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Introduction

Chronic total occlusion of a coronary artery (CTO) is a predictor of early and late cardiovascular
mortality and poor cardiovascular outcomes in patients with coronary artery disease. The purpose
of this study was to identify predictors of all-cause mortality in CTO patients that underwent invasive
treatment.

Patients between 2012 and 2018 with CTO in at least one vessel, as demonstrated by coronary
angiography, were included retrospectively in the study. The patients were divided into two groups, an
intervention group (percutaneous and surgical revascularization) and a medical group.

A total of 543 patients were studied, 152 females (28%) and 391 males (72%). The median follow-up
period was 49 (26-72) mos. A total of 186 (34.2%) patients in the medical group and 357 (65.8%)
patients in the invasive therapy group were followed. The S-yr death rate was observed in 50 (26.9%)
patients in the medical group and 53 (14.8%) patients in the intervention group, and it was found
to be statistically higher in the medical group (p=0.001). In multivariable analysis, heart failure (odds
ratio (OR): 1.92, 95% CI: 1.18-3.14; p=0.01), higher glucose levels (OR: 1.05, 95% CI: 1,02-1.08;
p=0.04), lower albumin levels (OR: 0.49, 95% CI: 0.32-0.72; p=0.001), SYNTAX score (OR: 1.03,
95% CI: 1.01-1.05; p=0.001), and CTO (>2 occluded artery) (OR: 0.42, 95% CI: 0.22-0.72; p=0.01)
were independent factors for all-cause mortality.

In comparison to the revascularized group, there was an increase in mortality among CTO patients
treated medically. Heart failure, SYNTAX score, albumin, glucose, and CTO (>2 occluded arteries)
were independent risk factors for all-cause mortality.
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(CAG).CTOispresentin 8-15% of patients with ST-segment

Despite recent advances in medical treatment and in
percutaneous coronary intervention (PCI) or coronary
artery bypass graft surgery (CABG), coronary artery disease
(CAD) remains the leading cause of morbidity and mortality
worldwide. Total coronaryartery occlusion (CTO) is a complex
coronary lesion. It is defined as an atherosclerotic lesion with
a Thrombolysis in Myocardial Infarction (TIMI) grade of 0 and
that remains completely occluded for at least 3 mos [1].

CTO can be detected incidentally in patients with
myocardial infarction or as a result of coronary angiography
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elevation myocardial infarction (STEMI) and in 10-30%
of patients undergoing CAG for unstable angina or for non-
STEMI [2]. Despite technological advances, the majority of
CTO patients are still treated medically, with only 10-15%
being revascularized by PCI [3, 4]. CTO treatment improves
the quality of life, increases left ventricular (LV) ejection
fraction, reduces angina attacks, reduces the need for CABG,
and improves tolerance to future myocardial infarction [ 5-7].

The presence of CTO in STEMI patients is a significant
predictor of both early and late cardiovascular mortality
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and morbidity [8]. The presence of CTO is closely related
to cardiogenic shock, recurrent myocardial infarction, and
ischemic stroke as compared to multi-vessel disease and
without CTO [8]. According to these findings, the presence
of CTO in a non-infarct-related artery is associated with
a poor prognosis. It is important to determine the factors
that affect the prognosis during the follow-up period and
for treatment optimization. Thus, we aimed to determine
all-cause mortality predictors in patients with CTO who
underwent invasive treatment.

Material and methods

This retrospective and observational study included pa-
tients between 2012 and 2018 with CTO evident in at least
one vessel after CAG. Only patients who underwent invasive
treatment or medical therapy after CAG were included.
The demographic characteristics and medical histories
of the patients were obtained from the electronic database
of the local institution. Patients with a CTO vessel diameter
less than 2 mm, those who were unable to be followed up,
and those who had unsuccessful interventions were excluded
from the study. The study enrolled a total of 543 patients.
Laboratory data were obtained from blood samples taken
during hospitalization. The ethics committee of our hospital
approved the study.

CAG was performed using the Judkins technique via the
femoral artery. PCI or CABG was performed in cases where
10% ischemia was identified in the area supplied by an artery
by non-invasive tests or in cases of resistant angina pectoris
despite medical therapy. A successful PCI intervention was
defined as <30% residual stenosis and at least grade 2 TIMI
flow. A left internal mammary artery graft was used in all
CABGs. Patients who did not require invasive therapy or
refused an interventional procedure were treated medically.
Follow-up data were obtained from the hospital database
and from interviews with patients or their families, directly
or by phone. The primary endpoint was death dues to all
causes.

Statistics

The data were analyzed with SPSS (Statistical Package
for Social Science for Windows), version 24. Histograms
and the Shapiro-Wilks test were used to verify normal
distributions of data. Continuous variables are presented
as meantstandard deviation (normally distributed data)
or as median and interquartile range (IQR, 25-75%)
(non-normally distributed data). Categorical variables are
expressed as percentages. A chi-square test was used to com-
pare categorical variables between groups. For normally
distributed data, the Mann-Whitney U test was used to
analyze differences between the main groups. The Kaplan-
Meier procedure was used for survival analysis of the medical
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Table 1. Demographic and laboratory data
of the medical and intervention groups

Variables Medical Intervention Dt
group,n=186  group,n=357

Age, yrs 65.82+11.73 61.50+£10.47  <0.001
Male 142 (75.1) 249 (69.7) 0.10
Death (in S yrs) 50 (26.9) 53(14.8) 0.001
Hypertension 80 (42.3) 114 (31.9) 0.01
Diabetes mellitus 52 (27.5) 111 (31.1) 0.22
Hyperlipidemia 13 (6.9) 22(6.2) 0.43
Smoking 54 (28.6) 96 (26.9) 0.37
Renal failure 10(5.3) 21 (5.9) 0.47
Heart failure 21 (11.1) 32(9.0) 0.25
Atrial fibrillation 3(1.6) 3(0.8) 0.34
Stroke 6(3.2) 9(2.5) 0.42
MI 65 (34.4) 116 (32.5) 0.36
CIN 16 (8.5) 27 (7.6) 0.41
Ejection fraction, % 50 (40-60) 50 (40-60) 0.34
WBC, 10°/ul 8.7(7.2-10.7) 8.9(7.3-109)  0.61
Hemoglobin, gr/dl ~ 13.4(12.1-14.8) 13.9(12.6-15)  0.08
GFR, ml/min 88,5 (72-110)  88(70-100)  0.92
Glucose, mg/dl 113 (94-149) 117(95-172) = 024
Albumin, g/dl 35(32-3.8) 3.7(3.4-39) 001
;‘;t;‘illchde“eml' 170 (145:201) 177 (147-213) ~ 021
Triglyceride, mg/dl 132 (90-184)  161(109-226) = <0.001
LDL, mg/dl 102 (81-126)  99(75-133)  0.62
HDL, mg/dl 36 (31.7-43) 38 (32-46) 0.03

Data are number (percentage), meantSD, or median (IQR, 25-75%).
CIN, contrast-induced nephropathy; GFR, glomerular filtration rate;
HDL, high-density lipoprotein; LDL, low-density lipoprotein;

MI, myocardial infarction; WBC, white blood count.

and intervention groups. Multivariate logistic regression
analyses were performed to determine the predictors of total
mortality. P values <0.05 were considered statistically signi-
ficant.

Results

A total of 543 patients were enrolled in the study,
152 females (28%) and 391 males (72% ). The median follow-
up period was 49 (26-72) mos. There were 186 (34.2%)
patients in the medical group and 357 (65.8%) patients in
the invasive therapy group. The median age of the medical
group was significantly higher than the other group
(p<0.001). There was no significant difference between
the follow-up periods for both groups. The demographic and
laboratory data of the groups are shown in Table 1.

The S-yr mortality rate was 50 (26.9%) for the medical
group and 53 (14.8%) for the intervention group (p=0.001).
The intervention group had a significantly higher rate of CTO
lesions in the left anterior descending coronary artery (LAD,
p=0.03).

The CTO lesion length and vessel diameter were higher in
the intervention group than in the medical group (p=0.001,
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Table 2. Angiographic findings

in the medical and intervention groups

Table 4. Laboratory data
and angiographic features of PCI and CABG groups

PCI CABG

. Medical group, Intervention Variable . _ p value
Variables n=186 group, n=357 p value group,n=278 group, n=79
Hemoglobin, gr/dl 13.8£1.9 13.3+1.8 0.02
LAD CTO 66 (34.9) 155 (43.4) 0.03 GFR, ml/min 8324251 8631256  0.43
CXCTO 36 (19) 81(22.7) 0.19 Albumin, g/dl 3.6+0.42 3.3+0.4  <0.001
8
CTO lenaths 20 —~ Y 001 LDL, mg/dl 101£40.1  123.6+42.5  0.001
ength> 20mm 9(473) (59.1) : SYNTAX score 27.8+9.8 30.5£92 001
Blunt stump 68 (36) 151 (42.3) 0.09 LAD lesions 202 (72.7) 79 (100)  <0.001
Tortuous CTO 73 (38.6) 195 (54.6)  <0.001 LAD CTO 117 (42.1) 38 (48.1) 0.34
Calcification 33(17.5) 57 (16) 0.36 CXCTO 55 (19.8) 26 (32.9) 0.01
RCA CTO 127 (45.7) 41(51.9) 0.32
Long CTO 87 (46.3) 215(60.2)  0.001 CTO length> 20mm 170 (612)  41(51.9)  0.14
Number 1:170 (91.3) 314 (87.9) Blunt stump 128 (46) 23 (29.1) 0.01
of CTO 2:16(8.7) 40(11.2) 0.40 Tortuose CTO 167 (60.1)  28(35.4)  <0.001
e 3(09) Calcification 52(18.7) 5(6.3) 0.01
Rentrop 0:21 (11) 27(7.6) Number 1:98(353)  5(63)  <0.001
collateral 1:72(38.1) 163 (45.7) 024 of the vessel with 2:115(414)  32(40.5) 0.5
classification 2: 65 (34.4) 107 (30) significant stenosis 3:65(23.3) 42(53.2) 0.001
3:31(16.4) 60 (16.7) Number 1:257(92.4)  57(72.2) = <0.001
Number 1: 54 (28.6) 103 (28.9) of CTO 2:21(76)  19(24.1)  <0.001
of coronary 2: 86 (45.4) 147 (41.1) 0.53 3:0 3(3.7) 0.01
stenoses 3:49 (25.9) 107 (30) 0:23(8.3) 4(5.1)
. Rentrop collateral 1: 128 (46) 35(44.3)
P 0.40
lzf‘ér;‘ge; . 25(2229)  2.85(24-32)  <0.001 classification 2:78(28.1)  29(36.7) *
’ 3:49(17.6) 11 (13.9)
SYNTAX score 29 (23-38) 28.5(22,2-35,5) = 0.18 Data are number (percentage) or mean+SD. CABG, coronary artery

Data are number (percentage) or median (IQR, 25-75%).
CTO; chronic total occlusion; CX, circumflex coronary artery;
LAD, left anterior descending coronary artery; RCA, right coronary artery.

Table 3. Demographic features of PCI and CABG groups

Variable grou;I:,(rle=278 gro(flg,Bn(i79 pvalue
Gender (Male) 197 (70.9) 52(65.8) 0.38
Age, yrs 61.3£10.6 62.1£10.1 0.55
EF, % 49.0+11.4 51.7£9.7 0.09
Death in five years 37 (13.3) 16 (20.3) 0.12
HT 85 (30.6) 29 (36.7) 0.30
DM 80 (28.8) 31(39.2) 0.07
HL 17 (6.1) 5(6.3) 0.94
Smoking 75 (27.0) 21 (26.6) 0.94
CRF 17 (6.1) 4(s.1) 0.72
Heart failure 27 (9.7) 5(6.3) 0.35
AF 2(0.7) 1(1.3) 0.63
CVD 3(1.1) 6(7.6) 0.001
MI 106 (38.1) 10 (12.7) <0.001
PAD 8(2.9) 4(5.1) 0.34
CIN 21(7.6) 6(7.6) 0.99

Data are number (percentage) or mean+SD. AF, atrial fibrillation;
CABG, coronary artery bypass graft; CIN, contrast-induced
nephropathy; CRF, chronic renal failure; CVD, cerebrovascular
disease; DM, diabetes mellitus; EF, ejection fraction; HL,
hyperlipidemia; MI, myocardial infarction; PAD, peripheral artery
disease; PCI, percutaneous coronary intervention.

ISSN 0022-9040. Kapauoaorus. 2022;62(3). DOI: 10.18087/cardio.2022.3.n1948

bypass graft; CTO, chronic total occlusion; CX, circumflex coronary
artery; GFR, glomerular filtration rate; LAD, left anterior descending
coronary artery; LDL, low-density lipoprotein; PCI, percutaneous
coronary intervention; RCA, right coronary artery.

Table S. Results of univariate and multivariate
analyses to determine predictors of all-cause mortality

Variable U:;Z?; si?ste p value M‘:::;:ii:te p value
Heart failure =~ 3.27 (2.07-5.18) <0.001 1.92 (1.18-3.14) 0.01
Albumin 0.33(0.23-0.48) <0.001 0.49 (0.32-0.72) 0.001
Glucose 1.23 (1.07-1.40) <0.001 1.05(1.02-1.08) 0.04
fiNreTAX 1.06 (1.04-1.07) <0.001 1.03 (1.01-1.05) 0.001
LADCTO  1.47(0.97-2.21) 0.06 = -
CTO(>2)  048(0.28-0.84) 0.001 0.42(0.22-0.72) 0.01
CIN 2.60 (1.56-4.32) 0.001 - -
GFR 0.98 (0.97-0.99) <0.001 = -
Creatinine  1.23(1.07-1.40) 0.001 = -
DM 1.56 (1.05-2.32)  0.02 = -
HT 1,55 (1.05-2.29)  0.02 = -
CRF 2.49 (1.39-4.45) 0.006 - -
Hematocrit ~ 0.94 (0.91-0.97) 0.001 = -

Data are odds ratio (95% confidence interval).

CABG, coronary artery bypass graft; CIN, contrast-induced
nephropathy; CTO; chronic total coronary occlusion (>2 occluded
arteries); CRF, chronic renal failure; DM, diabetes mellitus;

HL, hyperlipidemia; LAD, left anterior descending coronary artery;
PCI, percutaneous coronary interve ntion.

S1



§ OPUT'MHAABHBIE CTATbH

p<0.001, respectively). There was no statistical difference
between groups in terms of SYNTAX score (p<0.18).
The CAG findings of the groups are shown in Table 2.
The overall survival in the S-yr in the medical group was
lower than the intervention group (p=0.02). The Kaplan-
Meier curves of the groups are shown in Figure 1.

The intervention group was divided into two groups, PCI
and CABG, and the two groups were compared. Demographic
features of those groups are presented in Table 3, and
laboratory and angiographic findings are presented in Table
4. There was no significant difference between the groups in
terms of S-yr mortality rates. The CABG group had a higher
rate of ischemic stroke (p=0.001). Total cholesterol and
LDL cholesterol were significantly higher in the CABG
group (p<0.001, p=0.001, respectively). SYNTAX score was
higher in the CABG group than the PCI group (p=0.01).
The CABG group has a higher rate of multi-vessel disease, as
wellas a higher rate of CTO in two and three vessels (p<0.001,
p<0.001, p<0.001, respectively).

In the multivariate regression analysis, heart failure
(odds ratio (OR): 1.92, 95% confidence interval (CI):
1.18-3.14; p=0.01), higher glucose levels (OR: 1.05, 95%
CI: 1.02-1.08; p=0.04), lower albumin levels (OR: 0.49,
95% Cl: 0.32-0.72; p=0.001), SYNTAX score (OR: 1.03,
95% CIL: 1.01-1.05; p=0.001), and CTO (>2 occluded
artery) (OR: 0.42,95% CI: 0.22-0.72; p=0.01) were found
as independent factors for all-cause mortality. Results of the
multivariate regression analysis is presented in Table S.

Discussion

Our main finding was that heart failure, low albumin,
high glucose, SYNTAX score, and CTO (>2 occluded
arteries) were independent predictors of all-cause mortality.
The S-yr, all-cause mortality was higher in patients with CTO
who were treated medically compared to patients treated
with PCI or CABG. There was no statistically significant
difference in mortality rates between those who underwent
PCI and those who underwent CABG.

CTO interventions have become recently a new area of
interest. Patients with LV dysfunction, large ischemic areas
(>10%) in noninvasive tests, and symptoms resistant to
medical therapy are all candidates for CTO interventions,
and the effect of these interventions on the prognosis can
only be determined in the presence of such conditions
[9-11]. Patients with CTO typically present with stable
angina pectoris. In the treatment of patients with chronic
coronary syndrome, optimal medical therapy is essential
[12]. The long-term effects of CTO intervention on CAD
prognosis are not fully understood. While no mortality
difference was found between medical and intervention
groups in randomized studies [13-16], successful PCI
has been shown to have a long-term mortality benefit in
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Figure 1. Kaplan—Meier curves displaying
survival analysis of medical and intervention groups
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observational studies [ 17-20]. Similarly, in a Japanese study,
PCI was applied to patients with CTO, and groups with
and without successful reflow were followed for 3 yrs. No
difference was detected between these groups for all-cause
and cardiac deaths [21].

Godino et al. observed that patients with CTO lesions
who were not revascularized had a 500% increase in cardiac
mortality compared to those who were revascularized [20].
This benefit was attributed to the preservation or recovery of
LV systolic function, as well as a decrease in the incidence
of ventricular arrhythmias. In other studies Kirschbaum
et al. [22, 23], found improved LV function for 3 yrs after
PCI, but an increased frequency of ventricular arrhythmias
was observed in patients with CTO. Reduced LV systolic
function, renal failure, and diabetes mellitus were identified
as effective predictors of mortality in medical group, and
mortality rates were comparable between revascularized
and medical groups [20]. Similar to that study, in the present
study, all-cause mortality was higher in patients with medical
treatment. Furthermore, high glucose, a sign of diabetes
mellitus or impaired glucose tolerance, and heart failure,
which may indicate LV systolic dysfunction, have a negative
effect on S-yr all-cause mortality.

The mortality benefit of any therapy may vary depending
on the size of the area fed by the CTO. An increase
in the jeopardized myocardial area is associated with poor
LV systolic function. This may result in an increase in poor
outcomes. In our study, we found that having more than
2 CTOswas anindependent predictor of mortality. A previous
study found that successful intervention for LAD and right
coronary artery (RCA) CTO lesions was associated with
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lower mortality [24]. We observed that the interventional
group had significantly more CTO lesions in the LAD and
RCA than the medical group. This finding may help explain
the lower mortality in the interventional group.

A high SYNTAX score in CAD patients indicates
increased mortality and morbidity [25], and a high SYNTAX
score in CTO patients has been linked to 30-day cardiac
events and procedural failure [26]. Furthermore, a high
SYNTAX score is an indicator of diffuse vascular disease,
which may result in poor cardiac outcomes due to extensive
myocardial ischemia. In the current study, we found that
a high SYNTAX score is an independent predictor of
mortality. Low albumin, which is the main component of
the prognostic nutritional index, has been associated with
in-hospital and long-term mortality in patients with CAD
[27]. The nutritional status shows the general condition and
integrity of the immune system. In our study, we also found
that low albumin was associated with an increase in 5-yr all-
cause mortality.

Limitations of the study
This is an observational and retrospective study, and so
there are some limitations. Total mortality was reported and

cardiac deaths were not specified in our study. Therefore,
deaths due to other diseases may have led to these results.
Another limitation is the difference in the number of patients
in study groups. The study population is relatively small, and
so large-scale randomized controlled studies are needed.

Conclusion

Compared to the revascularized group, we found an
increase in mortality of CTO patients treated medically.
Heart failure, SYNTAX score, albumin, glucose, and
CTO (>2 occluded artery) were found to be independent
predictors of all-cause mortality. More effort should be
made to identify patients who would likely benefit from
CTO treatment. Patients with certain risk factors should be
followed more closely, and their medical treatment should
be optimized.
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