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Abstract
This report was aimed to record the value of dynamic change of cardiac biomarkers in diagnosis of
serious myocardial injury in electrical shock. One female patient was admitted to the emergency
department, Cho Ray-Phnom Penh Hospital, Phnom Penh, Cambodia after electrical accident, in
cardiopulmonary arrest status with no pulse, no breath. The cardiopulmonary resuscitation was
done immediately as intra-tracheal ventilation, fluid replacement with NaCl 0.9%, urine alkalinization therapy with Natribicarbonate 4.2%, sympathomimetic agents as adrenaline and nor-adrenaline, and IV nutrition with glucose 30%. Cardiac biomarkers were repeated many times over 12
hours after admission. Troponin I increased 1000 times higher from 0.02 ng/mL on admission to
20.1 ng/mL within 12 hours. CK-MB increased from 55.4 to 227 U/L after 2 hours (normal value:
<16 U/L). CPK (normal value: 90 - 140 U/L) changed quickly from 99 U/L on admission to a very
high level as 9681 U/L after 12 hrs. The CK-MB/CPK index (defined as CK-MB × 100/CPK, unit as %)
changed from 55.9% to 2.7%, respectively by time. In conclusion, the very quick dynamic change
of cardiac biomarkers suggested the presence of serious myocardial injury among multiple organs
injured in electric shock.
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1. Introduction

Troponin has been used as the critical biomarker of the presence of myocardial necrosis in the diagnosis of
myocardial infarction. However, myocardial necrosis is not always due to atherosclerotic coronary artery disease.
There are many other causes of myocardial injury such as myocarditis, cardiac trauma, cardiac surgery or cardioversion. These reasons may also cause myocardial necrosis and release of troponins. However, electrical causes
of myocardial necrosis may be still questionable. There are many controversial evidences about this point. Cardiac troponin T was reported as not increase after electrical cardioversion for atrial fibrillation or atrial flutter [1].
Cardioversion can lead to mild cTnI rise as measured with a high-sensitivity assay [2]. There was no evidence of
myocytes injury, no increase of troponin I after external electrical direct current synchronized cardioversion in
patients with normal or reduced ejection fraction [3]. It was rare for electrical injury case with serious myocardial
damage and death. [4]. We reported hereinafter a special case with such setting.

2. Case Report
A female worker, 56 years old, had an electrical accident when working in a construction field during the rain. She
was transferred immediately, around 20 minutes, from the working site to the hospital with the status as no
breathing, no pulse. The body temperature was low as 36˚C, blood pressure could not be measured. The Glasgow
Coma Scale was 5 (eye: 3, verbal: 1, motor: 1). The cardiopulmonary resuscitation was done immediately as intratracheal ventilation, fluid replacement with NaCl 0.9%, urine alkalinization therapy with Natribicarbonate 4.2%,
sympathomimetic agents as adrenaline and nor-adrenaline, and IV nutrition with glucose 30%. The biochemistry
tests were presented in Table 1.
The main change in biochemistry tests was the quickly increase of troponin I around 1000 times higher from
normal value as 0.02 ng/mL on admission to 20.1 ng/mL within 12 hours. CK-MB increased faster from 55.4 to
227 U/L after 2 hours (normal value: <16 U/L). CPK (normal value: 90 - 140 U/L) was changed quickly from
normal value as 99 U/L on admission to a very high level as 9681 U/L after 12 hrs. The CK-MB/CPK index
Table 1. The change of biochemistry tests in patient with electrical injury.
Parameters

Results

Time (counting from the administration)

0:00:00

2:09:00

10:24:00

Troponin I (ng/ml)

0.02

0.89

20.1

Serum Creatinin (mg/dL)

1.15

1.52

2.23

eGFR-MDRD (ml/min/1.73 m2)

51.5

37.3

23.88

AST (U/L)

593

1516

1208

ALT (U/L)

435

831

861

CK-MB (U/L)

55.4

227

260

CPK (U/L)

99

9681

CK-MB/CPK index (%)

55.9

2.7

Myoglobin (ng/mL)
RBC (T/L)

12:58:00

17:50:00

18,106
4.68

4.68

3.88

WBC (10 /µL)

12.25

37.3

26.39

INR

NA

1.74

PT

NA

16.9

pH

NA

7.32

7.18

7.21

pCO2 (mmHg)

32.4

27.3

22.8

HCO3− (mmol/L)

16.7

10.1

9

3
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(defined as CK-MB × 100/CPK, unit as %) changed from 55.9% to 2.7%, respectively by time. The serum creatinine was high on admission, 1.15 mg/dL and thereafter increased more than 1 mg/dL to become 2.23 mg/dL;
inversely the values of eGFR-MDRD were reduced. The value of myoglobin in serum was very high as 18,106
ng/ml (normal: <85 ng/mL). Electrocardiogram was not done. Urine output was around 1 liter with dark yellow
color, but urinalysis was not done. Patient was in no pulse, no breath on admission with severe metabolic acidosis.
Patient changed to the tachycardia (127 pulses/min) after resuscitation and under the support of cardiovascular
vasopressor agents. However, the patient died around 24 hours after hospital administration.

3. Discussion
In this patient, the value of CK-MB increased quickly within 2 hours from 55 to 227 U/l, suggesting the main
source of CK-MB may be from heart injury. The CK-MB/CPK index changed from 55.9% to 2.7% indicating that
heart, the main source of CK-MB, may be the first, major muscle tissue injured, but thereafter other organs as
muscles, brain, kidney, lung, may also release both CPK and CK-MB to the circulation. However, both dynamic
changes in CK-MB and CK-MB/CPK index suggested heart was the one among other organs injured by current.
The extremely elevated CPK as 9681 U/L suggested patient with massive striated muscle damage from highvoltage injuries. Troponin has been used absolutely as biomarker of heart necrosis. An abruptly increase of troponin I from 0.02 to 0.89 and thereafter 20.1 ng/ml within 12 hours confirmed that the heart was injured. This
quick dynamic change of troponin I could not be seen in the rupture of atherosclerotic coronary artery, leading to
tissue necrosis in myocardial infarction. The quick and high value of troponin I may indicate the large diffuse
nature of myocardial necrosis in the heart. Patient also had the acute renal failure from electrical injury with high
value of myoglobin 18,106 ng/ml, this showed the presence of severer habdomyolysis, and the eGFR reduced
rapidly from 51.5 to 23.8 ml/min/1.73 m2 [5] [6]. This acute renal failure may also contribute a part in the increase of troponin I.
The direct trauma to heart may cause the increase of troponin. A significant correlation between clinical inflammation associated parameter (IAPs) and cTnI plasma level elevation was found after cardiac surgery [7].
Cardiac troponin I (cTnI) was reported as a sensitive and specific marker for postoperative myocardial infarction
in patients after coronary artery bypass surgery (CABG) [8].
Electrical injury of cardiomyocytes after cardioversion can lead to mild cTnI rise, 0.04 ng/ml higher than before,
0.017 ng/ml, as measured with a high-sensitivity assay [2]. Myocardial injury is caused directly by electrothermal
conversion and electroporation or secondarily by contusion following a lightning strike [6]. The diagnosis of
myocardial injury due to electrical injury was often difficult (because of the diffuse nature of myocardial necrosis), due to the absence of typical symptoms, lack of special ECG changes [9]. The value of CK-MB and troponin in this setting were unknown [10]. Celebi, A. (2009) reported a rare electric shock case with myocardial infarction having high value of CK, CK-MB and troponin I as 7150 U/L, >400 U/L and 24 ng/ml, and ECG findings suggesting inferior myocardial infarction, patient survived after the accident [11]. In our case, the findings
for myocardial injury were combining with arrhythmia, no pulse, suggesting the diffuse injuries more than local
necrosis in the heart.
The lack of ECG recording in this case, so the cause of arrhythmia, no pulse, was not clear. Ventricular fibrillation was common with low-voltage alternating current and asystole was in shocks from high-voltage one [12]
[13].
Sudden cardiac death was more common in electrical shock cases presenting cardiopulmonary arrest [14].
Mortality was reported as 59% in electrical injury patients with acute renal failure, especially with rhabdomyolysis
[5]. Mortality of electrical injury was reported as 8.06% in retrospective study of Guntheti BK in 62 patients at
Mamata General Hospital, Khammam, India, in 2007-2008 [15].

4. Conclusion
In conclusion, this report presented an electrical injury case with rapidly dynamic change in cardiac biomarkers,
mainly in troponin I, suggesting the whole, serious diffuse damage of myocardial tissue. Repeat measurements
of CPK, CK-MB, especially troponin I, were very important to evaluate the dynamic change in myocardial tissue due to electric current. This dynamic change had values both in diagnosis of myocardial injury and prediction of the patient prognosis.
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