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Background: Previous studies have shown that patients with a history of atrial
fibrillation (AF) have a higher risk of developing coronary slow flow (CSF).
However, whether AF episode status affects the incidence of CSF has not been
confirmed. This study investigated the correlation between AF episode status
and the incidence of CSF.

Methods: We enrolled patients with AF who underwent coronary angiography for
symptoms of myocardial ischemia between January 1, 2017, and April 30, 2022, at
our institution and classified them according to whether they had an episode of AF
in the perioperative period. The outcomes were defined the occurrence of CSF
overall and in each of the three coronary arteries. The analysis was repeated
after adjusting the baseline information by the propensity score matching
method in a 1:1 ratio.

Results: 214 patients who met the inclusion and exclusion criteria were included in
the study (AF episode group: 100 patients, AF non-episode group: 114 patients).
Before matching, age, left atrial size, ejection fraction, heart rate, CSF incidence,
and mean corrected thrombolysis in myocardial infarction frame counts were
higher in patients with intraoperative AF episodes than in patients without
episodes. To prevent the dependent variable (CSF incidence) from being
confounded by confounding factors, we matched the two groups for age, left
atrial size, and ejection fraction. In the logistic regression analysis, the incidence
of CSF was significantly higher in the intraoperative AF episode group (P = 0.010,
OR =2.327, 95% Cl: 1.226-4.416) than in the non-episode group.

Conclusion: In patients with AF, AF episode status is significantly correlated with an
increased overall incidence of CSF.

KEYWORDS

coronary slow flow, atrial fibrillation, corrected TIMI frame count, cardiac rhythm,
propensity score matching

1. Introduction

Atrial fibrillation (AF) is the most common arrhythmia in clinical practice and is
characterized by impaired atrial excitation leading to the deterioration of atrial function
(1, 2). According to the 2017 Global Burden of Disease Study, there were 37.6 million
persons with AF globally, including 3 million people with new-onset AF and 287,000
people who died from AF (3). AF causes various disabling symptoms, including blood
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pressure drops, palpitations, poor exercise tolerance, and lung
congestion (4). Furthermore, even in the absence of severe
coronary artery disease, patients with AF may experience
symptoms caused by changes in myocardial perfusion and brief
myocardial ischemia such as angina-like chest pain (5, 6).
Coronary slow flow (CSF) is a specific phenomenon of
coronary microcirculatory dysfunction which is characteristic of
delayed distal perfusion of the vessel in the absence of significant
epicardial coronary stenosis (7). It may also be referred to as
ischemia with non-obstructive coronary arteries (8). More than
80% of patients endure repeated bouts of resting angina, and
over 20% require hospitalization for associated treatments such
as intravenous nitrates (9). Thus far, the pathophysiological
mechanisms underpinning CSF and its impact on cardiac
function remain unclear. Its causative factors may include

endothelial and microvascular dysfunction, small vessel
breakdown, inflammation, diffuse atherosclerosis, platelet
dysfunction, and impaired lipid metabolism (10, 11). This

suggests CSF and AF may have similar risk factors (12, 13). A
previous report has demonstrated a correlation between a history
of AF and CSF (14). Some animal studies have shown that
inducing an acute episode of AF affects coronary perfusion and
coronary flow reserve (15). However, whether the two are
correlated in humans in the non-acute phase needs further
confirmation. This study is the first to explore the relationship
between AF episode status and CSF using corrected thrombolysis
in myocardial infarction (TIMI) frame counts (CTFC) in patients.

2. Methods
2.1. Study design and population

In this retrospective cohort study, we included patients with AF
who underwent coronary angiography for symptoms of myocardial
ischemia (including chest tightness, angina, and palpitations) (5)
from January 1, 2017, to April 30, 2022, at Zhejiang Provincial
People’s Hospital. The classification was based on whether AF
persisted in the perioperative period in the nursing record (data
from bedside monitor during hospitalization). The exclusion
criteria were as follows: patients with a history of coronary
revascularization (Percutaneous coronary intervention/coronary
artery bypass graft), coronary stenosis more than or equal to
50%, severe heart failure (New York Heart Association class III-
1V), severe atrioventricular block, severe valvular heart disease,
congenital heart disease, active autoimmune disease, severe renal
failure, and malignancy. After obtaining a detailed medical
history, all patients underwent a thorough physical examination.
The protocol for this study was approved by the Ethics
Committee of Zhejiang Provincial People’s Hospital.

2.2. Data collection

The following information was collected from the electronic
medical record system of patients who met the inclusion criteria:
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general clinical data (sex, age, height, weight, body mass index),
personal history (hypertension, history of smoking), cardiac
ultrasound indices (left atrial size, ejection fraction), and
laboratory indices (creatinine, uric acid, hemoglobin Alc,
total
cholesterol, high-density lipoprotein cholesterol, troponin I,

homocysteine, cholesterol, low-density  lipoprotein
B-type natriuretic peptide, prothrombin time, activated partial
thromboplastin time, thrombin time, D-dimer). We observed the
coronary angiography videos of all the patients and analyzed
them with the procedure and nursing records to determine
whether the patients had AF episodes. Moreover, we collected
the intraoperative mean heart rate, systolic blood pressure,
diastolic blood pressure, and overall CSF occurrence, in each
patient as well as each coronary artery’s diameter, myocardial

bridge, and CSF occurrence.

2.3. Coronary angiography and CTFC

This study defined CSF according to the TIMI test and the
CTFC method. All angiograms were performed using the
standard Judkins (16) and
experienced cardiologists. The first frame was defined as the

technique evaluated by two
frame in which the contrast agent contacted the medial wall of
the coronary artery, filled more than 70% of its diameter, and
advanced steadily. The last frame was defined as the frame where
the leading edge of the contrast agent reached the end of the
coronary artery branch. The specific frame positioning is shown
in Figure 1. The frame count in the left anterior descending
coronary artery (LAD) was divided by a factor of 1.7 to correct
for its longer length. Internationally, coronary angiography is
performed at 30 frames per second (17). In this study, the
recorded frame rate was 15 frames per second, so the number of
structures obtained was multiplied by 2.

According to Gibson et al. a mean CTFC of more than 27
frames in three coronary arteries was defined as CSF. The CTFC
cut-off values for each coronary artery were 21.3 + 1.5 frames for
the LAD, 22.2 +4.1 frames for the left circumflex coronary artery
(LCX), and 20.4 + 3 frames for the right coronary artery (RCA).
When the CTFC was more than 2 standard deviations of these
means then CSF was said to occur in those coronary arteries (16).

2.4. Measurement of coronary artery
diameter

The diameter of each coronary artery in the coronary
angiography video was measured by two trained independent
observers using the MicroDicom DICOM viewer 3.4.7 under
clinical data confidentiality. The widest dimension of the
proximal coronary artery was measured in diastole according to
the methodology of Lip et al. (18). The diameter of the coronary
artery was assessed using a known catheter tip diameter
(1.67 mm for a 5.0 F catheter) as a calibration object with the
image intensifier settings held constant. The LAD and the LCX
were measured at a 30° right anterior oblique projection and the
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CTFC corrected TIMI frame counts, LAD left anterior
descending coronary artery, LCX left circumflex
coronary artery, RCAright coronary artery.

A, C,and E=diameter measurement sites and the
first CTFC count sites for LAD, LCX, and RCA; B, D, and
F=thelast CTFC count sites for LAD, LCX, and RCA.

FIGURE 1
Diameter measurement sites and CTFC count sites for each coronary
artery

RCA was measured at a 60° left anterior oblique projection. The
specific position is shown in Figure 1.

2.5. Statistical analysis

The data was analyzed using IBM SPSS Statistics for Windows,
version 26.0 (IBM Corp., Armonk, N.Y., United States) and R
software version 4.2.1. We grouped patients according to whether
they were in an AF episode state during the perioperative period.
Patients in different groups were matched in a 1:1 ratio using
propensity score matching (PSM) to reduce baseline differences
according to the methodology of the study by Teoh AYB et al.
(19, 20). We calculated a propensity score of 0.1 for maximum
and  fixed width.  The
measurement data was expressed as means + standard deviations

execution  performance caliper
or medians (interquartile range), and the difference between the
means of the two groups were tested by the Student t test or
nonparametric tests. Categorical data was expressed using
percentages, and differences between the two groups were
compared using the chi-square test. Before and after PSM,
factors associated with intraoperative AF episode status were
analyzed using logistic regression analyses. After matching was
completed, standardized mean differences (SMD) evaluated the
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balance of covariates. All tests were two-tailed, and a P value of
less than 0.05 was considered to be statistically significant.

3. Results

3.1. Demographic and clinical
characteristics

Between January 1, 2017, and April 30, 2022, 548 patients with
AF underwent coronary angiography in our hospital due to
symptoms of myocardial ischemia. 214 patients met the inclusion
and exclusion criteria (Figure 2). These included 100 patients
with persistent episodes of AF in the perioperative period
(46.73%) and 114 patients with a history of AF but who did not
currently have AF (53.2%). Before PSM, patients in the AF
episode group were older than those in the non-episode group
(72.71 £ 8.61 years vs. 68.89+9.10 years, P=0.002) and had a
larger left atrial size [43.0 (8.00) mm vs. 40.0 (9.00) mm,
P=0.015] and ejection fraction [64.0 (6.00) % vs. 61.5 (10.00) %,
P=0.011]. Other general clinical data (sex, height, weight, body
mass index), personal history (hypertension, smoking), and
laboratory parameters (creatinine, uric acid, Hemoglobin Alc,
total
cholesterol, high-density lipoprotein cholesterol, troponin I, B-

homocysteine, cholesterol, low-density  lipoprotein
type natriuretic peptide, prothrombin time, activated partial
thromboplastin time, thrombin time, and D-dimer) were not
statistically significant in both groups (Table 1).

To balance the clinical baseline data, we matched for age, left
atrial size, and ejection fraction (data from cardiac ultrasound).
172 patients were included in this study’s experimental and
control groups in a 1:1 ratio. 42 patients were excluded because
they were not successfully matched. Baseline information was not

statistically significant in either group after PSM (Table 2).

3.2. Outcomes

The primary outcome indicators for this study were overall CSF
occurrence and mean CTFC, while secondary outcome indicators
were CSF occurrence and mean CTFC of each coronary artery.
Before PSM, age, left atrial size, ejection fraction, mean
intraoperative heart rate, and overall CSF incidence in the
intraoperative AF group was statistically significant between the
two groups (Tables 1, 3, P<0.05). We, therefore, included these
factors in a multifactorial logistic regression analysis and found
that their statistical significance remained highly significant
(Figure 3). The overall incidence of CSF (P=0.016, OR =2.122,
95% CI: 1.151-3.910) was higher in the AF episode group
compared with the control group. To exclude confounding
factors for the dependent variable (overall CSF occurrence), we
matched age, left atrial size, and ejection fraction in both groups.
The final baseline information obtained for both groups was
balanced (Table 2, SMD <0.02, Figure 4). Because of the high
heart rate of patients with AF episodes, forced matching would
result in many samples being excluded. Therefore, we kept the
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AF patients with coronary angiography N=548

Coronary revascularization (PCI/CABG) N=128
Coronary stenosis =50% N=97
Excluded | Severe heart failure N=37
N=334 Severe atrioventricular block N=5
Severe valvular heart disease N=8
Congenital heart disease N=12
Active autoimmune disease N=6
Severe renal failure N=15
Malignancy N=26

AF episode AF non-episode
N=100 N=114

Propensity score matching
AF episode: AF non-episode = 1:1

AF episode AF non-episode
N=86 N=86

FIGURE 2
Patient screening process.

TABLE 1 Baseline characteristics of patients with and without AF episodes before PSM.

Characteristics Non-intraoperative AF episode (n=114) Intraoperative AF episode (n = 100) P value
Age (years) 68.89 £9.10 72.71 +8.61 0433 0.002
Sex (male), 1 (%) 60 (52.63%) 53 (53.00%) 0.135 0.957
BMI (kg/m?) 24.17 £3.09 24.54 +4.88 0.137 0.425
Height (cm) 164.5 (12.00) 163.0 (12.00) —0.051 0.782
Waistline (kg) 65.0 (16.50) 68.5 (17.50) 0.074 0.436
Hypertension, 7 (%) 70 (61.40%) 58 (58.00%) —0.241 0.612
Smoking, 1 (%) 33 (28.95%) 31 (31.00%) —0.248 0.744
Echocardiography parameters
LVEF (%) 61.5 (10.00) 64.0 (6.00) 0.282 0.011
LA (mm) 40.0 (9.00) 43.0 (8.00) 0.273 0.015
Laboratory's test
Creatinine (umol/L) 76.75 (23.30) 80.45 (24.90) 0.067 0.165
Uric acid (umol/L) 357.5 (141.00) 354.0 (153.00) 0.077 0.821
HbAlc (%) 6.15 (1.93) 5.95 (1.38) —0.241 0.128
TC (mmol/L) 3.98+1.34 3.92+148 —0.068 0.677
LDL-C (mmol/L) 2314077 2.40 £ 0.80 0.114 0.378
HDL-C (mmol/L) 1.08 +0.27 1.07 +0.30 —0.035 0.928
cTnl (ug/L) 0.006 (0.013) 0.005 (0.009) -0.137 0.407
BNP (pg/ml) 104.75 (172.35) 134.35 (217.40) 0.226 0.153
PT (s) 11.4 (1.10) 11.4 (1.20) —0.059 0.758
APTT (s) 27.0 (3.80) 26.6 (4.00) —0.056 0.158
TT (s) 17.65 (1.60) 17.7 (1.60) 0.160 0.729
D-Dimer (ug/L) 300.0 (455.00) 375.0 (470.00) 0.146 0.203

BMI, body mass index; LVEF, ejection fraction; LA, left atrial size; HbAlc, glycosylated hemoglobin; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C,
high density lipoprotein cholesterol; cTnl, cardiac troponin |; BNP, brain natriuretic peptide; PT, prothrombin time; APTT, activated partial thromboplastin time; TT,
thrombin time.
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TABLE 2 Baseline characteristics of patients with and without AF episodes after PSM.

Characteristics

Non-intraoperative AF episode (n = 86)

Intraoperative AF episode (n = 86)

10.3389/fcvm.2023.1047748

Age (years) 70.94 + 8.62 71.77 £ 8.56 0.098 0.529
Sex (male), n (%) 45 (52.33%) 51 (59.30%) 0.142 0.357
BMI (kg/m?) 24.15+£2.93 24.44 +3.80 0.117 0.576
Height (cm) 165.0 (12.00) 164.5 (12.00) —-0.117 0.521
Waistline (kg) 66.06 + 10.57 65.98 +12.81 0.014 0.964
Hypertension, 1 (%) 54 (62.79%) 49 (56.98%) -0.117 0.437
Smoking, 1 (%) 26 (30.23%) 29 (33.72%) 0.074 0.624
Echocardiography parameters
LVEF (%) 61.5 (10.00) 63.0 (7.00) 0.131 0.178
LA (mm) 41.0 (10.00) 43.0 (10.00) 0.096 0.336
Laboratory's test
Creatinine (umol/L) 78.15 (23.4) 80.90 (23.0) —0.010 0.276
Uric acid (umol/L) 367.5 (141.0) 353.0 (142.0) 0.059 0.938
HbAlc (%) 6.3 (1.85) 5.9 (1.25) 0.000 0.054
TC (mmol/L) 4.01+£0.94 395+ 1.13 —0.067 0.679
LDL-C (mmol/L) 2.35+0.77 2.42+0.82 0.087 0.539
HDL-C (mmol/L) 1.08 £0.30 1.08 £0.43 —0.036 0.998
cTnl (ug/L) 0.005 (0.013) 0.005 (0.008) —0.157 0.595
BNP (pg/ml) 114.3 (177.3) 139.4 (241.0) 0.192 0.268
PT (s) 11.45 (1.15) 11.40 (1.22) —0.060 0.470
APTT (s) 26.6 (3.70) 26.5 (4.70) 0.006 0.606
TT (s) 17.6 (1.40) 17.7 (1.70) 0.158 0.830
D-Dimer (pg/L) 300.0 (465.00) 365.0 (572.50) 0.183 0.339

BMI, body mass index; LVEF, ejection fraction; LA, left atrial size; HbAlc, glycosylated hemoglobin; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C,
high density lipoprotein cholesterol; cTnl, cardiac troponin |; BNP, brain natriuretic peptide; PT, prothrombin time; APTT, activated partial thromboplastin time; TT,

thrombin time.

TABLE 3 CTFC, diameter and heart rate in two groups of patients before and after PSM in coronary angiography.

Vessel Before propensity score (PS) matching After propensity score (PS) matching
Non-intraoperative AF Intraoperative AF P Non-intraoperative AF Intraoperative AF P
episode (n=114) episode (n=100) value episode (n=86) episode (n = 86) value
HR (bpm) 78.0 (17.44) 82.44 (22.65) 0.051 77.0 (15.00) 82.4 (24.00) 0.032
SBP (mmHg) 132 (24.00) 130 (26.00) 0.749 133 (27.00) 130 (24.00) 0.800
DBP (mmHg) 77 (14.00) 79 (16.00) 0.774 77 (15.00) 80 (16.00) 0.560
CTFC
LAD 22.35 (8.18) 24.00 (8.75) 0.061 22.35 (7.29) 24.35 (9.40) 0.122
LCX 26.00 (12.00) 26.00 (12.00) 0.098 26.00 (12.00) 26.00 (12.00) 0.159
RCA 24.00 (12.00) 24.00 (13.00) 0.336 24.00 (11.00) 25.50 (12.00) 0.107
Mean 23.55 (8.00) 25.49 (7.33) 0.025 23.55 (7.62) 27.43 (7.39) 0.018
CSF occurrence
LAD 41 (35.96%) 48 (48.00%) 0.075 32 (37.21%) 43 (50.00%) 0.091
LCX 38 (33.33%) 38 (38.00%) 0.477 28 (32.56%) 32 (37.21%) 0.522
LCX 47 (41.23%) 43 (43.00%) 0.793 32 (37.21%) 41 (47.67%) 0.165
Overall 35 (30.70%) 48 (48.00%) 0.010 25 (29.07%) 44 (51.16%) 0.003
Diameter
LAD 3.42 (0.68) 3.48 (0.77) 0.502 3.42 (0.69) 3.48 (0.69) 0.803
LCX 3.33 (0.62) 3.46 (0.71) 0.359 3.39 (0.58) 3.47 (0.70) 0.538
RCA 3.48 (0.57) 3.45 (0.80) 0.615 3.50 (0.66) 3.45 (0.75) 0.828
Myocardial bridges
LAD 11 (9.65%) 12 (12.00%) 0.580 11 (12.79%) 12 (13.95%) 0.823
LCX 0 0 - 0 0 -
RCA 0 0 - 0 0 -
CTFC, corrected TIMI frame counts; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; LAD, left anterior descending coronary artery; LCX, left

circumflex coronary artery; RCA, right coronary artery; CSF, coronary slow flow.
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FIGURE 3
Univariate and multifactor logistic regression before PSM matching.

Univariate Analysis Multivariate Analysis
parameters OR 95%CI Forest Plot P-value OR 95%CI Forest Plot P-value
Age (years) 1.050 1.017-1.084 & —a&— 0.003 1.054 1.018-1.092 | —a&— 0.003
LA (mm) 1.039  1.001-1.078 *—&— 0.042 1.070 1.024-1.117 + =——t— 0.002
LVEF (%) 1.038  1.002-1.075 —a— 0.037 1.057 1.015-1.101 | —a—s 0.007
HR (bpm) 1.024  1.003-1.045 0.024 1.025 1.002-1.049 0.031
Overall CSF occurrence*  2.084  1.192-3.643 —_——,—— 0.010 2.122  1.151-3.91 — 0.016
10 T2 H 10 T2 H 3

*dependent variable. LA left atrial size, LVEF ejection fraction, HR heart rate, CSF coronary slow flow.
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BMI body mass index, HP hypertension, LVEF ejection fraction, LA left atrial size, HbA1c glycosylated hemoglobin, TC
total cholesterol, LDL-C low density lipoprotein cholesterol, HDL-C high density lipoprotein cholesterol, ¢Tnl cardiac
troponin |, BNP brain natriuretic peptide, PT prothrombin time, APTT activated partial thromboplastin time, TT thrombin

FIGURE 4
Balance of baseline information before and after PSM matching in two groups.

Univariate Analysis Multivariate Analysis
parameters OR 95%CI P-value OR 95%CI P-value
HR (bpm) 1.029  1.006-1.053 —— 0.015 1.024  1.001-1.049 —=>— 0.043
Overall CSF occurrence*  2.556  1.363-4.794 —_— 0.003 2327  1.226-4.416 e — 0.010

*dependent variable. HR heart rate,CSF coronary slow flow.

FIGURE 5
Univariate and multifactor logistic regression after PSM matching.

heart rate in the multifactorial logistic regression model to reduce
the interference with the overall CSF incidence analysis results
according to the methodology of Sulaiman et al. (21-23). The
results showed that the overall incidence of CSF was significantly
higher in the intraoperative AF episode group (P =0.010, OR=
2.327, 95% CIL: 1.226-4.416) than in the non-episode group

Frontiers in Cardiovascular Medicine

(Figure 5). However, the differences in mean systolic and
diastolic blood pressure between the two groups were not
statistically significant, regardless of whether they were matched.
The diameters, the incidence of myocardial bridges, CSF, and the
occurrence of CTFC in the three coronary arteries were not

significantly different between the two groups (Table 3).
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Therefore, our results were not affected by intraoperative patient

blood pressure, coronary artery diameter, heart rate, or

myocardial bridges.

4. Discussion

Previous studies have shown that patients with a history of AF
have a higher incidence of CSF (24). This finding was also
confirmed by Zhuang et al. in a retrospective study that included
2,060 patients with chest pain and no significant coronary
stenosis and assessed coronary blood flow velocity using CTFC
(14). Luo et al. concluded that the longer the duration of AF or
the more extensive the left atrial diameter, the higher the CTFC
in patients with AF. The mean CTFC independently predicted
adverse cardiovascular events in patients with AF without the
presence of coronary artery disease (25). AF may contribute to
the progression of CSF through long-acting factors such as
endothelial dysfunction (26, 27), chronic inflammation (28, 29),
and atherosclerosis (30, 31); moreover, ventricular fibrosis as an
irreversible long-acting factor may also play a significant role in
this pathology (32-34). Several histopathological studies, using
anti-CD34 antibodies, have shown that reduced microvessel
density is associated with more severe fibrosis and microvessel
density is lower in patients with AF compared with controls (35).
Ventricular arrhythmias or reduced microvascular density may
contribute to the development of CSF in patients with AF (24).

Based on the presentation and duration of AF, AF is commonly
classified into four subtypes: paroxysmal, persistent, long-term
persistent, and permanent (36). In experiments using dogs as a
sample, Saito D et al. found that induction of acute AF resulted in
a mild increase in coronary blood flow, a decrease in coronary
vascular resistance, and a severe impairment of coronary flow
reserve (15). Kochiadakis et al. found in a sample of 16 induced
specific heart rates that the above findings for animals also apply
to humans (37). Concurrently, the rapid, irregular contraction of
atrial myocytes’ during AF episodes may contribute significantly to
atrial energy expenditure without any practical external work (38).
A significant increase in left atrial arteriovenous lactate was found
during acute AF (39) which suggests that during acute AF, the
increased demand for oxygen by the atria exceeds the supply. Such
a mismatch between supply and demand could be responsible for
the rapid decrease in atrial contractility reported 5 min after AF in
goats (40) and 1h after AF in pigs (41). In a pig model, gene
expression profiles show changes in energy depletion 7 h after the
onset of AF which may cause the process that triggers slow atrial
structural remodeling (42). Structural remodeling occurs in
patients with AF and goat AF models consistent with chronic
ischemia and strongly reminiscent of hibernating ventricular
myocardium due to chronic low-flow ischemia (43).

In this study, AF events were defined as those being in a
continuous state of AF during the perioperative period rather
than as acute occurrences. During the compensatory phase of a
sustained AF episode, atrial remodeling decreases the energy
expenditure and oxygen demand of the atria. Electrical
remodeling, especially the reduction of calcium currents, strongly
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reduces the contractility of the atria (44). Range et al. used
positron emission tomography to quantify myocardial perfusion
in patients with persistent AF for the first time (45). The results
found that patients with persistent AF had approximately 20%
less myocardial blood flow in the resting state, 40% less in the
congested state, and 22% less congestive blood flow reserve. The
minimum coronary vascular resistance in patients with AF was
significantly increased by approximately 62% compared with
controls. One study found that myocardial blood flow perfusion
was significantly lower in patients with AF than in controls
before radiofrequency ablation, and that blood flow recovered
after catheter ablation (restoration of sinus rhythm) (46). This
study suggests that the AF episode is the primary cause for the
myocardial perfusion flow abnormalities. Therefore, we suggest
that an imbalance in myocardial supply and demand after an AF
episode, with ongoing cumulative effects, promotes adaptation
and various structural remodeling that ultimately contribute to
CSF. As the above examples illustrate, these changes are reversible.

Furthermore, it has been suggested that the decrease in
coronary blood flow may be related more to the change in RR
interval. Kochiadakis et al. (37) found a significantly lower
increase in coronary flow velocity integral per minute after AF
induced by right atrial pacing compared with right atrial pacing
with similar ventricular rates. The study also found no significant
change in coronary flow velocity integral per minute after
induced AF in 12 patients with complete AV block pacemakers
with regular RR intervals. Irregularities in ventricular rhythm
during atrial fibrillation can adversely affect the increase in
coronary blood flow velocity. AF episodes result in increased
short RR or long RR intervals. When the RR interval is
significantly shortened, the left ventricular filling time is
insufficient, and the cardiac output per beat is reduced, resulting
in inadequate coronary artery supply or slowed blood flow (47).
Moreover, a significant shortening of the diastolic phase can
negatively affect diastolic-dominated coronary perfusion. When
the RR interval is too long, it causes a significant decrease in
coronary perfusion pressure in the late diastolic phase which also
affects coronary perfusion (48). Therefore, we believe that this
disordered rhythmic feature of AF may be one of the main
causes of CSF. One study found that an increased ventricular
rate caused severe changes in the waveform and amplitude of
coronary blood flow velocity, delayed peak diastole, and
significantly reduced blood flow by constructing a model
mimicking the characteristics of heartbeats’ (49). During AF
episodes, elevated heart rates and altered hemodynamic
variability combine to cause coronary perfusion injury. When the
ventricular rate is high, AF leads directly to reduced coronary
microvascular flow (50).

This study has several limitations. First, coronary angiography
cannot quantitatively assess the degree of vessel tortuosity and
calcification. Subjective judgments are biased; hence, we did not
use data in this regard. Second, our center only assesses the flow
reserve fraction in patients with stenosis greater than 50% and
lacks data on intraoperative coronary flow reserve. Third, our
sample size could not be further expanded, and this study should
be considered a pilot report.
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5. Conclusion

Our study shows that in patients with AF, AF episode status is
significantly correlated with an increased overall incidence of CSF.
The mechanism may be related to loss of normal atrial systolic
function, dysregulation of ventricular rhythm.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Zhejiang Provincial People’s Hospital Ethics
Committee This institution is belong to Zhejiang Provincial
People’s Hospital in China. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

Author contributions

All authors had full access to all the data in the study and take
responsibility for the integrity of the data and accuracy of the data
analysis. Study concept and design, Y-hD and Y-fG; acquisition of
data, C-jW and YD; data curation, Y-fG and YG; statistical analysis,

References

1. January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC Jr, et al.
2019 Aha/acc/hrs focused update of the 2014 aha/acc/hrs guideline for the
management of patients with atrial fibrillation: a report of the American college of
cardiology/American heart association task force on clinical practice guidelines and
the heart rhythm society in collaboration with the society of thoracic surgeons.
Circulation. (2019) 140(2):e125-€51. doi: 10.1161/cir.0000000000000665

2. Zimetbaum P. Atrial fibrillation. Ann Intern Med. (2017) 166(5):1tc33-itc48.
doi: 10.7326/aitc201703070

3. Dai H, Zhang Q, Much AA, Maor E, Segev A, Beinart R, et al. Global, regional,
and national prevalence, incidence, mortality, and risk factors for atrial fibrillation,
1990-2017: results from the global burden of disease study 2017. Eur Heart ] Qual
Care Clin Outcomes. (2021) 7(6):574-82. doi: 10.1093/ehjqcco/qcaa061

4. Fuster V, Rydén LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen KA, et al.
2011 Accf/aha/hrs focused updates incorporated into the acc/aha/esc 2006
guidelines for the management of patients with atrial fibrillation: a report of the
American college of cardiology foundation/American heart association task force on
practice guidelines developed in partnership with the European society of
cardiology and in collaboration with the European heart rhythm association and
the heart rhythm society. ] Am Coll Cardiol. (2011) 57(11):e101-98. doi: 10.1016/j.
jacc.2010.09.013

5. Yasuda S, Kaikita K, Akao M, Ako J, Matoba T, Nakamura M, et al.
Antithrombotic therapy for atrial fibrillation with stable coronary disease. N Engl |
Med. (2019) 381(12):1103-13. doi: 10.1056/NEJMoal904143

6. Zhang X, Wu Y, Lv C, Zhang S, Liu H, Wang Y, et al. Efficacy and safety of oral
anticoagulants in elderly patients with stable coronary artery disease and atrial
fibrillation. Thromb J. (2022) 20(1):66. doi: 10.1186/s12959-022-00426-7

7. Tambe AA, Demany MA, Zimmerman HA, Mascarenhas E. Angina pectoris and

slow flow velocity of dye in coronary arteries—a new angiographic finding. Am Heart J.
(1972) 84(1):66-71. doi: 10.1016/0002-8703(72)90307-9

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1047748

Y-fG and YC; drafting of the manuscript, Y-fG and YC; critical
revision of the manuscript for important intellectual content,
Y-hD and Y-fG. All authors contributed to the article and
approved the submitted version.

Funding

This research was supported by Zhejiang Provincial Natural
Science Foundation of China under Grant No. LGF18H020007.
The funders had no role in the preparation of the manuscript, or
the decision to publish.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

8. Kunadian V, Chieffo A, Camici PG, Berry C, Escaned ], Maas A, et al. An eapci
expert consensus document on ischaemia with non-obstructive coronary arteries in
collaboration with European society of cardiology working group on coronary
pathophysiology & microcirculation endorsed by coronary vasomotor disorders
international study group. Eur Heart J. (2020) 41(37):3504-20. doi: 10.1093/
eurheartj/ehaa503

9. Kopetz VA, Penno MA, Hoffmann P, Wilson DP, Beltrame JF. Potential
mechanisms of the acute coronary syndrome presentation in patients with the
coronary slow flow phenomenon - insight from a plasma proteomic approach. Int
J Cardiol. (2012) 156(1):84-91. doi: 10.1016/j.ijjcard.2011.09.014

10. Cetin MS, Ozcan Cetin EH, Canpolat U, Aydin S, Temizhan A, Topaloglu S,
et al. An overlooked parameter in coronary slow flow phenomenon: whole blood
viscosity. Biomark Med. (2015) 9(12):1311-21. doi: 10.2217/bmm.15.92

11. Damaske A, Muxel S, Fasola F, Radmacher MC, Schaefer S, Jabs A, et al.
Peripheral hemorheological and vascular correlates of coronary blood flow. Clin
Hemorheol Microcirc. (2011) 49(1-4):261-9. doi: 10.3233/ch-2011-1476

12. Niiyama M, Koeda Y, Suzuki M, Shibuya T, Kinuta M, Tosaka K, et al. Coronary
flow disturbance phenomenon after percutaneous coronary intervention is associated
with new-onset atrial fibrillation in patients with acute myocardial infarction. Int
Heart J. (2021) 62(2):305-11. doi: 10.1536/ihj.20-560

13. Kavousi M. Differences in epidemiology and risk factors for atrial fibrillation
between women and men. Front Cardiovasc Med. (2020) 7:3. doi: 10.3389/fcvm.
2020.00003

14. Zhuang ZXD, Zhang SZ, Liao XX. Association between atrial fibrillation and
coronary slow flow. Eur Heart J. (2021) 42(Supple 1):427. doi: 10.1093/eurheartj/
ehab724.0427

15. Saito D, Haraoka S, Ueda M, Fujimoto T, Yoshida H, Ogino Y. Effect of atrial
fibrillation on coronary circulation and blood flow distribution across the left

frontiersin.org


https://doi.org/10.1161/cir.0000000000000665
https://doi.org/10.7326/aitc201703070
https://doi.org/10.1093/ehjqcco/qcaa061
https://doi.org/10.1016/j.jacc.2010.09.013
https://doi.org/10.1016/j.jacc.2010.09.013
https://doi.org/10.1056/NEJMoa1904143
https://doi.org/10.1186/s12959-022-00426-7
https://doi.org/10.1016/0002-8703(72)90307-9
https://doi.org/10.1093/eurheartj/ehaa503
https://doi.org/10.1093/eurheartj/ehaa503
https://doi.org/10.1016/j.ijcard.2011.09.014
https://doi.org/10.2217/bmm.15.92
https://doi.org/10.3233/ch-2011-1476
https://doi.org/10.1536/ihj.20-560
https://doi.org/10.3389/fcvm.2020.00003
https://doi.org/10.3389/fcvm.2020.00003
https://doi.org/10.1093/eurheartj/ehab724.0427
https://doi.org/10.1093/eurheartj/ehab724.0427
https://doi.org/10.3389/fcvm.2023.1047748
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Gao et al.

ventricular wall in anesthetized open-chest dogs. Jpn Circ J. (1978) 42(4):417-23.
doi: 10.1253/jcj.42.417

16. Gibson CM, Cannon CP, Daley WL, Dodge JT Jr, Alexander B Jr, Marble SJ,
et al. Timi frame count: a quantitative method of assessing coronary artery flow.
Circulation. (1996) 93(5):879-88. doi: 10.1161/01.¢ir.93.5.879

17. Roshanravan N, Shabestari AN, Alamdari NM, Ostadrahimi A, Separham A,
Parvizi R, et al. A novel inflammatory signaling pathway in patients with slow
coronary flow: nf-Kb/il-1B/nitric oxide. Cytokine. (2021) 143:155511. doi: 10.1016/j.
Cyt0.2021.155511

18. Lip GY, Rathore VS, Katira R, Watson RD, Singh SP. Do indo-asians have
smaller coronary arteries? Postgrad Med ]. (1999) 75(886):463-6. doi: 10.1136/pgmj.
75.886.463

19. Teoh AYB, Leung CH, Tam PTH, Au Yeung KKY, Mok RCY, Chan DL, et al.
Eus-guided gallbladder drainage versus laparoscopic cholecystectomy for acute
cholecystitis: a propensity score analysis with 1-year follow-up data. Gastrointest
Endosc. (2021) 93(3):577-83. doi: 10.1016/j.gie.2020.06.066

20. Chen J, Soultanis KM, Sun F, Gonzalez-Rivas D, Duan L, Wu L, et al. Outcomes
of sleeve lobectomy versus pneumonectomy: a propensity score-matched study.
J Thorac Cardiovasc Surg. (2021) 162(6):1619-28.e4. doi: 10.1016/j.jtcvs.2020.08.027

21. Al Sulaiman K, Badreldin HA, Korayem GB, Alenazi AA, Alsuwayyid F,
Alrashidi A, et al. Evaluation of apixaban safety and effectiveness in morbidly obese
patients with atrial fibrillation: a retrospective cohort study. Thromb J. (2022) 20
(1):25. doi: 10.1186/s12959-022-00379-x

22. Li L, Huang Y, Tang Q, Zheng Y. Risk factors for carbapenem-resistant
Pseudomonas Aeruginosa infection in children. Pediatr Infect Dis J. (2022) 41
(8):642-7. doi: 10.1097/inf.0000000000003563

23. Zhong L, Dou J, Lin Q, He L, Zeng Q, Song J. Tissue-type plasminogen
activator-inhibitor complex as an early predictor of septic shock: a retrospective,
single-center study. Dis Markers. (2022) 2022:9364037. doi: 10.1155/2022/9364037

24. Sumimoto Y, Kurisu S, Hitta K, Ikenaga H, Ishibashi K, Fukuda Y, et al. Effect of
fibrillatory wave amplitude on coronary blood flow as assessed by thrombolysis in
myocardial infarction frame count in patients with atrial fibrillation. Heart Vessels.
(2018) 33(7):786-92. doi: 10.1007/s00380-018-1121-9

25. Luo C, Wang L, Feng C, Zhang W, Huang Z, Hao Y, et al. Predictive value of
coronary blood flow for future cardiovascular events in patients with atrial
fibrillation. Int J Cardiol. (2014) 177(2):545-7. doi: 10.1016/j.ijcard.2014.08.102

26. Corban MT, Toya T, Ahmad A, Lerman LO, Lee HC, Lerman A. Atrial
fibrillation and endothelial dysfunction: a potential link? Mayo Clin Proc. (2021) 96
(6):1609-21. doi: 10.1016/j.mayocp.2020.11.005

27. Guo Y, Lip GY, Apostolakis S. Inflammation in atrial fibrillation. ] Am Coll
Cardiol. (2012) 60(22):2263-70. doi: 10.1016/j.jacc.2012.04.063

28. Hu YF, Chen Y], Lin YJ, Chen SA. Inflammation and the pathogenesis of atrial
fibrillation. Nat Rev Cardiol. (2015) 12(4):230-43. doi: 10.1038/nrcardio.2015.2

29. Zhou X, Dudley SC Jr. Evidence for inflammation as a driver of atrial fibrillation.
Front Cardiovasc Med. (2020) 7:62. doi: 10.3389/fcvm.2020.00062

30. Liang F, Wang Y. Coronary heart disease and atrial fibrillation: a vicious cycle. Am
J Physiol Heart Circ Physiol. (2021) 320(1):H1-H12. doi: 10.1152/ajpheart.00702.2020

31. Pekdemir H, Cin VG, Ci¢ek D, Camsari A, Akkus N, Doven O, et al. Slow
coronary flow may be a sign of diffuse atherosclerosis. Contribution of ffr and ivus.
Acta Cardiol. (2004) 59(2):127-33. doi: 10.2143/ac.59.2.2005166

32. Dzeshka MS, Lip GY, Snezhitskiy V, Shantsila E. Cardiac fibrosis in patients with
atrial fibrillation: mechanisms and clinical implications. ] Am Coll Cardiol. (2015) 66
(8):943-59. doi: 10.1016/j.jacc.2015.06.1313

33.Li G, Yang J, Zhang D, Wang X, Han J, Guo X. Research progress of myocardial
fibrosis and atrial fibrillation. Front Cardiovasc Med. (2022) 9:889706. doi: 10.3389/
fcvm.2022.889706

34. Ling LH, Kistler PM, Ellims AH, Iles LM, Lee G, Hughes GL, et al. Diffuse
ventricular fibrosis in atrial fibrillation: noninvasive evaluation and relationships
with aging and systolic dysfunction. ] Am Coll Cardiol. (2012) 60(23):2402-8.
doi: 10.1016/j.jacc.2012.07.065

Frontiers in Cardiovascular Medicine

09

10.3389/fcvm.2023.1047748

35. Mohammed SF, Hussain S, Mirzoyev SA, Edwards WD, Maleszewski JJ, Redfield
MM. Coronary microvascular rarefaction and myocardial fibrosis in heart failure with
preserved ejection fraction. Circulation. (2015) 131(6):550-9. doi: 10.1161/
circulationaha.114.009625

36. Wann LS, Curtis AB, January CT, Ellenbogen KA, Lowe JE, Estes NA 3rd, et al.,
2011 Accf/aha/hrs focused update on the management of patients with atrial
fibrillation (updating the 2006 guideline): a report of the American college of
cardiology foundation/American heart association task force on practice guidelines.
Circulation. (2011) 123(1):104-23. doi: 10.1161/CIR.0b013e3181fa3cf4

37. Kochiadakis GE, Skalidis EI, Kalebubas MD, Igoumenidis NE, Chrysostomakis
SI, Kanoupakis EM, et al. Effect of acute atrial fibrillation on phasic coronary blood
flow pattern and flow reserve in humans. Eur Heart J. (2002) 23(9):734-41. doi: 10.
1053/euhj.2001.2894

38. Li X, Garcia-Elias A, Benito B, Nattel S. The effects of cardiac stretch on atrial
fibroblasts: analysis of the evidence and potential role in atrial fibrillation. Cardiovasc
Res. (2022) 118(2):440-60. doi: 10.1093/cvr/cvab035

39. van Bragt KA, Nasrallah HM, Kuiper M, Luiken JJ, Schotten U, Verheule S.
Atrial supply-demand balance in healthy adult pigs: coronary blood flow, oxygen
extraction, and lactate production during acute atrial fibrillation. Cardiovasc Res.
(2014) 101(1):9-19. doi: 10.1093/cvr/cvt239

40. Schotten U, Duytschaever M, Ausma J, Eijsbouts S, Neuberger HR, Allessie M.
Electrical and contractile remodeling during the first days of atrial fibrillation go
hand in hand. Circulation. (2003) 107(10):1433-9. doi: 10.1161/01.cir.0000055314.
10801.4f

41. Weimar T, Watanabe Y, Kazui T, Lee US, Moon MR, Schuessler RB, et al.
Differential impact of short periods of rapid atrial pacing on left and right atrial
mechanical function. Am J Physiol Heart Circ Physiol. (2012) 302(12):H2583-91.
doi: 10.1152/ajpheart.01170.2011

42. Chilukoti RK, Mostertz J, Bukowska A, Aderkast C, Felix SB, Busch M, et al.
Effects of irbesartan on gene expression revealed by transcriptome analysis of left
atrial tissue in a porcine model of acute rapid pacing in vivo. Int ] Cardiol. (2013)
168(3):2100-8. doi: 10.1016/j.ijcard.2013.01.007

43. Dispersyn GD, Ausma J, Thoné F, Flameng W, Vanoverschelde JL, Allessie MA,
et al. Cardiomyocyte remodelling during myocardial hibernation and atrial fibrillation:
prelude to apoptosis. Cardiovasc Res. (1999) 43(4):947-57. doi: 10.1016/s0008-6363
(99)00096-6

44. Ashrafian H, Frenneaux MP, Opie LH. Metabolic mechanisms in heart failure.
Circulation. (2007) 116(4):434-48. doi: 10.1161/circulationaha.107.702795

45. Range FT, Schafers M, Acil T, Schafers KP, Kies P, Paul M, et al. Impaired
myocardial perfusion and perfusion reserve associated with increased coronary
resistance in persistent idiopathic atrial fibrillation. Eur Heart ]. (2007) 28
(18):2223-30. doi: 10.1093/eurheartj/ehm246

46. Takafuji M, Kitagawa K, Nakamura S, Kokawa T, Kagawa Y, Fujita S, et al.
Hyperemic myocardial blood flow in patients with atrial fibrillation before and after
catheter ablation: a dynamic stress ct perfusion study. Physiol Rep. (2021) 9(22):
el5123. doi: 10.14814/phy2.15123

47. Yang J, Liu Y, Feng L, Liu M, You L, Liu Y, et al. Effect of left atrial appendage
closure in combination with catheter ablation on left atrial function for persistent
atrial fibrillation. Front Cardiovasc Med. (2021) 8:666465. doi: 10.3389/fcvm.2021.
666465

48. Lyon A, van Mourik M, Cruts L, Heijman J, Bekkers S, Schotten U, et al. Both
beat-to-beat changes in rr-interval and left ventricular filling time determine
ventricular function during atrial fibrillation. Europace. (2021) 23(23 Suppl 1):
i21-i8. doi: 10.1093/europace/euaa387

49. Saglietto A, Fois M, Ridolfi L, De Ferrari GM, Anselmino M, Scarsoglio S. A
computational analysis of atrial fibrillation effects on coronary perfusion across the
different myocardial layers. Sci Rep. (2022) 12(1):841. doi: 10.1038/s41598-022-
04897-6

50. Scarsoglio S, Gallo C, Saglietto A, Ridolfi L, Anselmino M. Impaired coronary
blood flow at higher heart rates during atrial fibrillation: investigation via multiscale
modelling. Comput Methods Programs Biomed. (2019) 175:95-102. doi: 10.1016/j.
cmpb.2019.04.009

frontiersin.org


https://doi.org/10.1253/jcj.42.417
https://doi.org/10.1161/01.cir.93.5.879
https://doi.org/10.1016/j.cyto.2021.155511
https://doi.org/10.1016/j.cyto.2021.155511
https://doi.org/10.1136/pgmj.75.886.463
https://doi.org/10.1136/pgmj.75.886.463
https://doi.org/10.1016/j.gie.2020.06.066
https://doi.org/10.1016/j.jtcvs.2020.08.027
https://doi.org/10.1186/s12959-022-00379-x
https://doi.org/10.1097/inf.0000000000003563
https://doi.org/10.1155/2022/9364037
https://doi.org/10.1007/s00380-018-1121-9
https://doi.org/10.1016/j.ijcard.2014.08.102
https://doi.org/10.1016/j.mayocp.2020.11.005
https://doi.org/10.1016/j.jacc.2012.04.063
https://doi.org/10.1038/nrcardio.2015.2
https://doi.org/10.3389/fcvm.2020.00062
https://doi.org/10.1152/ajpheart.00702.2020
https://doi.org/10.2143/ac.59.2.2005166
https://doi.org/10.1016/j.jacc.2015.06.1313
https://doi.org/10.3389/fcvm.2022.889706
https://doi.org/10.3389/fcvm.2022.889706
https://doi.org/10.1016/j.jacc.2012.07.065
https://doi.org/10.1161/circulationaha.114.009625
https://doi.org/10.1161/circulationaha.114.009625
https://doi.org/10.1161/CIR.0b013e3181fa3cf4
https://doi.org/10.1053/euhj.2001.2894
https://doi.org/10.1053/euhj.2001.2894
https://doi.org/10.1093/cvr/cvab035
https://doi.org/10.1093/cvr/cvt239
https://doi.org/10.1161/01.cir.0000055314.10801.4f
https://doi.org/10.1161/01.cir.0000055314.10801.4f
https://doi.org/10.1152/ajpheart.01170.2011
https://doi.org/10.1016/j.ijcard.2013.01.007
https://doi.org/10.1016/s0008-6363(99)00096-6
https://doi.org/10.1016/s0008-6363(99)00096-6
https://doi.org/10.1161/circulationaha.107.702795
https://doi.org/10.1093/eurheartj/ehm246
https://doi.org/10.14814/phy2.15123
https://doi.org/10.3389/fcvm.2021.666465
https://doi.org/10.3389/fcvm.2021.666465
https://doi.org/10.1093/europace/euaa387
https://doi.org/10.1038/s41598-022-04897-6
https://doi.org/10.1038/s41598-022-04897-6
https://doi.org/10.1016/j.cmpb.2019.04.009
https://doi.org/10.1016/j.cmpb.2019.04.009
https://doi.org/10.3389/fcvm.2023.1047748
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Atrial fibrillation episode status and incidence of coronary slow flow: A propensity score-matched analysis
	Introduction
	Methods
	Study design and population
	Data collection
	Coronary angiography and CTFC
	Measurement of coronary artery diameter
	Statistical analysis

	Results
	Demographic and clinical characteristics
	Outcomes

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


