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The implication of coronary artery disease (CAD) without the clinical manifestation of
myocardial infarction (non-MI-CAD) on thromboembolic events in patients with nonvalv-
ular atrial fibrillation (NVAF) is not well evaluated. We hypothesized that non-MI-CAD
would have a similar risk of future thromboembolism as MI-CAD. Clinical data for
17,073 consecutive patients (mean age, 64.3 years; males, 64.9%) diagnosed with NVAF at
our center were analyzed. CAD was defined as stenosis of >50% stenosis of major coro-
nary arteries identified using coronary artery angiography or coronary computed tomo-
graphic angiography. The main outcome of the present study was the rate of
thromboembolic events (ischemic stroke and systemic embolism) during the follow-up
period (3.1 + 2.4 years). A total of 1,011 patients (5.9%) were diagnosed with CAD with-
out clinical manifestation of MI (non-MI-CAD) and 708 (4.1%) had a history or diagnosis
of MI-CAD. Thromboembolic events occurred in 1,007 patients (5.9%) during follow-up.
The groups were at high risk of future thromboembolic events determined using univari-
ate (hazard ratio [HR] 1.55; 95% confidence interval [CI] 1.25 to 1.91; p <0.001 for non-
MI-CAD and HR 2.14; 95% CI 1.70 to 2.69; p <0.001 for MI-CAD) and multivariate anal-
ysis adjusted for CHA,DS,-VASc score components and relevant variables (HR 1.42; 95%
CI 1.15 to 1.77; p = 0.001 for non-MI-CAD and HR 1.62; 95% CI 1.28 to 2.06; p <0.001 for
MI-CAD); this trend was consistent in patients who did not receive anticoagulants during
follow-up (n=8,032, 47.0%). In conclusion, non-MI-CAD is an important predictor of
thromboembolic events in patients with NVAF. © 2019 Elsevier Inc. All rights reserved.

(Am J Cardiol 2019;123:1287—-1292)

In recent years, cardiac imaging techniques such as coro-
nary computed tomography angiography (CCTA) have
been developed for noninvasive assessment of the presence
and severity of coronary artery disease (CAD).' Subse-
quently, managing patients with nonvalvular atrial fibrilla-
tion (NVAF) with CAD has become an important clinical
issue. The most critical step in managing patients has both
NVAF and CAD is prescribing proper anticoagulation ther-
apy for stroke prevention. The CHA,DS,-VASc scoring
system defines vascular disease as previous myocardial
infarction (MI), peripheral vascular disease, and aortic pla-
que, and does not incorporate stable CAD not presenting as
MI (non-MI-CAD).” However, considering that progressive
atherosclerosis is a common pathophysiology of the wide
clinical spectrum of CAD,"”° non-MI-CAD patients could
have significant risk of thromboembolic events as well. We
tested whether non-MI-CAD has a similar risk of future
thromboembolism as CAD manifesting as MI (MI-CAD),
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and whether it may serve as a component of vascular dis-
ease in the CHA,DS,-VASc system.

Methods

The present study is a retrospective observational review
of consecutive NVAF patients managed in our center. A total
of 20,889 patients were diagnosed with AF from 2006 to
2016 in Asan Medical Center, Seoul, Korea. Patients with
(1) prosthetic valve and mitral stenosis and (2) who were lost
to follow-up after initial presentation were excluded from
analysis. Patients were divided into 3 groups according to the
presence of significant CAD and MI: (1) MI-CAD group
(patients with a previous MI event); (2) non-MI-CAD group
(patients with significant CAD confirmed by imaging studies
but without previous MI), and (3) control group (those with-
out any history of CAD or MI). The study was approved by
the institutional review board of Asan Medical Center, which
waived the need for informed consent from patients based on
the retrospective nature of the study.

Data on the study subjects were extracted from the Asan
Biomedical. research Environment (ABLE) system, which
included demographic characteristics, baseline thromboem-
bolic risks, and previous history of CAD, MI or revasculari-
zation. Baseline thromboembolic risk was calculated using
the CHA,DS,-VASc scoring system.” MI was diagnosed
based on the evidence of myocardial necrosis reflected by
an elevation in the cardiac enzyme levels, combined with
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additional information regarding the patient’s symptoms,
electrocardiogram changes, and imaging evidences. The
definition of MI was limited to type 1 of its third universal
definition (spontaneous MI).” If a patient was diagnosed
with MI at another center, a pathologic Q wave on electro-
cardiogram, myocardial scar, or akinesia on imaging study
was required to confirm MI. CAD diagnosis was primarily
based on imaging findings, either by CCTA or coronary
artery angiography. CAD was defined as stenosis of >50%
of major coronary arteries.”” '’

The primary outcome was the incidence of new-onset
ischemic stroke or systemic embolism during follow-up.
Ischemic stroke was diagnosed primarily based on imaging
findings and clinical presentations.'' An ischemic stroke
event was diagnosed by an independent neurologist blinded
to the presence of CAD in patients. Systemic embolism
was defined as a sudden loss of perfusion in a limb or organ,
assessed using vascular imaging, ankle-brachial index, pro-
cedural findings, and laboratory findings along with clinical
presentation.'” The incidence of hemorrhagic stroke was
assessed as a separate outcome.

Categorical variables are shown as frequencies with per-
centages, and continuous variables as median and interquar-
tile range or mean and standard deviation. Categorical
variables were compared using the chi-square test, and con-
tinuous variables were compared using analysis of variance
with posthoc analysis with Tukey’s method or Wilcoxon
rank-sum test as appropriate. The Kaplan-Meier method
was used to calculate the unadjusted event rates, which
were then compared using log-rank test. The Cox propor-
tional hazards model was used to assess the relative risk of
each variable on study outcomes. Variables with clinical
relevance or a p <0.1 in univariate analyses were included
in the multivariable model. The proportional hazards

atrial fibrillation in the Asan
medical center
between 2006 and 2016

20,889 Patients diagnosed with

assumption was tested by examining log [—log survival]
curves and partial (Schoenfeld) residuals. We established a
3-step Cox proportional hazards model. (Model 1: unad-
justed; Model 2: adjusted for components of the CHA,DS,-
VASc score; Model 3: adjusted for CHA,DS,-VASc score,
body mass index, and chronic kidney disease) The same
procedure was repeated in the anticoagulation naive
patients for sensitivity analysis. All statistical analyses
were performed using R software version 3.3.1. All p val-
ues were 2-sided, and p values <0.05 were considered sta-
tistically significant.

Results

Among the 20,889 AF patients treated at our center,
17,073 patients met inclusion and exclusion criteria
(Figure 1), who were divided into 3 groups (MI-CAD,
n=708, 4.1%; non-MI-CAD, n=1,011, 5.9%; control,
n=15,354, 90.0%). Baseline characteristics of the patients
are summarized in Table 1. Non-MI-CAD and MI-CAD
groups had higher age, prevalence of male sex, and preva-
lence of baseline co-morbidities. As such, the CHA,DS,-
VASc scores tended to be higher in the non-MI-CAD and
even higher in the MI-CAD than in control. Baseline echo-
cardiography data showed that the MI-CAD group had
larger left atrial and left ventricular (LV) diameters and
lower LV ejection fraction (EF) compared with control. As
for baseline medications, antiplatelets use without anticoag-
ulant use was more prevalent in the MI or non-MI CAD
groups compared with control. When the patients were
divided by their baseline anticoagulation status, anticoagu-
lation-naive population showed lower prevalence of previ-
ous stroke, other co-morbidities, and lower CHA,DS,-
VASc score (Supplementary Table).

Baseline Exclusions

A 4

= Valvular atrial fibrillation (n=1569)
= Follow-up loss after initial presentation (n=2247)

Eligible Study Population with
atrial fibrillation (n=17,073)

T

Non-MI-CAD
(n=1,011)

Controls
(n=15,354)

MI-CAD
(n=708)

Figure 1. Flow diagram of the study.
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Table 1
Baseline characteristics
MI-CAD

Variables Controls (n=15,354) No(n=1,011) Yes (n=708) p Value
Age (years) 63.8+£12.8 68.6 £9.4 71.1£99 <0.001
Men 9,850 (64.2%) 721 (71.3%) 509 (71.9%) <0.001
BMI (kg/m? 243+33 246 £32 240+3.4 0.038
Hypertension 9,466 (61.7%) 856 (84.7%) 615 (86.9%) <0.001
Diabetes mellitus 3,039 (19.8%) 405 (40.1%) 316 (44.6%) <0.001
Previous stroke/TIA 1,558 (10.1%) 129 (12.8%) 146 (20.6%) <0.001
Chronic lung disease 626 (4.1%) 54 (5.3%) 53 (7.5%) <0.001
Chronic kidney disease 4,782 (32.9%) 451 (44.8%) 409 (58.1%) <0.001
Vascular disease* 674 (4.4%) 118 (11.7%) 96 (13.6%) <0.001
Congestive heart failure 2,090 (13.6%) 161 (15.9%) 231 (32.6%) <0.001
CHA,DS,-VASC score 23415 28+1.6 43+1.6 <0.001
CHA,DS,-VASC score >2 10,084 (65.7%) 803 (79.4%) 686 (96.9%) <0.001
CHADS, score 1.9+13 24+14 30£1.5 <0.001
CHADS, score >2 8,439 (55.0%) 743 (73.5%) 589 (83.2%) <0.001
HAS-BLED score 2.1+13 35+ 1.1 32+1.2 <0.001
HAS-BLED score >3 5,879 (38.3%) 726 (71.8%) 573 (80.9%) <0.001
Left atrial diameter (mm) 444+9.6 454+17.6 45.1+8.0 <0.001
LV ejection fraction (%) 562+ 11.2 55.1+£11.8 477+ 14.1 <0.001
LV end-diastolic diameter (mm) 50.1+74 50.6 +7.8 52.5+85 <0.001
Anticoagulants 8,101 (52.8%) 594 (58.8%) 346 (48.9%) <0.001
Aspirin 6,036 (39.3%) 821 (81.2%) 623 (88.0%) <0.001
Plavix 1,276 (8.3%) 599 (59.2%) 450 (63.6%) <0.001
Dual antiplatelet 1,003 (6.5%) 573 (56.7%) 432 (61.0%) <0.001
Triple therapy 456 (3.0%) 251 (24.8%) 174 (24.6%) <0.001
Combination therapyi 2,501 (16.3%) 403 (39.9%) 278 (39.3%) <0.001
Beta-blocker 4,937 (32.2%) 590 (58.4%) 477 (67.4%) <0.001
Calcium channel blocker 3,128 (20.4%) 503 (49.8%) 352 (49.7%) <0.001
Digoxin 3,308 (21.5%) 226 (22.4%) 211 (29.8%) <0.001
Amiodarone 943 (6.1%) 106 (10.5%) 104 (14.7%) <0.001
Anti-arrhythmics’ 3,765 (24.5%) 148 (14.6%) 39 (5.5%) <0.001

BMI = body mass index; LV = left ventricle.

* Peripheral artery disease or aortic plaque.

 Any combination of anticoagulants and antiplatelet agents.
! Antiarrhythmics other than amiodarone.

Of all patients without previous MI (n=16,345), coro-
nary imaging studies were conducted in 2,897 patients
(17.7%, Table 2). Majority of imaging studies were per-
formed for clinically diagnosing stable angina pectoris
(81.8%, n=2,370) and the remnant were for unstable
angina (9.1%) or general health check-up (9.4%). CCTA
(83.4%) was performed more frequently than coronary
angiography (22.3%), and both modalities were

Table 2
Characteristics of patients without myocardial infarction who underwent
coronary imaging evaluation (n=2,897)

Variables No (%)

Imaging study performed

Coronary angiography

Coronary computed tomographic angiography
Obstructive coronary artery disease

Presence

Absence
Indication for imaging study

646 (22.3%)
2,415 (83.4%)

1,011 (38.0%)
1,886 (62.0%)

Unstable angina pectoris 265 (9.1%)
Stable angina pectoris 2,370 (81.8%)
General health check-up 262 (9.4%)

performed in 5.7% of patients. In patients who under-
went coronary imaging study, significant CAD was diag-
nosed in 1,011 (38.0%, Table 3). More than half of the
patients had high-risk CAD, such as a multivessel dis-
ease (59.3%) or left main CAD (9.6%). Subsequently,
half of the patients with significant non-MI-CAD under-
went percutaneous coronary intervention and 15.4%
underwent bypass grafting. Remaining 1/3 patients
received medical treatment.

The crude incidence of subsequent ischemic stroke or
systemic embolism following an NVAF diagnosis is
depicted in Figure 2. Ischemic stroke or systemic embo-
lism occurred in 1,007 (5.9%) patients during median a
follow-up of 3.1 £ 2.4 years. MI-CAD group had the high-
est rate of thromboembolic events, followed by non-MI-
CAD and control groups (Figure 2). The incidence of pri-
mary outcome was statistically higher in the non-MI-CAD
group than that in the control group, and this trend was
consistent even when analysis was confined to the anticoa-
gulation-naive population (Figure 2). This result remained
consistent when the analysis was confined to the imaging-
confirmed cases in MI-CAD, non-MI-CAD, and control
groups (Supplementary Figure 1). The incidence of
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Table 3

Imaging characteristics of coronary artery disease in patients with atrial
fibrillation without history or presentation of myocardial infarction
(n=1,011)

Variables No (%)
No. of coronary arteries narrowed
1 411 (40.7%)
2 267 (26.4%)
3 236 (23.3%)
Left main + 1 33 (3.3%)
Left main + 2 29 (2.9%)
Left main + 3 35 (3.5%)
Diagnosis
Unstable angina pectoris 91 (9.0%)
Stable angina pectoris 880 (87.0%)
Asymptomatic coronary artery disease 40 (4.0%)
Management of coronary artery disease
Bypass grafting™ 156 (15.4%)
Stenting™ 505 (50.0%)
Medication 356 (35.2%)

CAD = coronary artery disease.
* 6 patients underwent both stenting and bypass grafting.

hemorrhagic stroke event was higher in the MI-CAD
group compared with the non-MI CAD or control groups,
albeit without statistical significance (Supplemental
Figure 2).

The relative risk of non-MI-CAD and MI-CAD in each
multivariable mode is summarized in Table 4. Both groups
were at higher risk of thromboembolic events in the unad-
justed model. A higher risk was prevalent in patients with
non-MI-CAD and MI-CAD in model 2, which adjusted for
components of the CHA,DS,-VASc score, and model 3,
which was adjusted for all clinically relevant factors. This
trend of higher risk was consistent when analysis was con-
fined to an anticoagulation naive population.

When non-MI-CAD was regarded as a vascular disease,
the proportion of patients with vascular score components
increased from 8.8% (n=1,500) to 14.0% (n=2,393). Sub-
sequently, the percentage of patients requiring anticoagula-
tion therapy (CHA,DS,-VASc score >2 points) also
increased from 67.8% (n=11,573) to 68.6% (n=11,713).

A 20-
T — MI-CAD
@ — Non-MI-CAD
E 15- Controls
£ 11.8%
L Overall P<0.001 pr ]
10 e P<0.001
5 — 8.1%
[’
5 | P=0.035
° 5.6%
)
o y
» 0=
0 1 2 3
No. at risk Years
M 708 481 361 273
Non-M CAD 1011 796 602 482
Controls 15354 10851 8144 6228

Discussion

The following is the major findings of the present study:
(1) Non-MI-CAD was found to be more prevalent in a con-
siderable proportion of patients with NVAF. (2) The
patients with NVAF in the non-MI-CAD group were at a
higher risk of subsequent thromboembolic events than
patients in the control group and comparable to the MI-
CAD group. (3) A higher embolic risk was consistent even
after multivariable adjustment and in the subset of anticoa-
gulation-naive patients. (4) Adding non-MI-CAD to the
CHA,DS,-VASc scoring system increased the number of
patients requiring anticoagulation.

The current scoring system did not include non-MI-CAD
as a major component. The CHA,DS,-VASc score used
from 2010 ESC guideline incorporates only MI-CAD as a
component of vascular disease, and does not acknowledge
non-MI-CAD.? Furthermore, non-MI-CAD is not included
in the anticoagulation and risk factors in atrial fibrillation
scoring model owing to the loss of statistical significance in
the multivariable model."? Meanwhile, a modified
CHA;,;DS,-VASc score, in which stable coronary disease
was substituted for MI, showed excellent performance in
Japanese patients.'? In our opinion, this discrepancy might
be related to the vague nature of symptom-based diagnosis,
namely angina pectoris, which would inevitably be associ-
ated with many false-positive cases. Traditionally, only 1/
10 of ]S)atients with angina pectoris have a true coronary
lesion'>"'%; this was consistent with our data, as only 37%
of clinically stable angina has true coronary lesions. Hence,
we believe that the mere clinical presentation of angina
pectoris or diagnosis code-based diagnosis of stable angina
cannot determine anticoagulation therapy. However, differ-
ent approaches should be used to reach an imaging-con-
firmed diagnosis of non-MI-CAD because these patients
confirmed to have a significant burden of atherosclerosis.
We thought that non-MI-CAD and MI-CAD should be
managed in the same manner, since they share the common
pathophysiology of progressive atherosclerosis in coronary
artery. In our study, both groups of CAD patients were
more commonly treated with dual antiplatelet or triple ther-
apy than with standard anticoagulation therapy, which
reflects the practice patterns before the introduction of

B & 20,
E —  MI-CAD
@ — Non-MI-CAD
g 154 Controls
£
(]
(8] 0,
2 )l Overall P<0.001 10.0%
=10 — P=0.508
3 / 9.8%
»
s 5 ]P<o.oo1
o 5.2%
o
» 0--
0 1 2 3
No. at risk Years
M 361 227 159 122
Non-Ml CAD 415 304 217 167
Controls 7213 4303 3100 2314

Figure 2. Incidence of ischemic stroke or systemic embolism in patients with myocardial infarction and nonmyocardial infarction coronary artery disease in

the overall population (A) and anticoagulation-naive population (B).
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Table 4
Predictive function of coronary artery disease on future embolic events
Non-MI-CAD MI-CAD
Variable HR 95% CI p Value HR 95% CI p Value
Overall population (n=17,073)
Model 1: Unadjusted 1.55 1.25-1.91 <0.001 2.14 1.70-2.69 <0.001
Model 2: Adjusted for components of CHA,DS,-VASc score* 1.44 1.16—1.79 <0.001 1.69 1.33-2.14 <0.001
Model 3: Adjusted for relevant variables' 1.42 1.15-1.77 0.001 1.62 1.28-2.06 <0.001
Anticoagulation-naive population (n = 8,032)
Model 1: Unadjusted 1.59 1.19-2.12 0.002 2.63 1.93-3.59 <0.001
Model 2: Adjusted for components of CHA,DS,-VASc score* 1.56 1.07-2.26 0.019 1.58 1.12-2.24 0.010
Model 3: Adjusted for relevant variables' 1.46 1.01-2.13 0.044 1.58 1.12-2.24 0.010

CAD = coronary artery disease; CI = confidence interval; HR = hazard ratio; MI = myocardial infarction.
* Adjusted for age, sex, hypertension, congestive heart failure, diabetes, prior stroke or transient ischemic accident.
" Adjusted for age, sex, body mass index, hypertension, congestive heart failure, diabetes, prior stroke or transient ischemic accident, chronic kidney disease.

nonvitamin K antagonist oral anticoagulants, which were
fully reimbursed in Korea since 2015. However, with the
results of recent landmark trials such as PIONEER AF-PCI
and RE-DUAL PCI, nonvitamin K antagonist oral anticoa-
gulants have become the back-bone of the therapeutic strat-
egy for AF and CAD.""'® The reproducibility of these trial
results in clinical practice should be assessed in a large pro-
spective registry-based study.

In our study, the discriminating performance of the
CHA,DS,-VASc system was not enhanced upon addition
of non-MI-CAD, which may be due to the small number of
patients who were reclassified from low to high thrombo-
embolic risk (n=140, 0.8%). The clinical implication of
the present study is relatively limited because non-MI-
CAD or MI patients had other types of vascular disease and
co-morbidities, thereby diluting the effect of non-MI-CAD.
However, clinical relevance of risk stratification still pre-
vails; for example, if the CHA,DS,-VASc score criteria
were to be strictly applied on our registry data, underesti-
mation of thromboembolic risk would occur in approxi-
mately 5.2% of the overall patients and 0.8% would not be
indicated for anticoagulation. From a practical standpoint,
if a patient is confirmed with CAD on imaging studies, a
meticulous search for co-morbidities should be performed
to avoid underestimation, and standard anticoagulation
therapy should be actively considered in those with rela-
tively low CHA,;DS,-VASc scores (0—1).

The mechanism connecting obstructive CAD to throm-
boembolic risk in AF was partially explained in the follow-
ing ways. Coronary atherosclerosis and thromboembolism
in AF share risk factors such as age, hypertension, diabetes,
heart failure, and metabolic syndrome,'”*” which were sug-
gested in the baseline characteristics of our data. Systemic
inflammatory status of AF is associated with hyzpercoagula-
bility as well as progression of atherosclerosis ; there-
fore, the risks of thromboembolic event and atheroscleros1s
may be closely interlinked in AF patients.”* In our data, the
MI-CAD group had a higher rate of thromboembolic events
than did the non-MI-CAD group, which may be due to the
higher number of baseline risk factors of the MI-CAD
group, or the structural changes (lower LV EF or larger left
atrial diameter) brought forth by MI. However, non-MI
CAD still has clinical relevance, as evidenced by the fact
that the adjusted hazard of non-MI-CAD was similar to that
of MI-CAD and significantly higher than those of controls,

and that non-MI-CAD shared common pathophysiology of
progressive atherosclerosis with MI-CADs.” Therefore, our
data supports the inclusion of all imaging-confirmed CADs
rather than only including previous MIs into the risk stratifi-
cation scheme. Considering the growing use of noninvasive
coronary imaging studies, we suggest that risk stratification
for those with confirmed non-MI CAD be included in future
guidelines.

Our study is limited in that it was a retrospective review
of a single-center registry, which carries the possibility of
selection bias. Because coronary imaging was performed in
1/5 of the study population, subclinical CAD may have
existed in patients who did not undergo coronary imaging.
As the study period was over 10 years, indication for anti-
coagulation or antiplatelet went through changes over time.
For the same reason, the preventive role of standard antico-
agulation was difficult to be evaluated. The long study
period also led to the relatively low prescription rate of anti-
coagulants in overall population.

In conclusion, non-MI-CAD should be considered an
important predictor of thromboembolic events in patients
with NVAF. These patients should be meticulously evaluated
for unrecognized risk factors, and therapeutic interventions
for stroke prevention should be warranted in these patients.
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