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Abstract
Background Cardiac-specific markers of myocardial injury, such as troponin I (TnI), are often elevated following procedures that
stimulate the myocardium. This study aimed to determine the effect of synchronized direct current (DC) cardioversion of atrial
arrhythmias on myocardial injury 6-h post-procedure, as measured by cardiac TnI in patients with and without cardiomyopathy.
Methods Seventy-three individuals (59 M:14 F) participated in this study. Inclusion criteria were subjects 18 and older under-
going DC cardioversion for an atrial arrhythmia, including elective and non-elective admissions. Exclusion criteria included MI
or CABG within the past month, cardioversion for a ventricular arrhythmia, or recent shock by implantable internal cardioverter
defibrillator. Patients underwent standard DC cardioversion procedure with blood work (TnI and CRP) prior to and 6-h post-
cardioversion. Primary outcome was change in TnI. Secondary outcomes included changes in CRP, correlation of TnI with
cumulative energy and LVM, and a sub-group analysis in patients with cardiomyopathy.
Results There was no significant change in TnI following cardioversion (20.4 ± 7.9 vs. 17.5 ± 6.5 ng/L, F(1,72) = 2.651, p =
0.108). When stratified by cardiomyopathy status, there was a statistically significant reduction in TnI following cardioversion in
the non-cardiomyopathy group (6.7 ± 3.7 ng/L vs. 6.2 ± 3.2 ng/L, F(1,58) = 6.481, p = 0.014) and a clinically significant reduc-
tion in the cardiomyopathy group (74.4 ± 136.7 ng/L vs. 54.6 ± 104.3 ng/L, F(1,13) = 3.676, p = 0.07). There was no significant
relationship between change in TnI and cumulative energy or LVM (r = 0.137, p = 0.306 and r = 0.125, p = 0.412 respectively).
Conclusions SynchronizedDC cardioversion of an atrial arrhythmia did not cause myocardial injury 6-h post-cardioversion. Sub-
group analysis suggests that cardioversion of patients with cardiomyopathy may result in normalization of TnI levels.
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1 Introduction

It is widely accepted that the cardiac-specific enzymes tropo-
nin T and I are highly specific markers of myocardial injury.
These enzymes have been shown to be elevated during acute
coronary syndromes such asmyocardial infarction, acute heart
failure, pulmonary embolism, infectious conditions of the
heart including myocarditis and pericarditis, sepsis, and with
cardiomyopathies [1–4]. There is also evidence to suggest that
atrial arrhythmias can cause myocardial injury as indicated by

elevations in both C-reactive protein (CRP) and cardiac tro-
ponin T [5, 6].

Of the various types of atrial arrhythmias, atrial fibrillation is
the most common and recent evidence suggests an increasing
prevalence and incidence of atrial fibrillation worldwide [7, 8].
Advances in electrophysiological procedures have resulted in
external synchronized electrical direct current (DC) cardiover-
sion becoming the gold standard treatment for atrial arrhyth-
mias [9]. While other procedures that stimulate the myocardi-
um, such as percutaneous coronary intervention, coronary ar-
tery bypass grafting, and pulmonary vein embolization, have
been shown to create an inflammatory response, as represented
by an increase in circulatory inflammatory and serum cardiac
markers [10, 11]; there is limited data on the acute incidence of
myocardial injury following the external DC cardioversion.

Previous studies in animals have suggested that electrical
cardioversion can cause myocardial injury [12]. However,
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these studies did not look directly at biochemical markers of
myocardial injury. Additionally, it is unknown whether the
energy levels used for cardioversion in animal models corre-
spond to those used in humans. In humans, several clinical
studies have attempted to characterize the changes in cardiac
troponin I (TnI) following cardioversion; however, the results
are conflicting [13–16]. Additionally, some of the data from
these studies were collected following the use of a
monophasic defibrillator, which has also been shown to cause
greater myocardial injury when compared with the current
gold standard biphasic defibrillators [13, 17]. A recent study
investigating the effects of DC cardioversion on myocardial
injury as measured by cardiac troponin T showed no signifi-
cant changes following cardioversion [18]; however, these
results have not been repeated using TnI.

In addition to atrial arrhythmias, there is evidence to sug-
gest that patients with cardiomyopathy have elevated cardiac
troponins [19]. The pathophysiology of this troponin release
has been described as myocardial necrosis and myocardial
apoptosis leading to ventricular remodeling and further im-
pairment of systolic and diastolic function [20]. Patients with
cardiomyopathy and an atrial or ventricular arrhythmia have
been shown to have higher baseline levels of plasma cardiac
troponins than those without an arrhythmia [21, 22].
Clinically it has been observed that patients presenting with
atrial arrhythmias and underlying cardiomyopathy have ele-
vated levels of cardiac troponin; however, the effect of cardio-
version and subsequent return to sinus rhythm on myocardial
leak of troponin has yet to be investigated in this cohort.

The objectives of this study were therefore to determine if
synchronized DC cardioversion of atrial arrhythmias causes
myocardial injury 6 h post-cardioversion by measuring cardi-
ac TnI. Additionally, we aim to determine if there is a rela-
tionship between the change in cardiac TnI and cumulative
energy given during cardioversion or left ventricular mass (as
measured by echocardiography). Secondary objectives in-
clude a sub-group analysis of patients with cardiomyopathy
to determine if any relationship exists between DC cardiover-
sion and TnI levels.

2 Methods

2.1 Study design

This study was a prospective, observational study that
assessed biochemical and structural parameters of cardiac
function in patients undergoing synchronized DC cardiover-
sion for atrial arrhythmias. Participants underwent a procedure
during a single visit to the Department of Cardiology at Cork
University Hospital in Cork, Ireland. During this visit, blood
sampling was obtained prior to and 6 h following the patients’
DC cardioversion.

2.2 Participants

Individuals undergoing synchronized DC cardioversion for
atrial arrhythmias at Cork University Hospital in Cork,
Ireland, were approached for participation in this study. A
total of 73 individuals (59 men, 14 women) agreed to partic-
ipate in the study. Inclusion criteria included all subjects great-
er than 18 years of age who were undergoing synchronized
DC cardioversion for an atrial arrhythmia. This included both
elective and non-elective admissions and included patients
with atrial fibrillation, atrial flutter, and focal atrial tachycar-
dia. Exclusion criteria included a myocardial infarction within
the past month, coronary artery bypass grafting within the past
month, cardioversion for a ventricular arrhythmia, and any
recent shocks by an implantable internal cardioverter defibril-
lator. All procedures conformed to the Declaration of Helsinki
and were approved by the Clinical Research Ethics
Committee at University College Cork. Written and informed
consent was obtained from all participants.

2.3 Biochemistry and cardiac markers

Baseline blood tests, which included a basic electrolyte panel,
C-reactive protein, and cardiac TnI, were recorded in all par-
ticipants. Blood samples were collected by a registered nurse
or advanced nurse practitioner into lithium heparin blood bot-
tles. Blood samples were transported to the Cork University
Hospital biochemistry laboratory within 15 min of being
drawn, and analysis of blood samples were completed imme-
diately upon receipt. Six hours following DC cardioversion,
repeat blood samples for C-reactive protein and cardiac TnI
quantification were collected via direct venous puncture. The
measurement of pre-cardioversion and 6 h post was deter-
mined by the Third Universal Definition of Myocardial
Infarction guidelines on “Biomarker Detection of
Myocardial Injury with Necrosis” [23].

2.4 Synchronized DC cardioversion

All patients underwent synchronized DC cardioversion of
their arrhythmias according to standard protocol. In brief,
pre-procedural electrocardiogram was obtained for confirma-
tion of the presenting arrhythmia and participants received
general anesthesia. The Philips HeartStart biphasic
Defibrillator XL (Phillips, Amsterdam, Netherlands) was used
for the procedure with pad placed in the anterior-posterior
position. Adhesive gel pads were used for all procedures.
Once sedated, a shock of 150 J was delivered to the patient.
If this was sufficient energy to cardiovert to sinus rhythm, the
procedure was complete. If the patient remained in arrhyth-
mia, a subsequent shock of 200 J was delivered up to two
more times. Following the third overall attempt, pads were
changed and a fourth and final attempt was made with an
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energy of 200 J. The exact energy of the shock delivered and
measured impedance was recorded from the rhythm strip of
the defibrillator. A successful cardioversion was defined as at
least three consecutive beats of sinus rhythm on the rhythm
strip following cardioversion.

2.5 Echocardiography

Two-dimensional transthoracic echocardiography was per-
formed in the left lateral decubitus position by a trained echo-
cardiographer (GE Vivid E9 Imaging System, GE Medical,
Horton, Norway) using a M4SMatrix Sector Array Probe (2–
5MHz). Standard views (parasternal long axis and apical two,
four, and five chambers) were collected and analyzed accord-
ing to the recommendations of the American Society for
Echocardiography [24, 25] using a dedicated software pro-
gram (GE EchoPAC v201, GE, Horton, Norway); LV mass
was subsequently calculated using the Devereux formula: LV
Mass = 0.8[1.04[([LVEDD + IVSd + PWd]3 − LVEDD3)]} +
0.6 [26].

2.6 Statistics

Preliminary analysis of the data showed potential response
differences in patients with cardiomyopathy and as such data
were stratified accordingly for additional analysis. Statistical
analyses were performed using Statistical Package for Social
Sciences software v25 (IBM Corporation, Armonk, NY,

USA) and GraphPad Prism (GraphPad Software Inc., La
Jolla, CA, USA). Data was assessed using repeated measures
ANOVA and Pearson’s correlation coefficients as a full
dataset and stratified by cardiomyopathy status. Data are re-
ported as mean ± standard deviation with a significance level
of a = 0.05.

3 Results

Of the 103 patients approached to participate in the study, 73
patients were recruited (25 did not wish to participate, 6 did
not meet exclusion criteria), 14 of which were known to have
a diagnosed cardiomyopathy. Baseline clinical parameters are
shown in Table 1. Of the participants with cardiomyopathy,
two had hypertrophic, three dilated, four ischemic, and five
tachycardia induced.

Of the 73 patients that underwent synchronized DC cardio-
version for an atrial arrhythmia, 100% achieved sinus rhythm.
Fifty-five (75%) achieved sinus rhythm with a single shock
and 7 (9.5%) cases received three or more shocks. The cumu-
lative energy delivered is displayed in Table 1.

All laboratory samples taken were analyzed by the bio-
chemistry laboratory, with no reports of any samples being
hemolyzed. The upper reference limit of cardiac TnI was >
34 ng/L with the minimum reporting value of 5 ng/L. The
cardiac TnI and C-reactive protein before and after cardiover-
sion in both cohorts are shown in Table 2 with the differences

Table 1 Baseline characteristics
of whole-group study participants
and stratified by the presence of
cardiomyopathy

Total (n = 73) Cardiomyopathy (n = 14) Non-cardiomyopathy (n = 59)

Age 67 ± 9 61 ± 12 69 ± 8

Weight (kg) 92.5 ± 22.7 93.9 ± 24.5 92.2 ± 22.5

Sex (M:F) 59:14 13:1 46:14

Coronary artery disease, n (%) 20 (27) 7 (50) 47 (78)

Hypertension, n (%) 36 (49) 4 (29) 32 (53)

Diabetes, n (%) 9 (12) 3 (21) 6 (10)

Ejection fraction (%) 49 ± 11 32 ± 8 53 ± 7

Presenting rhythm, n (%)

Atrial fibrillation 67 (92) 13 (93) 55 (92)

Atrial flutter 4 (5) 1 (7) 3 (5)

Focal atrial tachycardia 2 (3) 0 2 (3)

Antiarrhythmic medication, n (%)

Flecainide 32 (43) 0 32 (53)

Propafenone 1 (1) 0 1 (2)

Sotalol 5 (7) 2 (14) 3 (5)

Amiodarone 17 (23) 8 (57) 10 (17)

None 17 (23) 4 (29) 13 (22)

Cumulative energy (J) 228 ± 148 222 ± 126 230 ± 153

LV mass (g) 227.7 ± 73.6 272.4 ± 67.7 214.9 ± 70.2
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displayed in Fig. 1. Repeated measures ANOVA showed a
significant decrease in cardiac TnI following cardioversion
in patients without cardiomyopathy (6.7 ± 3.7 ng/L vs. 6.2 ±
3.2 ng/L, F(1,58) = 6.481, p = 0.014). A non-significant re-
duction in TnI was seen in the cardiomyopathy group (74.4
± 136.7 ng/L vs. 54.6 ± 104.3 ng/L, F(1,13) = 3.676, p =
0.07). There was also a significant reduction in C-reactive
protein in all participants (5.0 ± 0.83 U/L vs. 4.7 ± 0.77 U/L,
F(1,72) = 4.313, p = 0.04) and the cardiomyopathy sub-
analysis (2.8 ± 2.4 U/L vs. 2.6 ± 2.4 U/L, F(1,13) = 7.602,
p = 0.017) following cardioversion (Fig. 1).

When the change in cardiac TnI from pre- to post-
cardioversion is plotted against cumulative energy delivered
during cardioversion (Fig. 2a) and LV mass (Fig. 2b), there
was no significant relationship amongst the small changes
observed (r = 0.137, p = 0.306 and r = 0.125, p = 0.412 re-
spectively). However, in the cardiomyopathy group (Fig. 2,
gray), there are a few select cases that showed significant
reductions in cardiac TnI.

4 Discussion

The results of this study indicated that external DC cardiover-
sion did not result in myocardial injury, as measured by car-
diac TnI. When stratifying by patients with cardiomyopathy,

there was a statistically significant reduction in cardiac TnI
following cardioversion in the non-cardiomyopathy sub-
group; however, this was likely not a clinically relevant
change as values were below the threshold of clinical signif-
icance. Analyzing changes in CRP showed statistically signif-
icant reduction in both the whole group analysis and the car-
diomyopathy group following cardioversion.

4.1 Cardiac biomarkers

When evaluating the changes in cardiac TnI, we need to con-
sider the clinical relevance of the changes following cardio-
version in addition to the statistical significance of the chang-
es. The assay used in this study had an upper limit of normal of
34 ng/L. Although the non-cardiomyopathy group showed a
statistically significant reduction in TnI (Table 2), the differ-
ence of less than 1 ng/L is not clinically significant. The range
of TnI (5–26 ng/L) also revealed that no patients had clinically
significant troponin elevations. In the cardiomyopathy group,
the reduction in TnI following cardioversion had greater clin-
ical significance. The average pre-cardioversion troponin was
above the upper limit of normal, suggesting possible baseline
myocardial injury. This is largely in agreement with the liter-
ature, which states that individuals with cardiomyopathy often
have elevated troponin at baseline [20, 27]. Even though these
values are not statistically significant, the clinical relevance is

Table 2 Biochemical and cardiac
markers before and after
cardioversion in patients with and
without cardiomyopathy

Troponin—pre
(ng/L)

Troponin—post
(ng/L)

p
value

CRP—pre
(U/L)

CRP–post
(U/L)

p
value

Total (n = 73) 20.4 ± 7.9 17.5 ± 6.5 0.108 5.0 ± 0.83 4.7 ± 0.77 0.04

Cardiomyopathy
(n = 14)

74.5 ± 136.6 54.5 ± 104.3 0.075 2.8 ± 2.4 2.6 ± 2.4 0.017

Non-cardiomyopathy
(n = 59)

6.7 ± 3.7 6.2 ± 3.2 0.014 5.4 ± 7.6 5.2 ± 7.0 0.078

Fig. 1 Differences in troponin I (a) and C-reactive protein (b) before and after cardioversion when stratified by presence of cardiomyopathy
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hypothesis generating for the role of cardioversions for myo-
cardium protection in patients suffering from atrial arrhyth-
mias. To our knowledge, there is no prior evidence to suggest
that cardioversion can result in an improvement in myocardial
injury in patients with cardiomyopathy and an atrial
arrhythmia.

Regarding the changes in CRP, the observed reductions,
although statistically significant, do not likely carry clinical
significance. Elevations in CRP have been shown to increase
withmyocardial injury to predict severity of myocardial injury
[28]. However, the specific test used in our study to assess
CRP suggests that an elevation above 10 mg/L indicates mild
inflammation. The average CRP values detected in the whole
population and cardiomyopathy group (Table 2) are below
10 mg/L, and therefore, the detected differences are not likely
clinical important at the population level.

4.2 Cumulative energy and LV mass

When comparing changes in cardiac TnI to cumulative energy
delivered during cardioversion and left ventricular mass, no
relationships were observed. This suggests that increased en-
ergy delivered during cardioversion does not injure the myo-
cardium in a dose-dependent manner. Since we have shown
that increased cumulative energy does not likely cause myo-
cardial injury, the usage of higher energy shocks should be
considered for emergent cardioversions in order to increase
the likelihood of successful cardioversion [29].

4.3 Clinical relevance

This study has allowed several hypotheses to be drawn when
considering its clinical relevance. The lack of TnI elevation
confirms the results from Lobo et al. (2018) who reported no
evidence of myocardial injury following DC cardioversion by

measuring changes in cardiac troponin T. This implies that an
elevated troponin following cardioversion should not be con-
sidered a benign finding but may suggest a more serious myo-
cardial pathology that requires further investigation. The re-
lease of troponin during arrhythmias may be due to excessive
myocardial stretching and alteration in the structure of
integrins, thus allowing for release of cytosolic troponin into
the plasma [30]. In patients with cardiomyopathy, the addition
of an atrial arrhythmia may lead to additive myocardial injury
and thus result in increased myocardial leak of cardiac tropo-
nin. Cardioversion of patients with cardiomyopathy who pres-
ent to with significant myocardial injury, as measured by ele-
vated TnI, may thus have a greater overall benefit from return
to sinus rhythm by reducing mechanical stress and myocardial
stretching.

4.4 Strengths and limitations

This study has several notable strengths but is also not without
limitations. Firstly, we observed clinically significant reduc-
tions in cardiac TnI following cardioversion in patients with
cardiomyopathy though our sample size may be underpow-
ered to detect statistically significant differences.
Additionally, our study was conducted at a single center and
is thus subject to possible population bias and limitations to
generalizability of the results. Lastly, the Third Universal
Definition guidelines on “Biomarker Detection of
Myocardial Injury” suggest that cardiac troponin peaks ap-
proximately 12 h following an MI [25], which may limit the
internal validity of this study as we used a time point of 6 h
post-procedure to collect hematologic samples.

Future studies should focus on recruiting more individuals
with cardiomyopathies and atrial arrhythmias to determine if
cardioversion can result in a significant clinical improvement
in myocardial injury in these patients. Additionally, further

Fig. 2 Changes in troponin I from pre- to post-cardioversion as plotted against cumulative energy in Joules (a) and left ventricular mass (b)
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time points post-cardioversion should be considered to deter-
mine if reductions in TnI continue to occur after the 6-h time
point, potentially showing further benefits of a return to sinus
rhythm in the cardiomyopathy cohort.

5 Conclusion

Synchronized DC cardioversion of an atrial arrhythmia did
not cause myocardial injury 6-h post-cardioversion, as mea-
sured by the highly sensitive cardiac TnI. Sub-group analysis
stratified by the presence of cardiomyopathy suggests that
cardioversion of patients with cardiomyopathy may result in
normalization of TnI and thus an improvement in myocardial
strain or injury. These data imply that elevations in troponin
post-cardioversion should be taken as a serious complication
and investigated further. Finally, it may be of benefit for pa-
tients with cardiomyopathy and atrial arrhythmias to have
cardioversion more urgently as it may help to improve myo-
cardial injury and offer long-term cardioprotection.
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