
KARDIOLOGIA POLSKA  2019; 77 (6)618

expected that up to 50% of ICD recipients will 
present at the ED within a 4‑year period, and half 
of the visits will be related to electric shocks.7

The  mortality of patients who have suf‑
fered an ICD shock in the acute phase is rela‑
tively low, estimated at less than 1%.8 However, 

INTRODUCTION  Implantable cardioverter
‑defibrillators (ICDs) are used to prevent sudden 
cardiac death in patients at risk of fatal ventric‑
ular arrhythmias.1 The number of patients ad‑
mitted to the emergency departments (EDs) due 
to electric shock is constantly increasing.2‑6 It is 
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ABSTRACT
BACKGROUND  High‑energy therapy with an implantable cardioverter‑defibrillator (ICD) may increase 
serum cardiac troponin I (cTnI) concentrations.
AIMS  We aimed to assess the effect of cTnI concentrations after ICD therapy on mortality.
METHODS  We assessed 150 patients (mean [SD] age, 64.2 [12.8] years) admitted to emergency departments 
due to at least one electric shock during the last 24 hours, with known serum cTnI concentrations on 
admission. Age, sex, comorbidities, the number of shocks, therapy appropriateness, serum creatinine 
concentrations, and left ventricular ejection fraction (LVEF) were documented for a retrospective analysis. 
The personal identification numbers (PESEL) of patients were used to obtain survival data. The follow‑up 
was defined as the time between the admission date and November 14, 2018, or until death had occurred 
or a period of 3 years had elapsed (1057 days).
RESULTS  The cTnI concentration was increased in 92 patients (61.3%). The mortality rate was related to 
age (hazard ratio [HR], 1.04; 95% confidence interval [CI], 1.01–1.08; P = 0.03); increased cTnI concentrations 
(HR, 2.88, 95% CI, 1.30–6.37; P = 0.01); diabetes (HR, 2.19; 95% CI, 1.09–4.39; P = 0.03); ischemic heart 
disease (HR, 2.96; 95% CI, 1.11–7.87; P = 0.03); serum creatinine concentrations (HR, 2.17; 95% CI, 1.18–4.00; 
P = 0.01); LVEF (HR, 0.95; 95% CI, 0.91–0.99; P = 0.009), and previous or current coronary artery bypass 
grafting or percutaneous coronary intervention (HR, 0.38; 95% CI, 0.15–0.96; P = 0.04 and HR, 0.29; 95% 
CI, 0.13–0.65; P = 0.003; respectively).
CONCLUSIONS  The reasons for increased mortality rate in patients with ICD shocks are multifactorial. 
An increased cTnI concentration on admission, but not the number of shocks, is an independent predictor 
of higher long‑term mortality.
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150 patients with known cTnI concentrations on 
admission were included in the analysis.

The personal identification numbers (PESEL) 
of patients were used to obtain survival data on 
November 14, 2018. The follow‑up was defined 
as the time between the admission date and No‑
vember 14, 2018, or until death had occurred 
or a period of 3 years had elapsed (1057 days).

The study was approved by the local Bioeth‑
ics Committee of Wroclaw Medical University.

Statistical analysis  Data were presented us‑
ing means (SDs), medians (interquartile ranges 
[IQRs]), or numbers (percentages). The data were 
compared with the t test, Mann–Whitney test, 
or χ2 test as appropriate. The cTnI concentra‑
tion was assessed with different methods; there‑
fore, to enable the statistical analysis, the raw 
data were dichotomized into those within nor‑
mal limits and those exceeding the upper lim‑
it of normal. A logistic regression analysis was 
performed to find factors related to increased 
cTnI concentrations. The survival rate between 
patients with normal and increased cTnI con‑
centrations and with up to 2 shocks and at least 
3 shocks were assessed using the Kaplan–Mei‑
er method and a log‑rank test. The multivari‑
ate analysis of survival with the use of Cox pro‑
portional hazard stepwise regression was per‑
formed. A P value of less than 0.05 was consid‑
ered significant.

RESULTS  Patient characteristics  The study 
group consisted of 150 patients at a mean (SD) 
age of 64.2 (12.8) years (range, 22–89 years), 
with the majority being male (127 [84.7%]). In 90 
patients (60%), ICDs were implanted as prima‑
ry prevention, and in 60 patients (40%), as sec‑
ondary prevention. The underlying diseases were 
ischemic heart disease in 94 patients (62.7%), 
nonischemic cardiomyopathy in 43 (28.7%), hy‑
pertrophic cardiomyopathy in 9 (6%), arrhyth‑
mogenic right ventricular disease in 2 (1.3%), 
Brugada syndrome in 1 (0.7%), and preexcita‑
tion syndrome and sudden cardiac arrest dur‑
ing exercise in 1 patient (0.7%).

During a median follow‑up of 467 days (IQR, 
261–730 days; range, 1–1057 days), 37 patients 
(24.7%) died. Increased cTnI concentrations were 
found in 92 patients (61.3%). The logistic re‑
gression analysis revealed that increased tropo‑
nin levels were related to adequate shock deliv‑
ery (odds ratio [OR], 4.92; 95% CI, 1.75–13.82; 
P <0.003), at least 3 shocks (OR, 5.80; 95% CI, 
2.44–13.81; P <0.001), and secondary prevention 
(OR, 0.35; 95% CI, 0.16–0.78, P <0.01), but not to 
serum creatinine concentrations (OR, 0.17; 95% 
CI, 0.003–8.989; P <0.37).

The comparison of patients with increased 
cTnI concentrations with those with normal cTnI 
concentrations is presented in TABLE 1.

the mid- and long‑term mortality rates are sig‑
nificantly higher. Therefore, it is important to 
define factors associated with increased long

‑term mortality. The use of high‑energy thera‑
py with an ICD is higher than the expected rate 
of sudden cardiac arrests in a given population. 
Accordingly, it could be presumed that the popu‑
lation of patients with electric shocks is not ho‑
mogenous, and special attention should be paid 
to those who are at the highest risk. Both ade‑
quate and inadequate electric shocks increase 
the risk of death; therefore, measures to pre‑
vent unnecessary shocks are taken, for example, 
programming with a prolonged detection win‑
dow leading to delayed ICD therapy, or avoiding 
defibrillation threshold testing when possible.3

An ICD therapy may cause cardiac injury and 
systemic inflammation, which may result in in‑
creased cardiac troponin I (cTnI) and C‑reactive 
protein concentrations.9,10 Furthermore, some of 
the potential triggers of electric shocks, such as 
decompensated heart failure, diarrhea, hypoka‑
lemia, infection, cardiac ischemia, and psycho‑
logical stress, are also related to an increase in 
cTnI concentrations.9,11,12 Moreover, it has been 
reported that an increased cTnI concentration 
at baseline increases all‑cause mortality in pa‑
tients with ICD shocks.13,14

The aim of the study was to assess whether in‑
creased cTnI concentrations in patients admit‑
ted to the ED due to an ICD shock are related to 
long‑term prognosis.

METHODS  A retrospective analysis was per‑
formed on the medical records of patients ad‑
mitted to 2 EDs between 2013 and August 2018 
after experiencing an electric ICD shock. The fol‑
lowing data were collected: age, sex, number of 
electric shocks, therapy appropriateness (as‑
sessed as either adequate or inadequate), comor‑
bidities, left ventricular ejection fraction (LVEF), 
and serum creatinine concentrations. A total of 

WHAT’S NEW?
Increased serum troponin concentrations after implantable cardioverter
‑defibrillator (ICD) discharge due to spontaneous cardiac arrhythmia is a well
‑known phenomenon. The present study shows the unfavorable effect of 
increased troponin concentration on prognosis, independently of known 
prognostic factors. Our results indicate the importance of a thorough diagnostic 
workup and appropriate treatment in this group of patients. The elevated 
serum troponin concentration may be provoked by myocardial ischemia, renal 
insufficiency, decompensated heart failure, and electric shock from an ICD. 
These factors may coexist. Distinguishing whether the source of this increase 
is an electric shock or another factor is not always possible. The response of 
the myocardium to a delivered electric current varies widely between individuals. 
In a  2‑year follow‑up, it was shown that an  increased serum troponin 
concentration at admission to the emergency department due to electric shock 
increased the risk of death more than 2‑fold compared with patients with 
a serum troponin concentration within the reference range.
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should be considered: electric shocks, cTnI con‑
centration, and mortality rate.

Implantable cardioverter‑defibrillator 
shocks and mortality  External electrocar‑
dioversion does not increase the long‑term mor‑
tality rate.15,16 On the other hand, ICD shock de‑
livery, both adequate and inadequate, worsen 
the long‑term prognosis.17 It was reported that 
an ICD shock is related to a 2- to 5‑fold increase 
in mortality.18 However, the cause is not well 
established. The presence of ICD shocks may 
be a marker of underlying disease progression 
or may cause and worsen myocardial damage.19 
Therefore, shocks may indicate the exacerbation 
of heart disease, and it is not surprising that it 
is also related to higher mortality.19 In the pres‑
ent study, all patients received high‑energy elec‑
tric therapy. The analysis of survival after occur‑
rence of up to 2 shocks and at least 3 shocks did 
not reveal any significant difference. No associ‑
ation was also found in the multivariate analy‑
sis. However, the higher number of shocks was 
related to higher cTnI concentrations; therefore, 
the association between the number of shocks 
and survival could be altered when cTnI was in‑
cluded in the multivariate analysis.

The present findings are in line with the re‑
sults of the study carried out by Grene et al.19 
Contrary to this finding, many reports recog‑
nize electrical storm as a predictor of higher 
mortality rates.20‑22

Long‑term survival  The Kaplan‑Meier surviv‑
al rates after ED admission due to electric shock 
in patients with elevated and normal cTnI con‑
centrations are presented in FIGURE 1. The differ‑
ence between groups was observed shortly af‑
ter admission. Long‑term survival rates did not 
differ between patients admitted to the ED due 
to 1 or 2 shocks and those with at least 3 shocks 
(P = 0.89; FIGURE 2).

Multivariate analysis  The mortality rate af‑
ter ED admission due to ICD shock(s) was relat‑
ed to age (HR, 1.04; 95% CI, 1.01–1.08; P = 0.03), 
increased cTnI concentrations (HR, 2.88; 95% CI, 
1.30–6.37; P = 0.009), diabetes (HR, 2.19; 95% 
CI, 1.09–4.39; P = 0.03); ischemic heart disease 
(HR, 2.96; 95% CI, 1.11–7.87; P = 0.03), serum cre‑
atinine concentrations (HR, 2.17; 95% CI, 1.18–
4.00; P = 0.01), LVEF (HR, 0.95; 95% CI, 0.91–
0.99; P = 0.009), and previous or current cor‑
onary artery bypass grafting or percutaneous 
coronary intervention (HR, 0.38; 95% CI, 0.15–
0.96; P = 0.04 and HR, 0.29; 95% CI, 0.13–0.65; 
P = 0.003; respectively).

DISCUSSION  The main finding of the study is 
that an increased cTnI concentration after ad‑
mission to the ED due to ICD shock(s) increases 
the risk of overall long‑term mortality. In order 
to draw conclusions from this finding, the re‑
lationship between the following 3 elements 

TABLE 1  Comparison of patients with increased and normal cardiac troponin I concentration

Parameter Patients with raised cTnI 
concentration  
(n = 92)

Patients with cTnI 
within normal range 
(n = 58)

P value

Age, y, mean (SD) 63.4 (12.5) 65.4 (13.2) 0.34

Male sex, n (%) 76 (82.6) 51 (87.9) 0.36

Creatinine, mg/dl, mean (SD) 1.22 (0.82) 1.22 (0.35) 0.27

Secondary prevention, n (%) 32 (34.8) 28 (48.2) 0.15

Adequate shock delivery, n (%) 75 (81.5) 42 (72.4) 0.19

Number of shocks, median (IQR) 3.5 (1.5–6.5) 2 (1.0–4.0) 0.002

At least 3 shocks, n (%) 55 (59.8) 19 (32.8) 0.001

LVEF, %, mean (SD) 33.3 (13.1) 32.6 (13.3) 0.74

Diabetes, n (%) 28 (30.4) 16 (27.6) 0.71

CABG, n (%) 16 (17.4) 14 (24.1) 0.32

PCI, n (%) 38 (41.3) 28 (48.3) 0.41

Myocardial infarction, n (%) 47 (51.1) 31 (53.5) 0.78

Nonischemic cardiomyopathy, n (%) 27 (29.4) 16 (27.6) 0.82

Ischemic heart disease, n (%) 56 (60.9) 38 (65.5) 0.57

Others ICD indications, n (%) 9 (9.8) 4 (6.9) 0.54

Abbreviations: CABG, coronary artery bypass grafting; cTnI, cardiac troponin I; ICD, implantable cardioverter‑defibrillator; IQR, 
interquartile range; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention
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by Miranda et al,17 who reported elevated cTnI 
concentrations in 62% of patients with more 
than 3 electric shocks around 12 hours after 
the last shock.17 We found that patients with in‑
creased cTnI concentrations had a higher num‑
ber of shocks. This finding is concordant with 
the report of Hasdemir et al.23 The increase in 
cTnI concentrations is not a specific finding in 
a patient admitted to the ED after an ICD shock. 
The increased cTnI concentration may be chron‑
ic and might have been present before ICD dis‑
charge due to various conditions such as heart or 
kidney failure, but might not have been known 
or assessed previously.13 It may also be related to 
tachyarrhythmia, which can trigger ICD shocks. 
Finally, it may be caused by electrical injury of 
the myocardium. The effects of electric shock 
without lead deployment or tachyarrhythmia 
were presented in the setting of lead fracture 
and confirmed that electric shock leads to ele‑
vation of cTnI levels.24,25 Normal cTnI concentra‑
tions may be present in the early period of myo‑
cardial injury; therefore, a lack of increase in 
cTnI concentrations may occur when admission 
occurs immediately after the shock. Increased 
cTnI concentrations may be a marker of cardi‑
ac injury caused by an electric current. The re‑
lationship between electric current and serum 
troponin concentrations depends on the shock 
energy and the method of its delivery. The myo‑
cardial vulnerability in diseased myocardium is 
higher than in a healthy individual. Tenma et al26 
reported a relationship between high shock en‑
ergy accumulation and overall mortality in pa‑
tients with reduced LVEF and atrial fibrillation.
On the one hand, the importance of energy de‑
livery is confirmed by findings showing that cTnI 
concentrations are within normal limits after ex‑
ternal cardioversion of hemodynamically sta‑
ble patients with supraventricular tachycardia 
or atrial fibrillation that was assessed by serial 
measurements.27‑29 Elevation of CTnI levels was 
smaller after subcutaneous 80‑J discharge than 
after intracardiac 35‑J discharge in experimen‑
tal conditions, and this was not found in a hu‑
man study.30,31 On the other hand, electrical in‑
jury in a young and otherwise healthy person in 
an occupational setting may cause cardiac inju‑
ry that presents with an increased cTnI level.32 
This injury is considered to be caused by coronary 
artery spasm, a thermal effect on the myocardi‑
um, a thrombogenic effect on coronary arteries, 
or generalized vascular injury.32 The cTnI concen‑
tration after ICD implantation without defibrilla‑
tion testing was related to the number of screw
‑in lead deployments.33,34 The group with defibril‑
lation testing showed a higher increase in cTnI 
concentrations. However, the cTnI concentra‑
tion in all cases did not exceed 50‑fold of the up‑
per limit.33 Brewster et al33 reported that high‑
er cTnI concentrations were related to exposure 
to higher total shock energy, lower ventricular 

Our findings are consistent with the previous 
report that the damage related to ICD shock is 
less dependent on the number of shocks than 
on the underlying pathology.3 The most prob‑
able hypothesis is that the reasons for an in‑
creased mortality rate in patients with ICD 
shocks are multifactorial, including the pro‑
gression of the underlying disease and the influ‑
ence of concomitant diseases, and the number 
of ICD discharges is merely a marker of a high‑
er mortality risk.

However, we did not analyze the number 
of antitachycardia pacing events. Therefore, 
the number of electric shocks of up to 2 does 
not exclude the criteria for electrical storm be‑
ing fulfilled.

Implantable cardioverter‑defibrillator shocks 
and troponin levels  The percentage of patients 
with an increased cTnI concentration on admis‑
sion to the ED was 61.3%, similar to the results 

FIGURE 2  Long‑term survival rate after emergency department admission due to 1 or 2 
electric shocks and at least 3 shocks

FIGURE 1  Long‑term survival rates after emergency department admission due to electric 
shock in patients with normal and elevated cardiac troponin I (cTnI) levels
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the progression of the underlying disease, in‑
fluence of concomitant diseases, and reaction of 
the diseased myocardium to shocks. The number 
of shocks itself is not a predictor of survival. Fur‑
ther studies are warranted to assess the cause 
and effect relationship between those factors 
and long‑term mortality.

ARTICLE INFORMATION
CONFLICT OF INTEREST  None declared.
OPEN ACCESS  This is an Open Access article distributed under the  terms 
of the  Creative Commons Attribution‑NonCommercial‑NoDerivatives 4.0 In‑
ternational License (CC BY‑NC‑ND 4.0), allowing third parties to download ar‑
ticles and share them with others, provided the original work is properly cited, 
not changed in any way, distributed under the same license, and used for non‑
commercial purposes only. For commercial use, please contact the journal office 
at kardiologiapolska@ptkardio.pl.
HOW TO CITE  Jagielski D, Zyśko D, Nadolny K, et al. Prognostic importance 
of serum troponin concentration in patients with an implanted cardioverter‑defi‑
brillator admitted to the emergency department due to electric shock. Kardiol Pol. 
2019; 77: 618-623. doi:10.33963/KP.14810

REFERENCES
1  Moss AJ, Zareba W, Hall WJ, et al. Multicenter Automatic Defibrillator Implanta‑
tion Trial II Investigators. Prophylactic implantation of a defibrillator in patients with 
myocardial infarction and reduced ejection fraction. N Engl J Med. 2002; 346: 877-883.
2  Jagielski D, Zyśko D, Josiak K, et al. Pacjent z interwencją wszczepialnego 
kardiowertera‑defibrylatora w szpitalnym oddziale ratunkowym [Patient with 
the intervention of an implantable cardioverter‑defibrillator in a hospital Emer‑
gency Department]. Wiad Lek. 2018; 9: 1685-1689.
3  Sagone A. Electrical storm: incidence, prognosis and therapy. J Atr Fibrillation. 
2015; 8: 1150.
4  Allison MG, Mallemat HA. Emergency care of patients with pacemakers and 
defibrillators. Emerg Med Clin North Am. 2015; 33: 653-667.
5  McMullan J, Valento M, Attari M, Venkat A. Care of the pacemaker/implant‑
able cardioverter defibrillator patient in the  ED. Am J Emerg Med. 2007; 25: 
812-822.
6  Iftikhar S, Mattu A, Brady W. ED evaluation and management of implantable 
cardiac defibrillator electrical shocks. Am J Emerg Med. 2016; 34: 1140-1147.
7  Liu CP, Ho YL, Lin YH, et al. Management of patients with implantable cardio‑
verter defibrillators at emergency departments. Emerg Med J. 2007; 24: 106-109.
8  Israel CW, Manegold JC. Electrical storm: definition, prevalence, causes and 
prognostic implications. Herzschrittmacherther Elektrophysiol. 2014; 25: 59-65.
9  Vamos M, Healey JS, Wang J, et al. Troponin levels after ICD implantation with 
and without defibrillation testing and their predictive value for outcomes: Insights 
from the SIMPLE trial. Heart Rhythm. 2016; 13: 504-510.
10  Jagielski D, Zyśko D, Niewiński P, et al. Clinically overt infections and mark‑
ers of inflammation in patients admitted to Emergency Department due to high
‑energy discharges of implantable cardioverter‑defibrillator. Post N Med. 2018; 
31: 349-352.
11  Blendea D, Blendea M, Banker J, McPherson CA. Troponin T elevation after 
implanted defibrillator discharge predicts survival. Heart. 2009; 95: 1153-1158.
12  Cheng A, Zhang Y, Blasco‑Colmenares E, et al. Protein biomarkers identi‑
fy patients unlikely to benefit from primary prevention implantable cardiovert‑
er defibrillators: findings from the Prospective Observational Study of Implant‑
able Cardioverter Defibrillators (PROSE‑ICD). Circ Arrhythm Electrophysiol. 2014; 
7: 1084-1091.
13  Biener M, Giannitsis E, Kuhner M, et al. Prognostic value of high‑sensitivity 
cardiac troponin t compared with risk scores in stable cardiovascular disease. Am 
J Med. 2017; 130: 572-582.
14  Nauffal V, Zhang Y, Blasco‑Colmenares E, Set al. Baseline troponin T levels 
modulate the effects of ICD shocks on all‑cause mortality. J Am Coll Cardiol. 2015; 
66: 2911-2912.
15  Elayi CS, Whitbeck MG, Charnigo R, et al. Is there an association between 
external cardioversions and long‑term mortality and morbidity? Insights from 
the Atrial Fibrillation Follow‑up Investigation of Rhythm Management study. Circ 
Arrhythm Electrophysiol. 2011; 4: 465-469.
16  Skulec R, Belohlavek J, Kovarnik T, et al. Serum cardiac markers response 
to biphasic and monophasic electrical cardioversion for supraventricular tachyar‑
rhythmia - a randomised study. Resuscitation. 2006; 70: 423-431.
17  Miranda CH, Schmidt A, Pazin‑Filho A. Prognostic evaluation of the troponin 
I elevation after multiple spontaneous shocks of the implantable cardioverter/de‑
fibrillator. Am J Emerg Med. 2014; 32: 1085-1088.
18  Mishkin JD, Saxonhouse SJ, Woo GW, et al. Appropriate evaluation and treat‑
ment of heart failure patients after implantable cardioverter‑defibrillator dis‑
charge: time to go beyond the initial shock. J Am Coll Cardiol. 2009; 54: 1993-2000.

fibrillation (VF) cycle length, and longer VF du‑
ration. These authors concluded that the oxygen 
supply–demand mismatch was higher in the case 
of a faster VF rate and in the case of a longer VF 
duration. Contrary to this finding, Semmler et 
al34 reported that cTnI concentrations depend 
on the shocks but not on the ventricular fibril‑
lation provoked before shocks.34

Cardiac troponin I concentration and mor‑
tality  Increased cTnI level was a risk factor of 
mortality in stable patients in a low‑risk outpa‑
tient population presenting for cardiovascular 
disease prevention.12 Elevation of cTnI levels in 
chronic heart failure both with reduced and pre‑
served ejection fraction indicates poor progno‑
sis.35 Cheng et al12 reported that increased cTnI 
concentrations in patients with an implanted 
ICD for primary prevention predicted all‑cause 
mortality but not electrical discharge. The in‑
creased concentration of cTnI on admission to 
ED in the present study may depend on several 
factors, including myocardial injury caused by 
electric shocks, heart failure decompensation, 
and cardiac ischemia. Our analysis does not al‑
low an unequivocal statement of whether an in‑
creased cTnI level is a marker of the severity of 
the disease and is chronically increased or if it 
is related to electrical injury of the myocardium. 
Similar results were reported by Blendea et al.11 
However, in their group, less than 50% of pa‑
tients had spontaneous ICD shock.11

Limitations  Clinical studies regarding ICD 
discharges are difficult to perform in clinical 
settings. The discharges are unpredictable, and 
many potentially confounding factors should 
be considered. These problems can limit such 
studies, but some of them can be omitted when 
planning future research. The first limitation 
of our study is that the timing of the blood 
testing to measure cTnI concentrations in re‑
lation to the shock(s) was not assessed. More‑
over, patients had multiple shocks during differ‑
ent periods. Regarding further studies, we rec‑
ommend analyzing cTnI concentrations after 
the last shock and assessing the time between 
the first and last shocks. Hemodynamic distur‑
bances related to a prolonged event of ventric‑
ular tachycardia or ventricular fibrillation may 
have a greater impact on myocardial injury than 
multiple shocks. Finally, comorbidities such as 
acute coronary syndrome, acute myocarditis, or 
acute severe heart failure decompensation at the 
time of admission were not analyzed.

Conclusions  Increased troponin concentra‑
tion occurs in two‑thirds of patients admitted 
to EDs after high‑energy therapy with an ICD, 
and it is a predictor of long‑term mortality. 
The reasons for an increased mortality rate af‑
ter ICD shocks are multifactorial, including 



O R I G I N A L  A R T I C L E   Troponin concentration after ICD discharge 623

19  Greene M, Newman D, Geist M, et al. Is electrical storm in ICD patients 
the sign of a dying heart? Outcome of patients with clusters of ventricular tachyar‑
rhythmias. Europace. 2000; 2: 263-269.
20  Rydlewska A, Boczar K, Kuniewicz M, et al. Successful anti-tachycardia pac‑
ing of a temporary implantable cardioverter-defibrillator used in the treatment of 
an arrhythmic storm. Kardiol Pol. 2018; 76: 1380.
21  Ben Halima A, Ibn Elhadj Z, Boukhris M, et al. Electrical storm secondary to 
theophylline prescription in a patient with implantable cardioverter defibrillator. 
Kardiol Pol. 2017; 75: 722.
22  Noda T, Kurita T, Nitta T, et al. Significant impact of electrical storm on mor‑
tality in patients with structural heart disease and an implantable cardiac defibril‑
lator. Int J Cardiol. 2018 Mar 15; 255: 85-91. 
23  Hasdemir C, Shah N, Rao AP, et al. Analysis of troponin I levels after spon‑
taneous implantable cardioverter defibrillator shocks. J Cardiovasc Electrophysi‑
ol. 2002; 13: 144-150.
24  Furniss G, Shi B, Jimenez A, et al. Cardiac troponin levels following implant‑
able cardioverter defibrillation implantation and testing. Europace. 2015; 17: 
262-266.
25  Sham’a RA, Nery P, Sadek M, et al. Myocardial injury secondary to ICD 
shocks: insights from patients with lead fracture. Pacing Clin Electrophysiol. 2014; 
37: 237-241.
26  Tenma T, Yokoshiki H, Mitsuyama H, et al. Relation between total shock en‑
ergy and mortality in patients with implantable cardioverter‑defibrillator. Int J Car‑
diol. 2018; 259: 94-99.
27  Vikenes K, Omvik P, Farstad M, Nordrehaug JE. Cardiac biochemical mark‑
ers after cardioversion of atrial fibrillation or atrial flutter. Am Heart J. 2000; 140: 
690-696.
28  Vogiatzis IA, Sachpekidis V, Vogiatzis IM, et al. External cardioversion of atri‑
al fibrillation: the role of electrode position on cardioversion success. Int J Cardi‑
ol. 2009; 137: e8‑e10.
29  Stieger P, Rana OR, Saygili E, et al. Impact of internal and external electrical 
cardioversion on cardiac specific enzymes and inflammation in patients with atrial 
fibrillation and heart failure. J Cardiol. 2018; 72: 135-139.
30  Killingsworth CR, Melnick SB, Litovsky SH, et al. Evaluation of acute cardiac 
and chest wall damage after shocks with a subcutaneous implantable cardioverter 
defibrillator in Swine. Pacing Clin Electrophysiol. 2013; 36: 1265-1272.
31  D’Onofrio A, Russo V, Bianchi V, et al. Effects of defibrillation shock in pa‑
tients implanted with a subcutaneous defibrillator: a biomarker study. Europace. 
2018; 20: f233‑f239.
32  Celebi A, Gulel O, Cicekcioglu H, et al. Myocardial infarction after an electric 
shock: a rare complication. Cardiol J. 2009; 16: 362-364.
33  Brewster J, Sexton T, Dhaliwal G, et al. Acute effects of implantable 
cardioverter‑defibrillator shocks on biomarkers of myocardial injury, apoptosis, 
heart failure, and systemic inflammation. Pacing Clin Electrophysiol. 2017; 40: 
344-352.
34  Semmler V, Biermann J, Haller B, et al. ICD shock, not ventricular fibrillation, 
causes elevation of high sensitive troponin T after defibrillation threshold test‑
ing - the prospective, randomized, multicentre TropShock trial. PLoS One. 2015; 
10: e0 131 570.
35  Shah KS, Maisel AS, Fonarow GC. Troponin in heart failure. Heart Fail Clin. 
2018; 14: 57-64.


