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1 | INTRODUCTION

Background: Many recurrences occur after electrical cardioversion (ECV) of atrial fibrillation
(AF). Assessment of extent of remodeling and continuous prolonged rhythm monitoring might
reveal actionable recurrence mechanisms.

Hypothesis: After ECV of AF specific patterns of arrhythmia recurrence can be distinguished.
Methods: All patients who underwent successful ECV due to persistent AF were included. Tis-
sue velocity echocardiography during AF was performed before ECV to study atrial fibrillatory
cycle length and fibrillatory velocity. After ECV, the heart rhythm of all patients was monitored
3 times daily during 4 weeks, and timing of recurrence was noted.

Results: In total, 50 patients (68% male) were included; mean age was 68 + 9 years. Median
duration of the current AF episode was 102 (range, 74-152) days. Twenty-one (42%) patients
showed recurrence of persistent AF. No recurrences occurred during the first 24 hours. There
were no differences in clinical characteristics between patients with or without recurrence of
AF. However, patients with early recurrence of AF had significantly higher precardioversion
wall-motion velocity compared with patients who remained in sinus rhythm (2.8 [1.6-3.6] vs
1.4 [0.9-3.3] cm/s; P = 0.017), whereas atrial fibrillatory cycle length did not differ.
Conclusions: In this study on 50 patients successfully cardioverted for persistent AF, there was
a relapse gap of 224 hours. This phenomenon has not been well appreciated before and offers
an AF-free window of opportunity for electrocardiographically triggered cardiac imaging or
complex electrophysiological procedures. Echocardiographic tissue velocity imaging may visual-

ize atrial remodeling relevant to AF recurrence.
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of early recurrences of persistent AF is not well known. To improve

long-term outcome of cardioversion, it may be important to focus on

Atrial fibrillation (AF) is the most common sustained cardiac arrhyth-
mia clinicians encounter. Electrical cardioversion (ECV) was intro-
duced in clinical practice in 1962, and nowadays it is a frequently
applied treatment to restore sinus rhythm in AF patients with success
rates of 70% to 91% in patients with persistent AF.} Unfortunately,
only 30% to 35% of the patients are still in sinus rhythm after
1 year.2® Though it has been reported that relapses are most fre-

quent during the first 2 weeks after cardioversion, the exact timing

the timing of these early relapses. Recurrence of AF may relate to
extent of atrial remodeling. Using novel electro-echocardiographic
imaging, extent of remodeling may be assessed beyond simple atrial
sizes measurement (Figure 1).>° The goal of the present study was to
meticulously investigate the incidence and timing of early recurrence
of AF after ECV, in relation to pre-cardioversion assessment of extent
of atrial remodeling using novel electro-echocardiographic tissue

velocity imaging (TVI).
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AFCL-TVI

FIGURE 1 Echocardiographic measurement of AF cycle length
(AFCL-TVI) and AF wall-motion velocity (AFV-TVI) with TVI curves
obtained from the lateral wall of the LA just above the mitral annulus.
Abbreviations: AF, atrial fibrillation; LA, left atrium; TVI, tissue
velocity imaging

2 | METHODS

In this study we included all patients who underwent a successful
ECV for persistent AF during 12 months. Patients age < 18 years and
patients with atrial flutter, a pacemaker or implantable cardioverter-
defibrillator (ICD), as well as those on antiarrhythmic drugs were
excluded. Baseline characteristics were extracted from the medical
chart, including demographic characteristics, medical history, and
electrocardiographic (ECG) as well as echocardiographic data. None
of the patients was prescribed antiarrhythmic drugs post-cardiover-
sion. Written informed consent was obtained from all patients, and

the institutional review board approved the study.

2.1 | Rhythm monitoring

Heart rhythm was monitored during 4 weeks after cardioversion using
a handheld telemetry device (MyDiagnostick; Applied Biomedical Sys-
tems BV, Maastricht, The Netherlands; Figure 2).” Patients received
the MyDiagnostick 1 hour after electrical cardioversion; this was
instantly the first monitoring of heart rhythm post-ECV. Patients were
instructed to use the device 3x daily (morning, noon, and evening), and
also in case of complaints. When the device showed a red light (indicat-
ing presence of AF), the patient was instructed to repeat the procedure
every 15 minutes for the following hour. Only if the device showed a
red light (AF) at each of 4 consecutive measurements over 1 hour, the
patient was instructed to visit the hospital for a confirmatory ECG. All

individual MyDiagnostick recordings were analyzed for presence of AF.

2.2 | Echocardiographic examination

Before cardioversion, a transthoracic echocardiography was per-

formed with a Vivid 7 ultrasound system (GE Healthcare, Little
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FIGURE 2 MyDiagnostick telemetry device
Chalfont, United Kingdom). The AF cycle length (AFCL-TVI) and the

AF wall-motion velocity (AFV-TVI) were measured (from >3 heart
cycles) using TVI as described previously.>® Figure 1 shows a clear
example of those measurements. In addition, standard left ventricular
(LV) and left atrial (LA) dimensions were determined according to the
recommendations as described in the European Echocardiography
guidelines.

23 |

AF was defined as any documented arrhythmia that has the ECG

Definitions

characteristics of AF and lasts sufficiently long to be recorded on 12-
lead ECG, or lasts 230 seconds on a rhythm strip. We defined suc-
cessful cardioversion as restoration of sinus rhythm after delivery of
a shock without immediate recurrence of AF within 60 seconds.
Recurrence of persistent AF after ECV was defined as the combina-
tion of 5 consecutive MyDiagnostick recordings indicating AF recur-
rence (5 consecutive red lights) during 1 hour, followed by an in-

hospital 12-lead ECG confirming presence of AF.

2.4 | Statistical analysis

Data analysis was performed using SPSS statistical software version
20.0 (IBM Corp., Armonk, NY). Continuous variables were tested for
normal distribution using the Kolmogorov-Smirnov test. Continuous
variables are reported as mean + SD when normally distributed and
as median (interquartile range [IQR], 25th percentile-75th percentile)
if they did not follow a normal distribution. Categorical variables were
reported as observed number of patients (%). Differences between
continuous variables were tested with an independent t test when
normally distributed and with the Mann-Whitney U test if not nor-
mally distributed. Differences in categorical variables were tested for

with the Fisher exact test.

3 | RESULTS

In total, 50 patients with successful ECV were included. Patients
were predominantly male (68%), with a mean age of 68 + 9 years. At
cardioversion, the median duration of the current AF episode was
102 days (IQR, 74-152 d). The patients' baseline characteristics are
shown in the Table 1.

31 |

Twenty-one (42%) patients showed recurrence of persistent AF

Recurrence of persistent AF

within 1 month after cardioversion. Of note, during the first 24 hours

there was no recurrence (Figure 3). On the second day after
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TABLE1 Baseline characteristics

All, N = 50 No Recurrence of AF, n = 29 (58) Recurrence of AF, n = 21 (42) P Value
Age, y 68 + 9 68 + 10 68 +7 0.79
Male sex 34 (68) 20 (69) 14 (67) 1.00
BSA, m? (n = 40) 20+ 0.2 20+ 02 20+ 03 0.76
Known with AF, m 3(2-6) 3 (2-5) 3(2-29) 0.43
Duration current AF, d 102 (74-152) 103 (77-159) 95 (71-134) 0.49
Medical history
HTN 28 (56) 15 (52) 13 (62) 0.57
CAD 17 (34) 12 (41) 5 (24) 0.23
DM 4(8) 1(3) 3(14) 0.30
Stroke 2 (4) 2(7) 0(0) 0.50
TIA 3(6) 0 3(14) 0.07
HF 13 (26) 8(28) 5 (24) 1.00
COPD 0(0) 0(0) 0(0) 1.00
Medications
B-Blocker 44 (88) 27 (93) 16 (81) 1.00
Verapamil 1(2) 1(3) 0 (0) 1.00
Digoxin 11 (22) 5(17) 6(29) 0.49
ACEI/ARB 33 (66) 16 (66) 14 (67) 1.00
Statin 27 (54) 15(52) 12 (57) 0.78
Echocardiographic parameters
LVEF, % 55 (40-59) 54 (37-63) 55 (50-59) 0.76
LA diameter, mm 45 (43-49) 45 (42-51) 45 (43-49) 0.98
LA volume, mL (n = 46) 99 + 25 102 + 27 94 + 20 0.28
LA indexed volume, mL/m? 51+ 15 53 + 16 49 + 13 0.48
RA volume, mL (n = 40) 78 £ 24 78 + 26 79 + 18 0.90
AFCL-TVI LA, ms (n = 35) 157 (132-173) 154 (123-172) 162 (141-175) 0.35
AFCL-TVIRA, ms (n = 18) 162 + 25 160 + 25 165 + 28 0.73
AFV-TVI LA, cm/s 1.6 (1.1-3.3) 1.4 (0.9-2.3) 2.8 (1.6-3.6) 0.017
AFV-TVI RA, cm/s 3.6 +£26 3.6 +23 3.6 £33 0.99

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AFCL, atrial fibrillation cycle length; AFV, atrial fibrillatory velocity;
ARB, angiotensin Il receptor blocker; BSA, body surface area; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; DM, diabetes
mellitus; HF, heart failure; HTN, hypertension; IQR, interquartile range; LA, left atrium; LVEF, left ventricular ejection fraction; RA, right atrium; SD, stan-
dard deviation; TIA, transient ischemic attack; TVI, tissue velocity imaging. Data are presented as n (%), mean =+ SD, or median (IQR).
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Time after cardioversion (days) AF. Abbreviations: AF, atrial fibrillation

cardioversion there were 3 patients with recurrence of persistent AF; terminating (<60 min) AF or short atrial runs before developing recur-
15 other patients followed over the next 6 days; and 3 more patients rence of persistent AF.
had AF recurrence during weeks 2 and 3. Thus, almost all persistent Age, total duration of AF history, and duration of the current
AF recurrences (86%) occurred during the first week post-cardiover- AF episode were similar in patients who remained in sinus rhythm

sion. Eight patients who showed 21 MyDiagnostick episodes of self- compared with patients with recurrence of persistent AF (Table).
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There was also no association between recurrence of AF and
underlying disease or baseline medication of the study population.
However, patients with a recurrence had a significantly higher
AFV-TVI compared with patients who remained in sinus rhythm
(2.8 [1.6-3.6] vs 1.4 [0.9-3.3] cm/s; P = 0.017). The LA size was
not different in the respective groups (LA diameter: 45 [43-49]
mm vs 45 [42-51] mm; P =0.98; LA volume: 94 + 20 mL vs
102 + 27 mL).

4 | DISCUSSION

In this study, we investigated the incidence and timing of recurrences
of AF after successful ECV for persistent AF, using intensive rhythm
monitoring. To our knowledge, this is the first study that shows the
inability of the atria to harbor a sustained recurrence of AF during
the initial 24 hours following successful electrical cardioversion
despite having been in AF continuously during several previous
months. Although this 24-hour relapse gap has been suggested
before,” it has never been formally investigated nor demonstrated.
Further, we found higher LA wall-motion velocities in those patients
with early recurrence of persistent AF, suggesting that stretch or
higher metabolic demand may trigger early recurrences during the

phase of reversed remodeling after restoration of sinus rhythm.

4.1 | Relapse gap after cardioversion of
persistent AF

Directly after successful cardioversion, immediate recurrence of AF
can occur within 1 to 2 minutes. Duytschaever et al. showed that
these hyperacute recurrences could be explained by the supervulner-
able status of the atrial substrate directly after termination of AF,
which is associated with a short-lasting, transient (<1 min) extreme
shortening of atrial refractoriness. During this period, the atria are
susceptible to re-initiation of AF triggered by premature beats.2%1!
Lown (1962) and Rossi (1967) were the first to describe that the ini-
tial ultrashort phase of immediate recurrences lasted <1 minute,
whereas all other patients—who initially converted after the shock—
showed sustained sinus rhythm until discharge from the hospital.
Using Holter monitors immediately after cardioversion of persistent

AF, Varounis et al'?

did not explicitly mention the 24-hour relapse
gap, yet such gap can be appreciated from the arrhythmia-free sur-
vival curves in their article. The same applies to the Verapamil Versus
Digoxin Cardioversion (VERDICT) trial, where none of the patients
experienced a relapse of the arrhythmia within the first 24 hours
after electrical cardioversion.'® Schwartzman et al. reported on recur-
rences after ambulatory atrial cardioversion by an implanted device
and saw that recurrences within 1 day were associated with paroxys-

F.** These observations are in line with

mal rather than persistent Al
our finding that the 1-minute post-shock phase with immediate
recurrences is followed by a significant relapse gap during which
immediate recurrences do not occur. The present study using detailed
arrhythmia event monitoring shows that this period lasts 224 hours.

In accordance with existing literature, we also found that the majority

of subacute relapses of AF (86%) happen within 1 week after this
relapse gap.

The observation of this so-called 24-hour relapse gap is unex-
pected considering that, until the ECV, the atria were fibrillating con-
tinuously for months. One may conjecture that after cardioversion
the atria are in a “metabolic shock” condition for 21 day, because the
switch from intrinsic tachycardia to the relative bradycardia of sinus
rhythm may lead to various metabolic alterations, such as changes in
intracellular calcium concentrations and signaling, and intracellular
acidosis.’®151¢ |t may be surmised that the metabolic derangements
in the initial minutes after ECV that lead to extreme shortening of
refractoriness with recurrences in the hypervulnerable phase also set
the stage for subsequent atrial cellular stunning with inability to sus-
tain AF within a window of 224 hours. This is in line with the well-
known pattern of occurrence of AF after open-heart surgery, which
relates to transient atrial ischemia and atrial stunning. Classically,
postoperative AF also virtually skips the first day, with most episodes
happening from day 2 onward.}” It may be hypothesized that the
metabolic atrial changes during open-heart surgery—not always effec-
tively prevented by cardioplegia, which protects the ventricles but
less so the atria, which then suffer from normothermic ischemia—lead
to stunning and the electrophysiologic inability of the atria to fibril-
late within 21 day after surgery. Only after sufficient resolving of
atrial stunning, the shock effect (stunning) disappears and the atria
return to their initial preexisting vulnerable status.

It has been suggested that the absence of atrial trigger beats dur-
ing the first 24 hours might be another explanation for the relapse
gap. However, previous studies have clearly shown an abundance of
atrial ectopy during the 24-hour relapse gap, strongly supporting the
notion that, temporarily, the substrate is not fit to carry AF.*2

Tieleman et al. suggested that progressive development of het-
erogeneity of refractoriness—related to reverse remodeling after
ECV—is a prerequisite for atrial ectopy to induce a recurrence. How-
ever, due to chronic electrical remodeling during AF before ECV, all
atrial cells have an equally short refractory period preventing the
development of heterogeneity of refractoriness initially after ECV,
whereas lengthening associated with reversed remodeling may hap-
pen with an uneven spatial distribution.* The initiation of reversed
electrical remodeling will certainly take some time, presumably
>24 hours, and may be spatially nonuniform. It has been shown that
reversed electrical remodeling after ECV in terms of normalization of
the action potential duration or atrial refractory period takes
24 days.'®? After the first week, beneficial electrical remodeling of
the atria may have become more uniformly distributed, resulting in a

decreasing incidence of recurrences from then on.*

4.2 | Atrial stunning after cardioversion

As mentioned earlier, atrial stunning may relate to the occurrence of
a relapse gap after cardioversion of AF. Manning et al. described the
restoration of atrial function as measured by transmitral echo-
Doppler peak A-wave velocity and found initially a strong depression
of atrial functioning that lasted up to 1 week or longer after the car-
dioversion.?° This is compatible with post-shock atrial stunning,

which in turn may set the stage for absence of recurrences during
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the relapse gap. Similarly, in the present study fibrillatory velocity of
the atrial wall during AF before cardioversion was reduced compared
with control patients with acute AF as reported previously (left atrial
TV 1.6 [1.1-3.3] cm/s and 3.6 [2.7-5.8] cm/s, respectively).® This
indicates that also in our patients a reduced wall motion as an expres-
sion of chronic atrial remodeling (not present so much in acute AF)
was present that may turn the atria susceptible to post-shock stun-
ning. Interestingly and unexpectedly, the wall-motion velocity was
highest in patients with recurrences. We conjecture that patients
with a relatively preserved atrial wall-motion velocity before cardio-
version would have an earlier and faster (regional) recovery, setting
the stage for early recurrences within 1 week; whereas concurrently
a higher contractility may effectively have generated stretch-induced

atrial premature beats, eliciting the recurrence.

4.3 | Predictors of early recurrence

Data concerning predictors of early recurrence of AF are scarce. Ber-
taglia et al. and Varounis et al found no differences between patients
with or without an early recurrence (ie, within 7 days or 1 month,
respectively).*?>?! Tieleman et al found hypertension and chronic use
of intracellular calcium-lowering medication (B-blockers and non-
dihydropyridin calcium channel blockers) before ECV as independent
predictors of maintained sinus rhythm within 1 month after ECV in
2 different cohorts.*'® Apart from the well-known efficacy of
Vaughan-Williams class | and Il antiarrhythmic drugs, several studies
reported use of renin-angiotensin inhibitors or verapamil combined
with amiodarone or propafenone associated with fewer early recur-
rences of persistent AF. Echocardiographic parameters also have
been related to recurrence. Decreased mechanical atrial function
immediately after cardioversion, as characterized by a lower peak A-
wave velocity, is associated with AF recurrence within 1 month after
ECV. In contrast, in our study, patients with recurrence of AF had a
significantly higher echocardiographic AFV-TVI compared with
patients in maintaining sinus rhythm. Further studies in larger patient
populations are needed to elucidate the relationship between pre-

cardioversion atrial mechanical function and ECV outcome.

4.4 | Implications

The relapse gap, as demonstrated in this study, offers a window of
opportunity to image AF patients more accurately with ECG-triggered
computed tomography (CT) scanning or cardiac magnetic resonance
imaging (CMR), because machine triggering may be much more effec-
tive when patients are in sinus rhythm. In this respect, pre-CT or pre-
CMR cardioversion to enhance imaging during the relapse gap may
be adopted in clinical practice. Moreover, prescription of antiarrhyth-
mic drugs, especially in patients with a high—potentially
arrhythmogenic—wall-motion velocity before cardioversion, might
modify and prolong this 24-hour AF-free window of opportunity.
Also, AF ablationists already make use of the fact that AF recurrences
do not occur during complex ablation procedures once cardioversion
has been applied during or before the ablation procedure. Conversely,
absence of AF recurrence until discharge after ablation of persistent

AF (which is frequently combined with electrical cardioversion during

the intervention) may not be taken as an acute success of the abla-
tion, although the patient left the hospital in sinus rhythm due to the
relapse gap. To assess success of ablation procedures for persistent
AF, the phenomenon of the relapse gap should clearly be taken into
account.

4.5 | Study limitations

In this study, we have consciously excluded patients with current use
of antiarrhythmic drugs because our goal was to study the natural
course of incidence and timing of early AF recurrences after cardio-
version. As a result, the population we studied may not be represen-
tative of the general AF population. In our view, the studied
population comprises exactly those patients in whom clinical advan-
tage of a relapse gap might be useful in daily clinical practice. More-
over, we could not analyze atrial premature beats properly, because
the telemetry device used was not developed to diagnose premature
beats. However, the main goal of this study was to report the inci-
dence and timing of early recurrences within 1 month post-cardiover-
sion. The MyDiagnostick is a user-friendly device to instantly detect
AF paroxysms noninvasively. Although we used a comprehensive
follow-up protocol (3x daily during 4 weeks), overall AF recurrence
rate, in particular of nonsustained self-terminating episodes, might
have been underestimated. However, persistent non-self-terminating
recurrences (ie, the main analysis parameter in the present study)
cannot escape recording by the MyDiagnostick.

In addition, it appeared that electro-echocardiography, although
potentially valuable in assessing extent of atrial remodeling, is not
feasible in all patients before cardioversion due to absence of a suffi-
ciently long diastole. Finding predictors of recurrence was not the pri-
mary goal of this study, and more patients are needed to reliably
study predictors of early recurrence of AF after cardioversion, includ-
ing the role that TVI representing atrial refractoriness and contractil-
ity may have.

5 | CONCLUSION

In this study on 50 patients successfully cardioverted for persistent
AF, we found a relapse gap of 24 hours after cardioversion during
which no recurrences occurred. This relapse gap offers the clinicians
an AF-free window of opportunity, for instance for the purpose of
ECG-triggered imaging of AF patients or during complex electrophysi-
ological procedures. This study also confirms that early recurrences
occur, especially during the first week after cardioversion. In addition,
extent of atrial remodeling may relate to AF recurrence. These find-
ings may be important for further insights in preventing recur-

rence of AF.
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