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Patients with atrial fibrillation (AF) have an increased risk of coronary artery disease
(CAD) compared to patients without. Angiographic characteristics, clinical presentation
and severity of CAD according to the presence of AF have been poorly described. We per-
formed a retrospective study of 303 consecutive patients (mean age 69.6 § 10.8 years;
23.1% women) with and without AF undergoing percutaneous coronary intervention.
Data on (1) type of CAD presentation, (2) coronary involvement, and (3) number of dis-
eased coronary vessels (≥70%/luminal narrowing) were collected. CHA2DS2-VASc and
2 major adverse cardiac event (MACE) scores were calculated. Presentation of CAD was
ST-segment elevation myocardial infarction (STEMI) in 37.6% of patients, non−STEMI-
unstable angina in 55.1%, and other in 7.3%. Non−STEMI-unstable angina was more
common in AF (69.6% vs 46.6%, p <0.001), while STEMI was more in the non-AF (22.3%
vs 46.6%, p <0.001) group. Left anterior descending artery (LAD) was the most common
diseased vessel (70.6%) followed by right coronary artery (RCA, 56.4%) and obtuse mar-
ginal artery (36.6%). Patients with AF had a significantly lower RCA involvement (47.3%
vs 61.8%, p = 0.016), with a trend for LAD (64.3% vs 74.3%, p = 0.069). At multivariable
logistic regression analysis, AF remained inversely associated with RCA involvement
(odds ratio [OR] 0.541, 95% confidence interval [CI] 0.335 to 0.874, p = 0.012) and with
≥3 vessel CAD (OR 0.470, 95% CI 0.272 to 0.810, p = 0.007). The 2MACE score was asso-
ciated with diseased LAD (OR 1.301, 95% CI 1.103 to 1.535, p = 0.002) and with ≥3 vessel
CAD (OR 1.330, 95% CI 1.330 to 1.140, p <0.001). In conclusion, patients with AF show
lower RCA involvement and generally less severe CAD compared to non-AF ones. The
2MACE score was higher in LAD obstruction and identified patients with severe CAD.
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The clinical course of atrial fibrillation (AF) may be
complicated by a variety of ischemic events including
thromboembolism and cardiovascular disease.1 Previous
studies showed that AF patients have an increased risk of
coronary artery disease (CAD) compared to patients with-
out.2 Oral anticoagulation seems to only have a marginal
effect on the incidence of cardiovascular complications in
AF.3 Furthermore, the efficacy of warfarin therapy for the
prevention of major adverse cardiac events (MACE)
depends on the quality of anticoagulation control. Thus, AF
patients treated with warfarin but with suboptimal time in
therapeutic range (<70%) still experience a high rate of
MACE.4 Despite optimal thromboprophylaxis, AF patients
still have a residual cardiovascular risk, and nearly half of
deaths are currently related to cardiovascular causes.5,6 A
gap of knowledge in this field is represented by the limited
characterization of angiographic features and clinical pre-
sentation of CAD in patients according to the presence of
AF, which have been poorly described. We performed a ret-
rospective cohort study including consecutive patients
undergoing percutaneous coronary intervention (PCI) to
describe: (1) clinical presentation of CAD; and (2) type and
number of diseased coronary vessels angiography differen-
ces and between patients with and without AF.
Methods

Retrospective cohort study including patients undergo-
ing PCI at the Department of Clinical Internal, Anesthesio-
logic, and Cardiovascular Sciences, Sapienza University of
Rome, Rome, Italy. Within the Department, patients were
recruited from 2 centers, of which one is primarily dedi-
cated to the monitoring of anticoagulation therapies and
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managing most patients with AF referring to the hospital.
At baseline, the following data were collected: anthropo-
metric data, concomitant drugs, comorbidities, type of
CAD presentation, and number of diseased coronary ves-
sels. The type of CAD presentation was divided into
3 groups (1) non−ST-segment elevation myocardial infarc-
tion (NSTEMI)-unstable angina (UA), (2) ST-segment ele-
vation MI (STEMI), (3) others including: stable angina,
positive noninvasive functional test, preoperative evalua-
tion. Cardiovascular risk factors were defined according
to international definitions; the diagnosis of AF was con-
firmed by ECG showing the presence of AF, or from
medical records in patients with paroxysmal AF. Exclu-
sion criteria: age <18 years; presence of myocardial
infarction with non-obstructive CAD, active cancer,
chronic infectious or autoimmune disease. At baseline
for each patient the CHA2DS2-VASc and 2MACE score
were calculated to assess the thromboembolic and car-
diovascular risk, respectively.7 The 2MACE score7

includes 2 points for Metabolic Syndrome and Age ≥75,
1 point for MI/revascularization, Congestive heart fail-
ure (ejection fraction ≤40 %), thrombo-embolism (stroke
and/or transient ischemic attack), ranging from 0 to
7 points.7 Patients were classified at “high cardiovascu-
lar risk” if the 2MACE score was ≥3.

During invasive coronary angiography data on left ante-
rior descending artery (LAD), left circumflex artery (LCX),
left main coronary artery, obtuse marginal artery (OM) and
right coronary artery (RCA) were collected. Severe obstruc-
tive atherosclerotic CAD was assessed by presence of pre-
vious PCI or surgical coronary revascularization, and/or
1 or more angiographically documented coronary stenosis.
A coronary vessel was considered as diseased for a ≥70%
luminal narrowing, based on previous finding showing that
in the majority of cases this stenosis is hemodynamically
significant.8
Table 1

Characteristics of study population according to the presence of atrial fibrillation

Whole cohort (

Age (years) 69.6§10.

Age ≥ 75 years 111 (36.6%

Women 70 (23.1%

Arterial hypertension 266 (87.8%

Diabetes 87 (28.7%

Chronic obstructive pulmonary disease 63 (20.8%

Previous ischemic heart disease 109 (36.0%

Heart failure 77 (25.4%

Previous Thromboembolism 28 (9.2%

CHA2DS2-VASc score 2.98§1.6

2MACE score 2.69§1.6

Concomitant drugs

Angiotensin-converting enzyme inhibitors/angiotensin

receptor blockers

184 (60.7%

Oral anticoagulants 97 (32.0%

Proton pump inhibitors 134 (44.2%

Antiplatelet drugs 124 (40.9%

b-Blockers 119 (39.3%

Calcium channel blockers 78 (25.7%

Statins 156 (51.5%
Categorical variables were reported as counts and per-
centage. Continuous variables were expressed as mean and
standard deviation and compared by Student t test. The
Fisher exact test was used to compare proportions. A first
descriptive analysis according to presence of AF was per-
formed. Then, a multivariable logistic regression analysis
was used to investigated factors associated with LAD or
RCA involvement or to severe multivessel CAD. In the
multivariable model, only variables with a p value <0.100
at univariable analysis were included. Only p values <0.05
were considered as statistically significant. All tests were
2-tailed and analyses were performed using computer
software packages (SPSS-25, SPSS Inc. and MedCalc Soft-
ware Ltd).
Results

Seven patients were excluded as they presented with
nonobstructive CAD. Overall, 112 patients had AF, of
whom 51 (45.5%) had paroxysmal AF. Table 1 reports
characteristic of patients with and without AF. Patients
with AF were older, more frequently women, with a higher
prevalence of arterial hypertension, COPD and previous
thromboembolism (Table 1). Regarding treatments, a
higher use of angiotensin-converting enzyme (ACE) inhibi-
tors and/or angiotensin II receptor blocker (ARBs), oral
anticoagulants, proton pump inhibitors, was found in AF
patients, while a higher use of antiplatelet drugs was present
in non-AF patients (Table 1). Similar results were found in
the subgroup of patients without previous ischemic heart
disease at baseline (not shown). Overall, 37.6% of patient
presentations of CAD were STEMI, in 55.1% were
NSTEMI-UA, and 7.3% others. The proportion of
NSTEMI-UA was higher in AF than non-AF patients
69.6% versus 46.6%, p <0.001 (Figure 1). Conversely, a
n= 303) Atrial fibrillation p

No (n=191) Yes (n=112)

8 66.6§11.4 74.2§7.6 <0.001
) 54 (28.3%) 57 (50.9%) <0.001
) 37 (19.6%) 33 (28.9%) 0.068

) 159 (84.1%) 107 (93.9%) 0.012

) 55 (29.1%) 32 (28.1%) 0.896

) 29 (15.3%) 34 (29.8%) 0.003

) 62 (32.8%) 47 (41.2%) 0.174

) 43 (22.8%) 34 (29.8%) 0.176

) 12 (6.3%) 16 (14.0%) 0.039

9 2.59§1.68 3.62§1.49 <0.001
9 2.46§1.64 3.05§1.71 0.003

) 99 (52.4%) 85 (74.6%) <0.001

) 6 (3.2%) 91 (79.8%) <0.001
) 67 (35.4%) 67 (58.8%) <0.001
) 92 (48.7%) 32 (28.1%) <0.001
) 70 (37.0%) 49 (43.0%) 0.332

) 46 (24.3%) 32 (28.1%) 0.499

) 92 (48.7%) 64 (56.1%) 0.236
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Figure 1. Proportion of NSTEMI-UA, STEMI, and stable angina in patients with and without atrial fibrillation.
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lower rate of STEMI was found in the AF group (22.3% vs
46.6%, p <0.001) (Figure 1).

LAD was the most common coronary diseased vessel
(70.6%) followed by RCA (56.4%) OM (36.6%) and LCX
(33%) (Table 2). Patients with AF had a significantly lower
RCA involvement (47.3% vs 61.8%, p = 0.016), with a
trend for LAD (64.3% vs 74.3%, p = 0.069) (Table 2).
Patients with LAD involvement (Table 3) were less com-
monly women, with a higher proportion of diabetes, previ-
ous ischemic heart disease and antiplatelet drugs use, with a
nonsignificant lower prevalence of AF. Patients with LAD
obstruction had also a higher 2MACE score (Table 3). On
multivariable logistic regression analysis, female sex and
the presence of AF were inversely associated with LAD,
while previous ischemic heart disease and diabetes showing
a direct association (Table 4, Panel A). Similar results were
found using 2MACE score as covariate instead of single
variables (Table 4, Panel A). Patients with RCA obstruction
(Table 3) were less commonly affected by AF (and there-
fore less frequently on oral anticoagulants), with a higher
prevalence of diabetes, and more commonly on Calcium
channel blockers. On multivariable logistic regression anal-
ysis, AF was inversely associated with RCA involvement,
while the use of Calcium channel blockers was directly
Table 2

Coronary involvement in patients with and without atrial fibrillation

Coronary vessel Whole cohort (n= 3

Right coronary dominance 263 (86.8)

Left main coronary artery 23 (7.6%)

Left anterior descending artery 214 (70.6%)

Left circumflex artery 100 (33.0%)

Obtuse marginal artery 111 (36.6%)

Right coronary artery 171 (56.4%)

Mean number of coronary vessels with stenosis ≥70% 2.04§1.12

Number of coronary vessels with stenosis ≥70%
1 112 (37.0%)

2 85 (28.1%)

≥3 106 (34.9%)
associated with the risk of diseased RCA (Table 4, Panel
B). Similar results were found using 2MACE score as
covariate instead of single variables (Table 4, Panel B).

Overall, the mean number of diseased vessels was lower
in AF than non-AF patients (p = 0.003) (Table 2). When we
analysed patients with ≥3 diseased vessels, AF patients had
less multivessel disease compared to non-AF (p = 0.046)
(Table 2). When we analysed characteristics of patients pre-
senting with severe CAD, as defined by a number of dis-
eased vessels ≥3, there was a lower prevalence of women,
AF and a higher proportion of elderly patients (≥75 years),
hypertension, diabetes, previous ischemic heart disease
(and antiplatelet drugs use) compared to patients with <3
diseased coronary vessels (Table 3). Patients with severe
CAD also had a higher 2MACE score (Table 3). Among
patients with AF, a similar proportion of paroxysmal AF
was found between patients with and without multivessel
disease (35.5% vs 49.4%, respectively, p = 0.209). On mul-
tivariable logistic regression analysis, AF was inversely
associated with multivessel disease, while arterial hyperten-
sion and previous ischemic heart disease increased the risk
of multivessel disease (Table 4, Panel C). Similar results
were found using 2MACE score as covariate instead of sin-
gle variables (Table 4, Panel C).
03) Atrial fibrillation p

No (n=191) Yes (n=112)

162 (84.8%) 101 (90.2%) 0.220

18 (9.4%) 5 (4.5%) 0.176

142 (74.3%) 72 (64.3%) 0.069

70 (36.6%) 30 (26.8%) 0.100

71 (37.2%) 40 (35.7%) 0.902

118 (61.8%) 53 (47.3%) 0.016

2.19§1.19 1.79§1.11 0.003

0.026 (among groups)

0.046 (for ≥3 vessels)64 (33.5%) 48 (42.8%)

52 (27.2%) 33 (29.5%)

75 (39.3%) 31(27.7%)



Table 3

Clinical characteristics of patients with diseased LAD or RCA

Left anterior descending artery P Right coronary artery. p ≥3 vessels p

No (n=89) Yes (n=214) No (n=132) Yes (n=171) no (n=197) yes (n=106)

Age (years) 69.7§11.3 69.4§10.5 0.850 70.6§10.8 68.6§10.7 0.115 69.4§10.6 69.8§11.1 0.764

Age ≥ 75 years 32 (36.0%) 79 (36.9%) 0.897 50 (37.9%) 61 (35.7%) 0.719 65 (33.0%) 46 (43.4%) 0.081

Women 36 (40.4%) 34 (15.9%) <0.001 35 (26.5%) 35 (20.5%) 0.220 54 (27.4%) 16 (15.1%) 0.015

Atrial fibrillation 40 (44.9%) 72 (33.6%) 0.069 59 (44.7%) 53 (31.0%) 0.016 81 (41.1%) 31 (29.2%) 0.046

Arterial hypertension 76 (85.4%) 190 (88.8%) 0.443 112 (84.8%) 154 (90.1%) 0.215 164 (83.2%) 102 (96.2%) 0.001

Diabetes 16 (18.0%) 71 (33.2%) 0.008 31 (23.5%) 56 (32.7%) 0.096 48 (24.4%) 39 (36.8%) 0.024

Chronic obstructive pulmonary disease 20 (22.5%) 43 (20.1%) 0.644 31 (23.5%) 32 (18.7%) 0.321 42 (21.3%) 21 (19.8%) 0.882

Previous ischemic heart disease 21 (23.6%) 88 (41.1%) 0.004 43 (32.6%) 66 (38.6%) 0.334 58 (29.4%) 51 (48.1%) 0.002

Heart failure 19 (21.3%) 58 (27.1%) 0.315 39 (29.5%) 38 (22.2%) 0.183 49 (24.9%) 28 (26.4%) 0.783

Previous Thromboembolism 6 (6.7%) 22 (10.3%) 0.390 15 (11.4%) 13 (7.6%) 0.318 20 (10.2%) 8 (7.5%) 0.536

CHA2DS2-VASc score 2.79§1.62 3.06§1.71 0.198 3.05§1.68 2.93§1.69 0.555 2.81§1.69 3.30§1.63 0.015

2MACE score 2.24§1.67 2.87§1.67 0.003 2.56§1.73 2.78§1.66 0.272 2.45§1.66 3.12§1.66 0.001

Angiotensin-converting enzyme inhibitors/

Angiotensin receptor blockers

48 (53.9%) 136 (63.6%) 0.123 77 (58.3%) 107 (62.6%) 0.478 113 (57.4%) 71 (67.0%) 0.110

Oral anticoagulants 33 (37.1%) 64 (29.9%) 0.227 53 (40.2%) 44 (25.7%) 0.009 71 (36.0%) 26 (24.5%) 0.052

Proton pump inhibitors 36 (40.4%) 98 (45.8%) 0.447 65 (49.2%) 69 (40.4%) 0.131 83 (42.1%) 51 (48.1%) 0.334

Antiplatelet drugs 25 (28.1%) 99 (46.3%) 0.005 50 (37.9%) 74 (43.3%) 0.349 71 (36.0%) 53 (50.0%) 0.020

b-Blockers 30 (33.7%) 89 (41.6%) 0.245 46 (34.8%) 73 (42.7%) 0.192 73 (37.1%) 46 (43.4%) 0.324

Calcium channel blockers 24 (27.0%) 54 (25.2%) 0.774 26 (19.7%) 52 (30.4%) 0.046 50 (25.4%) 28 (26.4%) 0.891

Statins 41 (46.1%) 115 (53.7%) 0.256 66 (50.0%) 90 (52.6%) 0.728 98 (49.7%) 58 (54.7%) 0.470
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Discussion

Our study comparing angiographic characteristics of
patients undergoing PCI according to the presence of AF
indicates a lower involvement of RCA in AF patients, who
Table 4

Multivariable logistic regression analysis of factors associated with diseased left a

tivessel disease (≥3 vessels) (Panel C)

Panel A. Left anterior descending artery Odds ratio

Female sex 0.327

Diabetes 1.840

Atrial fibrillation 0.643

Previous ischemic heart disease 1.984

Left anterior descending artery wit

Female sex 0.288

Atrial fibrillation 0.569

2MACE score 1.301

Panel B. Right cor

Atrial fibrillation 0.541

Diabetes 1.557

Calcium channel blockers 1.823

Panel C. ≥3 vess
Age ≥75 years 1.272

Female sex 0.561

Atrial fibrillation 0.470

Arterial hypertension 3.717

Diabetes 1.393

Previous ischemic heart disease 1.854

≥3 vessels with 2MACE

Female sex 0.477

Atrial fibrillation 0.507

2MACE score 1.330
were generally affected by a less severe obstructive CAD
compared to non-AF.

We found that the most common clinical presentation
of CAD in AF patients was NSTEMI-UA (69.7%), while
nterior descending artery (Panel A), right coronary artery (Panel B) or mul-

95% confidence interval p

Lower Upper

0.183 0.583 <0.001
0.970 3.488 0.062

0.374 1.104 0.109

1.098 3.586 0.023

h 2MACE score as covariate

0.160 0.518 <0.001
0.328 0.989 0.046

1.103 1.535 0.002

onary artery

0.541 0.335 0.012

1.557 0.923 0.097

1.823 1.053 0.032

els disease

0.975 1.660 0.077

0.291 1.081 0.084

0.272 0.810 0.007

1.225 11.278 0.020

1.393 0.808 0.233

1.854 1.099 0.021

score as covariate

0.477 0.249 0.026

0.507 0.295 0.014

1.330 1.140 <0.001

www.ajconline.org
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STEMI accounted for 22.3% of cases. These data are in
keeping with a previous work showing that in 12,281
patients with paroxysmal or chronic AF, NSTEMI repre-
sented the most frequent indication to PCI (72%), followed
by STEMI (27%).9 The association between AF and
NSTEMI has been previously reported in a post hoc analy-
sis from the ARIC study which showed a nearly doubled
risk of NSTEMI in AF patients compared to those with-
out.10 This association may have several different explana-
tions; thus, factors precipitating partial occlusion of the
coronary arteries may include reduced oxygen supply (i.e.,
vasospasm) or increased oxygen demand as happens during
AF episodes with uncontrolled ventricular response, usually
referred to as type 2 myocardial infarction without ST
elevation.11

In our study, the LAD was the most common coronary
diseased vessel (70.6%) followed by RCA (56.4%), OM
(36.6%), and LCX (33%). In the randomized DEFINE-
FLAIR (Functional Lesion Assessment of Intermediate Ste-
nosis to Guide Revascularization) LAD was affected in
52%-53%, RCA in 23%-24% and LCX in 20% of
patients.12 Similarly, in the Instantaneous Wave-free Ratio
versus Fractional Flow Reserve in Patients with Stable
Angina Pectoris or Acute Coronary Syndrome (iFR-SWE-
DEHEART) trial,13 a diseased LAD was found in 47% to
48%, LCX in 18% to 19% and RCA in 18% to 20%.
Patients included in our cohort study had more severe CAD
compared to clinical trials despite a similar mean age and a
similar proportion of women, as shown by the higher mean
number of target vessels and the higher proportion of
patients with multivessel disease, which was almost 35% in
our study, as compared to iFR-SWEDEHEART trial in
which only 10% of patients had 3-vessel disease.13 Further-
more, these trials did not include patients with AF and the
majority of patients undergoing PCI had stable CAD. The
prevalence of 3-vessel disease was similar to a previous
study including 56 AF patients, in whom 30% of patients
undergoing PCI and/or coronary artery bypass grafting
(CABG) had multivessel disease.14 However, it should be
considered that not only the severity of coronary stenosis or
the number of diseased vessels may affect the prognosis of
patients, but also the atherosclerotic burden and plaque
composition. Thus, the Scottish Computed Tomography of
the HEART Trial study showed that the presence of adverse
plaque features, defined as positive remodeling or low
attenuation plaque, and coronary artery calcification within
15 coronary segments were associated with worse
outcomes.15

We found a less common involvement of RCA in
patients with AF compared to those without (47.3% and
61.8%, respectively); this prevalence was slightly lower to
that reported in a previous study which showed a diseased
RCA in 62% of AF cases.14 We also found a generally less
severe CAD, as shown by the lower prevalence of multives-
sel coronary disease, in AF patients. This association was
confirmed after adjustment for confounding factors, such as
age and comorbidities. These findings might be partially
explained by the early use of ACE inhibitors/ARBs and
oral anticoagulants in patients once they are diagnosed with
AF. Of note, oral anticoagulation with warfarin reduces the
incidence of first MI infarction compared to aspirin
therapy.16 Furthermore, we might also hypothesize that
patients with AF usually undergo a more structured clinical
and instrumental follow-up, as indicated by guidelines both
for either INR monitoring or direct oral anticoagulants con-
trol, which could allow earlier identification and manage-
ment of cardiovascular risk factors (i.e., compensated
diabetes and hypertension), ultimately leading to a less
severe ACS presentation.

Another interesting finding of our study is the inverse
association between female sex and LAD involvement,
with women having a less prevalence of multivessel CAD.
These data are in line with previous reports showing sex-
based difference in CAD,17 as women have been shown to
have more microvascular than macrovascular obstructive
disease, and to have less severe obstructive CAD compared
to men.18,19

We also investigated in this cohort of PCI patients the
value of the 2MACE score, which has been proposed as a
useful tool to stratify cardiovascular risk in patients with
AF.20 We found that the 2MACE score, but not the
CHA2DS2VASc score, was higher in patients with diseased
LAD, and that it was independently associated with severe
CAD, such as those with ≥3 vessels-disease. The potential
usefulness of the 2MACE score for the identification
of patients at higher risk of severe CAD requires further
exploration.

This was a single-center study including elderly Cauca-
sian only patients. Thus, the generalizability of our results
to other ethnic groups is uncertain. The effect of specific
drugs on the development of severe CAD cannot be
explored in the present study and need to be addressed in ad
hoc studies. The severity of CAD should be confirmed in
AF patients treated with the direct oral anticoagulants
which have been shown to reduce long-term cardiac risk
compared to warfarin.21,22 The higher proportion of AF
patients seen in our study compared to previous ones may
be related to the type of centers recruiting patients, as 1 of
the 2 centers is specialized in the management of anticoagu-
lation therapy in AF patients. The association between AF
and RCA found in our study needs to be confirmed in larger
studies. Finally, as the majority of patients presented with
ACS the generalizability of our results to patients with
chronic and/or stable CAD must be explored.

In conclusion, patients with AF show lower RCA
involvement and generally less severe CAD compared to
non-AF ones. 2MACE score was higher in LAD obstruction
and identified patients with severe CAD.
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