
Introduction
Chronic total occlusion of the Coronary arteries (CTO)

defined as, "an obstruction of a native coronary artery for
more than 30 days with no luminal continuity and with
thrombolysis in myocardial infarction (TIMI) and flow grade
0 or 1 which has been present for at least six weeks."1,2 The
temporal criterion used to define a CTO requires the range
from >2 weeks to >3 months.3,4 Acute myocardial infarction
and occluded saphenous vein grafts have been excluded from
the definition. CTOS are characterized by significant
narrowing of atherosclerotic vessel with lumen compromise
that results in either complete interruption of antegrade blood
flow as assessed by coronary angiography (TIMI grade 0
flow), also known as "true" total occlusions, or with minimal
contrast penetration though the lesion without distal vessel
opacification TIMI grade 1 flow, frequently referred to as
"functional" total occlusion.5 There are three methods for
treatment of CTO's: percutaneous intervention, coronary
artery bypass surgery (CABG) and medical management.
Less than 10% of CTO cases are managed by percutaneous
intervention. Approximately 40% of the CTOS are treated by
surgery and 50% by medications alone.6,7 Patients with CTO
undergoing PCI usually have symptomatic angina; in several
large databases, only 11% to 15% of patients undergoing
angioplasty for CTO were asymptomatic, Conversely, the
proportion of patients presenting with unstable angina due to
a CTO is also fairly low (9% to 18%).8 Growing body

evidence suggests a prognostic and symptomatic benefit of re-
opening coronary chronic total occlusions (CTOS).9,10
Crossing the occlusion is still a main cause of failure. On the
other hand, poor clinical outcome may be due to use of a bare-
metal stent (BMS) after crossing the lesion and balloon
dilatation. of the lesion.11 The introduction of the drug-eluting
stent (DES) has clearly reduced angiographic restenosis and
target lesion revascularization rates compared to BMS in the
treatment of CTOS.12 Operator experience and specific tips
and tricks for more difficult cases are needed to achieve
procedural success in the majority of situations.13 Predictors
of procedural success in PCI'S of CTO'S include length of
occlusion, duration of occlusion, presence of tapered entry
configuration, bridging collaterals and calcification.14 In total
occlusions, the recanalization equipment should be passed
through the atherosclerotic plaque, and its texture is crucial for
the success or failure of the intervention. Although serious
complications are rare, they do occur. In general, the success
rates in literature range from 42-73%.15

This study was undertaken to evaluate the successful
revascularization in chronic total coronary occlusion lesions
and to examine the relationship between lesion characteristics
and procedural success and the frequency of in-hospital
adverse cardiac events. 

Methods
A retrospective analysis of all coronary angiograms
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Abstract
Objective: To evaluate the successful revascularization in chronic total coronary occlusion lesions and to
examine the relationship between lesion characteristics and procedural success and the frequency of in-hospital
major adverse cardiac events after percutaneous coronary intervention in these patients.
Methods: All patients subjected to percutaneous coronary intervention from 2006 to 2008 were identified. These
patients had unstable angina ranging from 2 weeks to more than 3 months duration, and majority was subjected
to stent implantation. 
Results: A total of 110 consecutive patients were studied. They had been treated for chronic total coronary
occlusion lesions during this period. There were 76 males and 34 females. Drug eluting stents (DES) were used
in 84 patients whereas 26 received Bare metal stents (BMS). Successful revascularization was achieved in 103
lesions (94%). Only 6% patients showed unsuccessful results due to failure of the wire to cross the lesion. There
was no recorded death during the procedure.
Conclusion: Due to latest guide wire technology, procedural techniques and operator experience, our study
showed more than 90% success in percutaneous revascularization of chronic total coronary occlusion lesions,
with an excellent survival rate (JPMA 60:420; 2010).



performed at the cardiac catheterization laboratory of
Karachi Institute of Heart Diseases (KIHD) was conducted.
KIHD is a tertiary referral center, located in a densely
populated area of Karachi. The patients studied had the
procedure done between August 2006 and August 2008. The
inclusion criteria was Single de novo lesion, Coronary Total
Occlusion with a reference diameter of 2.7 mm to 4 mm.
Patients with Left Ventriclar Ejection Fraction < 30%, Left
main artery patency > 50%, coexisting chronic heart failure,
valvular heart disease, chronic renal failure, and
contraindication to anticoagulation, were excluded from the
study. Patients were evaluated for the occurrence of major
adverse cardiac events comprising death, acute myocardial
infarction, and need for repeat revascularization with either
coronary artery bypass surgery or PCI.

Results
Table-1 shows the demographics of the total study

population. Hundred and ten patients were selected of whom
76 were males and 34 were females. All were more than 40
years of age. Each patient had a chronic total occlusion Most
patients 81 (74%) were treated with Drug eluting stents
(Table-1).

After high pressure balloon dilatation residual stenosis
was reduced in all the cases. This facilitated stent deployment
while post dilatation was required in a few cases. Successful
revascularization was achieved in 103 lesions (94%), although
stent implantation was used in 100%. The 6% patients who
had unsuccessful results was due to failure of the wire to cross
the lesion, long duration of CTO, abrupt missing stump,
bridging collaterals, occluded length more than 15mm,
moderate to severe calcification or tortuosity and ostial or

distal location of CTO lesions. Due to limited resources IVUS
(intravascular ultrasound) could not be performed. In the
follow up period of 6 to 12 months, marked improvement of
symptoms in majority of patients was noted (Table-3). Fifteen
patients suffered from Myocardial infarction, 16 developed
arrthymias, 12 had unstable angina and 6 had re-stenosis.
There was no death during the procedure or in the follow-up
period.

Discussion
The revascularization of CTOs is technically difficult

and remains a challenge for percutaneous coronary
interventions. Successful revascularization of CTOs leads to
improved survival and decreased major adverse events.16
Success rates in multiple series range from 54-63%, with more
current success rates being reported at more than 70%. Newer
technological advances, which include stiffer, tapered-tipped,
and hydrophilic wires, have in part been responsible for this
increased success.17 DES implantation for CTO decreases the
risk of mid-term restenosis and Major Adverse Cardiac Event
(MACE). Small vessels and diffuse disease requiring the
implantation of multiple stents and very long stents for full
coverage of the target lesion are still associated with a relatively
high risk of restenosis.18 In our study DES utilization was more
then BMS. Crossing the complex lesion and reentering into the
true lumen remains the key step that limits the overall success
of percutaneous procedures. The availability of new specialized
guide wires designed to cross occluded arteries has only
modestly improved procedural success rates. Allemann reported
a success rate of 64% using the Magnum wire.19 Reimers
achieved a crossing success rate of 71% using the Athlete wire
in synergy with a floppy hydrophilic wire and low-profile
balloon. Trials utilizing the Terumo Crosswire have
demonstrated procedural success in 42% of situations when
conventional guidewires have failed.20 New research has
proved that micro dissection catheters may facilitate the
recanalization of a vessel occlusion when the standard initial
approach with coronary guidewires fails.21 More specifically
drug-eluting stents significantly reduce the incidence of
restenosis and re-occlusion when compared to bare-metal stents
or plain-old balloon angioplasty.22 All patients were asked to

Vol. 60, No. 6, June 2010 421

Table-1: Demographics of Patients Undergoing Percutaneous
Coronary Intervention for Chronic Total Coronary Occlusion.

Use of BMS vs DES.

Male Female BMS DES

Total patients 110 76(69%) 34(31%) 29(26%) 81(74%)
LAD 28(25%) 20(18%) 8(7%) 7(24%) 21(26%)
LCX 8(7%) 7(6.36%) 1(0.90%) 3(10%) 5(6%)
RCA 74(67%) 49(44%) 25(23%) 19(65.5%) 55(68%)

DES= Drug eluting stents BMS = Bare metal stents.

Table-3: Follow-up of patients.

After 6 After 6 After 12 After 12
months months months months

Total patients(110) Male Female Male Female
34 76 34 76

Myocardial infarction(15) 3 2 6 4
Arrthymias(16) 4 3 4 5
Unstable angina (12) 2 3 3 4
Re-stenosis(6) 1 0 3 2
Death(0) 0 0 0 0

Table-2: Successful vs. Un-Successful PCI of CTO.

Total patients Successful Unsuccessful

Total Patients 110 103(93%) 7(6.36%)
Females 34 31(28.18%) 3(2.72%)
Males 76 72(65.45%) 4(3.63%)
LAD 28 26(23.63%) 2(1.81%)
LCX 8 8(73%) 0
RCA 74 69(63%) 5(4.54%)

LAD=Left Anterior Descending; LCX=Left Circumflex Artery;
RCA=Right Coronary Artery.



undergo clinical follow-up examination at 1 week to 6-months
after the procedure. Symptom status at baseline and at every
follow-up examination was recorded following the Canadian
Cardiovascular Society (CCS) classification.23

Myocardial infarction, repeat revascularization
procedure and deaths were all recorded as major cardiac
events.24The duration of occlusion emerges as a key factor for
success in most studies. The length of the occluded segment
strongly influences the success rate of the intervention. The
estimated length of the occlusion is measured from the point
of the chronic occlusion to the most proximal point of the
distal vessel, which is visualized by antegrade or retrograde
collateral filling with contrast.25 Retrograde approach via
collateral channels in coronary angioplasty for chronic total
occlusion (CTO) can improve the success rate. Most
interventionists will meet a few cases where the retrograde
approach will provide unequaled advantages, but many are
held back from taking retrograde approach by lack of proper
equipment and expertise. 

Conclusions
The presented study achieved a high success rate due

to the use of the latest guide wire technology, good procedural
techniques and highly skilled and experienced operators in
percutaneous revascularization of chronic total coronary
occlusion. lesions, with an excellent survival rate. The use of
Drug-Eluting Stents has provided an added advantage of
marked reduction in re-stenosis. 

The results of the follow up also proved that due to
successful percutaneous recanalization of CTO there was
improved survival, as well as enhanced left ventricular
function, reduction in angina, and improved exercise tolerance.
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