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Background: The impact of revascularization of coronary 
chronic total occlusion (CTO) on survival is unknown. Several 
studies, which included subjects with varied coronary anatomy, 
suggested that CTO revascularization improved survival. 
However, the contribution of CTO revascularization to improved 
outcome is unclear since it was more commonly achieved in 
subjects with fewer co-morbidities and less extensive coronary 
disease. 
Objectives: To study the association between CTO revascular- 
ization and survival in patients with uniform coronary anatomy 
consisting of isolated CTO of the right coronary artery (RCA). 
Methods: A registry of 16,832 coronary angiograms was 
analyzed. We identified 278 patients (1.7%) with isolated CTO 
of the RCA who did not have lesions within the left coronary 
artery for which revascularization was indicated. Survival of 
52 patients (19%) who underwent successful percutaneous 
coronary intervention was compared to those who did not 
receive revascularization. 
Results: Revascularized patients were younger (60.2 vs. 66.3 years, 
P = 0.001), had higher creatinine clearance (106 vs. 83 ml/min, 
P < 0.0001), and had fewer co-morbidities than those who did 
not receive revascularization. Lack of CTO revascularization was 
a univariable predictor of mortality (hazard ratio [HR] = 2.65, 
95% confidence interval [95%CI] 1.06–6.4) over 4.3 ± 2.5 years 
of follow-up. On multivariable analysis, the only predictors 
of mortality were increased age (HR 1.04, 95%CI 1.01–1.07), 
reduced creatinine clearance (HR 1.02, 95%CI 1.01–1.03), and 
ejection fraction below 55% (HR 2.24, 95%CI 1.22–4.11). 
Conclusions: Among patients with isolated RCA CTO who 
underwent extended follow-up, revascularization was not an 
independent predictor of increased survival. 
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ABSTRACT:

KEY WORDS:

A mong patients with coronary disease, chronic total occlu-
sions (CTO) are found in approximately 20% of coronary 

angiograms [1]. Recent technical and technological advances 

have increased success rates of percutaneous coronary interven-
tions (PCI) in this lesion subset [2-4]. Indications for treating 
CTO are controversial [5,6]. The natural history of coronary 
artery disease is characterized by recurrent ischemic events, 
which may be especially hazardous in the presence of a pre-
existing CTO. Revascularization of a CTO may potentially 
limit myocardial ischemia if the donor vessel, which perfuses 
the distal vascular bed via collaterals, subsequently occludes. 
Alternatively, the revascularized CTO may serve as a conduit 
for collateral blood supply in the event of future occlusion of 
a coronary artery subtending a different myocardial territory. 
Observational studies have suggested reduced mortality in 
CTO patients who underwent PCI, however this may be due to 
selection bias, with healthier subjects being selected to undergo 
revascularization procedures [7-9]. Since CTO may be located 
in different segments of the coronary vasculature and occur 
as a single lesion or as part of complex multivessel disease, it 
is difficult to draw conclusions regarding benefits of revascu-
larization from published registries that included subjects with 
varied coronary anatomy, ranging from single-vessel disease to 
diffuse multi-vessel disease. Since rate of progression of coro-
nary disease is variable, extended follow-up may be required to 
appreciate the clinical benefit CTO revascularization. To bet-
ter understand the prognostic implications of revascularizing 
chronic coronary occlusions, we studied a cohort of patients 
with uniform coronary anatomy who had CTO of the right 
coronary artery (RCA) without significant disease of the left 
coronary artery and performed extended clinical follow-up. 

PATIENTS AND METHODS
DATA COLLECTION

All diagnostic coronary angiograms and PCI procedures per-
formed at our institute are prospectively documented in a digi-
tal database. The database includes a detailed description of the 
coronary anatomy and coronary interventions as well as echo-
cardiography and myocardial perfusion scan (MPS) reports. 
The institutional catheterization database was retrospectively 
analyzed to detect all patients in whom angiography revealed 
a CTO of the RCA without significant coronary disease within 



ORIGINAL ARTICLES

170 

22 2020

Figure 1. Kaplan-Meier survival chart
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the left coronary artery for which revascularization was indi-
cated [5,10]. Coronary CTO were defined as a 100% stenosis 
with thrombolysis in myocardial infarction (TIMI) grade 0 flow 
for more than 3 months [6]. Exclusion criteria included left 
dominant coronary circulation, coronary stenosis ≥ 50% within 
the left main coronary artery or ≥ 70% within the proximal and 
middle segments of the left anterior descending or circumflex 
arteries, history of coronary bypass surgery, acute RCA occlu-
sion, PCI to the RCA during the index procedure, referral for 
coronary bypass surgery during the index hospitalization, and 

death during the index hospitalization. We reviewed reports of 
all angiograms performed between January 2008 and August 
2018. When patients with angiographically proven CTO of 
the RCA during the study period had documentation of the 
CTO on a previous angiogram, the index date was considered 
1 January 2008. Follow-up was performed until death, a maxi-
mum follow-up period of 7 years, or termination of data col-
lection on 1 December 2018, whichever occurred first. Patients 
were stratified according to whether the occluded vessel was 
revascularized by PCI. Demographic and clinical characteris-
tics were documented.

Indications for CTO revascularization at our institute include 
presence of angina pectoris as well as asymptomatic myocardial 
ischemia. Ischemia was assessed by MPS and was presumed 
when the occluded vessel subtended viable myocardium [11,12]. 
Myocardial viability was confirmed when myocardial contractil-
ity was demonstrated on echocardiography or left ventriculogra-
phy. In all other cases, viability was assessed by MPS.

The study endpoint was all-cause mortality. This outcome 
was selected due to the retrospective study design, with inten-
tion to avoid reporting bias, which may influence detection of 
other clinical outcomes. Deaths were ascertained by reviewing 
patient records in the institutional database, which is linked 
to the Ministry of Interior database, which records all cases of 
mortality. 

STATISTICAL ANALYSIS

Continuous variables were summarized as mean ± standard 
deviation, and categorical variables were presented as numbers 
and proportions. Chi-square test was used to compare categori-
cal variables and Student’s t test was used to compare continu-
ous variables. The Kaplan-Meier estimate was used to generate 
a survival curve and log-rank testing was used to compare 
survival between the groups of patients that received revascu-
larization and those who did not. We assessed the association 
between demographic and clinical characteristics and mortality 
using Cox proportional univariable and multivariable models. 
For each participant, we calculated the time interval from the 
index coronary angiogram to the end of the follow-up period or 
death, out to a maximum of 7 years. Hazard ratio (HR) and 95% 
confidence interval (95%CI) for the study outcome were calcu-
lated from the models. The results were considered statistically 
significant for 2-sided P value < 0.05. Statistical analyses were 
performed using IBM Statistical Package for the Social Sciences 
statistics software, version 24 (SPSS, IBM Corp, Armonk, NY, 
USA). The study was approved by the institutional review board 
and no informed consent was required. 

RESULTS
During the study period 16,832 diagnostic coronary angio-
grams were performed at our institute. Of these angiograms, 

Table 1. Demographic and clinical patient characteristics 

No revascularization 
(n=226)

Revascularization 
(n=52)

P  
value

Age at index procedure (years) 66.5 ± 11.7 60.2 ± 9.6 0.001
Female gender 44 (19.6) 11 (21.2) 0.795
Diabetes mellitus 146 (64.6) 26 (50.0) 0.051
Hypertension 216 (95.6) 50 (96.2) 1.000
Peripheral vascular disease 75 (33.2) 8 (15.4) 0.011
Cerebrovascular disease 33 (14.6) 2 (3.8) 0.035
Creatinine clearance (ml/min) 83.6 ± 35.9 106.3 ± 33.1 0.00004
Ejection fraction (%) 50.9 ± 11.4 56.0 ± 9.8 0.001
Lack of myocardial viability in RCA territory 79 (35.0) 3 (5.8) 0.00007

Values are mean ± standard deviation or n (%)
RCA = right coronary artery
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survival [19]. Coronary CTO is a major factor limiting achieve-
ment of percutaneous revascularization in patients with coro-
nary disease [20]. Several registries of patients with CTO have 
suggested that revascularization confers a survival benefit [7-9]; 
however, these non-randomized studies were prone to selection 
bias in which patients with fewer co-morbidities and less exten-
sive coronary disease may have been selected to undergo PCI. 
The present study is unique in that is the only reported analy-
sis that focused on a group of patients with uniform coronary 
anatomy. We intentionally excluded patients with significant 

278 (1.7%) documented CTO of the RCA without lesions 
within the left coronary artery that required revascularization. 
Percutaneous revascularization of the CTO was performed in 
52 of these patients. Baseline demographic and clinical vari-
ables are detailed in Table 1. Patients in whom the CTO was 
not revascularized were older and had lower left ventricular 
ejection fraction and worse renal function compared to those 
who underwent PCI. During the follow-up period 57 patients 
died, 52 (23.0%) in the group of patients who did not receive 
revascularization and 5 (9.6%) in the group who underwent 
successful PCI.

Kaplan-Meier curves revealed superior cumulative survival 
in patients who received revascularization compared to those 
who did not after 7 years of follow-up (88.0% vs. 68.0% P = 0.03) 
[Figure 1]. Predictors of mortality on univariable analysis 
included lack of CTO revascularization (hazard ratio [HR] 
2.65, 95% confidence interval [95%CI] 1.01–6.64, P = 0.037), 
increased age HR 1.06, 95%CI 1.03–1.09, P < 0.0001), 
diabetes mellitus (HR 2.84, 95%CI 1.47–5.48, P = 0.002), 
reduced creatinine clearance (HR 1.02, 95%CI 1.01–1.03, 
P < 0.0001), peripheral vascular disease (HR 2.30, 95%CI 
1.37–3.90, P = 0.002), cerebrovascular disease (HR 2.01, 
95%CI 1.08–3.72, P = 0.028), left ventricular ejection fraction 
< 55% (HR 3.15, 95%CI 1.78–5.53, P < 0.0001), and lack of 
myocardial viability in the RCA territory (HR 1.83, 95%CI 
1.06–3.15, P = 0.03) [Table 2]. On multivariable analysis the 
only independent predictors of mortality were increased age  
(HR 1.04, 95%CI 1.01–1.07, P = 0.013), reduced creatinine 
clearance (HR 1.02, 95%CI 1.01–1.03, P = 0.002), and ejection 
fraction < 55% (HR 2.24, 95%CI 1.22–4.11, P = 0.01) [Table 3].

DISCUSSION
We identified a cohort of patients with isolated CTO of the RCA 
and performed extended follow-up. Patients who underwent 
revascularization were healthier and younger. Revascularization 
of the CTO was not found to be an independent predictor of 
survival on multivariable analysis. 

Chronic total coronary occlusions occur commonly and are 
associated with adverse outcomes [6]. Suggested indications 
for revascularizing CTO include reduction of myocardial isch-
emia [13], alleviation of anginal symptoms and quality of life  
[14-16], improvement of cardiac function [17], and preven-
tion of malignant arrhythmia [18]. Since myocardial perfusion 
in the territory subtended by the occluded vessel depends on 
flow via collaterals which originate elsewhere in the coronary 
vasculature, progression of disease in a different coronary 
artery may lead to life-threatening ischemia. In addition, CTO 
revascularization may facilitate perfusion of a different myo-
cardial territory in the event of subsequent coronary occlusion 
elsewhere. Large registries have documented an association 
between complete coronary revascularization and improved 

Table 2. Univariable predictors of 7-year mortality, Cox 
proportional hazard model

7-year  
mortality
N=57

Hazard 
ratio

95%  
confidence 
interval

P  
value

CTO revascularization
Yes
No

5/52 (9.6)
52/226 (23.0)

Ref.
2.65 1.01–6.64 0.037

Age 71.0  11.4 1.06 1.03–1.09 < 0.0001
Diabetes mellitus
No
Yes

11/106 (10.4)
46/172 (26.7)

Ref.
2.84 1.47–5.48 0.002

Creatinine clearance 62.6 ± 36.3 1.02 1.01–1.03 < 0.0001
Peripheral vascular disease
No
Yes

29/195 (15.0)
28/83 (33.7)

Ref.
2.30 1.37–3.90 0.002

Cerebrovascular disease
 No
 Yes

44/243 (18.0)
13/35 (37.0)

Ref.
2.01 1.08–3.72 0.028

Ejection fraction 
≥ 55%
< 55%
Missing

19/146 (13.0)
34/103 (33.0)
4/29 (13.8)

Ref.
3.15 1.78–5.53 < 0.0001

Lack of viability within RCA 
territory
No
Yes
Missing

27/148 (18.2)
25/82 (30.5)
5/48 (10.4)

Ref.
1.83 1.06–3.15 0.03

Values are ratio (%) 
CTO = chronic total occlusion, RCA = right coronary artery

Table 3. Multivariable predictors of 7-year mortality, Cox proportional 
hazard model

Hazard  
ratio

95% confidence 
interval

P  
value

CTO revascularization 1.20 0.45–3.20 0.72
Age 1.04 1.01–1.07 0.013
Diabetes mellitus 1.74 0.87–3.48 0.12
Creatinine clearance 1.02 1.01–1.03 0.002
Peripheral vascular disease 1.16 0.65–2.08 0.61
Cerebrovascular disease 0.97 0.50–1.88 0.93
Ejection fraction < 55% 2.24 1.22–4.11 0.01
Lack of viability in RCA territory 1.72 0.23–13.20 0.60

CTO = chronic total occlusion, RCA = right coronary artery
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disease within the left coronary disease for which revascular-
ization confers a proven survival advantage [5,10]. To increase 
ability to detect a possible impact of CTO revascularization on 
survival, we performed extended follow-up. Although CTO 
revascularization was associated with significantly improved 
survival on univariable analysis, this was not confirmed on 
multivariable analysis. 

LIMITATIONS

This is a single-center non-randomized study; however, pro-
spective randomized studies of a population with uniform 
coronary anatomy such as the cohort included in the present 
study are unlikely to be performed and are liable to be affected 
by significant crossover between patient groups. The study was 
retrospective, and prospective studies of unselected patients 
with extended follow-up are difficult to perform. The sample 
size was relatively small; however, a large number of coronary 
angiograms was reviewed to identify the study cohort. Data 
regarding administration of optimal medical therapy and 
revision of the coronary angiograms by a core laboratory are 
missing due to the retrospective design of the study. Due to 
retrospective study design we were not able to reliably identify 
patients who were subjected to unsuccessful revascularization 
attempts and to document procedural details.

CONCLUSIONS

In this real-world cohort of subjects with isolated RCA CTO 
with extended follow-up, those who received revascularization 
were younger and had fewer co-morbidities than those who did 
not undergo PCI. Revascularization of the occluded RCA was 
not an independent predictor of increased survival. Prospective 
randomized trials with long-term follow-up are required to 
identify specific patient populations who may benefit from 
CTO revascularization.
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“The road to wisdom? Well, it’s plain and simple to express: Err and err again but less  
and less and less”

Piet Hein (1905–1996), Danish polymath(mathematician, inventor, designer, author and poet), often writing under the Old Norse 
pseudonym Kumbel, meaning “tombstone”


