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Abstract

Background- Chronic total occlusion (CTO) of the coronary arteries includes a wide spectrum of
lesons with a TIMI flow grade of O to 1 and more than four weeks’ duration. The procedural
success rate of percutaneous coronary intervention (PCI) in CTO not only depends on the
anatomy and morphology of the lesion but also, and most importantly, on the angiographic
TIMI flow grade of the lesion. The aim of this study was to show the procedura success rate
of PCI for different subtypes of CTO, according to the angiographic TIMI flow grade of

lesions.

Method- From March 2000 to March 2001, PCl was performed in 60 cases with at least one CTO
lesion. Forty-six of the patients were male (76.66%), and their mean (+SD) age was 53.3
(#10.37) years (range 35-72 years). Among these cases, 31 (51.66%) had complete total
occlusion (TIMI flow grade 0) and were designated as Group |, and 29 (48.33%) had
functiond total occlusion (TIMI flow grade I) and were designated as Group 1.

Resultss The procedural success rate in complete total occlusion (Group |) was 64.5% and in
functiond total occluson (Group 1) was 96.6% (P=0.002, CI=95%). The total success rate
was 80% (n=48) without any magjor procedural complications (MI, urgent CABG, or death).

Conclusion- Although there are a few predictors for procedural success for PCI in CTO lesions, it
seems that the TIMI flow grade (O or 1) of the leson is the most important and independent
predictor for procedural success (procedural success was defined asfina residua stenosis less
than 50% with balloons and less than 20% with stents on visual assessment, and the absence
of major complications (Iranian Heart Journal 2008; 9 (4): 6 -12).
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hronic total occlusion (CTO) accounts for
C59 to 15% of al angioplasty procedures in
high volume catheterization laboraties.*®
Percutaneous coronary intervention (PCI) of
CTO till remains one of the major challenges
in the field of interventional cardiology.
However, advances in technology of devices
and operator experience have increased the
procedural success réate.
The procedural success rate with conventiona
guidewires varies from 50% -78%,%*"*?
depending on the anatomical and
morphological  characteristics of CTO,
duration of the occlusion (age of occlusion),
and the TIMI flow grade of thelesion (0 or 1).

There is no definite definition for CTO, and
al the definitions that have been presented are
arbitrary.

The more acceptable definition for CTO is a
total occluson of more than one month’s
duration,>**3** with a TIMI flow grade of O-
124" and without a visible contrast agent at
the ste of the occluson (no lumina
continuity).*61012141618 patients with a TIMI
flow grade of O are sub-grouped as complete
total occlusion.®**?! Patients with a TIMI
flow grade of | are sub-grouped as functional
total occlusion.®%2141621 "Fynctional  total
occlusion is a tota occlusion with a faint late
antegrade flow in the absence of a discernible
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lumen at the site of the occlusion, and the
occurrence of maor filling of the distal vessel
predominantly by collateral channels, 02142

A few predictors for the procedura success
rate in CTO, such as the length of the
occlusion, duration of the occluson (more
than 3 months), amount of lesions or artery
cacifications, bridging collaterals, tapered or
stump-like occlusion, and presence or absence
of side branches at close proximity to the
occluson have been mentioned so
far #121>1822 However, there are few reports
regarding the effect of the TIMI flow grade on
the procedural success rate.'**2

The present study compared the procedura
success rate of PCl in CTO according to the
angiographic TIMI flow grade (O or 1) of
occlusions. This is, therefore, a unique study
with respect to the identification of the TIMI
flow grade as an important and independent
predictor for the procedural success rate of
PCl inCTO.

Method

From March 2000 to March 2001, PCl was
performed in 475 patients by a single
operator.Of these cases, 60 (12.5%) cases had
at least one chronic total occlusion. According
to the angiographic TIMI flow grade of the
lesions, the patients with CTO were divided
into two subgroups: Group | included 31
(51.66%) patients who had a TIMI flow grade
of 0 (complete total occlusion), and Group Il
included 29 (48.33%) patients who had a
TIMI flow grade of 1 (functiona tota
occlusion).

Definitions

CTO was defined as a leson with 100%
occluson, i.e. no angiographic lumina
continuity at the site of the occlusion, with a
TIMI flow grade of O or I, and with >1
month’s duration of the occlusion.

Procedural success was defined as the
restoration of the TIMI flow grade Il or IlI
with a residual stenosis of less than 50% by
baloons and less than 20% by stents, as
assessed by visua assessment at the end of
the procedure, and without in-hospital major

adverse cardiac events (death, MI, or urgent
CABG surgery).

Interventional procedure

All the patients were treated with aspirin
(100-325mg daily) or ticlopidine (250mg
twice daily) at least 48-72 hours before the
procedure, and unfractionated heparin 10,000
units (70u/kg body weight) at the beginning
of the procedure. All the patients received
intracoronary nitroglycerin after opening the
occlusion with a balloon, and most of them
received calcium blockers from at least 24
hours before the procedure.

After the insertion of a7 or 8F sheath into the
right femora artery (most often) by the
Seldinger method (standard technique), PCI
was performed using a 7F guiding catheter.
Conventional or hydrophilic (0.014 inch)
guidewires were used for crossng the
coronary occlusion, most of the time, with the
support of a small balloon (1.5 or 2x10 or
15mm). In most cases after predilating the
occlusion with a balloon, stenting was done.
At the end, the femoral sheath was removed
after 6 hours.

End points

The primary end points of this study were
procedura success rate and in-hospital major
complications (death, MI, or urgent CABG
surgery).

Inability to cross the lesion with a guidewire
was the main reason for the failed procedures,
followed by inability to cross the lesion with a
balloon in afew cases.

Statistical analysis

Statistical analysis was performed using SPSS
program (v. 11.5). The categorical variables
were examined using the Pearson, chi-square,
and Fisher exact tests in both groups. The
continuous variables were presented as mean
+ SD, and were examined using the Student t-
test. The discrete variables were expressed as
frequencies. All the reported P-values were 2-
sided, and a P-value <0.05 was consdered
statistically significant.



Results

PCI was performed in 60 patients with
chronic total occlusion between March 2000
and March 2001. Of these patients, 31 (51,
66%) had complete total occlusion (TIMI
flow grade 0, Group I) and 29 (48, 33%) had
functional total occlusion (TIMI flow grade 1,
Group I1).

The basic and angiographic characteristics of
both groups are presented in Table 1.

Tablel. Basic and angiographic characteristics of
both groups

Char acteristics Group | Group |1 pValue
n=31(100%) n=29(100%)
age+ SD 53.29+10.19 53.86+10.23 0.82
Male sex 23(74.8) 23(79.3) 0.64
Tar get
vessel(CTO) 26 (83.9) 18(62) 0.20
LAD 4(12.9) 7(24.1) NS
RCA 132 2(6.9) NS
LCX 0(0) 1(34) NS
D1 0(0) 1(34) NS
D2
Type of lesions 26 (83.9) 17 (58.6) 0.84
c 132 7(24.1) NS
B 3(9.7) 3(10.3) NS
B&C 1(32) 2(6.9 NS
A&C
o | _
TIMI flow grade

There was no significant deference between
the two groups regarding age, sex, target
vessels, and type of lesions. There were more
LAD and more type C lesions in Group |
compared with Group Il (83.9% versus 62%
and 83.9% versus 58.6%, respectively), but
they were not statistically significant (P=0.20
and P=0.84, respectively).

Procedural results

The procedural success rates in Group | and
Group Il were 64.5% (n=20) and 96.6%
(n=28), respectively (P=0.002).

Stenting was done in the mgjority of the cases
in both groups (18 of 20 successful cases in
Group | and 23 of 28 successful cases in
Group I1).

The procedural results are presented in Table
.

Tablell. Procedural successratein both groups

Result Group | Group |1 P
n=31 n=29(100%) | Value
(100%)

I'nitial successrate
in totally occluded 20 (64.5)
vessels

28 (96.6) 0.002

In hospital 0 0 NS*
MACE*
I'nitial successin non- 5 (100) 6 (100) NS
occluded vessels

NS = Non-significant, MACE = major adverse cardiac event

PCI for other vessels, non-totaly occluded
vessels, were performed in the same session
in five cases in Group | (in 3 cases for
diagonas and in 2 cases for LCX) and in six
cases in Group Il (in 2 cases for diagonals, in
1 case for LCX, in 2 cases for OM and in 1
case for RCA, Tablell).

In-hospital MACE (death, MI, or urgent
CABG surgery) was zero (0%) in both groups
(TableIl).

In Group |, the reason for failure was inability
to cross the leson with a guidewire in 9
(29%) cases, and inability to cross the lesion
with aballoon in 2 (6.4%) cases.

In Group 11, only in one (3.4%) case inability
to cross the leson with a baloon was the
reason for failure (Table ).



Tablelll. Interventionsand reasons for failure

Result of Group | Group |1 pValue
intervention n= 31 (100%) n= 29 (100%)
Prmary stenting 18 (58) 23 (79.3) 0.008
Balloon 2 (6.5 5(17.2) NS
angioplasty
(PTCA)
9(29) 0(0) 0.008
I nability to
crosswith a
guide wire
2(6.4) 1(3.9) NS
Inability to
crosswith a
balloon
Discussion

The most chalenging issue in the field of
interventional cardiology since the advent of
angioplasty has been attempting to open
chronic totally occluded vessels. Although
procedural success has improved over the last
two decades, it is ill insufficient. In the first
decade in the era of PCI, angioplasty was
usualy performed for non-totaly occluded
vessels, and rarely was it performed for
totally occluded vessels. Even in recent years,
PCl is recommended less frequently for
chronic total occlusion,® despite the fact that
the initial descriptions of PCI for totally
occluded lesons were published in the
1990° S.9,11-12

The reasons for less frequent
recommendations for PCl in patients with
CTO compaed to non-CTO lesions were
lower success rate, higher restenosis rate, and
being more time consuming.?*"9111821.23-24
However, in the mgority of studies, in-
hospital MACE (death, MI, and emergent
CABG surgery) was lower in comparison
with non-occluded vessels.* " 9 111223
Several studies have confirmed that
successful percutaneous revascularization in
patients with CTO is accompanied with long-
teem  symptoms and survival  benefits,
paticularly in lowering the need for
revascularization with CABG when the
procedure has been completed with stenting
after successful balloon angioplasty.?®**3%
Seven randomized trias: (SICCO,

MORIETAL, GISSOC, SPACTO, STOP,
TOSCA, and PRISO) have shown that
stenting is superior to balloon angioplasty for
CTO, mostly dealing with improvement in
reducing restenosis, re-occlusion, and short-
and long-term MACE.*9121315182025 A |qq
the introduction of drug-eluting stents with
low restenosis rates has improved long-term
angiographic and clinical outcomes and
increased MACE-free survival significantly
compared with bare metal stents, 319202930

In recent years, new devices (different
guidewires, laser guidewires, rotablators,
front-runner crosser, and safe-cross devices)
have increased the rate of procedura success
in CTO.8’15’22’26-28

A few studies have shown that the presence of
collateral bridges, stump morphology, long
length, and old age of CTO are the negative
predictors for successfully opening a CTO
leson.***?1> Nevertheless, except for the
chronicity of CTO (CTO older than six
months’ age) had no negative effect on their
procedura success rate.* On the other hand,
some investigators have pointed out that the
TIMI flow grade of CTO (0 or 1) is an
important and independent predictor of the
success rate for opening CTO.'%*2%> The
procedura success rate in complete total
occlusion, despite utilizing contemporary
techniques and sophisticated devices, is
around 60%-70%.%" But the success rate in
functional tota occlusion despite the presence
of the above-mentioned negative predictors
(anatomic, morphologic, and age of lesion) is
over 75%.%°

The present study is a unique study in that it
compares the procedural success rate of PCl
in different subtypes of CTOs according to
their angiographic TIMI flow grade (O or 1).
Although it has been mentioned by some
investigators that the success rate in
functiond tota occlusion (TIMI flow grade 1)
is higher than that in complete total
occlusion,****** there is only one study that
compares the procedural success rate of CTOs
according to the TIMI flow grade of lesions.™
Safian and colleagues compared initial
success of 169 patients with complete total
occluson (TIMI flow grade 0) with 102
patients with functional total occlusion (TIMI



flow grade 1). Their primary success rate was
63% for complete and 78% for functiona
tota occluson (P<0.001). Ther initia
success rate in complete total occlusion (TIMI
0) was quite close to that in our study (63%
vs. 64.5%, respectively); nonetheless, the
initill success rate in functional tota
occlusion (TIMI 1) in our study is higher than
that in theirs (96.6% vs. 78%, respectively).
According to their study and ours, other
variables had lesser impact on the procedura
success rate in comparison with the
angiographic TIMI flow grade, and were
incomparable with it.

In this study, stenting was done in 69% of the
cases, which is comparable to other studies.
Inability to cross the lesion with a wire was
the most important reason for failure,
followed by inability to cross the lesion with a
baloon (less frequently), which was
comparable with other studies.**"*

Conclusion

PCI for CTO was feasble and safe.
Procedural and in-hospital complications (in-
hospitaar MACE) were very low. The
angiographic TIMI flow grade of CTOs
(TIMI O or 1) was the most important and
independent predictor for procedural success.

Conflict of Interest

No conflicts of interest have been claimed by the
authors.

References

1. Hamburger JN, and Holmes Jr. DR. Treatment of
chronic total occlusion. In: Ellis SG, and
Holmes Jr. DR, (eds.). Strategic Approaches
in Coronary Intervention. 2™ ed., Lippincott,
William & Wilkins, 2000: pp. 333-40.

2. Hoye A, Van Domburg RT, Sonnenschein K,
Serruys  PW. Percutaneous  coronary
intervention for chronic total occlusion: The
Thorax Center experience, 1992-2002. Eur
Heart J 2005; 26: 2630-36.

3.  Hoye A, Kengotanabe CHB, Lemos PA, Aoki J,
Aaa F, Arampatzis C, Degertekin M, Hofma
SH, Sianos G, McFadden E, van der Giessen
WJ, Smits PC, de Feyter PJ, van Domburg
RT,and Serruys PW. Significant reduction in

10.

11

restenosis after the use of sirolimus-eluting
stents in the treatment of chronic totd
occlusion. J Am Call Cardiol 2004; 43:1954-
8.

Olivari Z, Rubartelli P, Piscione F, Ettori F,
Fontanelli A, Salemme L, Giarchero C, Di
Mario C, Gabrielli G, Spedicato L, and
Bedogni F. Immediate results and one — year
clinica outcome after percutaneous coronary
interventions in chronic total occlusion
(TOAST — GISE) J Am Call Cardiol 2003;
41: 1672 -8.

Christofferson RD, Lehmann KG, Martin GV,
Every N, Cddwell JH, and Kapadio SR.
Effect of chronic total coronary occlusion on
treatment strategy. Am J Cardiol 2005; 95:
1088-91.

Lotan C, Rozenman Y, Hendler A, Turgeman Y,
Ayzenberg M, Beyar R, Krakover R,
Rosenfeild T, and Gotsman MS. Stentsin total
occlusion for restenosis prevention: The
multicenter randomized STOP study. Eur
Heart J 2000; 21: 1960-66.

Abbas AE, Brewington SD, Dixon SR, Boura J,
Grines CL,and ONeill WW. Success, safety
and mechanisms of falure of percutaneous
coronary intervention for occlusive non-drug-
eluting in—stent restenosis versus native artery
total occlusion. Am J Cardiol 2005; 95: 1462-
66.

Danchin N, Cassagness J, Juilliere Y,
Machecourt J, Bassand JP, Lablanche JM, and
Cherrier  F. Balloon angioplasty versus
rotational angioplasty in chronic coronary
occlusions (the BAROCCO study). Am J
Cardiol 1995; 75: 330-334.

Puma JA, Sketch Jr MH, Tcheng JE, Harrington
RA, Phillips HR, Stack RS, and Cdlif RM.
Percutaneous revascularization of chronic
coronary occlusion: An overview. J Am Coall
Cardiol 1995; 96: 1-11.

Safian RD, McCabe CH, Sipperly ME, McKay
RG, and Baim DS. Initia success and long-
term follow up of percutaneous transluminal
coronary angioplasty in chronic tota
occlusions versus conventional stenosis. Am J
Cardiol 1988; 61: 23G-28G.

Suero JA, Marso SP, Jones PG, Laster SB, Huber
KC, Giorgi LV, Johanson WL, and Rutherford
BD. Procedura outcomes and long-term
survival among  patients  undergoing
percutaneous coronary intervention of a
chronic total occlusion in native coronary



12.

13.

14.

15.

16.

17.

18.

19.

20.

arteries: A 20 year experience. J Am Coll
Cardiol 2001; 38: 409-14.

Ivanhoe RJ, Weintraub WS, Douglas Jr. J, Lembo
NJ, Furman M, Gershony G, Cohen CL, and
King 1l SB. Percutaneous transluminal
coronary angioplasty of chronic tota
occlusions. primary success, restenosis, and
long-term clinica follow up. Circulaion
1992; 85:106-115.

Kilian JG, Celermgjer DS, and Adams MR.
Safety of coronary angioplasty to chronic total
occlusions. Int J Cardiol 2005; 103: 256-8.

Chevalier B, Royer T, Guyon P, Glatt B. Chronic
total occlusion. In: Marco J, Serruys P,
Biamino G, Fgjadet J, de Feyter P, Morice
MC, e a, (eds) The Paris Course on
Revascularization. 15" ed., Euro PCR; 204:
pp. 193-208.

Aziz S, and Ramsdae DR. Chronic total
occlusions- a stiff challenge requiring a mgjor
breakthrough: Is there light at the end of the
tunnel ? Heart 2005; 9 (suppl 111): iii 42- iii 48.

Rubartelli P, Niccoli L, Verna E, Giachero C,
Zimarino M, Fontandli A, Vassandli C,
Campolo L, Martuscelli E, and Tommasini G.
Stent implantation versus balloon angioplasty
in chronic coronary occlusion: Results from
the GISSOC trial. J Am Coll Cardiol 1998;
32: 90-6.

Rahel BM, Loarman GJ, and Suttorp MJ. Primary
stenting of occluded native coronary arteries—
Rationa and design of the PRISON 11 study:
A randomized comparison of bare metal stent
implantation with sirolimus-eluting stent
implantation for the treatment of chronic total
coronary occlusions. Am Heart J 2005; 149:
414 €l- 414 €3.

Buller CE Dzarik V, Carere RG, Mancini GBJ,
Barbeau G, Lazzam C, Anderson TJ,
Knutdson ML, Marquis JF, Suzuki T, Cohen
E, Fox RS, and Teo KK. Primary stenting
versus baloon angioplasty in occluded
coronary arteries. The Total Occlusion Study
of Canada (TOSCA). Am Heart J 1999; 100:
236-42.

Werner GS, Krack A, Schwarz G, Prochnau D,
Betge S, and FigullaHR . Prevention of lesion
recurrence in chronic tota  coronary
occlusions by paclitaxel — eluting stents. JAm
Call Cardiol 2004; 44: 2301-6.

Stone GW, Ellis SG, Cox DA, Hermiller J,
O'Shaughnes B, Mann JT, Turco M, Caputo
R, Bergin P, Greenberg J, Popma JJ, and

Russed ME. A polymer based, paclitaxel—
eluting stent in patients with coronary artery
disease. N Engl J Med 2004; 350: 221.

21. Sirnes PA, Golf S, Myreng Y, Molstad P,

Emanuelsson H, Albertsson P, Brekke M,
Mangschau A, Endresen K, and Kjekshus J.
Stenting in chronic coronary occlusion
(SICCO): A randomized controlled trial of
adding stent implantation after successful
angioplasty. J Am Coll Cardiol 1996; 28:
1444-51.

22. Oesterie SN, Bittl JA, Leon MB, Hamburger J,

Tcheng JE, Litvack F, Margolis J, Gilmore P,
Madsen R, Holmes D, Moses J, Cohen H,
King Il S, Brinker J, Hale T, Geraci DJ,
Kerker WJ, and Popma J. Laser wire for
crossing chronic total occlusions: Learning

phase results from the US TOTAL trial.
Cathet Cardiovasc Diag 1998; 44: 235-43.

23. Berger PB, Holmes DR, Ohman EM, O'Hanesian

MA, Murphy JG, Schwartz RS, Serruys PW,
and Faxon DP. Restenosis, reocclusion and
adverse cardiovascular events after successful
balloon angioplasty of occluded versus non-
occluded coronary arteries (MARCATOR
tria). JAm Coll Cardiol 1996; 27: 1-7.

24. Sirnes PA, Golf S, Myreng Y, Molstad P,

Albertsson P, Mangschau A, Endresen K, and
Kjekshus J. Sustained benefit of stenting
chronic coronary occlusion: Long-term
clinica follow up of the stenting in chronic
coronary occlusion (SICCO) study. J Am Call
Cardiol 1998; 32: 305-10.

25. Yee KM, Buller CE, Catellier D, Cohen EA,

Carere RC, Anderson T, Berger P, Burton JR,
Barbeau G, Teo KK, and Dzavik V. Effect of
bare meta stenting on angiographic and
clinical outcomes in diabetic and non-diabetic
patients undergoing percutaneous coronary
intervention of non-acute occluded coronary
arteries: A report from the Total Occlusion
Study of Canada (TOSCA). Cathet Cardiovasc
Interv 2005: 66: 178-84.

26. Tsuchikane E, Katoh O, Shimogami M, Ito T,

Ehara M, Sato H, Matsubara T, and Suzuki T.
First clinical experience of anovel penetration
catheter for patients with severe coronary
artery stenosis. Cathet Cardiovasc Interv
2005; 65: 368-73.

27. Colombo A, Mikhail GW, Michev |, lakovou I,

Airoldi F, Chieffo A, Rogacka R, Carlino M,
Montorfano M, Sangiorgi GM, Corvga N,
and Stankovic G. Treating chronic total
occlusion using subintimal tracking and



reentry: The STAR technique. Cathet
Cardiovasc Interv 2005; 64: 407-11.

28. Abbas AE, Brewington SD, Dixon SR, Boura JA,
Grines CL, and ONell WW. Intracoronary
fibrin-specific thrombolytic infusion
facilitates percutaneous recanalization of
chronic total occlusion. J Am Coll Cardiol
2005; 46: 793-8.

29. Ge L, Lakovou L, Cosgrave J, Chieffo A,
Montorfano M, Michev |, Airoldi F, Carlino

M, Mez G, Sangiorgi GM, Corvga N,
Colombo A . Immediate and mid-term
outcomes  of sirolimus-eluting stent
implantation for chronic total occlusions. Eur
Heart J 2005; 26: 1056-62.

30. Jorgensen E, and Kelbaek H. Drug-eluting stents

for chronic total occlusions make sense but it
istoo early to close the discussion. Eur Heart J
2005; 26: 1049-51.





