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Abstract
AIM: We intended to investigate the association of bilirubin with total mortality in patients with chronic total 
coronary occlusion (CTO).
METHODS: We included 172 patients who underwent coronary angiography due to stable angina pectoris 
and had CTO. We checked the viability of patients after 9 years of follow-up.
RESULTS: Direct bilirubin levels were signifi cantly lower in the non-viable group. We revealed age (OR 
= 1.045, 95% C.I: 1.009‒1.083; p = 0.015) and direct bilirubin concentrations (OR = 0.029, 95% C.I: 
0.002‒0.435; p = 0.029) as independent predictors of mortality. Direct bilirubin value of > 0.2 mg/dL was 
associated with decreased mortality with a sensitivity of 85 %, and a specifi city of 46 %.
CONCLUSION: Serum direct bilirubin concentrations independently predict total mortality in patients with 
chronic total occlusion over 9 years of follow-up (Tab. 1, Fig. 2, Ref. 23). Text in PDF www.elis.sk.
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Introduction

Bilirubin, the end product of the catabolism of heme, is an 
important marker of liver function and bile excretion. Clinical and 
experimental studies identifi ed bilirubin as a natural anti-oxidant 
that specifi cally inhibits lipid peroxidation (1). Serum bilirubin 
concentrations are inversely related with the risk of premature 
coronary artery disease (CAD), diabetes mellitus (DM), hyperten-
sion, and metabolic syndrome (2‒5). Moreover, higher bilirubin 
levels are associated with lower rate of cardiovascular events such 
as myocardial infarction, congestive heart failure, ischemic stroke, 
peripheral artery disease and mortality (6‒9). 

We previously demonstrated a signifi cant association between 
bilirubin concentrations and coronary collateral development (10). 
Although bilirubin is related with several cardiovascular end-
points, there is no information in the current literature regarding 
the infl uence of bilirubin on all-cause mortality in patients with 
chronic total occlusion (CTO). Therefore, we intended to inves-
tigate this association.

Methods

Our study is retrospective and observational. We included 
172 consecutive patients who underwent coronary angiography 
due to stable angina pectoris and had chronic total coronary oc-
clusion between May 2009 and December  2010. The study was 
performed in accordance with the principles stated in the Decla-
ration of Helsinki. The local ethics committee approved the study 
protocol. Patients were checked for viability using hospital and 
social security database, and telephone contact. 

Clinical characteristics, involving the history and physical 
examination of each patient, were gathered at the time of cardiac 
catheterization and stored in the database of coronary angiography 
laboratory at our institution. 

Standard selective coronary angiography with at least 4 views 
of the left coronary system and 2 views of the right coronary artery 
was performed in all patients using the Judkins technique. Total 
coronary artery occlusion was defi ned as 100 % luminal diameter 
stenosis without a discernable lumen and the absence of antero-
grade fl ow. CTO was defi ned as total coronary artery occlusion 
of ≥ 3 months in duration.

Patients who had CTO in at least one major coronary ar-
tery were included in the current study. The coronary angio-
grams were reevaluated for collateral development by two ex-
perienced interventional cardiologists who were totally blinded 
to the study. The grade of coronary collateral development was 
determined according to the Cohen-Rentrop method (11). Patients 
with grade 0‒1 collateral development were regarded as poor col-
lateral group and patients with grade 2‒3 collateral development 
were regarded as good collateral group (12). Collateral grading 
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was performed for the vessel with CTO. If a patient had more 
than one vessel with CTO and collateral development, collateral 
grading was defi ned according to the vessel that had better col-
lateral development. 

Patients with symptomatic peripheral vascular disease, cere-
brovascular disease, prior PCI and/ or CABG, non-ischemic dilated 
cardiomyopathy, evidence of ongoing infection or infl ammation, 
hepatic or cholestatic disease, recent acute coronary syndrome 
either with or without ST-segment elevation (one month within 
enrollment), hematological disorders and known malignancy were 
excluded from the study.

Blood samples were drawn by venipuncture to perform routine 
blood chemistry analyses after fasting for at least 8 hours before 
coronary angiography. Fasting blood glucose, serum creatinine, 
serum bilirubin, total cholesterol, high-density lipoprotein (HDL) 
cholesterol, low-density lipoprotein (LDL) cholesterol, and triglyc-
eride levels were recorded. Glucose, creatinine, and lipid profi le 
were determined by standard methods.
Statistical analysis

Continuous variables were presented as mean ± standard devia-
tion, and categorical variables were presented as percentages. The 
variables were investigated using visual (histograms, probability 
plots) and analytical methods (Kolmogorov-Smirnov/Shapiro-
Wilk’s test) to determine the distribution of data. Student t test 
was used to compare normally distributed parameters among the 
mortality groups. The Mann‒Whitney U-test tests were conducted 
to compare not normally distributed parameters among the mor-
tality groups. Cross tabulations were used for comparison of the 
proportions of patients with categorical variables. The Chi-square 
or Fisher’s exact test (when chi-square test assumptions do not hold 
due to low expected cell counts) was used to compare different 
groups. For multivariate analysis, possible factors identifi ed with 
the univariate analyses were further entered into the logistic re-
gression analysis to determine independent predictors of mortality. 
Hosmer‒Lemeshow goodness of fi t statistics was used to assess 
model fi t. A 5 % type-I error level was used to infer statistical 
signifi cance. Statistical analyses were performed using the SPSS 
software (Version 23.0, SPSS, Inc., Chicago, IL).

Results

Demographic parameters
Among 172 patients 55 (31.9 %, 7 female, 48 male) subjects 

died during follow-up. We formed two groups according to mor-
tality. Patients who died were older (61.34 ± 9.63 vs 66.76 ± 9.33 
years; p = 0.001). The other demographic characteristics were 
similar between groups. 

Laboratory values
Laboratory values were not different except direct bilirubin 

concentrations. Direct bilirubin levels were signifi cantly lower 
in the non-viable group (0.28 ± 0.15 vs 0.23 ± 0.11 mg/dL; p = 
0.031). There was a non-signifi cant trend for increased platelet 
count and creatinine in the mortal group (Tab. 1).

Angiographic characteristics 
Subjects who died had higher involvement of the right coro-

nary artery (RCA). Collateral fl ow grade or CTO count did not 
differ between groups. Admission medical treatment was not dif-
ferent. 

Multivariate & ROC Analysis
We revealed age (OR = 1.045, 95% C.I: 1.009‒1.083; p = 

0.015) and direct bilirubin concentrations (OR = 0.029, 95% C.I: 
0.002‒0.435; p = 0.029) as independent predictors of mortality. 
AUC values of direct bilirubin were 0.349. Direct bilirubin value 
of > 0.2 mg/dL was associated with decreased mortality having 
high sensitivity (85 %), but low specifi city (46 %). Kaplan‒Meier 
survival curve is presented in Figure 1.

Discussion

We discovered that age and direct bilirubin concentrations were 
predictors of all-cause mortality independent of good collateral 

Alive (n=117) Dead (n=55) p 
Demographic parameters
Age (years) 61.34±9.63  66.76±9.33 0.001
Gender (female %) 21 (17.9 %) 7 (12.7 %) 0.387
Diabetes 47 (40.2 %) 17 (31.5 %) 0.275
Hypertension 59 (57.8 %) 31 (64.6 %) 0.432
Dyslipidemia 85 (72.6 %) 43 (78.2 %) 0.438
Smoking 48 (47.1 %) 27 (56.3 %) 0.294
LV EF 49.94±13.68 46.58±11.19 0.186
Laboratory values
Glucose (mg/dL) 119.44±35.96  123.40±53.25 0.569
BUN (mg/dL) 37.76±14.18  42.07±17.26 0.085
Creatinine (mg/dL) 0.98±0.28  1.09±0.56 0.084
Total bilirubin (mg/dL) 0.71±0.29 0.67±0.25 0.289
Direct bilirubin (mg/dL) 0.28±0.15 0.23±0.11 0.031
Total Cholesterol (mg/dL) 187.24±47.67 198.71±47.94 0.253
Triglycerides (mg/dL) 148.27±82.77 149.54±59.72 0.922
HDL (mg/dL) 37.17±9.86 36.17±8.28 0.542
LDL (mg/dL) 123.24±36.44 128.27±32.91 0.412
WBC ( 103/mm3) 7.73±2.28 7.91±2.24 0.357
Lymphocytes ( 103/mm3) 2.16±0.82 2.16±0.92 0.635
Monocytes ( 103/mm3) 0.59±0.26 0.65±0.31 0.191
Hemoglobin (mg/dL) 13.60±1.45 13.47±1.46 0.591
Platelets ( 103/mm3) 268.09±58.63 291.33±105.06 0.066
Angiographic parameters
Rentrop grade

Rentrop 0‒1
Rentrop 2‒3

 
43 (36.8 %)
74 (63.2 %)

 
21 (38.2 %)
34 (61.8 %) 0.856

Number of CTO
1
2

 75 (79.8  %)
26 (70.3 %)

19 (20.2  %)
11 (29.7 %) 0.243

Affected vessel
LAD
RCA
CX

47 (50 %)
34 (36.2 %)
13 (13.8 %)

13 (35.1 %)
24 (64.9 %)

0 (0 %)
0.003

CAD ‒ Coronary artery disease, LDL ‒ Low-density lipoprotein, HDL ‒ High-
density lipoprotein, CTO ‒ chronic total coronary occlusion, LAD ‒ left anterior 
descending, CX ‒ circumfl ex, RCA ‒ right coronary artery LV EF ‒ Left ventricular 
ejection fraction

Tab. 1. Demographic, biochemical, and angiographic parameters of 
study group.
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development in patients with CTO during 9 years follow-up. As 
far as we know, our study is the fi rst to demonstrate the relation-
ship of bilirubin in this specifi c group with long-term observation.

As we mentioned previously, serum direct bilirubin is inversely 
related to both atherosclerotic risk factors, and cardiovascular mor-
bidity and mortality (13). Although the exact pathophysiological 
process is not clear, the strong anti-oxidant activity of bilirubin 
is widely accepted as the major mechanism (14, 15). Oxidative 
stress plays an important role in atherosclerosis (16). Therefore, 
higher bilirubin concentrations may be associated with decreased 
oxidization of lipids and lipoproteins, which in return diminishes 
atherogenic plaque formation. Data suggests that a relationship 
exists between bilirubin and peripheral artery disease and carotid 
intima-media thickness (8, 17, 18). Turfan and coworkers revealed 
that serum bilirubin levels were independently and inversely as-
sociated with high Syntax score in patients with stable CAD 
(19). Similarly, Chang et al. demonstrated that bilirubin is related 
with coronary artery disease complexity and severity assessed by 
SYNTAX score and 1-year major adverse cardiovascular events in 
patients with stable angina pectoris undergoing revascularization 
(20). Thus, low serum bilirubin seems to be associated with the 
severity of CAD besides being a risk factor for enhanced athero-
genesis. We think that the same mechanism may also have a role 
in decreased long-term mortality as in our study.

Infl ammation is also closely related to atherosclerosis. Akboga 
and coworkers demonstrated that bilirubin correlated inversely 
with infl ammatory mediators including CRP (21). We may hypoth-
esize that bilirubin may decrease plaque progression and vulner-
ability by reducing LDL oxidation, with concomitant decreases 
in local and systemic infl ammation. 

Good collateral development is associated with increased 
survival (22, 23). Interestingly we found that coronary collateral 
development grade, either poor or good, was not associated with 
mortality. We think that very long follow-up duration in this spe-
cifi c population may have caused this contradictory result.

Our study has several limitations. Mainly the study group is 
relatively small. Moreover, we do not have the data regarding the 
long-term medications, drug adherence, and revascularization dur-
ing follow-up. We do not have any information regarding other 
adverse events. However, we investigated death, a hard end-point, 
which is the strongest part of our study. 

Conclusion

Serum direct bilirubin concentration independently predicts 
total mortality in patients with chronic total occlusion over 9 years 
of follow-up.
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