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OBJECTIVE 
Evaluate, based on the evolution of new biochemical 

markers of cardiac damage, if electrical cardioversion 
(ECV) causes myocardial injury. 

METHODS 
Seventy-six patients (P) submitted to elective ECV for 

atrial fi brillation or atrial fl utter were evaluated. Creatine 
phosphokinase (CPK), CK-MB activity, CK-MB mass, 
myoglobin and cardiac troponin I (cTnI) were measured 
before, and 6 and 24 hours after ECV.

RESULTS 
ECV was successful in 58 P (76.3%). Cumulative 

energy (CE) was up to 350 joules (J) in 36 P, from 500 to 
650 J in 20 P and from 900 to 960 J in 20 P; the mean 
energy delivered being 493 J (± 309). The levels of cTnI 
remained within normal limits in all 76 P. The increase of 
cumulative energy led to an elevation of CPK levels (> p 
value = 0.007), CK-MB activity (> p value = 0.002), CK-
MB mass (> p value = 0.03), and myoglobin (> p value 
= 0.015). A positive correlation between the cumulative 
energy and CPK peaks was observed (r = 0.660; p < 
0.001), CK-MB activity (r = 0.429; p < 0.0001), CK-MB 
mass (r = 0.265; p = 0.02), and myoglobin (r = 0.684; p 
< 0.0001), as well as between the number of shocks and 
the CPK peaks (r = 0.770; p < 0.001), CK-MB activity 
(r = 0.642; p < 0.0001), CK-MB mass (r = 0.430; p < 
0,0001), and myoglobin (r = 0.745; p < 0.0001).

CONCLUSION 
ECV does not cause myocardial injury detectable by 

cTnI measurement. Elevations of CPK, CK-MB activity, 
CK-MB mass and myoglobin result from skeletal muscle 
injury and are positively correlated with the CE delivered 
or with the number of shocks.
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Even though electrical cardioversion (ECV) has been 
indicated for the treatment of tachyarrhythmia for over 30 
years, it is still controversial whether this technique can 
cause myocardial injury1. Evidence pointing to myocardial 
injury induced by this procedure is based on small studies 
that demonstrate moderate elevations of enzyme markers 
like creatine phosphokinase (CPK) and its isoenzyme 
CK-MB2. Histological studies conducted later confi rmed 
that these elevations may be secondary to the myocardial 
injury3-6. The injuries corresponded to localized necrosis 
and were observed only when high-energy shocks were 
applied after the delivery of repeated shocks7-10. A high-
energy shock resulted in a higher number of injuries than 
several lower-energy shocks7,8.

New markers of myocardial injury with a higher degree 
of cardiospecifi city, such as troponins I and T, were 
developed recently. Troponins are proteins that regulate 
the actin-myosin interaction in the striated muscles, and 
a small percentage of troponins is free in the cytoplasm. 
Approximately 6% to 8% of troponin I and 2.8% to 4.1% 
of troponin T are found in the cytoplasm. The aminoacid 
sequence and molecular weight of both troponins differ, 
according to where they are found in the muscle. Cardiac 
troponin I (cTnI) has a unique aminoacid sequence, 
different from that of the skeletal troponin I, and it is not 
found in any human tissue other than the heart. Thus, 
no release of cTnI occurs in case of damage to skeletal 
muscle. Its measurement enables to discriminate between 
the myocardial or skeletal origin of muscle injuries11, as 
well as the detection of even minimal injury observed in 
some clinical conditions or experimental situations12-14. 

Cell death and destruction of contractile apparatus induce 
a continuous release of cardiac troponin I for a period of 
seven to ten days15. 

In the second half of the 90’s, studies about 
electrical cardioversion aiming to assess cardiac injury 
markers with a higher degree of cardiospecifi city were 
first published16-18. Some of them described slight 
elevations of troponin, both cTnI17 and troponin T18, after 
repeated cardioversions in patients who had undergone 
electrophysiological study. 

The purpose of this study was to evaluate whether 
elective external ECV causes myocardial injury, based 
on the evolution of these biochemical markers of 
cardiac injury. 

METHODS
Consecutive patients referred to elective ECV for atrial 

fi brillation or atrial fl utter, from July 2001 to August 2003, 
were considered eligible for inclusion in the study. Patients 
with acute coronary syndrome or who had undergone 
myocardial revascularization (surgical or percutaneous) 
in the previous month, had muscle disease or history of 
muscle injury in the last thirty days were excluded. Seventy-
six patients were enrolled in the study, and after informed 

consent was obtained, baseline characteristics such as 
past history, current medications, vital signs, weight 
and height were documented (Tab 1). All patients were 
appropriately anticoagulated (international normalized 
ratio [INR] above 2) and maintained anticoagulated for 
at least forty days after the procedure. 

The study protocol was approved by the Institutional 
Research Ethics Committee.

Patients were informed about the technique used in 
the procedure and submitted to general anesthesia with 
intravenous Thionembutal (3 to 5 mg/kg). A 12-lead 
electrocardiogram was obtained immediately before and 
after cardioversion.

Cardioversions were performed using a direct-current, 
monophasic cardioverter and rectangular pads of 8 cm 
long in its longer axis coated with conductive gel. One 
pad was placed on the right second intercostal space 
and the other at the level of left hemiclavicular line on 
the sixth intercostal space. Shocks synchronized to the 
R-wave peak were delivered, the energy ranging from 
50 to 360 joules (J), starting at 50 J for the atrial fl utter 
and followed by 100, 200, 300 J or a second energy 
discharge of 300 J, and starting at 100 J for the atrial 
fi brillation, followed by 200, 300 or 360 J. The interval 
between shocks was the shortest possible, bearing 
always in mind the need to keep approximately 10-kg 
weight over the pads, as well as not to withdraw them 
too fast after each shock delivered to prevent energy 
dispersion. The population studied was divided into 

Table 1 – Baseline characteristics

Age (mean age ± SD) 58 ± 11

Male 51 (67.1%)

Underlying disease

• Coronary artery disease
• Valve disease
• Cardiomyopathy
• Others

8 (10.5%)
28 (36.8%)
21 (27.6%)
13 (17.1%)

Current medication

• Digitalis
• Amiodarone
• Beta-blockers
• Calcium channel blockers

29 (38.2%)
56 (73.7%)
19 (25%)
4 (5.3%)

Pre-ECV echocardiogram 42 (55.3%)

Type of arrhythmia  

• atrial fi brillation
• atrial fl utter

58 (76.3%)
18 (23.7%)

Weight (mean in kg ± SD) 78 (± 19)

Height (mean in cm  ± SD) 167 (± 10)

Body surface 1.89 (± 0.26)

Systolic blood pressure (mm Hg) 139 (± 20)

Diastolic blood pressure (mm Hg) 88 (± 15)

INR (mean ± SD) 3.45 ± 3.67

SD – standard deviation; kg = kilogram; cm = centimeters; mmHg 
= millimeters of mercury; INR = international normalized ratio
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three groups, according to the cumulative energy (CE) 
delivered. Group A = CE up to 350 J (36 patients); 
Group B = CE from 500 to 650 J (20 patients); Group 
C = CE from 900 to 960 J (20 patients). The results 
among the three groups were compared, as well as the 
evolution of each group over time. 

All patients were kept under observation in the 
emergency unit for six hours after the procedure. 

Venipuncture was performed in one of the upper 
extremities for blood sampling and measurement of serum 
potassium and INR value. As serum potassium and INR 
levels were found to be adequate for cardioversion, the 
decision was taken to perform the procedure. The patients 
thus underwent blood sampling before and at 6 and 24 
hours after cardioversion, for CPK, CK-MB activity, cTnI, 
CK-MB mass and myoglobin measurements. 

CPK measurements were determined by the automated 
kinetic enzymatic method using a Hitachi 912® analyzer 
manufactured by Roche Diagnostics, and CK-MB activity 
was determined by the kinetic enzyme immunoassay 
method using the same device. The reference value 
for CPK is up to 80 U/L; and for CK-MB activity 
values up to 10 U/L were considered. CK-MB mass, 
myoglobin and cTnI were measured using the automated 
chemiluminescence method with IMMULITE® analyzer 
manufactured by DPC MedLab. Reference values 
are up to 70 ng/mL for myoglobin, up to 4.5 ng/mL 
for CK-MB mass, and up to 1.0 ng/mL for cTnI. The 
intra-assay coeffi cient of variation for CPK and CK-MB 
activity measurements is lower than 2.5%, and for the 
measurements using the chemiluminescence method the 
values do not exceed 6%.

Means and standard deviations were calculated to 
describe continuous variables. Analysis of variance 
with repeated measurements, followed by multiple 
comparisons of means, was performed to determine the 
evolution of each marker over time in the different groups 
of cumulative energy (SAS Software). The relationship 
between cumulative energy and each marker was 
estimated by Person’s correlation, and the relationship 

between the number of shocks and each marker was 
estimated by Spearman’ correlation.

RESULTS
Of the 76 patients studied, 58 had atrial fi brillation 

(76.3%) and 18 had atrial fl utter (23.7%). Fifty-one 
patients (67.1%) were male, mean age of 58 years 
(±11). The underlying disease was cardiomyopathy in 
21 patients (27.6%), valve disease in 28 (36.6%) and 
coronary artery disease in 8 (10.5%) (Tab. 1). In 67 
patients (88.1%) the duration of arrhythmia exceeded 
six months.

A maximum of five shocks was determined for 
each patient, mean of 2.68 shocks (±1.1). The mean 
shock energy delivered was 493 J (±309). Fifty-eight 
patients (76.3%) were successfully cardioverted, 
with no complications related to the procedure and 
no ST-segment or T-wave changes (dynamics) on 
electrocardiogram after ECV. All patients were discharged 
six hours after ECV and asked to return 24 hours later 
for blood sampling.

There was no signifi cant difference regarding marker 
levels before ECV in the different groups of cumulative 
energy. Only one trend for higher CPK values was 
detected before ECV in group C as compared to group 
A (p = 0.053) or B (p = 0.05). The same occurred 
with myoglobin between groups A and C (p = 0.058) 
(tab. 2).

The measurements of the biochemical markers at 
the three times (before, and at 6 and 24 hours after the 
procedure) were performed for cTnI in 73 patients (96%), 
CPK in 69 (90.8%), CK-MB activity in 72 (94.7%), CK-
MB mass and myoglobin in 70 (92.1%). 

Cardiac troponin I remained undetectable (< 0.5 
ng/mL) in 74 patients (97.4%) at all times. One patient 
in Group B showed values of 0.5 ng/mL and 0.52 ng/
mL, respectively, at 6 and 24 hours after cardioversion. 
Another one in Group C showed value of 0.64 ng/mL 

Table 2 – Means levels of the markers in the groups of cumulative energy (CE) with their 

respectives standard deviations (SD)

Group CE Time
cTnI

(ng/mL)
CPK

mean (± SD)
CK-MB activity
mean (± SD)

CK-MB mass
mean (± SD)

Myoglobin
mean (± SD)

A

Before <0.5 42.91(± 18.68) 5.17 (± 2.29) 3.24 (± 3.4) 31.59 (± 17.88)

6 hrs <0.5 74.42 (± 66.98) 6.53 (± 2.62) 2.97 (± 1.9) 97.61 (± 131.41)

24 hrs <0.5 153.94 (± 176.68) 7.20 (± 3.54) 3 (± 1.9) 58.90 (± 61.81)

B

Before <0.5 40.65 (± 16.05) 5.25 (± 2.17) 2.8 (± 2.4) 31.21 (± 19.97)

6 hrs *0.5 508.20 (± 527.85) 14.30 (± 16.13) 7.3 (± 12.89) 623.94 (± 204,20)

24 hrs *0.52 989.39 (± 626.58) 24.39 (± 29.43) 9.6 (± 17.8) 217.45 (± 154.99)

C

Before *0.6 58.35 (± 45.94) 5.85 (± 2.96) 3.3 (± 3.9) 59 (± 88.07)

6 hrs *0.64 531.65 (± 557.18) 11.35 (± 6.17) 5.5 (± 5.02) 589.05 (± 285.22)

24 hrs <0.5 1,494.24 (±924.50) 30.76 (± 22.83) 11.4 (± 11.4) 336.88 (± 282.40)

The absolute values correspond to detectable values of two patients separately: one in Group B and the other in Group C
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6 hours after the procedure, but undetectable after 24 
hours (fi g. 1a).

Six hours after cardioversion, a signifi cant increase in 
CPK level was observed between groups A and B (mean 
value in group B > A; p < 0.001) and between groups 
A and C (mean value in group C > A; p < 0.0001). A 
signifi cant increase was also observed after 24 hours 
between the three groups of cumulative energy (mean 
value in group B > A [p < 0.0001], mean value in 
group C > A [p < 0.0001], mean value in group C 
> B [p = 0.007]). The analysis of each cumulative 
energy group over time demonstrated that there was a 
signifi cant increase in CPK at 6 and 24 hours after the 
procedure in groups B (p < 0.0001) e C (p < 0.0001) 
(fi g. 1b); which did not occur in group A (lowest p value 
= 0.2). An important correlation was found between 
CPK peak and the cumulative energy delivered (r = 

0.660; p < 0.001) or the number of shocks (r = 
0.770; p < 0.001).

A signifi cant increase in CK-MB activity six and 24 
hours after cardioversion was observed between groups 
A and B (mean value in group B > A; p = 0.002) and 
24 hours after cardioversion between groups A and C 
(mean value in group C > A; p < 0.0001). The analysis 
of the evolution of each cumulative energy group over 
time showed that patients in groups B and C had a rather 
signifi cant increase as compared to the precardioversion 
levels (p < 0.0001), which was not observed in group A 
(lowest p value = 0.3) (fi g. 1c). A positive correlation was 
found between CK-MB activity peak and the cumulative 
energy delivered (r = 0.429; p < 0.0001) or the number 
of shocks (r = 0.642; p < 0.0001). 

Among the markers that changed after cardioversion, 
CK-MB mass had lower expressivity, with increase 

Fig.1a – Graphic showing the detectable values of Cardiac troponin I in two patients, one from Group B obtained six and 24 hours after ECV and the 
other from Group C obtained before and six hours after ECV. Seventy-four patients had undetectable cTnI at all times. Normal value for cTnI  up to 1 
ng/mL;  values < 0,5 ng/mL  are not detectable
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Fig. 1b - Graphic showing mean levels of CPK before and after ECV
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Fig. 1c - Graphic showing mean levels of CK-MB activity before and after ECV

Fig. 1d - Graphic showing mean levels of CK-MB mass before and after ECV

between groups A and B, mean value of B > A at six 
hours (p = 0.03) and 24 hours (p = 0.02) and between 
groups A and C at 24 hours, with mean value of C > 
A (p = 0.01). The evolution of each cumulative energy 
group over time showed signifi cant increase in CK-MB 
mass for patients in group B, between precardioversion 
times and at 6 or 24 hours postcardioversion (p = 
0.001) and between six and 24 hours (p = 0.02). The 
same occurred in group C (p < 0.0001) (fi g 1d). A less 
expressive yet still signifi cant correlation was found 
between CK-MB mass peak and cumulative energy 
delivered (r = 0.265; p = 0.02) or number of shocks 
(r = 0.430; p < 0.0001).

Similarly to CPK, myoglobin showed rather elevated peak 
values after cardioversion. Six hours postcardioversion, 
there was a relevant increase in myoglobin upon an 
increase in cumulative energy (p < 0.0001), and peak 
values were observed in all groups at this time. Twenty-
four hours after the procedure, myoglobin levels remained 

elevated with the increase in cumulative energy (p < 
0.001 between groups A and B or C [mean value of B 
or C > A]; p = 0.015 between groups B and C [mean 
value of C > B]) (fi g.1e). An important correlation was 
found between myoglobin peak and the cumulative energy 
delivered (r = 0.684; p < 0.0001) or number of shocks 
(r = 0.745; p < 0.0001). 

Analyzing the correlation of all markers with body 
surface, a correlation of the latter was observed with 
CPK peaks (r = 0.261; p = 0.024) and myoglobin (r = 
0.300; p = 0.009).

DISCUSSION
This study shows that, based on cTnI measurement, a 

highly specifi c marker of myocardial injury, no myocardial 
injury is detected after ECV, even when elevated 
cumulative energy is used. 
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In previous studies, CPK and CK-MB elevations were 
found in a large proportion of patients after external ECV, 
ranging from 9.3% to 50%19. Due to the lack of biological 
specifi city of these markers, no conclusion could be 
reached about what may have caused the release of these 
enzymes. Based on results from experimental studies 
conducted during the 70’s, the hypothesis of a cardiac 
origin for the elevation of these markers was supported 
because of the localized necrosis observed after repeated 
high-energy shocks. The delivery of direct-current shocks 
may cause reversible damages to subcellular structures 
involved in the oxidative phosphorylation and trigger a 
release of striated muscle proteins, such as CPK, CK-MB 
and myoglobin20,21. These markers, however, fail to reveal 
minor myocardial injuries, especially when a skeletal 
muscle injury takes place simultaneously20, 22.

In our study, 57 patients (75%) displayed CPK levels 
above normal limits in at least one of the times after 
cardioversion. Thirty-nine patients (51.3%) had elevation 
of CK-MB activity, whereas no abnormal values of this 
marker were observed in patients with normal levels 
of CPK. The percentage of CK-MB mass above normal 
levels was lower (32 patients [42.1%]). Similarly to CPK, 
myoglobin values rose to values above the reference limits 
for many patients. 

The analysis of variance with repeated measurements 
and multiple comparisons of means showed a proportional 
increase over time in all markers, culminating with the 
peak of CPK at 24 hours and myoglobin at the 6 hours. 
An important correlation was found between the peak 
of each marker and the cumulative energy delivered or 
the number of shocks, and these correlations were more 
signifi cant for CPK and myoglobin. 

A large number of patients who undergo ECV have 
CPK, CK-MB activity, CK-MB mass, and myoglobin 

elevation, and the skeletal muscle injury in the chest wall 
is thought to cause the release of these enzymes. This 
fact has already been demonstrated in histopathological 
studies and radionuclide imaging20,23. The release of 
these cardiac markers is directly related to the cumulative 
energy delivered or to the number of shocks. 

The comparison of both safety and effi cacy of electrical 
cardioversion using monophasic versus biphasic shocks 
for atrial fibrillation showed that biphasic shock is 
superior24-26 and that it may cause less damage to the 
myocardium and skeletal muscle, possibly because of the 
lower energy delivered24. 

The most relevant information derived from our study 
is the lack of cTnI elevation after elective electrical 
cardioversion using a monophasic cardioverter, even with 
high-energy shocks. 

Although a highly specifi c biochemical marker of 
myocardial injury was used in this study27, in thesis, 
we could argue that the possibility exists that the 
myocardial injury caused by ECV is not detected by cTnI 
measurement. This hypothesis would gain credence 
if myocardial necrosis were detected in ECV by more 
specifi c complementary techniques, such as the one 
determined by histopathological studies or nuclear 
magnetic resonance28, 29.
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