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Introduction

Chronic total occlusions (CTO) are still considered to be a
challenge for the interventional cardiologist. It has been
estimated that approximately 10% of all angioplasty proce-
dures are currently undertaken for chronic total occlusions1.
Percutaneous coronary intervention (PCI) of CTOs have been
limited by a relatively low angiographic success rate
between 42-73%.1,2 However, a successful percutaneous
coronary intervention of an occluded artery can improve
clinical symptoms and left ventricular function and can even
reduce coronary artery bypass graft surgery in this type of
patient.

Chronic total occlusion (CTO) is defined as occlusion of a
native coronary artery with no luminal continuity and with
TIMI (Thrombolysis in Myocardial Infarction Trial) flow
grade 0 or 1. The duration of occlusion had to be 30 or more
days.3

Rationale for opening CTOs is to relieve angina pectoris or
inducible myocardial ischemia occurring as a result of the

occluded vessel, as an alternative to CABG. Others include
improvement of left ventricular (LV) function and the
improvement in long term survival.

Factors which predict a lower procedural success rate
include length of occlusion > 15 mm, duration of occlusion
> 3 months, presence of calcification in lesion and/or artery,
and the presence of bridging collaterals. A “tapered-tip”
occlusion is more favorable than a blunt “cut-off”, as is the
absence of side branches in close proximity to the occlu-
sion.4,5

There are limited published data on the short- and long-term
outcomes after PCI for CTO in contemporary practice.
Previous studies on CTO have suggested that there has been
an improvement in procedural success over time.6
Comparison between long- and short-term outcomes to
establish temporal trends is difficult because of the variable
inclusion criteria, definitions of procedural success, clinical
end points and long term follow up especially in our coun-
try. In this study we sought to explore the relationship
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Abstract
Chronic total occlusions (CTOs) are commonly found on diagnostic angiography, and successful percutaneous coronary
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had angina (CCS-III, IV). Mean length and reference diameter of the CTO lesion was 19.7±10.4 mm and 2.8±0.5 mm
respectably. Clinical success, angiographic success and procedural success rate was (78.3%), (80.0%) and (66.7%)
respectably. In hospital adverse outcomes were acute myocardial infarction (5.0%), acute left ventricular failure (6.7%) and
malignant arrhythmias (VT, VF) (10.0%). PCI was failed in (11.7%) cases and there was acute in-stent thrombosis in (1.7%)
cases. In conclusion it is possible to obtain a relatively high success rate of PCI and favorable clinical outcomes for patients
with coronary CTO lesions.
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between procedural success and incidence of in-hospital
major adverse cardiac events (MACE) for interventional
treatment of CTO.

Materials and Methods
This study was carried out in the Department of Cardiology,
University Cardiac Center, Bangabandhu Sheikh Mujib
Medical University, Dhaka, from January 2005 to
December 2009. Total 60 consecutive patients (55 men, 5
women) with chronic total occlusion (CTO) were studied. All
the patients had symptomatic angina and/or documented
myocardial ischemia. All of these patients gave written
informed consent, and the study was approved by the ethics
committee of the Bangabandhu Sheikh Mujib Medical
University, Dhaka. Patients with end-stage cancer with
anticipated life span less than 6 months, severe renal failure
with endogenous creatinine clearance rate < 30 ml/min or
on dialysis, intracranial hemorrhage within 1 year or cere-
bral infarction within half a year were excluded from the
study.
Definitions: A CTO was defined as a lesion exhibiting a
Thrombolysis in Myocardial Infarction (TIMI) flow grade of
0-1 in a native coronary artery, with a duration of occlusion
of more than one month.4 The age of the CTO was deter-
mined, using clinical information, such as the past history of
myocardial infarction, changes in the pattern of chest pain,
or findings of total occlusion from previous coronary
angiography. Early chronic occlusion was defined as total
occlusion of a one to three month duration, and late chronic
occlusion was defined as total occlusion with a duration
longer than three months.4 The morphology at the point of
occlusion was defined as either a tapered or abrupt end.7
The length of the occlusion was measured from the occlu-
sion to the distal portion of the vessel filled by collateral
flow or by the length of significant stenosis seen after pass-
ing the wire or predilated balloon catheter. The extent of
collateral circulation was defined, according to the defini-
tion of Cohen and Rentrop.8

Interventional procedure: Routine dosage of aspirin and
clopidogrel was prescribed to all patients before and after
procedure. A bolus of 10000 Units heparin was injected at
the beginning of procedure and followed by additional
injections of 2500 units to keep the activated clotting time
above 250 seconds during the procedure. Low-molecular-
weight heparin was administrated for 3 to 5 days after pro-
cedure. No glycoprotein IIb/IIIa inhibitors were used. All
PCI procedures were performed using standard femoral
approach as described by Gruentzig. A 7 Fr Judkins (Cordis,
Johnson & Johnson, USA), Amplatz (Cordis, Johnson &
Johnson, USA), Extra Back Up (Medtronic, USA), Voda
(Boston Scientific, USA) and Multi Purpose (Cordis,
Johnson & Johnson, USA) guiding catheter with movable
guide wire were used as needed. Initially flexible wire is

used for crossing the lesion later on intermediate or hard
wire is used as required. Buddy wire (track wire) technique
is used if required. Successful PCI was defined as reduction
of angiographic stenosis in CTO by approximately 50% or
more. Coronary angiograms were obtained after the suc-
cessful PCI to exclude any distal thrombi or pruning of small
vessels. ECG were done before and 2, 12 and 16 hours of the
procedure. Regular follow up and observation of MACE were
done during the hospital stay of the patients.

Statistical analysis
Statistical analysis was done by SPSS (Statistical Package for
Social Science) software for windows version 12.0. Data
were expressed in number, percent or mean±SD.

Results

Base line clinical characteristics
The baseline clinical characteristics of 60 cases underwent
PCI for CTO are listed in (Table 1). Total 60 consecutive
patients (55 men, 5 women, male: female, 11:1) were
included in the study. Mean age was 48±10 years. All were
having angina pectoris (Canadian Cardiovascular Society,
CCS class III or IV). 18 (30%) patients had hypertension and
14 (23.3%) were diabetics. 16 (26.7%) were smoker and 8
(13.3%) had dyslipidemia. 4 (6.7%) had family history of
ischemic heart disease. 36 (60%) patients were presented
with prior myocardial infarction.

Table 1. Base line clinical characteristics of the patients
(N=60).

All the data are in total number, percent or mean±standard deviation. CCS,
Canadian Cardiovascular Society

Angiographic and Procedural Characteristics
Table 2 summarizes the angiographic and procedural char-
acteristics. Total 87 diseased vessels were diagnosed among
which 60 were CTOs in 60 patients. 75 vessels were treated
and 75 stents were deployed among which 40 (53.3%) were
drug eluting stents (DES). 41 (54.7%) stents were placed in
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left anterior descending artery (LAD), 23 (30.7%) in right
coronary artery (RCA) and 11 (14.6%) in left circumflex
artery (LCX).

Table 2. Angiographic and Procedural Characteristics
of the patients (N=60).

All the data are in total number & percent. BMS-bare metal stent, DES-drug
eluting stent, LAD- left anterior descending artery, RCA- right coronary
artery, LCX- left circumflex artery

Angiographic Characteristics of the CTOs.
Table 3 depicts the angiographic characteristics of the CTO
lesions. TIMI flow grade 0 was present in 43 (71.7%) and
TIMI grade I flow in 17 (28.3%) cases. Stump morphology
shows 31 (51.7%) with blunt or abrupt cut off, 19 (31.7%)
with tapered tip morphology where as in 10 (16.6%) cases it
was not determined. Side branches in close proximity of
stump were present in 14 (23.3%) cases where as it was
absent in 46 (76.7%) cases. Collaterals were present in 5
(8.3%) cases. Length of the lesion 19.7±10.4 mm and refer-
ence diameter of the diseased vessel was 2.8±0.5 mm.

Table 3. Angiographic Characteristics of the CTOs
(N=60).

All the data are in total number, percent or mean±standard deviation. TIMI-
Thrombolysis in Myocardial Infarction

Clinical, Angiographic, Procedural and adverse outcome
Table 4 shows the Clinical, Angiographic, Procedural suc-
cess in 60 CTOs. Clinical success in 47 (78.3%) cases, angio-
graphic success in 48 (80.0%) cases and procedural success
in 44 (66.7%) cases were achieved. PCI was failed in 12
(20.0%) cases. Dissection and false lumen created in 4
(6.7%) cases. Acute myocardial infarction (MI), Acute left
ventricular failure (LVF) and Malignant arrhythmias were
encountered in 3 (5.0%), 4 (6.7%) and 6 (10.0%)
respectably.

Table 4. Clinical, Angiographic, Procedural and
adverse outcome (N=60).

All the data are in total number & percent. PCI-Percutaneous coronary
intervention. VT-Ventricular tachycardia, VF- Ventricular fibrillation.

Discussion
Previous studies have demonstrated that intervention for
CTO accounts for about 10% of all PCI procedures.6,9

Although PCI for CTO remains a difficult task usually asso-
ciated with low technical success rate and high incidence of
restenosis, successful PCI for CTO has been shown to allevi-
ate anginal symptoms, improve left ventricular ejection
fraction, decrease the need for coronary bypass graft sur-
gery, and prolong life.5,6,10-13 The present study included of
patients who had undergone PCI for CTO during last four
years in our institute.
The presence of viable myocardium distal to occluded vas-
cular bed is important for both PCI decision-making and
clinical benefits.4 This may be observed by clinical symp-
toms, objective evidence of myocardial ischemia or pres-
ence of angiographic collaterals. In our study, all patients
were selected specifically as they had symptomatic angina
and/or documented myocardial ischemia. Most of patients
had angina-free survival rate at discharge, suggesting that
patients with CTO can benefit from successful PCI when indi-
cated.
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Procedural success rate of PCI for CTO lesions was before the
advent of stent.2,14-16 During the last 15 years, advances in
medical devices and technical skill have made great impact
on PCI for CTO, with procedural success rate reaching 70%
or greater in most centers.5,6,17 Although the patients in this
study had more unfavorable CTO characteristics including
longer duration of occlusion, presence of bridging collater-
als, abrupt missing stump and > 15 mm long lesions, both
procedural and clinical success rates (66.7% and 78.3%,
respectively) were similar to those previously reported. The
overall incidence of in-hospital adverse events (MI-5%, LVF-
6.7% and arrhythmias-10%, death-0%) were low suggest-
ing that PCI for CTO can obtain a high procedural success rate
and satisfactory acute outcomes at experienced hands pro-
viding that the patients and lesions were carefully selected.
The most common cause of procedural failure in negotiating
CTO is the difficulties in crossing the guide-wire or balloon
catheter through totally occluded segments. Proper guide-
wire selection and meticulous steering techniques are
acknowledged as some of the most important issues in suc-
cessful PCI for CTO. Saito et al.18 demonstrated that applica-
tion of guide-wires with tapered tip improved the success
rate of PCI for CTO from 67% to 81%. In our practice, use of
CTO-specific wires such as Conquest (tapered wire) or
Miracle (hydrophobic-coated) and Shinobi (hydrophilic-
coated stiff wires) is limited. Although in this study our only
armament was skill and patience with usual equipments. On
the other hand, special wire techniques including retrograde
wire, parallel wire, buddy wire and multi-wire plaque crush-
ing techniques may also be useful based on lesion character-
istics.
Earlier studies have reported various CTO characteristics
including duration of occlusion, morphology of occluded
site and segments, significantly influence the success rate of
PCI for CTO.4,5,19,20 In accordance with those studies, we
also found that CTO duration > 12 months, an abrupt miss-
ing stump, bridging collaterals, lesion length > 15 mm,
moderate to severe calcification, tortuosity of proximal ves-
sel and ostial or distal location of CTO lesions were unfavor-
able factors of procedural success.
Drug eluting stents (DES) have been widely used to reduce
in-stent restenosis nowadays. Recent studies had reported
that DES implantation improved long-term outcomes after
successful PCI of CTO compared with bare metal stents.21,22

In this study 40 patients out of total 60 patients with CTO
treated with paclitaxel or Sirolimus eluting stentsIn conclu-
sion, PCI for CTOs remains a difficult domain in the field of
interventional cardiology. However, it is possible to obtain a
relatively high procedural success rate in experienced cen-
ters by skilled operators. The major issues regarding
improvement of success rate are related to careful selection
of patients, scrutinizing the minute details about angio-

graphic morphologies of CTO, proper use of interventional
devices (especially for guiding catheters and guide-wires),
and collaboration of the whole team.
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