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Objectives: The aim of this study is to determine the prevalence, clinical characteristics, angiographic
profile and predictors of outcome for percutaneous coronary interventions (PCI) of coronary chronic total
occlusions (CTO) in a tertiary referral centre of north India.
Background: There is no data on the prevalence and very few reports on clinical characteristics, angio-
graphic profile and outcome of PCI in CTO from India.
Methods: Retrospective analysis was done for the data of 12,020 patients undergoing coronary angiog-
raphy (CAG) between January 2018 to January 2019 at our centre. Detailed baseline clinical, angiographic
and revascularization data was collected. Outcome of CTO PCI was also noted. All baseline parameters
were analysed for predicting the outcome of CTO PCI.
Results: CTO was identified in 16.3% (1968) patients undergoing CAG and in 24.4% of patients with he-
modynamically significant CAD. CTO was predominantly found in LAD (48%) followed by RCA (42.9%) and
LCx (25.3%) arterial distribution. Mean JCTO score was 1.93 ± 0.7. PCI as a management strategy was
adopted in 456 of 1968 patients (23.1%) and was successful in 340 of 456 (74.6%) of patients. Almost all
CTO PCI were attempted by an antegrade approach only. Increasing age, male sex, CTO in LCx arterial
distribution and higher J CTO score were associated with poorer outcome in CTO PCI.
Conclusions: CTO’s are commonly encountered during CAG procedures. In patients undergoing CTO PCI, a
fair success rate can be achieved in a high volume experienced centre.
© 2021 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Chronic total occlusion (CTO) is defined as 100% obstruction to
antegrade flow in the coronary arteries for at-least three months
duration.1 Reports in the past have shown variable prevalence of
CTO in diagnostic angiography.2,3,4,5 The true prevalence of CTO is
not known as it depends on the reason for which CAG is being
performed. Performing a percutaneous coronary intervention (PCI)
of CTO has always been challenging. It requires a high amount of
expertise, acquired skills and dedicated training, along with ever
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ished by Elsevier B.V. This is an ope
enlarging armamentarium of hardware. The success rate of CTO PCI
is also variable.6,7,8,9,10 The New York state PCI registry and U.S
National Cardiovascular Data Registry (NCDR) shows a success rate
of CTO PCI to be 61% and 59% respectively.6,7 But, with increasing
expertise (use of contemporary equipment’s and techniques espe-
cially the retrograde and hybrid algorithm) higher success rates
(86%e90%) have been documented.8,9,10 Thus, there has been a
significant gap in the results achieved for CTO PCI even in devel-
oped nations.

To the best of our knowledge there has been no data on prev-
alence of CTO from India and also there are only few reports on CTO
PCI success rate and its predictors.11,12,13,14 Thus, it becomes espe-
cially important for us to have this knowledge in resource limited
countries like India where there is a limited coverage of public
n access article under the CC BY license (http://creativecommons.org/licenses/by/4.

http://creativecommons.org/licenses/by/4.0/
mailto:paragaims@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ihj.2021.03.001&domain=pdf
www.sciencedirect.com/science/journal/00194832
www.elsevier.com/locate/ihj
https://doi.org/10.1016/j.ihj.2021.03.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ihj.2021.03.001
https://doi.org/10.1016/j.ihj.2021.03.001


K.S. Vemuri, B.K. Sihag, Y. Sharma et al. Indian Heart Journal 73 (2021) 156e160
health insurance and very few people can afford these procedures
due to financial constraints and lack of adequate technical exper-
tise. In the current study we planned to determine the true prev-
alence of CTO in all comer population undergoing CAG at a tertiary
referral centre of north India and also to determine the predictors of
success in CTO PCI.

2. Material and methods

2.1. Aim

The primary aim of the study is to determine the prevalence,
clinical characteristics and angiographic profiles of CTO in all comer
population undergoing CAG. Secondarily we also would like to
determine outcomes of CTO-PCI and predictors of its success.

2.2. Study design

The study is a retrospective analysis of all CAG’s performed at
our centre since January 2018 till February 2019.

2.3. Definition of CTO and parameters noted

Any patient with chronic stable angina with symptom duration
more than three months with 100% occlusion in any of the three
major arterial distribution of coronary circulation was defined as
CTO. In cases of ACS, if there was a 100% occluded artery in the
arterial distribution different from the artery causing ACS (as
corroborated with electrocardiogram) it was labelled as CTO. In all
CAG’s following parameters were noted: distribution of athero-
sclerosis, dominance of coronary circulation (left, right or co-
dominant), SYNTAX score and if a CTO is found a detailed analysis
of CTO artery was performed and J-CTO score was calculated.

2.4. J-CTO score calculation15

For every confirmed CTO, J-CTO score was determined. It was
calculated using a 5 point scoring system considering following
parameters: 1.Blunt stump; 2.Calcification; 3.Within lesion bending
more than 45�; 4.Occlusion length more than equal to 20 mm;
5.Prior failed attempt to revascularize the CTO. Each parameter was
given a score of 1.

Difficulty level for intervention15: Score zero was considered
easy, 1 as intermediate, 2 as difficult and any score more than or
equal to 3 was considered very difficult for successful PCI of CTO.

Decision to revascularize: As it is a retrospective analysis we
did not have any control on the primary operator’s decision to
consider medical management, perform PCI or send for CABG.
Myocardial viability status whether performed prior to PCI was
determined on retrospective review of hospital records.

Procedural techniques for CTO intervention: At the outset we
accept that none of our operators have an experience of performing
routine retrograde PCI for CTO and thus all except 3 cases were
performed by antegrade technique of CTO interventions only. The
predominant technique used for the procedure was antegrade
guidewire escalation with or without antegrade parallel wire
technique. Complex and skilled techniques like antegrade dissec-
tion and re-entry (ADR), subintimal tracking and re-entry (STAR),
controlled antegrade and retrograde subintimal tracking (CART)
and various retrograde techniques were used only in 3 patients.

Parameters analysed: Demographic and clinical parameters
were noted for all patients. Both successful and unsuccessful CTO-
PCI were studied and analysed with respect to their SYNTAX, J-
CTO scores and other angiographic characteristics. The other details
such as number and type of hardware used, fluoroscopy time and
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radiation exposure were not analysed in this study due to diffi-
culties in procuring these details. Success of the procedure was
defined as the ability to successfully cross the CTO segment with
guidewire and restoration of TIMI flow grade 2 or 3 in the distal
vessel after PCI. Complications such as coronary artery perforation,
cardiac tamponade, peri procedural myocardial infarction, major
bleeding and death were also recorded. The follow-up details were
only available till there discharge from the hospital in the index
hospitalization. No further follow-up details were obtained for
analysis.

2.5. Statistical analysis

Continuous variables were expressed as mean ± standard de-
viation and categorical variables as percentages or frequencies. The
variables were tested for normality of distribution of values. The
differences were compared using chi square test, student t test, and
ManneWhitney test wherever appropriate. Comparison was per-
formed among the CTO procedures and compared the character-
istics of successful versus non successful CTO PCI. Predictors for
successful CTO PCI were analysed initially using univariate logistic
regression analyses and those that were significant (p < 0.1) were
subjected to multivariate regression analysis to detect the inde-
pendent predictors. All tests were 2 sided and p value < 0.05 was
considered statistically significant. Statistical analysis was per-
formed using SPSS software (Version 26, Chicago, IL, USA).

3. Results

A total of 12,020 consecutive CAG’s and 4600 PCI performed
during the above mentioned period were analysed. Baseline pa-
rameters are provided in Table 1. The study population shows a
male preponderance, with 8724 (72.5%) of them being male. The
risk factors like Diabetes Mellitus (DM), hypertension (HT), smok-
ing, and family history were seen in 44.6%, 51.6%, 24%, and 13.9%
patients respectively. Among angiographic parameters, normal
coronaries or insignificant (<50% obstruction) coronary artery
disease CAD was seen in 32.8% of patients. Single, double and triple
vessel involvement was seen in 32.1%, 20.4%, 14.6% of overall an-
giograms respectively and 47.8%, 30.4%, 21.7% among patients with
significant CAD (any artery showing luminal stenosis >50% dia-
metric stenosis). Left main coronary involvement was seen in 4.2%
of overall angiograms and 6.2% in subjects with significant CAD.
Right dominant circulation accounted for 83.5%, left and co domi-
nant circulation were seen in 10.7%, 5.7% respectively. Regarding
diseased vessels, left anterior descending (LAD) artery, left
circumflex (LCx) and right coronary artery (RCA) were significantly
diseased (>50% stenosis) in 71.6%, 48.4%, 50.8% of patients. SYNTAX
score was calculated in all patients with significant CAD. Scores of
less than 22 seen in 78.9% of patients, scores 22 to 32 seen in 12.9%
and score more than 32 seen in 8.2% of patients.

CTO were observed in 1968/12,020 (16.3%) of all patients un-
dergoing CAG and 24.4% among patients with significant CAD.
Amongst all CTO’s, LAD CTO accounts for 48.1% cases, and RCA ac-
counts for 42.9%, and LCx accounts for 25.2% cases.

In all patients with CTO, PCI was attempted in 456 (23.1%) pa-
tients and was successful in 340 (74.6%) patients. However, CTO PCI
accounted for 10% of all PCI performed in the above mentioned
period. Almost all the cases (99.3%) were performed by antegrade
wire escalation or parallel wire technique and only 3 (0.65%) pa-
tients underwent retrograde technique. Radial artery access (for
performing PCI or for contralateral artery engagement) was ob-
tained in 164 (36%) of cases only.

Out of 456 CTO PCI attempted, the operators were able to ach-
ieve a success in 340 (74.5%) of cases. Comparison between the



Table 1
Baseline demographics and clinical characteristics of the study population.

Variable Total Patients
N-12020

Patients with CAD (8076) Patients with no CTO (6108) Patients with CTO (1968) P value*

Age in years (mean ± SD) 59.6 ± 10.3 58.78 ± 10.2 58.5 ± 10.2 59.6 ± 10.3 <0.001
Gender 0.003
Male 8720(72.5%) 6308(78.1%) 4724(77.3%) 1584(80.5%)
Female 3300(27.5%) 1768(21.9%) 1384(22.7%) 384 (19.5%)
Hypertension 6202(51.6%) 4102(50.8%) 3099(50.7%) 1003(51%) 0.85
Diabetes 5360(44.6%) 3553(44%) 2658(43.5%) 895(45.5%) 0.12
Smoking 2884(24%) 1994(24.7%) 1502(24.5%) 492(25%) 0.71
Family History of CAD 1670(13.9%) 1130(14%) 853(13.9%) 277(14.1%) 0.90
SVD
DVD
TVD

3864(32.1%)
2456(20.4%)
1756(14.6%)

3864(47.8%
2456(30.4%)
1756(21.7%)

3312(54.2%)
1796(29.4%)
756(21.7%)

552 (28%)
660(33.5%)
756(38.4%)

<0.001

Dominance <0.001
Right 10,044(83.5%) 6909(85.5%) 5097(83.4%) 1812(92.1%)
Left 1284(10.7%) 812(10.1%) 684(11.2%) 128(6.5%)
Co dominant 692(5.8%) 355(4.4%) 327(5.4%) 28)1.4%)
LM 500(4.2%) 500(6.2%) 324(5.3%) 176(8.9%) <0.001
SYNTAX SCORE
<22 6368 (78.9%) 6368(78.9%) 5468(89.5%) 900(45.7%)
22e32 1044 (12.9%) 1048(12.9%) 440(7.2%) 608(30.9%)
>32 660 (8.2%) 660(8.2%) 200(3.3%) 460(23.4%) <0.001

Abbreviations*Comparison between patients with or without CTO, CAD- Coronary Artery Disease, CTO- Chronic Total occlusion, DVD- Double Vessel Disease, SYNTAX-
Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery, TVD- Triple Vessel Disease.

Table 3
Logistic regression analysis for predictor for CTO PCI success.

VARIABLE ODDS RATIO 95% C.I P- VALUE

Age 0.96 0.93e0.98 0.001
Gender(Male) 1.87 1.01e3.48 0.04
J CTO Score 0.64 0.45e0.92 0.01
LAD 0.82 0.48e1.4 0.48
LCX 2.43 1.33e4.4 0.004

Abbreviations: J-CTO- Japanese Chronic total occlusion score, LM e Left Main, LAD-
Left Anterior Descending artery, LCX-left Circumflex Artery, RCA- Right Coronary
Artery, SYNTAX- Synergy between Percutaneous Coronary Intervention with Taxus
and Cardiac Surgery.
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successful and unsuccessful CTO-PCI is shown in Table 2. Patients
with successful CTO-PCI were younger, had low J-CTO score and
had predominantly single vessel involvement. Patients with un-
successful CTO-PCI had more multivessel involvement and CTO in
LCx artery distribution. Though themean SYNTAX scorewas similar
between the groups, patients with score more than 22 were higher
in the unsuccessful group. None of the other baseline demographics
or risk factors were different between the groups.

Multivariate logistic regression analysis was performed to
determine the independent predictors of CTO-PCI. It showed higher
age, higher J CTO score, male sex and presence of CTO in LCx were
negatively associated with success of CTO-PCI as shown in Table 3.

3.1. Periprocedural complications

There were 4 (0.9%) procedure related deaths during the index
hospitalization in the entire cohort. Two deaths occurred during
the procedure and two deaths during the course of hospital stay.
Mild pericardial effusion not amounting to tamponade was seen in
Table 2
Comparison between successful and unsuccessful CTO-PCI groups.

Variables Total CTO N ¼ 1968 CTO attempted
N ¼ 456

Succ

Age 59.62 ± 10.3 58.6 ± 9.9 57.4
Gender
Male 1584(80.%) 364(79.8%) 264(
Female 384(19.5%) 92(20.2%) 76(2
Diseased vessel
SVD 552(28%) 232(50.9%) 180(
DVD 660(33.5%) 184(40.4%) 124(
TVD 756(38.4%) 40(8.8%) 36(1
LMCA 176(8.9%) 4(0.9%) 4(1.2
Lesion
LAD 944(48%) 256(56.1%) 200
LCx 496(25.2%) 84(18.4%) 48 (1
RCA 844(42.9%) 136(29.8%) 108
J CTO score 1.93 ± 0.7 1.7 ± 0.7 1.72
SYNTAX score 24.6 ± 11.4 19.2 ± 7.7 19.2

Abbreviations: * represents comparison between successful and unsuccessful CTO PCI,
Disease, j-CTO- Japanese Chronic total occlusion score, LMe Left Main, LAD- Left Anterior
Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery,
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12 (2.6%) of cases and cardiac tamponade requiring peri-
cardiocentesis was seen in 3 (0.6%) patients. Local site complica-
tions like femoral hematoma was seen in 10 (2.2%) patients,
pseudoaneurysm in 4 (0.9%) of them which was managed conser-
vatively during the hospital stay. Coronary artery perforations were
essful CTO-PCI (n-340) Unsuccessful CTO PCI (n-116) P value*

± 9.8 62.1 ± 9.6 <0.001
0.04

77.6%) 100(86.2%)
2.4%) 16 (13.8%)

52.9%) 52(44.8%) 0.004
36.4%) 60(51.7%)
0.5%) 4 (3.4%)
%) 0 0.576

(58.8%) 56 (48.2%) 0.04
4.1%) 36 (31%) <0.001
(31.7%) 28 (24.1%) 0.121
± 0.69 1.97 ± 0.7 0.001
8 ± 7.8 19.05 ± 7.5 0.77

CAD- Coronary Artery Disease, CTO- Chronic Total occlusion, DVD- Double Vessel
Descending artery, LCX-left Circumflex Artery, RCA- Right Coronary Artery, SYNTAX-
TVD- Triple Vessel Disease.
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noted in 6 (1.3%) patients. No retroperitoneal hematoma or major
bleeding were seen in the entire cohort.

4. Discussion

To the best of our knowledge this is the first study to demon-
strate prevalence of CTO and its outcomes in an all-comer popu-
lation of North India. The study is done in a very high volume
tertiary referral centre of Northern India. Amongst all-comer pop-
ulation of 12,020 CAG’s, we found that the prevalence of CTO to be
16.3%. Reported prevalence of CTO in prior studies is highly vari-
able.2,3,4,5 Highest prevalence of 52% has been reported from Uni-
versity of Washington in patients with significant (>70% luminal
stenosis) CAD.2 However, our data highly resembles to the Cana-
dian multicentre CTO registry data.3 They found the true preva-
lence of CTO in all comer population to be 14.7% and 18.4% in
patients with established CAD. This study is a prospective registry
data from 3 Canadian institutes. A French multicentre registry of
unselected population shows prevalence of CTO to be 8.1%. This
significant discrepancy in the data may be attributed to indication
for performing an angiography and also on the prevalence of CAD in
the population being studied. As such Indian population has an
early onset of CAD and prevalence of diffuse CAD. Higher incidence
in our study compared to the contemporary registry data may also
be because of inclusion of all patients, even with acute coronary
syndrome (ACS), which have been excluded in other studies. It has
been found that about 10%e15% of patients with STEMI are found to
have a CTO, apart from the culprit vessel for MI.16,17 Another reason
for higher prevalence may be a lack of overall health infrastructure
in India leading to a very low percentage of primary PCI for STEMI.
Thus these vessels may over a period of time go on to become CTO
and diagnosed later on.

Management strategies for CTO PCI are also variable. PCI as a
treatment strategy for CTO revascularizationwas performed in 49%
of patients in a French registry data and 11% in American study.2,18

In our study PCI by revascularization was attempted in 23.1% of all
CTO’s detected and overall CTO PCI accounted for 10% of total PCI
during the study period. US NCDR data shows that CTO PCI ac-
counts for just 3.2e4.8% of all PCI and Canadian registry shoes 30%
of all CTO patients underwent PCI.3,7 Our study shows an overall
similar percentage compared to Canadian data but higher than the
American data. The important postulated reason for this at our
centre is because of a longer waiting list for patients to undergo
coronary artery bypass surgery (CABG) and thus patients opting for
PCI as an alternative therapy because of recurrent angina.

We found an overall success rate of CTO PCI to be 74.5%. This
appears to be highly promising in view of an average JCTO score of
all attempted cases to be 1.78 ± 0.70 which is between intermediate
and difficult levels in terms of chances of success.15 This is further
substantiated by the fact that almost all cases were performed by
antegrade techniques only. Result of CTO PCI is highly variable in
the international literature.6,7,8,9,10 The New York state PCI registry
and U.S NCDR data shows a success rate of CTO PCI to be 61% and
59% respectively.6,7 A recent data from multicentre registry dem-
onstrates the success rate of antegrade only technique to be 64%
and 47% in patients with JCTO score of 1 and 2 respectively.19 But,
with increasing expertise with use of contemporary equipment and
techniques especially the retrograde and hybrid algorithm can
achieve a higher success rates of 86%e90%.8,9,10 The US NCDR data
says that the success of CTO PCI depends upon the operator’s
experience. For operators performing <5, 5 to 10, and >10 CTO PCI
per year the success rate was found to be 53%, 62%, and 75%
respectively. Comparing this to our centre data, overall we per-
formed 456 CTO PCI in a year with around 10 operators performing
CTO PCI at the centre. Thus, we fulfil the criteria of being a very high
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volume centre for CTO interventions, with a fair success rate
compared to developed nations. We also compared our study re-
sults with the existing data from India.11,13,13,14 Overall the results
from prior Indian studies showa CTO PCI success rate to be 68e87%.
The largest data of 632 patients is by Goel et al collected over a
period of 9 years.13 The success rate of CTO PCI was 74.7% and the
clinical and angiographic profile of patients were very similar to our
study population. The average JCTO score was 1.5 compared to 1.78
in our study. Another data from high volume centre of south India
showed a CTO PCI success rate of 87% in selected population with
an average JCTO score of 1.78 ± 0.12. This study showed around 10%
of cases were performed by retrograde technique which was uti-
lized in <1% of our cases thus may affect the overall success rate of
our CTO PCI.11 Thus, we still have a long way to go in achieving a
higher success rate in CTO PCI compared to very highly skilled
operating centres where the success rate of almost 90% is achieved
routinely.20

Our study also showed advanced age, male sex, increasing JCTO
score, CTO in LCx distribution to be independently associated with
poor procedural success of CTO PCI. Only one study from India have
studied the predictors of procedural outcome in CTO PCI and found
high JCTO score and history of unstable angina as independent
predictors of unsuccessful CTO PCI.11 However, various clinical and
angiographic scores have been developed in the past to predict the
success of CTO PCI.21 They have shown prior CABG, prior MI, severe
calcification, long length of CTO, non-LAD CTO and blunt stump to
be predictors of failure of CTO PCI. Another novel score developed
for antegrade only technique have taken only lesion characteristics
such as bridging collaterals, absence of stump, calcification, acute
bend, presence of side branch, and lack of retrograde filling as
predictors of poor outcome in CTO PCI.22 Thus, overall the JCTO
score takes into account lesion characteristics and added on to it
the clinical features can predict the outcome of CTO PCI. Male sex
and advanced age are new clinical predictors found in our study to
be negatively associated with CTO PCI success. The strength of such
an association can be evaluated in future prospective clinical study.

4.1. Limitations

As an observational study it can just find the association be-
tween the parameters and procedural outcome and cannot deter-
mine the causality with confidence. As it is a single centre
experience with a very high volume of overall PCI and CTO PCI, a
bias may arise because of patients being referred to us and may
overestimate the prevalence. Also as multiple interventionists at
various levels of expertise were involved in management, their
treatment decisions and operative characteristics would have
influenced the studied parameters and outcomes and may not be a
true representation of CTO PCI outcomes in current era. Another
limitation of the study is lack of demonstration of myocardial
viability prior to decision making in the treatment of CTO. In view
of the retrospective nature of study design, we did not evaluate the
improvement of clinical characteristics and MACE (Major Adverse
Cardiovascular Events) and TLR (Target Lesion Revascularization) of
study population which we consider a major limitation of this
study. Our study population did not had usage of invasive imaging
like IVUS (Intravascular Ultrasound) or OCT (Optical coherence to-
mography). Nevertheless, the study determines the prevalence of
CTO in India for the first time and also determines its clinical and
angiographic characteristics.

5. Conclusion

The present study provides vital information of CTO prevalence
in contemporary practice of catheterization laboratory in India. It
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also describes in detail about its clinical, angiographic features and
predictors of outcome of CTO PCI. It has found that in patients of
CAD nearly one quarter will have an artery with CTO and fair suc-
cess in PCI of CTO can be attained by antegrade technique in an
experienced setting.
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