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Although the presence of chronic total occlusion (CTO) has been associated with long-
term mortality in the patients with ST-segment elevation myocardial infarction, the influ-
ence of having CTO on in-hospital mortality in sudden cardiac arrest (SCA)-acute coro-
nary syndrome (ACS) patients has not been reported. Therefore, we examined the
association between the presence of CTO and in-hospital mortality in those patients. Con-
secutive 106 SCA-ACS patients who received coronary angiography were retrospectively
included. The factors associated with in-hospital mortality were analyzed. Among 106
patients, 40 (38%) patients died during hospitalization. Multivariate analysis revealed
presence of CTO dependent on infarct-related artery (IRA-dependent-CTO) (hazard
ratio [HR] = 2.88, p = 0.004), diabetes mellitus (HR = 2.04, p = 0.044), percutaneous car-
diopulmonary support use (HR = 2.22, p = 0.045), successful recanalization (HR = 0.31,
p = 0.004), and peak creatine kinase muscle-brain fraction (HR = 1.11, p < 0.001) were
significantly associated with mortality. In conclusion, presence of IRA-dependent-CTO
was significantly associated with in-hospital mortality in SCA-ACS patients. © 2019
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Although some reported that percutaneous coronary
interventions (PCI) of chronic total occlusion (CTO) are
beneficial regardless of myocardial ischemia, the indication
of PCI for CTO is still controversial.1−4 Having nonculprit
CTO would increase the area at risk and infarct size in the
patients with acute coronary syndrome (ACS). Although
ACS patients with sudden cardiac arrest (SCA) are known
to have poor outcome5 and the presence of CTO has been
associated with long-term mortality in the patients with
ST-segment elevation myocardial infarction,6 the influence
of having CTO on in-hospital mortality in SCA-ACS
patients has not been reported.
Methods

From January 2009 to December 2016, 112 SCA
patients suspected of ACS were treated in the Cardio-
vascular Division, National Hospital Organization Osaka
National Hospital (Osaka, Japan). In 106 in those 112
patients, ACS was confirmed as the cause of SCA by
emergency coronary angiography. We retrospectively
included those 106 patients and analyzed the factors
associated with in-hospital mortality.
The culprit of ACS was treated by PCI except for
4 patients who underwent coronary artery bypass grafting.
Nonculprit severe stenosis was occasionally treated by PCI
by the discretion of interventionists; however, the recanali-
zation of CTO was not attempted at any time during hospi-
talization in any patient. The totally occluded lesions that
were not suspected as the culprit of ACS were defined as
CTO in the present study.

The distal vessel area from CTO is often perfused by the
collateral channels from another coronary vessel. If the
donor vessel of the collateral channels is occluded by ACS,
the myocardium perfused by infarct-related artery (IRA)
and that perfused by collateral channels will have ischemia
or infarction simultaneously. This kind of CTO is defined
as “IRA-dependent-CTO.”

The patients’ data on admission were compared between
those who died during hospitalization and those who
survived, and multivariate analysis was also performed
to clarify the factors associated with in-hospital mortality
especially focusing on the presence of CTO or IRA-depen-
dent-CTO.

Catheterization was performed via the femoral, brachial,
or radial artery approach using a 6-Fr or 7-Fr sheath and
catheters. Intravenous heparin (8,000 U) was initially
administered and additional dose was administered to keep
activated coagulation time >300 minutes. Coronary
angiogram was recorded by Artis zee biplane (Siemens
Healthcare Japan, Tokyo, Japan). Intravascular ultrasound
was always used as a guide of PCI. If the patients were not
taking aspirin 100 mg/day and clopidogrel 75 mg/day or
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prasugrel 3.75 mg/day (dual antiplatelet therapy), the load-
ing doses of those antiplatelet drugs (aspirin 100 mg/day
and clopidogrel 300 mg/day or prasugrel 20 mg/day) were
administered before PCI, which were the standard recom-
mended doses in Japan. Anti-GP IIb/IIIa inhibitors were
not used in any patient as they were not approved in Japan.
Final TIMI-3 flow after PCI or coronary artery bypass graft-
ing was regarded as successful recanalization.

The study patients included 100 out-of-hospital SCA
patients and 6 in-hospital SCA patients. All out-of-hospital
SCA patients were transferred to Osaka National Hospital
by emergency life-saving technicians. Emergency life-sav-
ing technicians and medical staffs performed cardiopulmo-
nary resuscitation according to the recommendations of the
Japan Resuscitation Council Guidelines 2010, which were
based on the American Heart Association and the Interna-
tional Liaison Committee on Resuscitation guidelines.
Patients’ data were retrospectively collected from the clini-
cal records. Onset-to-door time of in-hospital SCA patients
was regarded as 0 minute.

Hypertension was defined as blood pressure >140/
90 mm Hg or the use of antihypertensive drugs. Diabetes
mellitus was defined as HbA1c (National Glycohemoglobin
Standardization Program) ≥6.5% or the use of oral drugs
for diabetes mellitus or insulin therapy. ACS included acute
myocardial infarction with/without ST elevation defined
by the Joint European Society of Cardiology/American
College of Cardiology Committee, and unstable angina
defined according to the Braunwald classification.

This study was approved by the Osaka National Hospital
Institutional Review Board #2 (Approval No. 18028). Since
this was a retrospective study, informed consent from each
patient was not required.

Categorical variables were expressed as frequency and
were compared between groups by chi-square or Fisher’s
exact test. Continuous variables were expressed as mean §
standard deviation or median with interquartile range, and
were compared between groups by unpaired Student’s t test
or Mann-Whitney U test according to their distributions.
Cox proportional hazards regression analysis was per-
formed to clarify the factors associated with in-hospital
mortality, including diabetes mellitus, number of diseased
vessels, presence of CTO or IRA-dependent-CTO, ventric-
ular fibrillation, intra-aortic balloon pump use, percutane-
ous cardiopulmonary support (PCPS) use, successful
recanalization, and peak creatine kinase muscle-brain frac-
tion (CK-MB) as independent variables. All statistical anal-
yses were regarded as significant when p value was <0.05.
Statistical analysis was performed by MedCalc version
16.4.3 (MedCalc Software, Ostend, Belgium).
Results

The patients’ characteristics comparing the patients who
survived and those who died during hospitalization were
presented in Table 1. Among 40 patients who died, the
causes of death were cardiogenic shock/arrhythmia in 29,
infection in 5, brain damage in 2, bleeding in 3, and renal
failure in 1 patient. In 21 patients with CTO, coronary
artery disease had been known only in 57% of patients.
Those who had been known to have coronary artery disease
had relatively higher frequency of aspirin (67% vs 11%,
p = 0.02) and statin use (58% vs 11%, p = 0.07) and lower
level of low-density lipoprotein cholesterol (mean [inter-
quartile range], 89 [59 to 107] mg/dl vs 128 [113 to 143]
mg/dl, p = 0.04) than those who had not.

Patients were divided into 2 groups according to whether
they had CTO (CTO group vs no-CTO group) or whether
they had IRA-dependent-CTO (IRA-dependent-CTO group
vs no-IRA-dependent-CTO group). Kaplan-Meier analysis
revealed that in-hospital mortality was significantly higher
in CTO group than in no-CTO group (62% vs 32%, log-
rank p = 0.02; Figure 1) and in IRA-dependent-CTO group
than in no-IRA-dependent-CTO group (91% vs 32%, log-
rank p < 0.001; Figure 1).

Although Cox proportional hazards regression analysis
revealed that presence of CTO was not significantly asso-
ciated with in-hospital mortality (Table 2), presence
of IRA-dependent-CTO, diabetes mellitus, PCPS use,
successful recanalization, and peak CK-MB were signifi-
cantly and independently associated with in-hospital mor-
tality (Table 3).
Discussion

We have demonstrated for the first time that the presence
of IRA-dependent-CTO was associated with increased in-
hospital mortality in SCA-ACS patients.

Previous studies reported that bystander CPR, short time
interval from call to hospital arrival, ventricular fibrillation
at the scene, and rapid defibrillation by Automated External
Defibrillator (AED) were associated with better clinical
outcome of SCA patients.7−10 In contrast, several studies
reported that presence of nonculprit CTO was an indepen-
dent risk of early and late mortality in the patients with ST-
segment elevation myocardial infarction.6,11,12 However,
the influence of having CTO on in-hospital mortality in
SCA-ACS patients has not been reported. In the present
study, multivariate analysis revealed that the presence of
IRA-dependent-CTO, need for intra-aortic balloon pump or
PCPS, and large peak CK-MB were independent predictors
of in-hospital death in SCA-ACS patients, which suggested
that, in addition to the large infarct size and severe heart
failure, the presence of IRA-dependent-CTO significantly
and independently increased the in-hospital mortality.

Having ACS culprit in the collateral donor vessel to
CTO would cause larger infarct size than in the cases with-
out CTO, which would be a major probable mechanism for
the increased mortality in the patients with IRA-dependent-
CTO. Indeed, Lexis et al reported that peak CK-MB and
long-term mortality were significantly higher in the patients
with ST-segment elevation myocardial infarction patients
with CTO than in those without.13 We also demonstrated in
the present study that peak CK-MB was significantly asso-
ciated with in-hospital mortality; however, the presence of
IRA-dependent-CTO was also significantly and indepen-
dently associated with in-hospital mortality, suggesting that
some other different mechanism should be involved. In the
present study, pulseless electrical activity (PEA) as the
initial rhythm was more frequent in CTO group than in
no-CTO group (33% vs 8.2%, p = 0.006). Although the pre-
cise mechanism of this finding is unknown, PEA would be
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Table 1

Patients characteristics (survived vs dead during hospitalization)

Variables Survived (n = 66) Dead (n = 40) p Value

Age (years) 60 § 12 64 § 13 0.10

Men 55 (83%) 38 (95%) 0.08

Body mass index 24 (21-27) 24 (23-28) 0.28

Hypertension 34 (52%) 22 (55%) 0.73

Diabetes Mellitus 20 (30%) 21 (53%) 0.02

Current smoking 33 (50%) 17 (46%) 0.70

Prior heart failure admission 3 (4.5%) 4 (10%) 0.28

Prior myocardial infarction 8 (12%) 6 (15%) 0.77

Hemodialysis 1 (1.5%) 4 (10%) 0.07

Medications:

Aspirin 8 (12%) 9 (23%) 0.18

P2Y12 inhibitor 2 (3.0%) 6 (15%) 0.05

b-blocker 4 (6.1%) 4 (10%) 0.47

Angiotensin converting enzyme inhibitor/Angiotensin receptor blocker 12 (18%) 15 (38%) 0.03

Calcium blocker 10 (15%) 10 (25%) 0.31

Aldosterone antagonist 3 (4.5%) 2 (5.0%) 1.00

Statin 7 (11%) 10 (25%) 0.06

Diagnosis: 0.20

ST-elevation myocardial infarction 49 (74%) 25 (63%)

Non-ST-elevation myocardial infarction 17 (26%) 15 (37%)

Number of narrowed coronary arteries: 0.01

1 42 (64%) 17 (43%)

2 16 (24%) 10 (25%)

3 8 (12%) 13 (32%)

Number of chronic total occlusion arteries: 0.01

0 58 (88%) 27 (68%)

1 6 (9%) 8 (20%)

2 2 (3%) 5 (12%)

Coronary artery totally occluded: 0.85

Left anterior descending coronary artery 5 (50%) 8 (44%)

Left circumflex coronary artery 1 (10%) 5 (28%)

Right coronary artery 4 (40%) 5 (28%)

Infarct-related artery-dependent-chronic total occlusion 1 (2%) 10 (25%) <0.001
Hospitalization (days) 39 (28-57) 4 (3-10) <0.001
In-hospital sudden cardiac arrest 3 (4.5%) 3 (7.5%) 0.67

Bystander cardio-pulmonary resuscitation 38 (58%) 25 (63%) 0.62

automated external defibrillator use 51 (77%) 24 (60%) 0.06

Initial rhythm: 0.02

Ventricular fibrillation 59 (89%) 28 (70%)

Pulseless electrical activity 5 (7.6%) 9 (23%)

Asystole 2 (3.0%) 3 (7.5%)

Return of spontaneous circulation 66 (100%) 37 (93%) 0.02

Time to return of spontaneous circulation (min) 20 (10-32) 40 (26-50) <0.001
Killip classification: 0.004

1 5 (8%) 1 (2%)

2 20 (30%) 4 (10%)

3 10 (15%) 2 (5%)

4 31 (47%) 33 (83%)

Culprit lesion of acute coronary syndrome: 0.57

Left anterior descending coronary artery 33 (50%) 21 (53%)

Left circumflex coronary artery 9 (14%) 3 (7.5%)

Right coronary artery 20 (30%) 9 (23%)

Left main coronary artery 4 (6.2%) 7 (18%)

Intra-aortic balloon pumping use 31 (47%) 35 (88%) <0.001
Percutaneous cardiopulmonary support use 22 (33%) 29 (73%) <0.001
Percutaneous coronary intervention 60 (91%) 34 (85%) 0.35

Coronary artery bypass grafting 3 (5%) 1 (3%) 1.00

Successful recanalization, 63 (96%) 31 (78%) 0.005

Onset-to-door time (min) 28 (24-34) 30 (22-39) 0.86

Door-to-balloon time (min) 117 (81-144) 129 (101-159) 0.07

Onset-to-balloon time (min) 152 (112-189) 160 (131-196) 0.14

Peak creatine kinase (mg/dl) 3274 (1106-5148) 7486 (2640-15568) <0.001
Peak creatine kinase muscle-brain fraction (mg/dl) 290 (96-533) 698 (278-1353) <0.001

Categorical variables are expressed as number (%). Continuous variables were expressed as mean § standard deviation or median (IQR).
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Figure 1. In-hospital mortality according to the presence or absence of CTO/ IRA-dependent-CTO lesions. Kaplan-Meier analysis showed that the presence

of CTO lesions (A: log-rank p = 0.02) or IRA-dependent-CTO lesions (B: log-rank p < 0.001) were significantly associated with in-hospital mortality. CTO =

chronic total occlusion. IRA = infarct-related artery.
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caused by a large myocardial ischemia.14 Therefore, ACS
patients having IRA-dependent-CTO would easily develop
PEA due to a large myocardial ischemia in the area
perfused by ACS culprit vessel and CTO vessels. Previous
studies reported that bystander-CPR did not improve
survival rate of PEA patients15,16; therefore, it would be dif-
ficult to improve the outcome of those patients by
conventional resuscitation approach. However, without
IRA-dependent-CTO, PEA might be prevented and their
outcome might be improved.

To prevent in-hospital death caused by SCA due to ACS,
we should think about detecting coronary artery disease
including CTO beforehand and managing their coronary
artery disease and risk factors appropriately. Since we
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Table 2

Cox proportional hazards regression analysis to evaluate the factors associated with in-hospital mortality including the presence of chronic total occlusion

Variables Hazard ratio (95%CI) p Value Hazard ratio (95%CI) p Value

Diabetes mellitus 1.93 (1.04-3.60) 0.04 1.97 (0.98-3.97) 0.057

Number of diseased vessels 1.49 (1.03-2.15) 0.03

Presence of chronic total occlusion 2.13 (1.09-4.13) 0.03

Ventricular fibrillation 0.44 (0.22-0.87) 0.02

Intra-aortic balloon pumping use 5.17 (2.02-13.2) 0.001 3.17 (1.18-8.53) 0.022

Percutaneous cardiopulmonary support use 3.48 (1.73-6.99) 0.001

Successful recanalization 0.47 (0.23-0.96) 0.04 0.33 (0.15-0.76) 0.009

Peak creatine kinase muscle-brain fraction (£10¡2 mg/dl) 1.09 (1.04-1.14) <0.001 1.10 (1.04-1.17) <0.001

Cox proportional hazards regression analysis was performed to clarify the factors associated with in-hospital mortality including diabetes mellitus, number

of diseased vessels, presence of chronic total occlusion, ventricular fibrillation, intra-aortic balloon pumping use, percutaneous cardiopulmonary support use,

successful recanalization, and peak creatine kinase muscle-brain fraction as independent variables.

Table 3

Cox proportional hazards regression analysis to evaluate the factors associated with in-hospital mortality including the presence of infarct-related artery-

dependent-chronic total occlusion

Variables Hazard ratio (95%CI) p Value Hazard ratio (95%CI) p Value

Diabetes mellitus 1.93 (1.04-3.60) 0.04 2.04 (1.02-4.08) 0.044

Number of diseased vessels 1.49 (1.03-2.15) 0.03

Infarct-related artery-dependent-chronic total occlusion 4.20 (2.04-8.63) <0.001 2.88 (1.40-5.95) 0.004

Ventricular fibrillation 0.44 (0.22-0.87) 0.02

Intra-aortic balloon pumping use 5.17 (2.02-13.2) 0.001

Percutaneous cardiopulmonary support use 3.48 (1.73-6.99) 0.001 2.22 (1.02-4.84) 0.045

Successful recanalization 0.47 (0.23-0.96) 0.04 0.31 (0.14-0.67) 0.004

Peak creatine kinase muscle-brain fraction (£10¡2 mg/dl) 1.09 (1.04-1.14) <0.001 1.11 (1.04-1.17) <0.001

Cox proportional hazards regression analysis was performed to clarify the factors associated with in-hospital mortality including diabetes mellitus, number

of diseased vessels, presence of infarct-related artery-dependent-chronic total occlusion, ventricular fibrillation, intra-aortic balloon pumping use, percutane-

ous cardiopulmonary support use, successful recanalization, and peak creatine kinase muscle-brain fraction as independent variables.

Coronary Artery Disease/CTO in Cardiac Arrest ACS Patients 1919
cannot eliminate the residual risk of ACS by aggressive risk
reduction therapy, recanalization of CTO beforehand may
be an option to reduce their mortality that should be tested
by clinical trials.

This study was a retrospective, single-center small
study; therefore, a further large-scale multicenter study
would be needed to confirm the findings. Left ventricular
ejection fraction (LVEF) or echocardiographic data were
not available in the present study. Claessen et al demon-
strated that the presence of CTO lesions was associated
with reduced LVEF in PCI patients.17 However, we could
not evaluate LVEF in the present study, because some
patients did not achieve return of spontaneous circulation.
The data on the inotropic and antiarrhythmic agents were
not available in the present study.

In conclusion, the presence of IRA-dependent-CTO was
significantly associated with the higher in-hospital mortal-
ity in SCA-ACS patients.
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