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CHRONIC TOTAL OCCLUSION: SINGLE CENTRE STUDY 

 

ABSTRACT 

BACKGROUND: There is a significant gap in knowledge regarding clinical presentation, 

treatment decisions, and clinical follow-up for patients diagnosed with coronary chronic total 

occlusions (CTOs) in India.  

 

METHODS: All individuals >18 years diagnosed with CTO involving any vessel on 

coronary angiography at our institute were prospectively studied. Demographic details, 

treatment decisions, and 1-year follow-up were documented. The primary outcome variable 

was major adverse cardiovascular events at 1 year. Secondary outcome measures included 

symptom alleviation and the requirement of antianginal agents during follow-up. We also 

compared the outcomes of patients with and without revascularization. 

 

RESULTS: One hundred and fourteen consecutive patients (90.4% male, mean age of 

59.5±9.8 years, and mean SYNTAX score of 28.3±11.1) with coronary CTO were studied. 

Angina (74.3%) was the predominant symptom. Seventy-six (66.7%) patients underwent 

successful coronary revascularization (PCI- 25.4%, CABG- 41.3%). At 1-year follow-up, 

there was no significant difference in mortality (p=0.07) and myocardial infarction (p=0.08) 

between the patients who underwent revascularization and who did not. Most patients 



 

 

(86.8%) showed symptomatic improvement, and 13.2% required additional antianginal 

agents for symptom alleviation. 

 

CONCLUSION: Regardless of the status of revascularization, major adverse cardiovascular 

events and symptom alleviation did not differ significantly in patients with CTO. 
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INTRODUCTION 

Approximately one-fourth of individuals with coronary artery disease (CAD) who undergo 

coronary angiography have coronary CTO (1). It has a diverse clinical presentation. 

Management strategies for CTO include medical therapy, percutaneous coronary intervention 

(PCI), and coronary artery bypass graft (CABG). CABG is the preferred choice for patients 

with multi-vessel disease. Despite optimal medical therapy, refractory angina is an indication 

of revascularization (2). Complete coronary revascularization is associated with a better 

prognosis regarding enhanced survival and decreased MACE. Surgical revascularization is 

currently the standard method to achieve complete revascularization in patients with multi-

vessel CAD and CTO (4). Recently, PCI has been gaining popularity with success rates of 

approximately 90% and minimal complications (5); this could be attributed to meticulous 

pre-procedural lesion assessment and advanced techniques and materials used at dedicated 

centres. In this study, we aimed to evaluate the clinical features, angiographic profile, 

management options, major adverse cardiac events (MACE), and symptom relief at 1 year in 

patients diagnosed with CTO. 

MATERIALS AND METHODS 



 

 

This prospective observational study was conducted at Apollo Main Hospital, Chennai, from 

July 2021 to July 2022. A convenient sample size was taken. All patients >18 years with 

CAD diagnosed with CTO following coronary angiography were included. [Coronary 

chronic total occlusion (CTO) is defined as complete occlusion of a coronary artery for at 

least 3 months with TIMI (thrombolysis in myocardial infarction) grade 0 flow (7)]. Patients 

with a history of CABG were excluded. Demographic details were recorded. The extent of 

CAD was measured by the SYNTAX SCORE I. Angiographic analyses included the number, 

location, severity, vessel tortuosity, calcification, length of the occlusion, and vessel 

tortuosity. The Japanese Chronic Total Occlusion (J-CTO) score was used to evaluate the 

technical complexity of the lesion. Management decisions taken subsequently were 

documented. At 1-year follow-up, MACE (myocardial infarction, stroke, and death), 

symptomatic improvement (angina/dyspnoea), and the requirement of additional antianginal 

agents were recorded. The study was approved by our Institutional Review Board, and 

written informed consent was obtained from all patients (AMH-DNB-069/07-21). 

STATISTICAL ANALYSIS 

Statistical analysis was performed using SPSS (IBM, version 28.0). The normality of 

continuous variables was tested using the Shapiro-Wilk test. Continuous variables were 

presented as either mean ± standard deviation or median with range. Categorical variables 

were presented as percentages and frequencies. Student’s t-test/Mann Whitney U test was 

used to determine the significant changes in the continuous factor between CTO and non-

CTO vascularization. The chi-square/Fisher’s exact test was used to determine the association 

between two independent categorical factors. P-value <0.05 was considered significant. 

RESULTS 



 

 

The majority of the study population had multi-vessel disease (79.8%) with a high SYNTAX 

score (>23). Angina was the most common symptom. Table 1 represents the baseline 

characteristics of the study population. The mean syntax score was 28.3 ± 11.1, and the mean 

J CTO score in the CTO artery was 2.1 ± 0.,7 which denoted technically difficult lesions. 

 

Table 1-Baseline characteristics and clinical features of the study population (n=114) 

Parameters n (%) 

Age (in years) 

Mean ± SD 

 

 59.5 ± 9.8  

Gender 

Male 

Female 

 

103 (90.4) 

11 (9.6) 

Chest Pain 83 (72.8) 

Dyspnoea 42 (36.8) 

Hypertension 69 (60.5)  

Diabetes 58 (50.9)  

Past Acute Coronary Syndrome 34 (29.8) 

Prior PCI 

Yes 

Attempted and failed 

 

8 (7.0)  

1 (0.9)  

Dyslipidaemia 27 (23.7)  

Chronic Kidney Disease 3 (2.6)  

SYNTAX 1 score 

Mean ± SD 

Grouping 

<23 

23-33 

>33 

 

28.3 ± 11.1 

 

38(33.3) 

42(36.8) 

34(29.8) 

J-CTO score 

Mean  

 

2 ± 0.7 

J-CTO*: Japanese Chronic Total Occlusion score, PCI*: Percutaneous Coronary 

Intervention, SD*: Standard deviation, SYNTAX*: Synergy Between percutaneous coronary 

intervention (PCI) With Taxus and coronary artery bypass surgery (CABG) 

 

Table 2: Angiographic profile in the study population 



 

 

DVD*-Double vessel disease, SVD*-Single Vessel Disease, TVD*-Triple vessel disease, 

LCX*-Left circumflex artery, LAD*-Left Anterior Descending Artery, RCA*-Right 

Coronary Artery 

Table 2 represents the angiographic findings of the patients. Two-thirds of the study 

population had CTOs involving the right coronary artery. Half of the study population had 

triple vessel disease.  

 

Management strategies in the study population: 

Forty-nine (43%) patients underwent CABG, and 36 (31.6%) individuals were managed 

medically. Among those who underwent CABG, a bypass graft was placed in the artery with 

a CTO for 47 (95.9%) patients. PCI was attempted in 31.5% of patients, with a success rate 

of 80.6%. Thirteen (11.4%) patients underwent PCI to the non-CTO artery. Figure 1 

demonstrates an overview of the management strategies for the CTO. Table 3 represents the 

outcomes of management strategies. 

Figure 1: Management strategies in the study population  

Parameters  n (%) 

Angiographic Diagnosis 

  TVD 

  DVD 

  SVD 

 

 

60 (52.6) 

31 (27.2) 

23 (20.2) 

 

Total no of CTO lesions 144 

CTO Artery 

  LAD 

  LCX 

  RCA 

 

34 (29.8) 

34 (29.8) 

76 (66.7) 

CTO in 2 Arteries  

  LAD & LCX 

  LAD & RCA 

  LCX & RCA 

 

8 (7.0) 

11 (9.6) 

19 (16.7) 

CTO in 3 Arteries  

  LAD, LCX & RCA 

 

3 (2.6) 



 

 

 

Table 3: Outcomes of various management strategies adopted for CTO 

Parameters n (%) 

CABG 

CABG CTO artery revascularization -Yes 

                                                                  No 

49 

47 (95.9) 

2 (4.1) 

PCI to non-CTO artery 13(11.4) 

MACE 

Death 

MI 

 

 

5 (4.4) 

2 (1.8) 

Antianginals added 

Yes 

 

 

15 (13.2) 

 

Symptomatic Improvement 

Yes 

No 

N/A (Death) 

 

99 (86.8) 

10 (8.8) 

5 (4.4) 

Patients with coronary CTO 

         n=114(100%) 

Medical 

29 (25.4%) 

    PCI 

         36(31.6%) 

 

CABG surgery 

      49(43%) 

Attempted and 

failed 

7 (19.4%) 

 

 

7 (6.1) 

SUCCESSFUL 

29 (80.6%) 

 

 



 

 

PRIMARY AND SECONDARY ENDPOINTS OF THE STUDY POPULATION 

During the course of twelve months of follow-up, the majority of patients (93.8%) did not 

experience any MACE. Eight patients required antianginal agents for symptom relief. 

SUB-GROUP ANALYSIS BASED ON REVASCULARISATION OF CTO ARTERY 

A subgroup analysis was performed depending on whether the artery having CTO was re-

vascularized or not. Table 4 indicates that the baseline characteristics in both the sub-groups 

were comparable. 

Table 4: Baseline characteristics and clinical features of the study population 

categorized based on whether revascularization was performed or not  

Parameters 

CTO 

revascularization 

(n=76) 

No CTO 

revascularization, 

 (n=38) 

Overall, 

(n=114)  
P-value 

Age (In years) 

  Mean ± SD 

  Range 

 

59.4 ± 9.4 

36 – 85  

 

59.9 ± 10.9 

36 – 84  

 

59.5 ± 9.8 

36 – 85  

0.785# 

Gender 

  Male 

Female 

 

68(89.5) 

8 (10.5) 

 

35(92.1) 

3 (7.9) 

 

103 (90.4) 

11 (9.6) 

>0.99* 

Chest Pain 60(78.9) 23 (60.5) 83 (72.8) 0.071* 

Dyspnea 27(35.5) 15(41.7) 42 (36.8) 0.533* 

Hypertension 47 (61.8) 22 (57.8) 69 (60.5) 0.538* 

Diabetes 38 (50.0) 20 (52.6) 58 (50.9) 0.842* 

Past ACS 22 (28.9) 12 (26.3) 34 (29.8) 0.661* 

Prior PCI 

Yes  

  Attempted & Fail 

 

5 (6.6) 

1 (1.3) 

 

3 (7.9) 

- 

 

8 (7.0) 

1 (0.9) 

0.744* 

Dyslipidemia 16 (21.1) 11 (28.9) 27 (23.7) 0.487* 

CKD 3 (3.9) - 3 (2.6) 0.550* 

Diagnosis  

  TVD 

  DVD 

 

45 (59.2) 

21 (27.6) 

 

15 (39.5) 

10 (26.3) 

 

60 (52.6) 

31 (27.2) 

0.041* 



 

 

  SVD 10 (13.2) 13 (34.2) 23 (20.2) 

Syntax 1 score 

  Mean ± SD 

  Range 

 

29.1 ± 10.9 

6 – 65  

 

26.5 ± 11.4 

8 – 49.5 

 

28.3 ± 11.1 

6 – 65  

0.196# 

J-CTO score  

  Mean ± SD 

  Range 

 

2.1 ± 0.7 

1 – 4  

 

1.9 ± 0.7 

1 – 4  

 

2.1 ± 0.7 

1 – 4  

0.228# 

Syntax grouping  

<23 

  23 to 33 

>33 

 

21 (27.6) 

32 (42.1) 

23 (30.3) 

 

17 (44.7) 

10 (26.3) 

11(29) 

 

38 (33.3) 

42 (36.8) 

34 (29.8) 

0.202* 

ACS-Acute Coronary syndrome, CKD-Chronic Kidney disease DVD-Double vessel disease, 

SVD-Single Vessel Disease, TVD-Triple vessel disease #- Student’s t-test/Mann Whitney U 

test; *- Chi-square/Fisher’s exact test 

 

Table 5 represents a comparison of outcomes between the subgroups. MACE occurred at a 

lower rate amongst patients who underwent CTO revascularization than those who did not 

(2.6% vs. 13.1%, p=0.066), but the result was not statistically significant. Symptomatic relief 

from angina was better in the group having re-vascularization (89.5% vs. 81.6%, p=0.077). A 

small proportion of patients required antianginal agents during follow-up. 

TABLE 5: Primary and secondary endpoint in the subgroups 

Parameters 

CTO 

revascularization, 

(n=76) 

No CTO 

revascularization, 

 (n=38) 

Overall, 

(n=114)  
P-value* 

MACE 

Death  

  MI 

 

1 (1.3) 

1 (1.3) 

 

4 (10.5) 

1 (2.6) 

 

5 (4.4) 

2 (1.8) 

 

0.066 

0.078 

Symptomatic 

Improvement 

  Yes  

 

 

 

68 (89.5) 

 

 

 

31(81.6) 

 

 

 

99 (86.8) 

 

0.077 

Antianginals Added 

    Yes  

 

8 (10.5) 

 

7 (18.4) 

 

15(13.2) 

 

0.189 

 



 

 

DISCUSSION: 

It is widely known that, compared to the West, CAD affects the South Asian population more 

frequently and at a younger age. The mean age of the participants in our study was lower, and 

gender predominance was similar to that found in studies conducted in the West (8) (9) (10). 

Similar to previous reports, angina was the most common symptom in our study (10) (8) (11) 

(12). The prevalence of CAD risk factors was greater in patients with CTO. There was no 

appreciable difference in terms of comorbidities, including diabetes, hypertension, and 

dyslipidemia, between patients who received revascularization and those who did not, which 

was consistent with findings from the Canadian CTO registry (16). 

The RCA was most frequently affected. This finding is in line with the results of several 

previous studies (13), (14), (15), and data from the CTO registries of Canada and Japan (16) 

(9). The majority of our patients had multi-vessel disease with a high SYNTAX score (>23) 

and J CTO score, confirming that coronary CTOs are indeed technically challenging lesions 

(8, 45, 9). In accordance with established standards for revascularization, several patients 

underwent CABG or PCI (17). The success rate of PCI was 80.5%, which is lower than that 

reported by the OPEN CTO registry (21) and the RECHARGE registry (5). 

The DECISION CTO trial (22) compared patients with ACS and CTO who underwent PCI 

with those who did not regarding all-cause mortality, myocardial infarction, stroke, and 

vessel revascularization. There was no difference in the evaluated endpoints at 3-year follow-

up patients. Results of the Euro CTO trial involving 96 patients with stable angina 

randomized to receive PCI versus medical therapy showed no significant difference in major 

adverse cardiovascular and cerebrovascular events between the two groups (23). According 

to data from the Canadian multicenter CTO registry (16), patients with CTO arteries 

revascularized had a significantly lower 10-year mortality rate. 



 

 

PCI significantly improves health status compared to medical therapy alone in patients with 

stable angina (2). Our 12-month follow-up showed greater improvement in NYHA symptom 

class among patients receiving revascularization. 

 

STUDY LIMITATIONS: 

The main drawback of our study was that the patients with CTOs were not randomly assigned 

to one of two therapy allocation groups. Additionally, using standard questionnaires like the 

Seattle Angina Questionnaire (SAQ) to assess the overall health status would have added 

benefit to the findings. Large multicenter randomized trials are necessary to determine the 

validity of our results. 

 

CONCLUSIONS: 

Most patients with CTO had multi-vessel disease with a high SYNTAX score. Regardless of 

the status of revascularization, major adverse cardiovascular events and symptom alleviation 

did not differ significantly in CTO patients. 
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