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Does Sinus Rhythm Restoration in Patients With Atrial
Fibrillation Undergoing Pulmonary Vein Isolation
Have Acute Hemodynamic Benefits?
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Abstract

Background: Although the restoration and maintenance of sinus
rhythm (SR) in patients with atrial fibrillation (AF) have long-term
benefits, few studies have investigated the acute hemodynamic ben-
efits immediately after SR restoration. Therefore, we investigated
whether hemodynamic changes occurred in the first few minutes after
cardioversion from AF to SR.

Methods: We retrospectively enrolled 145 patients with AF and di-
vided them into a pre-AF group comprising patients in whom SR was
restored by electrical cardioversion during pulmonary vein isolation
(PVI; n=74) and a control group comprising patients who were in SR
throughout the procedure (n = 71). The pre-AF group was subdivided
into subgroups according to AF classification (paroxysmal AF (PAF),
persistent AF (PerAF), and long-standing persistent AF (LSPAF)) and
into quartiles based on the AF-heart rate (HR). The mean arterial pres-
sure (MAP) and left atrial pressure (LAP) were measured immediate-
ly after transseptal puncture (pre-measurement) and before withdraw-
al from the left atrium after PVI (post-measurement). The changes in
MAP and LAP between the pre- and post-measurement (AMAP and
ALAP) were calculated by subtracting the pre-measurements (MAP-
pre and LAPpre) from the post-measurements (MAPPOSt and LAPpost).

Results: In the pre-AF group, the time from cardioversion to post-
measurement was 19 + 16 min. When AMAP and ALAP were com-
pared with the control group, AMAP was significantly smaller (4.9 +
17.8 vs. 11.0 = 14.2 mm Hg, respectively; P = 0.025), and ALAP was
not significantly different between the groups. In the subgroup analy-
ses, although ALAP was not significantly different among AF types,
AMARP was significantly increased in the PAF group compared to the
PerAF and LSPAF groups (24.0+ 18.5vs. 3.1 £ 16.8 and 4.5+ 18.1 mm
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Hg, respectively; P=0.042). The HR in the quartiles with the lowest,
second, third, and highest AF-HR were approximately 58, 74, 86, and
109 beats per minute (bpm), respectively. The ALAP and AMAP were
not significantly different among the AF-HR quartile groups.

Conclusions: In patients with PAF, atrial contractions may resume
quickly, which leads to hemodynamic improvement immediately af-
ter SR restoration. As for AF-HR, there was no significant impair-
ment of ventricular diastolic filling at approximately < 109 bpm.

Keywords: Atrial fibrillation; Cardioversion; Mean arterial pressure;
Left atrial pressure; Sinus rhythm

Introduction

Atrial contraction pumps blood into the ventricles, leading to
increments in ventricular diastolic and stroke volumes [1, 2].
Atrial fibrillation (AF) decreases atrial contraction and can
therefore reduce the stroke volume. Most researchers agree
that loss of atrial contraction reduces cardiac output by 20%
[3]. This effect may be particularly important in patients with
reduced left ventricular compliance such as those with hy-
pertrophic cardiomyopathy [4]. AF also causes an irregular
rhythm and decreases the cycle length in a rapid ventricular
response, which impairs optimal ventricular diastolic filling
and reduces the stroke volume [5]. Uncontrolled persistent
tachycardia can lead to a decrease in cardiac output and rate-
related atrial and/or ventricular cardiomyopathy [6, 7]. These
factors may contribute to adverse hemodynamic changes in
patients with AF.

Cardioversion from AF to sinus rhythm (SR) optimizes
ventricular diastolic filling because atrial contraction resumes
and the cycle length increases, resulting in improved cardiac
output [8, 9]. If SR can be maintained for a long period in
patients with AF, it can stabilize neurohumoral activation and
improve mitral regurgitation by decreasing the left atrial di-
ameter and ventricular function, especially in patients with
tachycardia-induced cardiomyopathy [10-12]. Rhythm control
is very effective in improving symptoms and cardiac function
in AF; therefore, the Japanese Circulation Society/Japanese
Heart Rhythm Society 2021 guideline recommends catheter

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™ | www.cardiologyres.org
298 This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/cr1692&domain=pdf&date_stamp=2024-08-17

Komaki et al

Cardiol Res.2024;15(4):298-308

ablation for patients with AF and heart failure (recommenda-
tion class IT a) [13-15].

To date, few studies have investigated the acute effects of
cardioversion from AF to SR. We were interested in evaluating
the changes in mean arterial pressure (MAP), as a surrogate
marker for cardiac output, and left atrial pressure (LAP) imme-
diately after restoration of SR. Therefore, we studied patients
with AF who underwent pulmonary vein isolation (PVI) by
radiofrequency catheter ablation (RFCA) in our hospital and
investigated the acute hemodynamic effects by measuring the
blood pressure, including the MAP and LAP, before and after
cardioversion.

Materials and Methods

Study population

This retrospective, observational study included 145 consecu-
tive patients with AF who underwent PVI by RFCA. The pa-
tients were enrolled at Fukuoka University Hospital, Fukuoka,
Japan, between August 2019 and April 2023. Patients with
drug-refractory AF, aged > 18 years were included. Exclusion
criteria were as follows: 1) additional intra-left atrial linear ab-
lation and/or ablation of non-pulmonary vein triggers beyond
PVI; 2) inadequate LAP measurements because of inadequate
breath-holding; 3) insufficient perioperative data; 4) severe
valvular disease; 5) maintenance hemodialysis for end-stage
renal disease; 6) use of beta-agonists and/or adenosine triphos-
phate as provocative agents after PVI; 7) spontancous change
in heart rhythm from AF to SR or from SR to AF during the
procedure; and 8) dependency on cardiac pacing with an im-
planted pacemaker.

The patients were divided into a pre-AF group, compris-
ing those who had AF at the time they entered the cardiac
catheterization laboratory that was reversed to SR by electrical
cardioversion during PVI (n = 74), and a control group, com-
prising those who were in SR throughout the PVI procedure
(n = 71). For subgroup analyses, we subdivided the pre-AF
group into subgroups according to AF classification, that is,
paroxysmal AF (PAF), persistent AF (PerAF), and long-stand-
ing persistent AF (LSPAF) and into quartiles according to the
AF-heart rate (HR) and left atrial dimension (LAD). The AF
type was determined according to the 2016 European Society
of Cardiology guidelines for the management of atrial fibrilla-
tion developed in collaboration with the European Association
for Cardiothoracic Surgery [16]. PAF was defined as AF that
reversed to SR within 7 days of occurrence, PerAF as AF that
persisted for > 7 days after occurrence, and LSPAF as AF that
persisted for longer than a year.

Ethical issues

This study was approved by the Institutional Review Board
(U22-08-016) of Fukuoka University Hospital. All procedures
of the present study were conducted in compliance with the
Helsinki Declaration for research on human beings.
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Clinical parameters

We collected admission data on age; sex; body mass index
(BMI); comorbidities, including hypertension and diabetes
mellitus; New York Heart Association (NYHA) functional
class; laboratory tests, including hemoglobin, creatinine
clearance, and B-type natriuretic peptide; and echocardio-
graphic parameters, including LAD, left ventricular ejec-
tion fraction (LVEF); and heart failure and antiarrhythmic
drugs taken before RFCA. HR and blood pressure, includ-
ing systolic blood pressure (SBP), diastolic blood pressure
(DBP), MAP, and LAP, were recorded twice during PVI; a
pre-measurement was made immediately after entering the
left atrium (LA) by transseptal puncture, and a post-meas-
urement was made after completion of PVI, immediately be-
fore withdrawal from the LA. Data were also collected on
the intraoperative amounts of intraprocedural fluid, sedatives
(dexmedetomidine, fentanyl, diazepam, and thiopental), and
contrast agents (in patients who underwent pulmonary vein
angiography). The timing of electrical cardioversion during
PVI was at the surgeon’s discretion and the time from car-
dioversion to post-measurement was recorded in the pre-AF
group. The changes in HR and blood pressure between the
pre- and post-measurements (AHR, ASBP, ADBP, AMAP, and
ALAP) were calculated by subtracting the pre-measurements
from the post-measurements.

Anesthesia management

All patients were sedated without intubation and administered
oxygen at 2 L/min throughout the procedure under oxygen
saturation and invasive blood pressure monitoring. Both di-
azepam 2.5 - 5 mg and fentanyl 0.05 mg were administered
intravenously at the beginning of ablation. Dexmedetomidine
was simultaneously administered by continuous infusion at an
initial loading dose of 4 pg/kg/h over 10 min, followed by a
maintenance dose at a rate of 0.4 pg/kg/h. The depth of seda-
tion was assessed by the Bispectral Index® monitor (Aspect
Medical Systems Inc, Natick, MA, USA), with a target value
of 60 - 80. Depending on the patient’s pain and alertness dur-
ing the procedure, diazepam and fentanyl were added, and the
maintenance dose of dexmedetomidine was adjusted. In the
pre-AF group, thiopental was additionally administered at a
dose of 1 mg/kg for transient deep sedation immediately be-
fore electrical cardioversion.

RFCA

Antiarrhythmic drugs were discontinued in all patients for at
least five half-lives before PVI. All patients underwent cir-
cumferential PVI with a ThermoCool® Surround Flow cath-
eter (Biosense Webster, Diamond Bar, CA, USA) and the
CARTO-3 mapping system (Biosense Webster, Diamond Bar,
CA, USA). In this cohort, no additional substrate modifica-
tions beyond PVI were performed. In patients with redo AF,
only the recurrent pulmonary vein potentials were isolated.
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After double transseptal puncture was performed by a radiof-
requency needle, an SL-0 sheath (St. Jude Medical, St. Paul,
MN, USA) and Agilis™ sheath (St. Jude Medical, St. Paul,
MN, USA) were inserted into the LA. Pulmonary vein angi-
ography was performed in most patients. Internal cardiover-
sion was performed using a BeeAT catheter (Japan Lifeline,
Tokyo, Japan) connected to a dedicated defibrillator (Shock
AT; Japan Lifeline, Tokyo, Japan) to restore the SR. External
cardioversion was performed in patients in whom the Bee AT
catheter could not be placed in the coronary sinus. The timing
of electrical cardioversion during PVI was at the surgeon’s
discretion. During PVI, the pulmonary vein potentials were
monitored using a ring catheter and the electrophysiological
endpoint was a bidirectional conduction block between the
LA and each PV. In patients with common atrial flutter, ca-
votricuspid isthmus isolation was performed after LA with-
drawal during PVI.

Statistical analysis

Data were analyzed using the Stat Flex software (version 7.0;
Artech Co., Ltd., Osaka, Japan). Continuous variables were
expressed as mean =+ standard deviation (SD) or median +
quartile deviation, and categorical variables were expressed
as percentage (%). Continuous and categorical variables were
compared between the two groups using Student’s ¢-test and
Chi-square tests, respectively. When continuous variables
did not show a normal distribution, we performed the Mann-
Whitney U test. Continuous and categorical variables were
compared among more than three groups by one-way analy-
sis of variance and Chi-square analysis, respectively. When
continuous variables did not show a normal distribution, we
performed the Kruskal-Wallis test. Statistical significance
was set at P <0.05.

Results

Clinical characteristics in the pre-AF and control groups

In the entire group (N = 145), the mean age was 67 + 9 years,
and 102 of the patients (70%) were males. Table 1 shows the
clinical characteristics of the pre-AF (n = 74) and control (n
= 71) groups. The BMI was significantly higher in the pre-
AF group than in the control group. Comorbidities including
hypertension, diabetes mellitus, vascular disease, and stroke
were not significantly different between the groups. Heart
failure symptoms with NYHA functional class II were signifi-
cantly more prevalent in the pre-AF group than in the control
group. Patients in the pre-AF group had significantly higher
hemoglobin and B-type natriuretic peptide levels, greater
LAD, and lower LVEF than those in the control group. The
uses of heart failure drugs including angiotensin-converting
enzyme inhibitors, angiotensin receptor blocker, or angioten-
sin receptor neprilysin inhibitor, mineralocorticoid receptor
antagonist, sodium-glucose cotransporter-2 inhibitor, and loop
diuretics were not significantly different between the groups.
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Bepridil was used significantly less frequently in the pre-AF
group than in the control group. In the entire group, 18% of
patients (n = 26) were undergoing redo AF ablation; the fre-
quency of redo AF was not significantly different between
the groups. Cavotricuspid isthmus ablation for common atrial
flutter was performed more frequently in the control group
than in the pre-AF group.

Comparison of intraprocedural parameters between the
pre-AF and control groups

Table 2 shows the intra-procedural parameters of both groups.
HR . was significantly higher in the pre-AF group than in the
control group. Compared with the control group, the pre-AF
group had significantly lower SBPpre and higher DBP_ and
LAP_ .. The amounts of intraprocedural fluid and sedatives
other than thiopental (dexmedetomidine, fentanyl, and diaz-
epam) administered during PVI were not significantly dif-
ferent between the two groups. Pulmonary vein angiography
was performed in 135 patients (pre-AF group, n = 67 (91%);
control group, n = 67 (94%)) and the amount of contrast agent
used was not significantly different between the two groups.
The time from cardioversion to post-measurement was 19 + 16
min in the pre-AF group. The pre-AF group had significantly
lower SBPp o and higher LAPpost than the control group.

Hemodynamic changes immediately after SR restoration
in the pre-AF group

Figure la shows the changes in the HR and blood pressure,
including SBP, DBP, MAP, and LAP, 19 + 16 min after cardio-
version in the pre-AF group. Immediately after cardioversion,
the HR was significantly lower and all blood pressure meas-
urements other than DBP (SBP, MAP, and LAP) were signifi-
cantly higher.

Hemodynamic changes after PVI in the control group

Figure 1b shows the changes in HR and blood pressure af-
ter PVI in the control group. The HR and all blood pressure
measurements (SBP, DBP, MAP, and LAP) were significantly
higher after PVI.

Comparison of the changes in HR (AHR) and blood pres-
sure (ASBP, ADBP, AMAP, and ALAP) from before to after
PVI between the pre-AF and control groups

Figure 2 compares the changes in HR and blood pressure from
before to after PVI between the pre-AF and control groups.
The pre-AF group showed a significantly greater decrease in
HR than the control group (AHR, -16.3 = 18.5 vs. 5.9 £ 9.1
beats per minute (bpm)), but the changes in SBP and LAP were
not significantly different between the two groups. The pre-AF
group showed a significantly lower increase in DBP and MAP
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Table 1. Clinical Characteristics in the Pre-AF and Control Groups

Pre-AF group (n = 74)

Control group (n =71)

Pre-AF vs. control P value

Age, years
Male, n (%)
AF classification
PAF, n (%)
PerAF, n (%)
LSPAF, n (%)
BMI, kg/m?
Comorbidities
HTN, n (%)
DM, n (%)
Vascular disease, n (%)
Stroke, n (%)
NYHA functional class
L, n (%)
11, n (%)
Laboratory test
Hb, g/dL
CCr, mL/min
BNP, pg/mL
Echocardiographic parameters
LAD, mm
LVDd, mm
LVDs, mm
LVEF, %
LVWT, mm
Medications
Heart failure drugs
ACEI/ARB, n (%)
ARNIL n (%)
MRA, n (%)
SGLT?2i, n (%)
Loop diuretics, n (%)
AADs
Class [ AADs, n (%)
Amiodarone, n (%)
Bepridil, n (%)
B-blockers, n (%)
Others, n (%)
Redo AF ablation, n (%)
CTI ablation, n (%)

66+ 8
55 (74)

5(7)

48 (65)
21 (28)
245+3.6

45 (61)
12 (16)
23 (31)
8 (11)

37 (50)
37 (50)

144+1.3
76.8 +23.6
179.1+71.8

44.0+5.6
46.4+5.8
314+6.2
59.3+£9.6
9.7+14

27 (37)
4(5)

9(12)
7 (10)
18 (24)

5(7)
1(1)
16 (22)
49 (66)
6(8)
13 (18)
3(4)

67+ 10
47 (66)

71 (100)
0 (0)
0 (0)
233+3.1

44 (62)
69
21 (30)
5(7)

62 (87)
9 (13)

13.5+£1.6
75.5+£23.6
58.0 £47.6

39.5+64
458 +4.8
294+64
64.6 £9.2
94+1.8

32 (45)
2(3)
9 (13)
5(7)
12 (13)

9 (13)
4(6)

28 (39)
42 (59)
34)

13 (18)
24 (34)

0.44
0.28

<0.001
<0.001
<0.001
0.035

0.88
0.15
0.84
0.42

<0.001
<0.001

<0.001
0.74
<0.001

<0.001
0.46
0.059
0.001
0.27

0.29
0.43
0.93
0.6

0.27

0.22
0.15
0.019
0.37
0.33
0.9
<0.001

AADs: anti-arrhythmic drugs; ACEI: angiotensin-converting enzyme inhibitors; AF: atrial fibrillation; ARB: angiotensin receptor blocker; ARNI: an-
giotensin receptor neprilysin inhibitor; BMI: body mass index; BNP: brain natriuretic peptide; CCr: creatinine clearance; CTI: cavotricuspid isthmus;
DM: diabetes mellitus; Hb: hemoglobin; HTN: hypertension; LAD: left atrial dimension; LSPAF: long-standing persistent atrial fibrillation; LVDd: left
ventricular end-diastolic dimension; LVDs: left ventricular end-systolic dimension; LVEF: left ventricular ejection fraction; LVWT: left ventricular wall
thickness; MRA: mineralocorticoid receptor antagonist; NYHA: New York Heart Association; PAF: paroxysmal atrial fibrillation; PerAF: persistent atrial
fibrillation; SGLT2i: sodium-glucose cotransporter-2 inhibitor.
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Table 2. Comparison of Intraprocedural Parameters Between the Pre-AF and Control Groups

Pre-AF group (n =74) Control group (n =71) Pre-AF vs. control P value
Pre-measurement
HR ., bpm 82.5+20.2 59.7+9.9 <0.001
SBP ., mm Hg 100.8 +£21.5 108.5 +20.7 0.029
DBP ., mm Hg 64.4+12.9 56.5+12.5 <0.001
MAP ., mm Hg 78.7+15.8 76.5+16.3 0.39
LAP,, ., mm Hg 79+44 53+33 <0.001
Intraprocedural comparison
Total infusion, mL 1,120.6 = 420.2 999.7 +379.6 0.071
Sedatives
Dexmedetomidine, pg 73.8+£25.2 74.8 +37.2 0.84
Fentanyl, mg 0.16 = 0.05 0.17+£0.06 0.26
Diazepam, mg 84+3.5 9.1+45 0.32
Thiopental, mg 90.1 £41.8 N/A N/A
Contrast agent, mL 28.1+11.6 282+9.9 0.96
The time after SR restoration, min 18.5£15.5 N/A N/A
Procedure time, min 168.3 +46.4 159.5+52.3 0.29
Post-measurement
HR . bpm 66.2 +10.7 65.6 +10.9 0.71
SBP ., mm Hg 110.7 £26.0 120.6 +24.5 0.019
DBP . mm Hg 65.7+15.0 65.3+13.0 0.86
MAP . mm Hg 83.7+19.4 87.4+£16.7 0.21
LAP ., mm Hg 12.1+4.0 8.8+39 <0.001

AF: atrial fibrillation; DBP: diastolic blood pressure; HR: heart rate; LAP: left atrial pressure; MAP: mean arterial pressure; N/A: not applicable; SBP:
systolic blood pressure; SR: sinus rhythm.
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Figure 1. Changes in heart rate and blood pressure from before to 19 + 16 min after sinus rhythm restoration in the pre-atrial
fibrillation group (a) and from before to after pulmonary vein isolation in the control group (b). AF: atrial fibrillation; bpm: beats
per minute; DBP: diastolic blood pressure; HR: heart rate; LAP: left atrial pressure; MAP: mean arterial pressure; SBP: systolic
blood pressure.
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Figure 2. Comparison of the changes in heart rate and blood pressure from before to after pulmonary vein isolation in the pre-
atrial fibrillation and control groups. AF: atrial fibrillation; bpm: beats per minute; ADBP: change in diastolic blood pressure; AHR:
change in heart rate; ALAP: change in left atrial pressure; AMAP: change in mean arterial pressure; ASBP: change in systolic

blood pressure.

than the control group (ADBP, 1.3 £ 13.4 vs. 8.8 £ 9.6 mm Hg;
AMAP, 4.9 +£17.8 vs. 11.0 + 14.2 mm Hg).

Comparison between the PAF, PerAF, and LSPAF groups

Table 3 shows the intraoperative parameters in the PAF (n=5),
PerAF (n = 48), and LSPAF (n = 21) groups. The mean dura-

tion of AF in the PAF group was 49.4 + 34.7 h. The PAF group
had a significantly higher HR | and lower SBP__, DBP ., and
MAP__ than the PerAF and LSPAF groups. The amounts of
intraprocedural fluid, sedatives, and contrast agents adminis-
tered during PVI were not significantly different between the
three groups. The HRpost’ SBPpost, DBPpost, MAP__ ., and LAP-
were not significantly different between the three groups.

t
e Figure 3 shows a comparison of the changes in HR and

Table 3. Comparison of Intraprocedural Parameters Among the AF Classification Groups

PAF group (n =5)

PerAF group (n =48) LSPAF group (n=21)

PAF vs. PerAF vs.

LSPAF P value
Pre-measurement
HR ., bpm 93.4+£383 85.4+£19.8 73.4+11.8 0.033
SBP,,, mm Hg 73.6+15.8 101.9+£20.7 104.8 £20.6 0.0099
DBP,,., mm Hg 482 +11.5 65.6+12.5 65.5+11.8 0.012
MAP ., mm Hg 59.6 +13.1 80.2+15.6 80.0 £ 14.5 0.017
LAP ., mm Hg 62+3.0 8.0+49 8.0+33 0.67
Intraprocedural comparison
Total infusion, mL 1,283.2 + 544 .4 1,107.2 +418.3 1,112.5 £ 408.6 0.67
Sedatives
Dexmedetomidine, pg 77.6+29.3 70.0 +25.5 81.4+22.8 0.21
Fentanyl, mg 0.14 £ 0.065 0.16 £0.047 0.186 = 0.064 0.21
Diazepam, mg 7.0+£2.0 84+38 89+3.0 0.54
Thiopental, mg 115.0£57.6 87.5+38.9 91.7+443 0.375
Contrast agent, mL 294+6.3 29.1£11.5 25.6 £12.7 0.5
Procedure time, min 177.2+57.7 165.2 +45.1 173.1 +48.4 0.73
The time after SR restoration, min 10.0£6.3 21.5+15.5 17.0 £8.1 0.29
Post-measurement
HR g, bpm 66.8+21.3 66.6 £ 9.6 65.1£10.4 0.85
SBP i mm Hg 113.4+£28.5 110.7 £26.6 110.1 £25.1 0.96
DBP i, mm Hg 624+173 65.6 +13.7 66.8+17.8 0.84
MAP , mm Hg 83.6+23.1 83.2+18.8 84.5+£20.7 0.97
LAP__, mm Hg 11.8+2.0 12.1+4.7 12.1+24 0.98

post’

DBP: diastolic blood pressure; HR: heart rate; LAP: left atrial pressure; LSPAF: long-standing persistent atrial fibrillation; MAP: mean arterial pres-
sure; PAF: paroxysmal atrial fibrillation; PerAF: persistent atrial fibrillation; SBP: systolic blood pressure; SR: sinus rhythm.
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Figure 3. Comparison of changes in heart rate and blood pressure from before to after pulmonary vein isolation in patients with
paroxysmal, persistent, and long-standing persistent atrial fibrillation. bpm: beats per minute; ADBP: change in diastolic blood
pressure; AHR: change in heart rate; ALAP: change in left atrial pressure; LSPAF: long-standing persistent atrial fibrillation;
AMAP: change in mean arterial pressure; PAF: paroxysmal atrial fibrillation; PerAF: persistent atrial fibrillation; ASBP: change in
systolic blood pressure.

HR quartile groups. The H in the quartile with the low-
est, second, third, and highest AF-HR were 57.7 + 7.4, 74.0

blood pressure before and after PVI in the three groups. The

PAF group showed a significantly greater decrease in HR

(AHR, -26.6 £ 17.7 bpm) and increases in SBP (ASBP, 39.8 + + 2.9, 86.1 + 6.0, and 109.3 + 8.1 bpm, respectively. None
26.9 mm Hg) and MAP (AMAP, 24.0 + 18.5 mm Hg) than the of the blood pressure parameters, including the SBP_ ., DBP-
PerAF and LSPAF groups. pre> MAPpre, or LAPpre were significantly different among the
AF-HR quartiles. The amount of fentanyl used during the pro-
cedure differed significantly, but there were no significant dif-
ferences in the amounts of other sedatives, contrast agents, or
intraprocedural fluids among the AF-HR quartiles. The HR _
differed significantly, but all blood pressures, including the

Comparison among the AF-HR quartiles in the pre-AF group

Table 4 shows the intraprocedural parameters among the AF-

Table 4. Comparison of Intraprocedural Parameters Among the Quartile AF-HR Groups

LowestQ(n=18) SecondQ(n=18) Third Q(n=18) Highest Q (n=20) P value
Pre-measurement
HR .. bpm 577+7.4 74.0+2.9 86.1+6.0 109.3 +£8.1 <0.001
SBP,., mm Hg 102.9 +£21.7 107.9+23.3 96.2+19.1 96.8 £21.2 0.3
DBP ., mm Hg 60.7 + 14.6 64.9+12.6 65.3+12.0 66.5+12.5 0.56
MAP ., mm Hg 75.1+15.9 82.4+16.9 779 +£15.2 79.5+15.7 0.58
LAP, ., mm Hg 7.1+34 85+5.1 6.6+33 93+5.1 0.2
Intraprocedural comparison
Total infusion, mL 1,178.9 + 496 .4 1,150.6 +=425.4 1,197.8 £373.1 971.7+372.1 0.32
Sedatives
Dexmedetomidine, pg 73.0£22.0 70.2+£23.4 82.4+274 69.8+£27.3 0.4
Fentanyl, mg 0.169 + 0.049 0.181 £ 0.055 0.181 +0.057 0.138 +£0.048 0.039
Diazepam, mg 8.1+£4.0 8.1+£2.6 10.0 4.1 7.6£2.8 0.19
Thiopental, mg 95.8+41.3 81.9+£36.2 95.8 £46.4 88.8 £44.0 0.72
Contrast agent, mL 29.8 £6.8 30.2+13.5 24.6+12.8 279+12.1 0.45
Procedure time, min 187.8 £49.8 153.6 £40.8 177.8 £44.6 155.9+45.0 0.064
The time after SR restoration, min ~ 17.0 £ 17.5 13.5+8.5 20.0 £ 11.5 25.0+15.8 0.97
Post-measurement
HR i, bpm 61.6+12.2 64.4+9.9 66.2 + 8.1 72.1 +£10.1 0.016
SBP i, mm Hg 120.1 £27.2 1152 +32.7 98.5+£17.0 109.4 £21.7 0.072
DBP , mm Hg 68.2 +18.4 66.1+17.9 62.6 +10.8 66.1+12.5 0.73
MAP . mm Hg 89.1 £21.6 85.8+23.6 772+ 13.1 82.6+173 0.3
LAP___, mm Hg 11.8+3.2 13.6+2.7 104+33 125+5.6 0.12

post?

AF: atrial fibrillation; DBP: diastolic blood pressure; HR: heart rate; LAP: left atrial pressure; MAP: mean arterial pressure; Q: quartile; SBP: systolic
blood pressure; SR: sinus rhythm.
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Figure 4. Comparison of the changes in heart rate and blood pressure from before to after pulmonary vein isolation in patients
with the quartiles of atrial fibrillation-heart rate. bpm: beats per minute; ADBP: change in diastolic blood pressure; AHR: change
in heart rate; ALAP: change in left atrial pressure; AMAP: change in mean arterial pressure; Q: quartile; ASBP: change in systolic

blood pressure.

SBP - DBP . MAP ., and LAP |
different among the AF-HR quartlles

Figure 4 compares the changes in HR and blood pressure
before and after PVI among the AF-HR quartiles. Although the
HR decreased significantly more in the quartile with the high-
est AF-HR than in the quartile with the lowest, second, and
third AF-HR (AHR; -37.2£9.4 vs. 3.8 £ 12.6, -9.6 + 10.6, and
-19.9 £ 10.2 bpm, respectively), the changes in ASBP, ADBP,
AMAP, and ALAP were not significantly different among the
AF-HR quartiles.

. were not significantly

Comparison among the LAD quartiles in the pre-AF
group

Table 5 shows the intraprocedural parameters among the LAD
quartile groups. The LAD in quartile with the lowest, second,
third, and highest LAD were 37.0 £2.9,41.8 £0.8,45.2 + 1.3,
and 51.3 + 3.1 mm, respectively. The HR . differed signifi-
cantly, but there were no significant differences in the blood
pressure parameters, including the SBP ., DBP pre> MAP ore?
and LAP__ among the LAD quartiles. There were no s1gn1ﬁ—
cant differences in the amounts of intraprocedural fluids, seda-
tives, or contrast agent among the LAD quartiles. The LAP
differed significantly, but the HR

post

and the other blood pres-

sures, including the the SBP__, DBP post> and MAP , were
not significantly different among the LAD quartiles.

Figure 5 compares the changes in HR and blood pressure

before and after PVI among the LAD quartiles. The changes in

AHR, ASBP, ADBP, AMAP, and ALAP were not significantly

different among the LAD quartiles.

post

Discussion

We investigated the acute hemodynamic effects of SR restora-
tion in patients with AF. As the MAP is determined by cardiac
output and peripheral vascular resistance, we used it as a sur-
rogate marker for cardiac output. We were also interested in
the change of LAP immediately after cardioversion from AF
to SR.

The main findings in this study were as follows. First,
hemodynamics could improve immediately after SR restora-
tion in patients with PAF. Compared the pre-AF group includ-

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

ing all AF types with the control group, there were no signifi-
cant differences in the changes of MAP and LAP just after SR
restoration. We subdivided the pre-AF group according to AF
classification and the mean duration of AF in the PAF group
was 49.4 + 34.7 h, which was relatively short duration. When
compared among these groups, there was no significant dif-
ference in the change of LAP among the groups, but the PAF
group showed a significant increase in MAP than the PerAF
and LSPAF groups. As the recovery of atrial mechanical func-
tion depends on the duration of AF before cardioversion [17],
atrial contractions may resume quickly in short duration of AF.
As a result, the hemodynamics of the PAF patients improved
immediately after SR restoration, whereas those of the PerAF
and LSPAF patients did not improve because atrial contrac-
tions had not yet resumed. Second, there was no significant
impairment of ventricular diastolic filling when AF-HR was at
approximately < 109 bpm. To investigate the hemodynamic ef-
fects of AF-HR, we subdivided the pre-AF group into quartiles
according to AF-HR. Compared among the AF-HR quartiles,
there were no significant hemodynamic differences among
these groups. Previously, in the RACE II (Rate control efficacy
in permanent atrial fibrillation: a comparison between lenient
versus strict rate control I) study, Van Gelder et al compared
major cardiovascular events in patients with AF treated by a
lenient (resting HR < 110 bpm) or strict rate-control strategy
(resting HR < 80 bpm and HR during moderate exercise <
110 bpm) [18]. The group hypothesized that the lenient rate-
control strategy might induce or worsen heart failure, but the
results showed that the lenient strategy was not inferior to the
strict strategy. Although the authors did not explain why the le-
nient rate-control strategy was non-inferior, our findings sug-
gest that this was because neither rate-control strategy caused
significant impairment of ventricular diastolic filling. Lastly,
the LAD was also significantly different as well as the propor-
tion of AF types and AF-HR (HRpre) in comparison of base-
line characteristics between the pre-AF group and the control
group. As these factors may become confounding factors in
the result, we also subdivided the pre-AF group according to
the LAD quartiles. But there were no significant hemodynam-
ic differences among the quartile LAD groups, which did not
seem to be a confounding factor in the result.

This study had several limitations. First, this study was
limited by its retrospective design. Although the patients who
met the inclusion criteria of this study were consecutively en-
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Table 5. Comparison of Intraprocedural Parameters Among the Quartile LAD Groups

Lowest Q(m=17) Second Q(n=19) Third Q(m=19) HighestQ (n=19) P value
LAD, mm 37.0+2.9 41.8+0.8 452+1.3 51.3+3.1 <0.001
Pre-measurement
HR .. bpm 89.9+21.9 89.4+21.5 73.5+£13.7 78.1£19.4 0.023
SBP,,., mm Hg 97.4+282 106.3 £21.0 96.9 +17.0 102.4+£19.3 0.5
DBP ., mm Hg 62.5+14.5 69.2+11.3 60.5+10.6 65.1+14.2 0.19
MAP ., mm Hg 76.9 +20.1 842+ 14.2 75.2+12.9 78.4+15.5 0.33
LAP, ., mm Hg 7.4+4.6 8.6+3.7 7.8+49 7.7+4.6 0.87
Intraprocedural comparison
Total infusion, mL 1,087.1 +£428.5 1,125.9+374.2 1,176.8 =461.9 1,089.4 +440.7 0.91
Sedatives
Dexmedetomidine, pug 71.5+£23.8 72.5+£22.3 76.4+27.1 74.7+28.9 0.94
Fentanyl, mg 0.156 + 0.053 0.176 + 0.061 0.176 + 0.051 0.155 +0.052 0.45
Diazepam, mg 74+34 9.0+3.8 75+2.8 10.0 + 3.7 0.067
Thiopental, mg 89.7+42.4 76.3 +£32.8 97.4+46.3 98.7+43.7 0.33
Contrast agent, mL 28.4+10.1 27.0+11.7 30.1+13.3 269+11.6 0.82
Procedure time, min 160.5 +43.9 172.0 +40.9 165.4 +44.4 174.8 £ 57.5 0.8
The time after SR restoration, min 29.0+14.5 25.0+£16.6 19.0£13.6 17.0£7.0 0.84
Post-measurement
HR bpm 66.0 = 14.0 68.9+9.4 64.6 £ 8.6 65.3+10.8 0.63
SBP,» mm Hg 108.1 £23.5 109.7 +23.4 105.8 £29.7 119.0 +26.7 0.43
DBP . mm Hg 61.6+12.1 67.4+13.8 633+17.2 70.2+15.9 0.31
MAP ., mm Hg 81.1+16.2 83.7+18.8 79.9 £22.3 89.6 £ 19.5 0.43
LAP__ ., mm Hg 10.2+3.9 122+42 13.9+£3.6 11.8+3.7 0.044

post’

AF: atrial fibrillation; DBP: diastolic blood pressure; HR: heart rate; LAD: left atrial dimension; LAP: left atrial pressure; MAP: mean arterial pressure;

Q: quartile; SBP: systolic blood pressure; SR: sinus rhythm.

rolled between August 2019 and April 2023 in our hospital,
there was a selection bias by retrospective design. Second, the
subgroups of patients according to AF types, AF-HR quartiles,
and LAD quartiles were small; therefore, the statistical pow-
er was low, and additional investigations with larger sample
sizes are necessary to confirm the results of subgroup anal-
yses. Third, most patients enrolled in the pre-AF group had
preserved LVEF (mean + SD, 59.3 + 9.6%) and stable heart

failure symptoms (NYHA functional class I, 50%; class II,
50%). Therefore, this study does not provide information on
the acute hemodynamic benefits of SR restoration in patients
with AF with significantly different characteristics from those
enrolled in this study, such as those with depressed LVEF,
more severe symptoms (NYHA functional class III/IV), and/
or a more rapid ventricular response, and additional investiga-
tions are warranted. Forth, thiopental was administered intra-
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Figure 5. Comparison of the changes in heart rate and blood pressure from before to after pulmonary vein isolation in patients
with the quartiles of left atrial dimension. bpm: beats per minute; ADBP: change in diastolic blood pressure; AHR: change in heart
rate; ALAP: change in left atrial pressure; AMAP: change in mean arterial pressure; Q: quartile; ASBP: change in systolic blood

pressure.
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venously before electrical cardioversion in the pre-AF group but
not throughout the procedure in the control group. Although the
dose of thiopental used in the pre-AF group was 1.3 + 0.6 mg/
kg, which was considerably less than the usual dose (3 - 4 mg/
kg), it could potentially influence the MAP__ and LAP___ in the
pre-AF group and become a confounding factor in the results.
However, because electrical cardioversion is extremely painful
for patients, the use of an additional intravenous anesthetic is
unavoidable. In clinical practice, electrical cardioversion is of-
ten performed using the same protocol as that used in this study;
therefore, we believe that these data can also be applied in clini-
cal settings. Finally, in the pre-AF group, SR restoration was
established by internal cardioversion in all patients except for
one in whom external cardioversion was performed because of
difficulties in placing a 7-Fr electrode catheter in the coronary
sinus. In contrast, the control group did not undergo electrical
cardioversion because their heart rhythms were SR throughout
the procedure. Internal and external cardioversions decrease the
left atrial chamber and appendage function [19], which may ex-
plain why the LAP was unchanged in the pre-AF group. This
problem is difficult to resolve because it is difficult to record
a large amount of data on patients with AF who spontaneously
return to SR without cardioversion.

Conclusions

In patients with PAF, atrial contractions may resume quickly,
which leads to hemodynamic improvement immediately after
cardioversion. As for AF-HR, there was no significant impair-
ment of ventricular diastolic filling at approximately < 109
bpm.
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