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Clinical Implication of Coronary Artery Calcium Score in
Survivors of Out-of-Hospital Cardiac Arrest
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Hiroshi Matsumoto, MD; Munemitsu Otagaki, MD; Mitsuru Yokoi, MD;
Yoshihiro Yamamoto, MD, PhD; Tetsuro Sugiura, MD, PhD; Ichiro Shiojima, MD, PhD

Background: The aim of this study was to evaluate the clinical ability of coronary artery calcium (CAC) score to identify acute
myocardial infarction (AMI) in survivors of out-of-hospital cardiac arrest (OHCA).

Methods and Results: We studied 180 consecutive survivors of OHCA who underwent immediate non-contrast computed tomog-
raphy (CT) and coronary angiography. Seventy-one patients had ST elevation or left bundle branch block (LBBB; group 1) and 109
patients did not have ST elevation or LBBB (group 2) on post-resuscitation electrocardiogram (ECG). CAC score was significantly
higher in AMI compared with non-AMI in groups 1 and 2. The optimal cut-off of CAC score to identify AMI was 11.5 (sensitivity, 80%;
specificity, 71%) in group 1, and 27.4 (sensitivity, 80%; specificity, 76%) in group 2. On multivariate analysis, CAC score was the
strongest predictive marker of AMI (OR, 10.91; 95% CI: 6.00—25.97). In addition, CAC score was an independent predictor of 30-day
survival (OR, 0.38; 95% CI: 0.15-0.95).

Conclusions: Evaluation of CAC is a useful method to identify AMI in survivors of OHCA, regardless of ST changes on post-

resuscitation ECG.
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cause of death, and acute myocardial infarction
(AMI) is the leading cause of OHCA. The use of
post-resuscitation electrocardiogram (ECG) to identify AMI
in OHCA is important, and early coronary angiography
(CAGQG) is recommended in patients with ST elevation or
new left bundle branch block (LBBB) on post-resuscitation
ECG.13 Because of improved survival and favorable neuro-
logical outcome, early CAG is also recommended in patients
with high suspicion of AMI, despite lack of ST elevation
on post-resuscitation ECG.45 These guidelines, however,
did not specify how to select patients for early CAG, because
AMI is often difficult to diagnose on post-resuscitation ECG.
Therefore, the clinical implication of early CAG in patients
with no evidence of ST elevation is still controversial.®7
Computed tomography (CT) is a screening tool to iden-
tify extra-cardiac causes of OHCA in the emergency depart-
ment. Coronary artery calcium (CAC) score is easily obtained
on non-contrast chest CT and the amount of coronary
artery calcification strongly reflects coronary artery plaque
volume.? Moreover, a significant correlation between high
coronary artery calcification and the presence of AMI was
seen in a retrospective study.? Accordingly, the aim of this
study was to investigate the predictive value of CAC score

O ut-of-hospital cardiac arrest (OHCA) is a common

to identify AMI in survivors of OHCA.

Methods

Subjects

A total of 250 consecutive patients with OHCA who under-
went immediate CT and CAG between January 2011 and
December 2018 were enrolled. Because coronary stent and
ectopic calcification interfere with precise evaluation of
coronary artery calcification, patients with a prior history
of coronary artery stent implantation or those on regular
hemodialysis (n=64) and those who did not return to spon-
taneous cardiac rhythm (n=6) were excluded from this
study. Informed consent was obtained by an opt-out pro-
cedure from all patients. The study protocol was approved
by the ethics committee of Kansai Medical University
Medical Center and Kansai Medical University.

Management

OHCA patients were given continuous cardiopulmonary
resuscitation in accordance with the Basic/Advanced Cardiac
Life Support guideline.'%12 Patients with continuous car-
diac arrest at hospital arrival received extracorporeal mem-
brane oxygenation by the attending emergency physician.

Received June 24, 2019; revised manuscript received June 26, 2019; accepted June 27, 2019; J-STAGE Advance Publication released

online July 25,2019 Time for primary review: 1 day

Department of Cardiology, Kansai Medical University Medical Center, Osaka (K.M., H.K., HM., M.O., M.Y., Y.Y., T.S.); Division
of Cardiology, Department of Medicine II, Kansai Medical University, Osaka (K.F., H.S., I.S.), Japan

Mailing address: Koichiro Matsumura, MD, PhD, Department of Cardiology, Kansai Medical University Medical Center, 10-15
Fumizono-cho, Moriguchi, Osaka 570-8507, Japan. E-mail: kmatsumural980@yahoo.co.jp

ISSN-2434-0790  All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: cr@j-circ.or.jp

Circulation Reports Vol.1, August 2019



Coronary Artery Calcium Score in OHCA Patients

321

Table 1. OHCA Survivor Clinical Characteristics
oy (et00, P-value

Age (years) 68 (60-76) 65 (55-75) 0.126
Male 51 (72) 85 (78) 0.350
BMI (kg/m?2) 23.1 (20.1-25.9) 22.0 (19.2-24.8) 0.061
Risk factors

Hypertension 28 (39) 47 (43) 0.624

Hyperlipidemia 17 (24) 27 (25) 0.900

Diabetes 21 (30) 34 (31) 0.818
Characteristics of cardiac arrest

Shockable initial rhythm 49 (69) 75 (69) 0.977

Witnessed arrest 64 (90) 100 (92) 0.713

Bystander resuscitation 38 (54) 61 (56) 0.748

Time to ROSC (min) 26 (11-38) 20 (10-34) 0.202

Door-to-CT time (min) 33 (26—49) 30 (22—4 ) 0.142

Door-to-CAG time (min) 67 (50-85) 1 (45-90) 0.668
Laboratory parameters

Serum creatinine (mg/dL) 1.1 (0.9-1.3) 1.0 (0.9-1.3) 0.515

High-sensitivity CRP (mg/dL) 0.20 (0.07-0.78) 0.14 (0.05-0.50) 0.362

Troponin | (ng/mL) 0.24 (0.08-1.20) 0.06 (0.02-0.23) <0.0001
CAG

Single-vessel CAD 19 (27) 17 (16) 0.070

Multiple-vessel CAD 32 (45) 37 (34) 0.134

Chronic total occlusion 7 (10) 8(7) 0.553

Collateral flow 26 (37) 21 (19) 0.010
AMI 40 (56) 37 (34) 0.003
CAC score 28.8 (0-407.9) 3.1 (0-178.9) 0.117
30-day survival 39 (55) 79 (72) 0.016

Data given as n (%) or median (IQR). Group 1, ST elevation or left bundle branch block; Group 2, other electrocardio-
graphic findings. AMI, acute myocardial infarction; BMI, body mass index; CAC, coronary artery calcium; CAD, coro-
nary artery disease; CAG, coronary angiography; CRP, C-reactive protein; CT, computed tomography; OHCA, out-
of-hospital cardiac arrest; ROSC, return of spontaneous circulation.

Comatose patients who return to spontaneous circulation
receive therapeutic hypothermia cooled to target body tem-
perature between 32°C and 36°C for >24 h after achieving
target temperature.2 Twelve-lead post-resuscitation ECG
was obtained, and ST-segment elevation was defined as
>]-mm elevation in 2 continuous limb leads or >2mm in 2
continuous precordial leads. ST depression was defined as
20.5-mm depression in any lead, and T-wave inversion was
defined as T-wave inversion in 22 continuous leads. Patients
with no ST elevation or LBBB were divided into 3 groups
according to type of ECG change: ST depression; no ST
change; and no ST change but T-wave inversion. ECG was
reviewed by a single experienced cardiologist blinded to the
angiographic findings. It is standard protocol to perform
CAG in all OHCA patients when extra-cardiac cause is
ruled out on systemic CT.

Coronary Angiography

AMI was diagnosed on angiography, on the presence of
lesions suggestive of irregular eccentric stenosis with a nar-
row neck, acute angles or craters, and evidence of throm-
bus.!314 Culprit lesion, number of diseased vessels in coronary
artery disease, chronic total occlusion and collateral flow
were identified based on CAG. Initial and final Thromboly-
sis In Myocardial Infarction (TIMI) grade flow was diag-
nosed by a single experienced cardiologist blinded to the
clinical outcomes. Successful revascularization was defined

as residual stenosis <50% with TIMI grade 3 flow after
percutaneous coronary intervention or successful urgent
coronary artery bypass graft. A >50% decrease in coronary
lesion luminal diameter was considered significant.

Data Collection

Baseline clinical characteristics and laboratory parameters
were extracted from the medical records. Early phase OHCA
data were obtained based on Utstein recommendations:
initial cardiac rhythm, witnessed cardiac arrest, bystander
resuscitation, time from collapse to recovery of spontaneous
circulation, and post-resuscitation 12-lead ECG.!5 Door-
to-CT time and door-to-CAG time was also obtained. Left
ventricular (LV) wall motion abnormality was evaluated
on post-resuscitation echocardiography. Thirty-day sur-
vival rate was evaluated.

Non-contrast CT was performed using an 80 multi-detec-
tor CT (Aquilion Prime, Canon, Japan) or 64 multi-detec-
tor CT (Somatom Perspective, Siemens, Germany) in the
emergency department. CAC score was calculated accord-
ing to Agatston et al.16 CAC score was analyzed semi-
automatically in a few minutes with 5-mm slice imaging
using dedicated workstations (Virtual Place, AZE, Japan).
CAC score was measured by 2 experienced cardiologists
who were blinded to the clinical history, and mean CAC
score was calculated.
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Table 2. AMI Patient Clinical Characteristics
Group Croup
Age (years) 70 (63-78) 69 (63-76) 0.676
Male 31 (78) 33 (89) 0.167
Risk factors
Hypertension 12 (30) 20 (54) 0.032
Hyperlipidemia 8 (20) 11 (30) 0.322
Diabetes 14 (35) 16 (43) 0.459
Characteristics of cardiac arrest
Shockable initial rhythm 30 (75) 26 (70) 0.642
Witnessed arrest 36 (90) 35 (95) 0.448
Bystander resuscitation 18 (45) 25 (68) 0.045
Time to ROSC (min) 29 (11-40) 17 (11-32) 0.182
Door-to-CT time (min) 32 (27-48) 29 (18-43) 0.150
Door-to-CAG time (min) 73 (56-95) 62 (38-86) 0.075
Troponin | (ng/mL) 0.49 (0.22-2.30) 0.06 (0.02-1.63) 0.003
Echocardiography
LV focal asynergy 25 (63) 13 (35) 0.016
LV diffuse hypokinesis 12 (30) 11 (30) 0.979
LV normal wall motion 3(7) 13 (35) 0.002
CAG
Initial TIMI grade flow 0 or 1 28 (70) 14 (38) 0.004
Culprit lesion in left main trunk 5(13) 4 (11) 0.818
Multiple-vessel CAD 26 (65) 29 (78) 0.192
Chronic total occlusion 3(8) 5(14) 0.386
Collateral flow 22 (55) 19 (51) 0.749
Revascularization 38 (95) 33 (89) 0.339
Successful revascularization 25 (66) (n=38) 29 (88) (n=33) 0.026
CAC score 101.6 (19.3-707.4) 168.1 (14.8-743.1) 0.902
30-day survival 18 (45) 27 (73) 0.012

Data given as n (%) or median (IQR). Group 1, ST elevation or left bundle branch block; Group 2, other electrocardio-
graphic findings. LV, left ventricular; TIMI, Thrombolysis in Myocardial Infarction. Other abbreviations as in Table 1.

Statistical Analysis

Continuous variables are presented as median (IQR) and
categorical variables as n (%). Differences between the 2
groups were analyzed using the Mann-Whitney U-test for
continuous variables and the chi-squared test for categori-
cal variables. Difference between 3 groups was analyzed
using Kruskal-Wallis test. To obtain the optimal cut-off
predicting AMI, receiver operating characteristic (ROC)
curve analysis was performed. Multivariate logistic regres-
sion analysis was performed to identify AMI using 8§ vari-
ables (age; hypertension; hyperlipidemia; diabetes mellitus;
shockable initial rhythm; ST elevation or LBBB on post-
resuscitation ECG; troponin I; and CAC score cut-off).
and to identify 30-day survival using 10 variables (age;
hypertension; hyperlipidemia; diabetes mellitus; shockable
initial rhythm; witnessed arrest; bystander resuscitation;
time to return of spontaneous circulation; door-to-CAG
time; and CAC score cut-off). JMP 13.0.0 (SAS Institute,
Cary, NC, USA) was used for all statistical analyses.
P<0.05 was considered significant.

Results

Clinical Characteristics
A total of 180 patients were evaluated: 71 patients had ST
elevation or LBBB (group 1) and 109 patients did not have

ST elevation or LBBB (group 2) on post-resuscitation
ECG. Clinical characteristics are listed in Table 1. There
were no significant differences in the incidence of initial
shockable rhythm, door-to-CT time or door-to-CAG time
between the 2 groups. There were no significant differences
in the laboratory parameters except median troponin I (group
1, 0.24ng/mL; IQR, 0.08-1.20ng/mL; group 2, 0.06 ng/mL;
IQR, 0.02-0.22ng/mL, P<0.0001). Thirty-day survival was
significantly lower in group 1 (55%) than in group 2 (72%).
In patients with AMI (Table 2), there was a significantly
higher incidence of echocardiographic LV focal asynergy in
group 1 (63%) than in group 2 (35%), whereas the incidence
of normal wall motion was significantly higher in group 2
(35%) compared with group 1 (7%).

Thirty-day survival rate tended to be lower in AMI
patients than in non-AMI patients in group 1 (AMI patients,
45% vs. non-AMI patients, 68%; P=0.054), whereas it was
nearly identical in group 2 (AMI patients, 73% vs. non-AMI
patients, 72%; P=0.934). When patients in group 2 were
divided into 3 groups according to type of ECG change
(Supplementary Table), there were no significant differences
in echocardiography between them.

CAG Characteristics
There were no significant differences in CAG except the
prevalence of collateral flow (group 1, 37%; group 2, 19%,
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Figure. Coronary artery calcium score vs. presence of acute myocardial infarction (AMI) in patients with (A) ST elevation or left
bundle branch block (n=71) and (B) with other electrocardiogram findings (n=109). Box, quartile (25-75th percentile); horizontal
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Table 3. Multivariate Indicators of AMI in OHCA

Age (years)

Hypertension

Hyperlipidemia

Diabetes mellitus

Shockable initial rhythm

ST elevation or LBBB on post-resuscitation ECG
Troponin | (ng/mL)

CAC score cut-off

OR 95% CI P-value
1.01 0.97-1.05 0.541
0.85 0.37-1.93 0.695
0.69 0.27-1.77 0.443
1.61 0.67-3.86 0.290
1.93 0.78-4.75 0.147
2.10 0.94-4.67 0.069
1.05 0.97-1.13 0.102
10.91 4.58-25.99 <0.0001

ECG, electrocardiogram; LBBB, left bundle branch block. Other abbreviations as in Table 1.

P=0.010, Table 1). There was a significantly higher inci-
dence of AMI in group 1 (56%) compared with group 2
(34%). Although specificity of post-resuscitation ECG (ST
elevation or LBBB) in identifying AMI was 70%, sensitiv-
ity was low (48%).

In patients with AMI, initial TIMI grade flow was sig-
nificantly lower in group 1 than in group 2 (initial TIMI
grade flow 0 or 1, 70% in group 1 vs. 38% in group 2,
P=0.004, Table 2). Although both groups had high revas-
cularization, successful revascularization rate was signifi-
cantly lower in group 1 (successful revascularization rate,
66% in group 1 vs. 88% in group 2, P=0.026).

Predictive Value of CAC Score

Median CAC score was significantly higher in AMI than
in non-AMI in group 1 (AMI, 101.6; IQR, 19.3-707.4 vs.
non-AMI, 0; IQR, 0-28.8, P<0.001, Figure A) and in group
2 (AMI, 168.1; IQR, 14.8-743.1 vs. non-AMI, 0; IQR,
0-22.0, P<0.0001, Figure B). The optimal CAC score cut-
off to predict AMI was 11.5 with an area under the curve
(AUC) of 0.75 (sensitivity, 80%; specificity, 71%; positive

predictive value [PPV], 78%; negative predictive value
[NPV], 73%) in group 1, whereas the optimal cut-off was
27.4 with AUC 0.79 (sensitivity, 80%; specificity, 76%;
PPV, 63%; NPV, 89%) in group 2 (Supplementary Figure).
On multivariate analysis, CAC score was the strongest
predictive marker to identify AMI (OR, 10.91; 95% CI:
6.00-25.97, P<0.0001, Table 3). In addition, CAC score
was an independent predictor of 30-day survival (OR, 0.38;
95% CI: 0.15-0.95, Table 4).

When LV wall motion was considered, combined CAC
score of zero and no LV focal asynergy had higher predictive
value to rule out AMI compared with CAC score alone in
group 1 (sensitivity, 95%; specificity, 42%; PPV, 67%; NPV,
87%) and group 2 (sensitivity, 89%; specificity, 46%; PPV,
44%; NPV, 89%). A total of 12 of 73 patients (16%) with
CAC score of zero, however, were diagnosed with AMI.

Discussion

In survivors of OHCA with ST elevation or LBBB on post-
resuscitation ECG, improved survival and better neurologi-
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Age (years)
Hypertension
Hyperlipidemia
Diabetes mellitus
Shockable initial rhythm
Witnessed arrest
Bystander resuscitation
Time to ROSC (min)
Door-to-CAG time (min)
CAC score cut-off

Table 4. Multivariate Indicators of 30-Day Survival in OHCA

OR 95% CI P-value
1.01 0.98-1.05 0.527
0.45 0.17-1.15 0.087
0.46 0.09-0.75 0.008
0.39 0.15-1.04 0.056
2.93 1.18-7.32 0.019
4.07 1.05-15.81 0.038
1.38 0.57-3.31 0.473
0.92 0.95-1.09 <0.0001
0.99 1.00-1.01 0.084
0.38 0.15-0.95 0.034

Abbreviations as in Table 1.

cal outcome was seen in patients who received early CAG
compared with delayed CAG.51718 Indication for early CAG
in patients not showing ST elevation, however, is contro-
versial because post-resuscitation ECG is often unreliable
to predict AMI in OHCA. In retrospective studies, early
CAG was performed in the minority (34-38%) of OHCA
survivors without ST elevation.!®20 Moreover, the majority
of patients who received delayed CAG had poor short- and
long-term survival. These reports demonstrate that the fre-
quency of early CAG in OHCA without ST elevation is
relatively low in the real-world clinical setting. In a retrospec-
tive single-center study, however, acute coronary lesion was
observed in 33% of OHCA without ST elevation on post-
resuscitation ECG.¢ Also, in the present study AMI was
diagnosed in 34% of OHCA patients without ST elevation
or LBBB, but the majority of these patients received revas-
cularization with a high successful revascularization rate.
Therefore, in addition to post-resuscitation ECG, it is nec-
essary to identify clinical indicators to select patients who
may benefit from early CAG in survivors of OHCA.
Troponin is a specific marker reflecting cardiac injury,
but the diagnostic value of troponin in OHCA is unclear
because troponin is usually positive on admission not only
in patients with cardiac arrest and global ischemia but also
in those with subarachnoid hemorrhage.?!-?2 Moreover,
many factors such as global ischemia, reperfusion injury,
intracranial hemorrhage and acid-base imbalance affect
ECG and hide ST changes.?*2* In contrast, whole body CT
is a common non-invasive assessment for survivors of
OHCA in the emergency department. Immediate CT can
rule out extra-cardiac causes of OHCA such as respiratory,
aortic or neurological causes.?>2¢ Specific care can be pro-
vided according to the etiology of cardiac arrest and also
facilitates the avoidance of unnecessary thrombolysis or
anticoagulation treatments in patients with extra-cardiac
cause. Therefore, immediate CT plays an important role in
the emergency department for survivors of OHCA because
it can be rapidly obtained after resuscitation with minimal
risk. This study has shown that CAC score was signifi-
cantly higher in OHCA caused by AMI compared with
non-AMI, regardless of post-resuscitation ST change.
Although the amount of calcification does not directly
reflect the presence of AMI,?” CAC score is related to coro-
nary artery plaque burden, which is a robust predictive
marker of coronary events in various populations.?? A
meta-analysis has also shown that the patients with detect-
able coronary artery calcification have higher cardiovascu-

lar risk compared with those without.®® In the present
study, we focused on CAC score using non-contrast CT to
predict AMI, and found that CAC score was the strongest
predictor of AMI and an independent predictor of 30-day
survival. Moreover, on evaluation of CAC score with LV
wall motion on echocardiography, a combined CAC score
of zero and no LV focal asynergy was found to have a
relatively high predictive value to rule out AMI.

When the combination of CAC score zero and no LV
focal asynergy was used, 13% of patients with ST elevation
or LBBB and 11% with no ST elevation or LBBB had
AMI. Although CAC score cannot completely select can-
didates for early CAG, evaluation of CAC score is a useful
additional diagnostic method, because conventional meth-
ods such as ST changes or elevation of cardiac troponin
are unreliable to diagnose AMI. Thus, survivors of OHCA
with high CAC score and/or LV focal asynergy, especially
those without ST elevation or LBBB on post-resuscitation
ECG, should undergo early CAG to benefit from coronary
revascularization.

Study Limitations

Two limitations of the present study should be addressed.
First, CAC score was analyzed using 5-mm slice CT. It has
been shown that 5-mm slice CT can underestimate coronary
artery calcification compared with 3-mm slice,3!-32 because
5-mm slice non-ECG-gated CT may fail to detect spotty
calcification near the culprit lesion. Although CAC score
zero may have had higher ability to predict AMI when
3-mm slice ECG-gated CT was used, 5-mm slice CT is
often used and is more practical in the emergency department.
Furthermore, 3-mm slice ECG-gated chest CT is relatively
difficult to perform in patients with unstable post-resuscita-
tion cardiac rhythm. Therefore, 5-mm slice ECG-ungated
CT is a reasonable method in everyday practice. Second,
the subjects were limited in number. Although the present
results need to be confirmed in a larger group, this is the
first study to indicate an association between CAC score
and AMI in survivors of OHCA.

Conclusions

CAC score was a highly sensitive and specific marker to
identify AMI in survivors of OHCA. Evaluation of CAC
score on immediate CT is useful to identify AMI and to
select patients who can benefit from early CAG, despite the
absence of ST elevation or LBBB.
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