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Background — Chronically occluded lésions are présent in 20-40% of patients with angiographically documented 
coronary artery disease. It accounts for at least 10% of the targets of coronary angioplasty, but they also represent the 
single most important reason not to attempt coronary angioplasty due to technical difficulty to recanalize the vessel. 
However i n recent years, at the Philippine Heart Center, various guidewires and other more complex devices designed 
for CTO treatment hâve become available and more percutaneous angioplasty on CTO are being done. Until recently, 
there is no local data on the overall impact on the procédural and clinical outcomes of these patients. It is therefore the 
aim of this study to follow up these patients.

Methods — This is a descriptive and a case control study on twenty two patients who underwent PCI on CTO at the 
Philippine Heart Center from January to December of 2005.

Results — There were 22 subjects, with chronic total occlusion who underwent percutaneous coronary intervention 
in 2005 included in this study. There was successful recanalization in 50% of the subjects. Of which, 64% (7) were male, 
73% (8) had family history of coronary artery disease, 27% (3) were diabetic, 91% (10) were hypertensive, 73% (8) were 
hyperlipidémie, 27% (3) were smoker, 45% (5) had a history of myocardial infarction and 64%(7) had multivessel 
involvement. Two subjects who initially had technical failure underwent a second PCI within 72 hours, and eventually 
had successful recanalization. Statistical analysis comparing the baseline characteristics between subjects who had 
technical success against those who had technical failure showed no significant différence. Fifty four percent (6) of the 
subjects with procédural success had LAD involvement, 18% (2) involved the LCx and 27% (3) involved the RCA.

Conclusion — Three months follow-up of the 22 subjects showed 91% angina-free in both CTO success and CTO 
failure group. There were no occurence of Q-wave nor non-Q-wave myocardial infarction (Ml). Two subjects under the 
CTO failure group eventually underwent coronary artery bypass grafting (CABG). There was one mortality in each of the 
two groups. [Phil Heart Center J 2006;12(3):12-15]
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C
hronically occluded lésions are présent in 20-40% 
of patients with angiographically documented 
coronary' artery disease. A chronic total occlusion 

has several anatomie components. An atherosclerotic 
plaque is invariably présent as a major part of the luminal 
obstruction, while thrombus is a complementary element. 
The most recent thrombus is assumed to obstruct the last 
lumen that had been patent up to the final complété 
occlusion o f the particular coronary segment. The 
recanalization equipment should be passed through this 
thrombus.

Chronic total occlusion account for at least 10% of the 
targets of coronary angioplasty, but they also represent 
the single most important reason not to attempt coronary 
angioplasty. For cardiac surgeons, chronic total occlusions 
are no different from sténoses in their need for a bypass 
graft. In coronary angioplasty however, chronic total 
occlusion is one of the major challenges in interventional 
cardiology. The primary success rate is relatively low, mainly 
due to inability to cross the occlusion with the guidewire,

while the récurrence rate is higher than that of subtotal 
sténoses. Moreover, the overall procedure and fluoroscopy 
times are longer and the equipment use is higher than with 
PCI of non-occluded vessels.

Initial studies done on PCI of chronic total occlusion 
involved angioplasty alone which resulted to poor Iong- 
term outcomes. However, with the advent of stents, 
succeeding randomized studies demonstrated that elective 
coronary stenting following successful recanalization of 
chronic total occlusion produces an excellent immédiate 
resuit and reduces the récurrence of angina. target lésion 
revascularization and angiographie restenosis on long-term 
follow up. An observational clinical study conducted in 
2003 by Olivari et. al. in 29 Italian centers revealed a still 
higher technical success (77.2%) and procédural success 
(73.3%). Among the failed procedures, inability to cross 
the lésion with a guidewire, inability to cross with a balloon, 
and inability to dilate were the reasons for failure in 81%, 
11.4%, and 7.6% of cases, respectively. The possibility to 
predict which CTOs are more likely to be treated
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successfully is still of utmost importance for patient 
sélection. In this view, their study noted that CTO length > 
15 mm, duration > 180 days, presence of moderate to severe 
calcifications, presence of multivessel disease, and stump 
morphology not clearly identified were associated with 
technical failure of the PCI.

Furtherm ore, some studies revealed significant 
corrélation between re-occlusion and restenotic lésions, 
final balloon diameter, final percent diameter stenosis, final 
angiographie minimal lumen diameter, number of stents per 
lésion, and total length of stent. The study done by Sallam 
et al. concluded that re-occlusion occurs in about 11% of 
cases after stenting chronic total occlusion, and that the 
most important predictor of reocclusion seems to be stent 
length.

In recent years, at the Philippine Heart Center, various 
guidewires and other more complex devices designed for 
CTO treatment hâve become available. However. there is 
no data on their overall impact on the procédural outcomes 
of these patients. It is therefore the aim of this study to 
follow up these patients.

Objectives
1. To détermine the predictors to a procédural success 

of PCI of chronic total occlusions.
2. To détermine their clinical outcomes in-hospital and 

after 3 months with regards to major adverse cardiac events 
(MACE).

Methods
Study Population
Philippine Heart Center patients who underwent 
percutaneous coronary intervention for chronic total 
occlusion of a native coronary artery from January to 
December of2005.

Study Design for objective #1 : Descriptive for objective 
#2: Case control

Exclusion Criteria: Patients with estimated duration of 
totally occluded artery <30 days or an acute myocardial 
infarction within the previous 30 days.

Définitions
A chronic total occlusion (CTO) was defined as obstruction 
of a native artery with no luminal continuity with TIMI flow 
grade 0 or 1 with duration of occlusion for more than 30 
days. Technical success was defined as restoration of TIMI 
flow grade 2 Or 3 with a residual stenosis of< 50%. Procédural 
success was defined as technical success without in
hospital MACE. Major adverse cardiac events were defined 
as death. Q-wave and non Q-wave MI, urgent CABG, or 
urgent repeat PCI.

Statistical Analysis
Continuous data will be presented as mean ± SD and 
différences will be compared using Student ttest. Discrète

variables are expressed as counts and percentages. 
Variables will be assessed by Fisher exaettest and chi square 
test. Logistic régression analysis will be used to assess 
the relationship between baseline clinical and angiographie 
characteristics and technical success, and to investigate 
prédictive value of CTO success, together with baseline 
variables, on MACE rate during follow up.

Table 1. Baseline Characteristics
Ail

Patients
n =22 (%)

CTO 
Success 

n=ll (%)

CTO
Failure
n=ll(%)

P
value

Age 58 ± 14.3 58 ± 15.8 58 ±12.9 1.0
(years, mean + SD)
Male 16 (73) 7 (64) 9 (82) 0.635
Family 16 (73) 8 (73) 8 (73) 1.0
History of CAD

Diabètes 7 (32) 3 (27) 4 (36) 1.0
Hypertension 20 (91) 10 (91) 10 (91) 1.0
Hyperlipidemia 17 (77) 8 (73) 9 (82) 1.0
Smoking 10 (45) 3 (27) 7 (64) 0.199
Prior Ml 11 (50) 5 (45) 6 (54) 1.0
Prior CABG 1 (4) 0 1 (9) 1.0
Prior PCI 0 0 0
Multivessel 18 (82) 7 (64) 11 (100) 0.0902
disease

There was a total of 22 subjects with chronic total 
occlusion who underw ent percutaneous coronary 
intervention during the year 2005, included in this study. 
Seventy three percent (16) of which were male, 73% (16) 
had a family history of coronary artery disease, 32% (7) 
had diabètes mellitus, 91% (20) had hypertension, 77% (17) 
had hyperlipidemia, 45% (10) were smoker, and 50% (11) 
had prior myocardial infarction. Only 1 subject had a 
previous bypass surgery. None had a history of a previous 
PCI. Eighty two percent of the subjects had multivessel 
coronary artery disease.

There was successful recanalization in 50% of the 
subjects. Of which, 64% (7) were male, 73% (8) had a family 
history of coronary artery disease, 27%(3) were diabetic, 
91%(10) were hypertensive, 73%(8) were hyperlipidémie, 
27%(3) are smoker, 45%(5) had a history of myocardial 
infarction and 64%(7) had multivessel involvement.

Likewise, the baseline characteristics o f the CTO 
subjects who underwent PCI but had technical failure was 
also noted. Eighty two percent (9) were male, 73% (8) had a 
family history of CAD, 3 6% (4) has diabètes mellitus, 91 % 
( 10) has hypertension, 82% (9) has hyperlipidemia, 64% (7) 
are smoker, 54% (6) has prior myocardial infarction, and 
100% (11) has multivessel involvement. One patient has a 
history of prior CABG.

S tatistical analysis com paring the baseline 
characteristics between subjects who had technical success 
against those who had technical failure showed no 
significant différence.

Fifty percent of the 22 subjects had technical and 
procédural success. There was no in-hospital complication



U P h il Heart Center J  July-September 2006

Table 2. Technical and Procédural Success and In- 
Hospital Complications________________________

n = 22 ( %)

Technical success 11 (50)
Procédural success 11 (50)
Death 0
Q-wave Ml 0
Non-Q-wave Ml 0
Urgent CABG 0
repeat PCI 2 (9)
Cerebrovascular accident 0
Vessel perforation 0
In-hospital MACE 0

Table 3. Univariate Analysis of CTO Characteristics
relevant to Technical Success

No. of CTO Technica l
P value

n=22 ( %) S uccess
n=11 ( %)

V e s s e l 0.3296
LMCA 0 0
LAD 13 (59) 6 (54)
LCx 2 (9) 2 (18)
RCA 7 (32) 3 (27)

Le ng th 0.0034
<8 1 (4) 1 (9)
8-14.9 9 (41) 8 (73)
> 15 5 (23) 2 (18)

Not
determinable 7 (32) 0
TIMI flo w 1.0

Grade 0 18 (82) 9 (82)
Grade 1 4 (18) 2 (18)

C a lc ifica tion 0.5865
Absent to
mild 18 (82) 10 (91)

Moderate to
severe 4 (18) 1 (9)

S tum p m orp h o lo g y 0.3108
Abrupt 5 (23) 1 (9)
Tapered 17 (77) 10 (91)

Side branch from  stum p 0.1990
Absent 12 (54) 4 (36)
Présent 10 (45) 7 (64)

V esse l d ia m e te r 0.2636
<2.4 2 (9) 0
2.4-2.89 14 (64) 7 (64)
>2.9 6 (27) 4 (36)

LV wall motion 1.0
Normal or
hypokinetic 20 (91) 10 (91)
Akinetic or

dyskinetic 2 (9) 1 (9)

noted. Two subjects who initially had technical failure 
underwent a second PCI within 72 hours, eventually had 
successfiil recanalization. The characteristics ofthe chronic 
total occlusion relevant to technical success were noted 
and analyzed. Fifty four percent (6) of the subjects with 
procédural success had LAD involvement, 18% (2) involved 
the LCx and 27% (3) involved the RCA. The length of the 
lésion with technical success were mostly 8-14.9 mm (73%).

Three months follow-up on the 22 subjects showed 91 % 
angina-free in both CTO success and CTO failure group. 
Two subjects under the CTO failure group eventually 
underwent CABG. There was one mortality in each of the

two groups. The vessel diameter were mostly 2.4-2.89 
mm(64%), TIMI flow were mostly grade 0 (82%). Most of 
the lésion had no calcification to mild calcification (91%). 
Ninety one percent of the successful CTO had tapered 
stump morphology and 64% had side branch originating 
front the stump. Ninety one percent of the patients with 
technical success had normal or hypokinetic LV wall motion. 
However, s tatistical analysis com paring these 
characteristics between technical success and technical 
failure group showed no significant différence.

Table 4. Clinical Status After 3 months of a PCI on a 
CTO in Patients

CTO Success 
(n = 11 )

CTO Failure
(n =  11 )

p Value

No angina 10 10 1.0
Q-wave Ml 0 0
Non-Q-wave Ml 0 0
CABG 0 2 0.476
Repeat PCI 0 0
Death 1 1 1.0

Discussion
The technical and procédural success rates (50%) observed 
in this study was lower in comparison to the success rate 
(70%) observed in the previously published multi-center 
data. This may be due to poorer case sélection, or due to 
less available newer equipment dedicated to CTO treatment 
in our institution.

At Univariate analysis of predictor of technical success, 
the vessel site of CTO, stump morphology, presence of 
side branch at CTO stump, stump morphology, TIMI flow 
grade, calcification, vessel diameter, and LV wall motion 
were not associated with procédural outcome. However, at 
multivariate analysis, the not-determinable CTO length was 
confirmed to be associated with technical failure. The 
reduced CTO PCI success in patients with multivessel 
disease may be related to a more extensive and chronic 
disease.

During the three-months following PCI of CTO, there 
were two patients under the CTO-failure group who 
electively underwent CABG for complété revascularization. 
This may probably be contributory to the relatively good 
outcome of this group. One mortality occurred in each of 
the two groups. No independent predictor of death or MI 
was identified. An excess of cardiac death and MI in 
patients with failed CTO PCI has been reported in other 
published studies but it was not observed in this study. 
This could probably be due to the occurrence of few events 
during the first three months following CTO PCI.

Conclusion
The results of this study may hâve been influenced by 
sélection criteria, operator expérience and technique, 
availability o f newer equipments dedicated to CTO 
treatment in our institution, and inadéquate population 
and tem poral phase o f the study. It is therefore
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recommended that a follow-up study be done on these 3- 
patients after a longer period of time. It is also recommended 
that a longer period be allotted to recruitment of subjects 4. 

and if possible a multi-center involvement be done in order 
to hâve a bigger study population to gain statistical 5 
significance.
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