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ABSTRACT

Background and Objectivel] Percutaneous transluminal coronary angioplasty of chronic total occlusion has
been limited by a relatively low success rate and a high restenosis rate. This study investigated procedural
outcome, factors predictive of procedural success and safety of coronary angioplasty for chronic total
coronary occlusion. Materials and Methods[] The study population was composed of 45 lesions attempting
PTCA with or without stent implantation for recanalization of chronic total coronary occlusion between
January 1997 and July 1999. The clinical and angiographic data of the 45 lesions were reviewed. The results
of successful PTCA in 28 lesions were compared with those in 17 lesions whose PTCA was failed. Results[]
The overall success of balloon angioplasty and stenting was achieved in 28 lesions (62.2%) and did not differ
significantly by clinical variables. The most common cause of failure of balloon angioplasty was inability to
pass the guide wire across the occlusion (14 of 23 lesions, 61%). Procedural success was more common in
patients with occlusions with a tapered entry configuration (77.2% vs. 47.8%, p 0.042), with lesions without
side branches (82.3% vs. 50%, p 0.03). Multiple logistic regression analysis identified the absence of side
branch (p<0.01) and the presence of a tapered entry configuration (p<0.05) as independent predictors of
procedural success. One case (2.2%) needed emergency coronary bypass surgery after failure to recanalize the
occluded vessel. There was no Q wave acute myocardial infarction, death. Conclusions[] The favorable cases
(>60%) of chronic total coronary occlusions can be successfully dilated by balloon angioplasty with or
without stent implantation, with a major complication rate of 2.2%. Therefore, with careful patient selection,
we need to try the aggressive recanalization for chronic total coronary occlusion. (Korean Circulation J
2000530(4):416-423)
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Table 1. Baseline clinical characteristics and clinical
variables not related to procedural success

Variable Success  Failure P
(n028) (nO17) value*
M/F (n) 22/6 11/6 NS
Age (yr) 58.6+ 10.4 58.8+ 7.6 NS
BMI (kg/m?) 249+ 29 251+ 3.1 NS
LVEF (%) 59.3+ 12.4 50.9+ 18 NS
Previous Ml 2 7 NS
Previous CVD 2 1 NS
Previous CABG 2 1 NS
Family history (CAD, CVD) 2 0 NS
Smoker 13 7 NS
Hypertension 17 10 NS
Diabetes 7 3 NS
Hypercholesterolemia 11 6 NS
Duration of CTO
Early chronic 13 4
Late chronic 15 13 NS

Values are mean+ SD. *comparing values in the su-
ccess and failure groups. NS, not significant. M/F, male
/female. BMI, booy mass index. LVEF, left ventricular
ejection fraction. MI, myocardial infarction. CVD, cere-
brovascular disease. CABG, coronary artery bypass gr-
afting. CTO, chronic total occlusion.
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Fig. 1. Outcome of coronary angioplasty in chronic
total occlusions. Total success ratel 62.2% (28 cases).

Crossing failure of balloon catheter

Residual
stenosis, Major

Crossing failure of dissection 25%

guidewire 61%

n=23

Fig. 2. Cause of failure of attempted balloon angiopl-
asty in chronic total occlusions.

Table 2. Angiographic variables related to procedural
success

Attempted  Success

Variable No. No. (%) P value
Entry morphology
Tapered 22 17 (77.2)
Abrupt 23 11 (47.8) 0.042
Side branch at occlusion
Present 28 14 (50)
Absent 17 14 (82.3) 0.03
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Table 3-1. Angiographic variables not related o pro-
cedural success

Aftempted Success

Variable No. No. (%) P value

Lesion length

< 1.5cm 33 22 (66.6) NS

=>1.5¢cm 12 6 (50)
Bridging collateral vessels

Present 13 6 (46.1) NS

Absent 32 22 (68.7)
Calcification at occlusion

Present 10 4 (40) NS

Absent 35 24 (68.5)
Extent of CAD

1 vessel 18 13 (72.2)

2 vessel 13 8 (61.5) NS

3 vessel 14 7 (50)

CAD, coronary artery disease. NS, not significant.

Table 3-2. Angiographic variables not related o pro-
cedural success

Attempted Success

Variable No. No. (%) P value

Reference vessel diameter

<3mm 18 13 (72.2) NS

>3 mm 27 15 (55.5)
Collateral filling grading

0 3 1(33.3)

1 10 6 (60) NS

2 18 12 (66.6)

3 14 9 (64.3)
Coronary artery

LAD 23 15 (65.2)

LCX 7 5(71.4) NS

RCA 15 8 (53.3)

LAD, left anterior descending artery. LCX, left circum-
flex artery. RCA, right coronary artery. NS, not significant.
NO., number of patients

dobooobono oo, 0o 0O Oob Oob ooda
gobdoob 0obo bobo Oobo. 0o ooboo
gobdno bodobo 0ob 0o oboo oo o
agoo ood.

000 0000 OO0 (Table 2and 3)

00000 000 Taperedd 220 O 170 (77.2%),
Abruptd 230 O 110(47.8%)00 0000 OO
0 00 0000 000 00000 ((pD0.042), 00

000 OOoO(side branch)y 0000 280 O 14
0(G0%), OO0O0 00 170 O 140(82.3%)00
0000 OO0 OO0 00O Dooo ooo ooo
00@EUO0.03). OO OO0 O00DO0O (multiple logi—
stic regression analysis)(J0 OO0O00 O0(@p<
0.05)0 000 O0O((p<00nO 0000 ODODOO
00 O0OO0O0O. 000 ooooo oo ood@s cm
00), OO0 0ooOo(Bridging collateral vessels)O
O, 00000 000 OO, 000000 oo0Ex—
tent of CAD)U O, O0O0O0O OO OO mm O0O),
0000 Od(Collateral filling) OO, OOOOOO
00000 OO0 ODoooDO ODoo OooOo ooo, oo
000 00D 0000, 00 ooooo oo o, o
000 00 O,000000 10000o ooo g,
0000 00O 000 00 0 0 00 ooo ooo
0O 0o0oo.

£
agooooo o, oo 00 0 obooo oooo
000 O0O0O0O(CPK MB isoenzyme) 00 (<3x)
0 8.8%(40), QU DO0OO0DOEG3)O 2.2%(10),
00 OD000D00O00 22%@A0)d oodo. oo
0 QU OO0OouobD oo bo ooo.

ot
Ol

il

112

0000000 DO00O0O00O0 000 00000
00 20~40%00 0000 00 00'*®oo oo
00000 00 0 000 10%0 00000 000
00.9 goooo0o 000 000 000000
0000 0000000 000 00™®0 ooooo
0000000 00000 D000 000 0000
0 00¥0O DOoO00000 0000 000000
00,° 000 000 000 00 000 0000 O
000 00O0®0 000 00000 000 000
0D00000. 000 00 0000000 0000
0000000 00 0000 000000 0000
DD.8)15)16)

000 DODO0O0OO0 000 00000 o0O0,
00000 0 0'™0 D000 00000 100 O
00 00 0000000 000 O 00.00000

419



00000 oodo ooood TIMI(Thromboly—
sis in Myocardial Infarction) flow 00 OO0 OO0
TIMI flow 100 O0O0O0O, OO0 100 OO 300
gUob 0b0d bobob. bob 0 boobo boo
0000 0bobo obobooo boobo 100 oo
0 0o booo, 300 00bo oo oooooa, 3
00 0bo 0o oooobooo ooooo.

0 0000 oooooo@uoooooooo ao)
0 0000 622%00, 00000 O 0000 48.8%
0 000 00 0002000 00047 ~73%)
U0 dobdd. o0 0bo 00 0 o0 oboo
d0dod 0o oboo oooo oo oo, boo o
000, 00000 Oo0 ooo gooo oo. Kel-
sey 0?0 OO0 0000 OO0 000 0000
0 00000 oOdohigh grade stenosis)d 00
0 000 0000 000 000000, Jolis 02
0 000obdoob 00O e40 OO0 OOOO OOO
0O OO0 (operator volume) OO0O0O OOOO O
000 0O000O0. 00 Stone 020 Maiello 029
0 0000 OOOd (operator learning curve)d O
00 00ob 0bobo oobo boooo.ooo o
doodoo oobo bo 400 oboo oo go
U gdbododb oobo Oobb ooboo oo oo
oo ooo o ooo.

0 0000 ODooboob boooo e1%b Od
aooo oooo, 13%0 00000 good, 26%0
500000 000000 OO0 ooddajor diss—
ection)] 0OO0DO. Ruocco 0%0 0ODO 28500
00db0o boo ooobo bobo ooo ooo 8ro
0 885%0 OO0OO0O OOOO, 9%0 OO0OO00
oooo, 0o ooo 22%000 dodoo, Mel—
chior 0®0 0O0DO 10000 DOOOODOO OO
0ooob 0o0od 44000 OO0O00 00O 68.2%
(300)0 ODOOOO0 0000, 9%(@40)d 0000
0 0OO0d, 22.7%(100)0 00 odoo oo o
000 (Major dissection)1 00 O0OOOO.

goboobo booboobo, 0o boobo oo
000 D000 O0(Tapered, Abrupt)d O0O0O0O
U 0bdd 0Dbob booboo boo oboo
000 oooo,dg oooo oooo Multiple lo—
gistic regression analysis)(1 00O OO0 OO0 OO

420

00 000 0000000 00000. Stone 0%
0 19880 OOOO 10000 1040 OOOO(@OO
20~90, 00012+ 2000)00 OO0 OO0 O
0 00000 OOOd00 OO (Tapered, Abrupt)d O
0 00000 0000 0000000 000000
000000, Maiello 02?0 000 000 0000
000 100 0000 0000, 36500 00000
00 00 0000(@00 00), 00000 00@s
cm 00), 00000 ODOOO O0O(Tapered, Ab—
rupt), 00 00000 OO0 0O0OOO 000 OO0
00000 00000. 00 Tan 00 0O0OO
31200 0000 0000000 00 00 0000
0 00 O,00000 000 Abruptd 00, 000
00 300 000 O0,00000 000 3mm OO0
0 OO0 OO0 00000 000O00. 000 000
00 000 Katsuragawa 00 00 300 O O
000000 000 1000 0000 Tapered OO0
0 00 0O0(15cm)d 000 000 OO0 (loose
fibrous tissue)l0 O0O0O0O O0OODO(160~230 p
m)0 000 (recanalization)d OOOOO0O, Abrupt
000 00 000 O 00GL5 cm)d 000 OO
00 00, 000 OO0 000 0000 00 00
00 0000 0000 000 00, Tapered 000
00 0000000 0000000 00000 00
000. 000 0000000 000 0000 00
0 00 000 000, 0000 00 00,0000
000 00,00 000 00,00 000 00, O
0 00 0000 0000,

0 00000 00 0 0000 0000 000 O
000 (CPK MB isoenzyme)d 00 (<3x)0 8.8%(4
0), 0QD 0O0000G3)0 22%(10), 00 00
000000 22%@10)0 0000. 000 QO O
000000 OO0 00 000. Berger 020 OO
000 OO0 7200 0OOO(TIMI 0) 13900 OO
0 00000 QU 00000(14%), 0000000
(2.9%), 00 0000000(0%), 000000 (0%),
00(0%)0 00000, Ruocco 00 O 0OOO
(1 vessel disease)I0 ODO0O0O0O OO 21000
OO00O(TIMI 0) 14200 OO0 00000 QO
00000(1%), 000000(0%), 00(2%)0 O
0D000. 0 0000 OO0 00 00 000000

Korean Circulation J 2000,30(4):416-423



00 0 00 0O 0000 000 000 00 000
0O, 00 00®?00 0000000 000000
00 00 0 00 0000 0000 00000 00
0 000 0000 000O000.

00000000 0000000 00000 OO0
00000 0 00 000 0000 000,00 O
0 00000 000 000 00000.000 00
0 00000 00 0 0D00@4~77%)0 00 00
0000000 000 0000 0000000 00
0.000 000 000 00 00000 00 00
00000 0000 000 00,000 0000 O
000 OO0 0000 000 0000 0000 0
0 0 0000 00 0 000.000 00 0 00
0 0000 OO0 OO0 000 00, 000 000
0000 00 O 000 000 000 O O O0.
0000 0000 0O, 000, 000 0000 O
00000 OO0 00000, 000 000000
00, 000000 00, 00 00 00000 00
00, 000 00000, 000000 000 00
00000 0000 00000, ®® gooo oo
00000 0000 000 000 0000000
000 000 00000 50%00 000 000 O
0ooo®Y g pooo 00 00000 0000
o000 OO0 0000 OO0 7.8+ 24000 00O
00 00000000 55%0 00000 000, 00
800 OOOO 0000 000.000 0 000 00
000. Simes 0%0 00 175+ 480 00 97%0 O
0 0000000 000 00000 20000 00
00 11300 000 0000, 000 50%00 00
0 0 0000 000 O, 0000 0000000
000 (Palmaz—Schatz)d 000 000 32%, OO
00000 OO0 000 74%0 00000 OO0
00, 00 Buller 03P0 60000 95.6%0 00 O
000000 000 00000 00 30000 392
00 000 0000, 000 50%00 000 000
00 000 O0,0000 0000000 000 ((he-
parin—coated Palmaz—Schatz) OO0 OO0 55%,
0000000 000 000 70%0 00000 O
oooo.

0 000 0000 00000 00, 400 000
0 00 000 0000 00000 00 000 00

ooo, 0000 oooooo sagoooo oooo
oo ooboo booobo obb. 00 og o
oo oooboo oobooooo oobooo oo
uooo oo obod b oooo oo ooo ooo
U 000oob oob.ooon obog e2%0
gooo oo ooob ooooooboodo goo o
oo ooob oooobooob ooooo ooo
o ooo.

olqex

goboobon obobobobbo oboob oo
ooobo oo O 0bobo oooo ooo, oooo
gob 0bdb 00, 000b Oobo boob oo
gobd oobdo oobob oob bog, oo
00000 oboboobooo oobooob. oo ooo
U Joodbod obouboo bbobo booo
000 OobO oooboo oooboo oooooo
U o0oob 0b 0bbob, oo oobo booo
0 od.

R

19970 1000 199900 7O OO O0OO OOOO
0000 00o0DooOoOo oboo booooo@o
0oo, 000 0oy ooo 45 000 oogoo
0 0ooooono oob oooooa, oo o 28
o oo b 1700 OO0 0O ooboo.

2 I

1) 00000 0ooo od

Ooooo o/ooo 22/60, 0000 go/ood 11/
600, 00000 OO OO 586+ 1040, OO O
0 588+ 76000. 00 4500 OO OO O 20%(9
)OO 00000 0000, 6%@@E0)0 0odoooo
0 oooo.

2) 0doo gooo

4500 28000 OOOO 62.2%0 OOOO0O OO
0. 0000000 boobo O O oboo 2200
48.8% 000, 00O O0OOOO 61%0 OOO0O0 O
o0od, 13%0 00000 oood, 26%0 50%0
00 000000 OO oodd(Major dissection)
0 oood.

421



3) 00 0000

oob Ooboo oobooooo booo oooo
goo, ooo oobo oob b boboo oo
(p<0.05)0, 00000 000 0OO0(@p<00L)00 O
00 ooooooo oood.

4) 000

agooooo o, oo 0o 0o ooboo oood
000 O0O0O00(CPK MB isoenzyme)d OO (<3x)
0 88%(40), QI ODODOOE3X)D 2.2%(10),
00 OO0O0O0DODOO0O0 22%@A0)d 0OO00O. OO

0O QU OUbbOO0O0O0O oo 00 ooo.

2 2

00000000 oooooo0o 000 0oo0e.2%)
0O 00 0000@2»)0O 00000, 000 000
ooo oooo 0 oo 0oood oooo, oooo
0 0ooooo ooooo, 0000 ooooooo
oooo o ood.

M Coj0000000- Dooooo.

REFERENCES

1) Griintzig A. Transluminal dilatation of Coronary artery
stenosis[letter]. Lancet 1978;1:263.

2) Griintzig A, Senning A, Siegenthaler WE. Nonoperative
dilatation of coronary artery stenoses. Percutaneous tr-
ansluminal coronary angioplasty. N Engl J Med 1979;301 :
61-8.

3) Flameng F, Schwartz F, Hehrlein F. Intraoperative eva-
luation of functional significance of coronary collateral
vessels in patients with coronary artery disease. Am J
Cardiol 1978;42:187-92.

4) Serruys PW, Umans V, Heyndrickx GR, van den Brand
M, de Feyter PJ, Wijns W, Jaski B, et al. Elective PTCA
of totally occluded coronary arteries not associated with
acute myocardial infarction: Short and long-term results.
Eur Heart J 1985,6:2-12.

5) Melchior JP, Meier B, Urban P, Finci L, Steffenino G,
Nobel J, et al. Percutaneous transluminal coronary an-
gioplasty for chronic total coronary artery occlusion. Am
J Cardiol 1987,;59:535-8.

6) Ruocco NA Jr, Ring ME, Holubkov R, Jacobs AK,
Detre KM, Faxon DP. Results of coronary angioplasty of
chronic total occlusion ({he National Heart, Lung, and
Blood Institute 1985—1986. Percutaneous Transluminal
Angioplasty Registry) Am J Cardiol 1992;69:69-76.

7) Ellis SG, Shaw RE, Gershony G, Thomas R, Roubin
GS, Douglas JS Jr, et al. Risk factors, time course and
treatment effect for restenosis after successful percutan-
eous transluminal coronary angioplasty of chronic total
occlusion. Am J Cardiol 1989,;63:897-901.

8) Ivanhoe RJ, Weintraub WS, Douglas JS Jr, Lembo NJ,

422

20)

21)

22)

Furman M, Gershony G, et al. Percutaneous transluminal
coronary angioplasty of chronic total occlusions: Primary
success, restenosis, and long-term clinical follow-up. Cir-
culation 1992,;85:106-15.

Bell MR, Berger PB, Bresnahan JF, Reeder GS, Bailey
KR, Holmes DR Ir. Initial and long-term outcome of 354
patients after coronary balloon angioplasty of total co-
ronary artery occlusions. Circulation 1992;85:1003-11.
Baim DS, Ignatius EJ. Use of percutaneous transluminal
coronary angioplasty: Results of a current survey. Am J
Cardiol 1988,61:3G-8G.

Delacertaz E, Meier B. Therapeutic strategy with total
coronary artery occlusions. Am J Cardiol 1997,79:185-7.
Detre K, Holubkov R, Kelsey S, Cowley M, Kent K,
Williams D, et al. Percutaneous transluminal coronary
angioplasty in 1985 —1986 and 1977 —1981. N Engl J Med
1988,318:265-70.

Kent KM, Bentivoglio LG, Block PC, Cowley MJ, Dor-
ros G, Gosselin Al, et al. Percutaneous transluminal
coronary angioplasty: Report from the Registry of the Na-
tional Heart, Lung and Blood Institute. Am J Cardiol 1982;
49:2011-20.

Melchior JP, Doriot PA, Chatelain P, Meier B, Urban P,
Finci L, et al. Improvement of left ventricular contraction
and relaxation synchronism after recanalization of chro-
nic total coronary artery occlusion by angioplasty. J Am
Coll Cardiol 1987;9:763-8.

Shizuta S, Nosaka H, Kimura T, Nakagawa Y, Yokoi H,
Hamasaki N, et al. Impact of successful recanalization of
chronic total occlusion on long-term survival outcome: 4
large single center experience[Abstract]. Circulation 1999;
100 Guppl):1-85.

Tsuchikane E, Kirino M, Nakaoka Y, Otsuji S, Tateyama
H, Sakurai M, et al. Impact of coronary stent implanta-
tion on long-term clinical outcomes of patients with chronic
total occlusions[Abstract]. Circulation 1999;100 Guppl):
I-138.

Park SII, Cho SY, Shim WH, Chung NS, Lee WK. Chro-
nic total obstruction of left main coronary artery: Report
of five patients and review of published reports. Kor Cir J
1992;22:784-90.

Stewart JT, Denne L, Bowker TJ, Mulcahy DA, Will-
iams MG, Buller NP, et al. Percutaneous transluminal
coronary angioplasty of chronic coronary artery occlusion.
J Am Coll Cardiol 1993,;21:1371-6.

Finci L, Meier B, Favre J, Righetti A. Rutishauser W.
Long-term results of successful and failed angioplasty for
chronic total coronary arterial occlusion. Am J Cardiol
1990;66:660-2.

Hamm CW, Kupper W, Kuck KH, Hofmann D, Bleifeld
W. Recanalization of chronic, totally occluded coronary
arteries by new angioplasty systems. Am J Cardiol 1990;
66:1459-63.

Kelsey SF, Mullin SM, Detre KM, Mitchell H, Cowley
MJ, Gruentzig AR, et al. Effect of investigator experi-
ence on percutaneous transluminal coronary angioplasty.
Am J Cardiol 1984;53:56C-64C.

Jollis JG, Peterson ED, DeLong ER, Mark DB, Collins
SR, Muhlbaier LH, et al. The relationship between the
volume of coronary angioplasty procedures at hospitals
treating Medicare beneficiaries and short-term mortality.

Korean Circulation J 2000,30(4):416-423



23)

24)

25)

26)

27)

N Engl J Med 1994,;331:1625-9.

Stone GW, Rutherford BD, McConahay DR, Johnson
WL Jr, Giorgi LV, Ligon RW, et al. Procedural outcome
of angioplasty for total coronary occlusion: An analysis
of 971 lesions in 905 patients. J Am Coll Cardiol 1990;15:
849-56.

Maiello L, Colombo A, Gianrossi R, Mutinelli MR, Bo-
uzon R, Thomas J, et al. Coronary angioplasty of chronic
occlusions: Factors predictive of procedural success. Am
Heart J 1992;124:581-4.

Tan KH, Sulke N, Taub NA, Watts E, Karani S, Sowton
E. Determinants of success of coronary angioplasty in
patients with a chronic total occlusion: A multiple logistic
regression model to improve selection of patients. Br He-
artJ 1993;70:126-31.

Katsuragawa M, Fujiwara H, Miyamae M, Sasayama S.
Pathological background of percutaneous transluminal
coronary angioplasty for chronic total coronary occlu-
sion[Abstract]. J Am Coll Cardiol 1993,21:76A.

Berger PB, Holmes DR Jr, Ohman EM, O'Hanesian MA,
Murphy JG, Schwartz RS, et al. Restenosis, reocclusion
and adverse cardiovascular events after successful balloon

28)

29)

30)

31)

angioplasty of occluded versus nonoccluded coronary ar-
teries. Results from the Multicenter American Research
Trial with Cilazapril After Angioplasty to Prevent Trans-
luminal Coronary Obstruction and Restenosis (MARCATOR).
J Am Coll Cardiol 1996;27:1-7.

Sketch MH Jr, Quigley PJ, Perez JA, Davidson CJ,
Muhlestein JB, Herndon JE 2d, et al. Angiographic fo-
llow up after internal mammary artery graft angioplasty.
Am J Cardiol 1992;70:401-3.

Dorros G, Lewin RF. The brachial artery method to
transluminal internal mammary artery angioplasty. Ca-
thet Cardiovasc Diagn 1986,;12:341-6.

Sirnes PA, Golf S, Myreng Y, Molstad P, Emanuelsson
H, Albertsson P, et al. Stenting in Chronic Coronary Occ-
lusion (SICCO): A randomized, controlled trial of adding
stent implantation after successful angioplasty. J Am Coll
Cardiol 1996,;28:1444-51.

Buller CE, Dzavik V, Carere RG, Mancini GB, Barbeau
G, Lazzam C, et al. Primary stenting versus balloon an-
gioplasty in occluded coronary arteries The Total Occlu-
sion Study of Canada (TOSCA). Circulation 1999;100:
236-42.

423



