary Artery Stenting. J Am Coll Cardio 1993;
22:1641-6.

Mazur W, Grinstead WC, Hakim AH, Dabaghi SF,
Abukhalil JM, Ali NM, et al. Fate of side branches after
intracoronary implantation of the Fianturco-Roubin flex-
stent for acute or threatened closure after percutaneous
transluminal coronary angioplasty. Am J Cardiol 1994;
74:1207-10.

Holmes DR, Garratt KN, Schwartz RS. Timing of Stent
Occlusion/Thrombosis After Stent Placement. J Am Coll
Cardio;1994. p.14-484A.

Ueda Y, Nanto S, Komamura K, Kodama K. Neointimal
coverage of stents in human coronary artery observed by
angios-copy. J Am Coll Cardiol 1994,;23:341-6.

Serruys PW, Strauss BH, Beatt KJ, Bertrand NE, Puel j,
Richard AF, et al. Angiographic follow-up after plac-
iment of self-expanding coronary artery stent. N Engl J
Med 1991,;324:13-7.

Jeong MH, Owen WG, Srivatsa SS. Platelets are the pr-
imary component of acute stent thrombosis. J Invas Car-
diol 1995;7:11.

Schomig A, Neumann F-J, Kastrati A, Schuhlen H, BI-
asini R, Hadamitzky M, et al. A raldomized comparison
of antiplatelet and anticoagulant therapy after the place-
ment of coronary artery stents. N Engl J Med 1996,334:

20)

21)

1084-9.

Colombo A, Hall P, Nakamura S, Almagor Y, Maiello L,
Martini G, et al. Intracoronary stenting without anticoa-
gulation accomplished with intravascular ultrasound
guidance. Circulation 1995;91:1676-88.

Park SJ, Park SW, Hong MK, Kim JJ, Cheong SS, Lee
CW, et al. Late Clinical Outcome after Intracoronary Pa-
Imaz-Schatz Stenting with High Pressure Balloon Dilatation
without Anticoagulation. Korean Circ J 1997,27:56-64.
Goods CM, Al-Shaibi KF, Yadav SS, Liu MW, Negus
BH, lyer SS, et al. Utilization of the coronary balloon-
expandable coil stent without anticagulation or intrava-
scular ultrasound. Circulation 1996,93:1803-8.

Glagov S. Intimal hyperplasia, vascular modeling, and
the restenosis problem. Circulation 1994,89:2888-91.
Mintz GS, Pichard AD, Kent KM, Satler LF, Popma JJ,
Wong SC, et al. Endovascular stents reduce restenosus
by eliminating geometric arterial remodeling: A serial
intravascular ultrasound study (abs) J Am coll Cardio
199525 (uppl A):364.

Rensing BJ, Herman WR, Strauss BH, Serruys PW.
Resional differences in elastic recoil after percutaneous
transluminal coronary angioplasty: A quantitative angi-
ographic study. J Am Coll Cardiol 1991;73:710-7.
Carrozza JP, Kuntz RE, Levine MJ, Pomerantz RM,
Fishman RF, Mansour M, et al. Angiographic and Cli-
nical Outcome of Intracoronary Senting: Imediate and
Long-Term Results From a Large Single-Center Experi-
ence. J Am Coll Cardiol 1992;20:328-37.

901



