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Background : Patients with high- and low-voltage electrical injuries differ in their clinical presentation from minor symptoms to life-threatening conditions. For an adequate diagnosis and treatment strategy a multidisciplinary team is often needed, due to the heterogeneity of the clinical presentation. To minimize costs and medical resources, especially for patients with mild symptoms presenting after low-voltage electrical injuries, risk stratification for the development of further complications is needed.

Methods : During 2012–2019 two independent patient cohorts admitted with electrical injuries in two maximum care university hospitals in Germany and Austria were investigated to quantify risk factors for prolonged treatment, the need of surgery and death in low-voltage injuries. High-voltage injuries were used as reference in the analysis of the low-voltage electrical injury.

Results : We analyzed 239 admitted patients with low-voltage (75%; 276 ± 118 V), high-voltage (17%; 12.385 ± 28.896 V) or unclear voltage (8%). Overall mortality was 2% (N = 5) associated only with high-voltage injuries. Patients with low-voltage injuries presented with electrocution entry marks (63%), various neurological symptoms (31%), burn injuries (at least second degree) (23%), pain (27%), and cardiac symptoms (9%) including self-limiting thoracic pain and dysrhythmia without any therapeutic need. Seventy three percentage of patients with low-voltage injury were discharged within 24 h. The remaining patients stayed in the hospital (11 ± 10 days) for treatment of entry marks and burns, with an overall need for surgery of 12% in all low-voltage injuries.

Conclusions : The only identified risk factors for prolonged hospital stay in patients with low-voltage electrical injuries were the treatment of burns and electric marks. In this multi-center analysis of hospitalized patients, low-voltage electrical injuries were not associated with cardiac arrhythmia or mortality. Therefore, we suggest that asymptomatic patients, without preexisting conditions, with low-voltage injury can be discharged after an initial check-up without prolonged monitoring.
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INTRODUCTION

Electrical injuries occur frequently, with a broad range of symptoms and may lead to life-threatening secondary complications in certain risk constellations or high-risk patients (1, 2). Due to the manifold clinical presentations, including multiple organ systems, various disciplines are involved with often non-standardized diagnosis and treatment. Consequently, healthy patients may be overtreated, while others at risk suffer preventable secondary complications.

During electrical injuries, the body comes in contact with a source of electricity and the current is conducted through the body between entry and exit site. The tissue in-between is exposed to electricity and depending on exposure time, voltage and resistance potentially damaged. Therefore, certain electricity passages through the body are at higher risk to damage critical organs, most importantly the heart (3, 4). Generally, the voltage of the electric current and time of exposure is recognized as the main risk factor for the severity of injury. Subsequently, electrical injuries are categorized in low-voltage (<1,000 V) and high-voltage (>1,000 V) injuries. Most electrical injuries result from low-voltage current of 100–240 V, which is standard household electricity (5–8). Often, these patients present with no or mild symptoms, yet some are thought to be at risk for cardiac arrhythmia due to anecdotal reports of sudden cardiac death after electricity (4). To prevent late cardiac complications, a 24-h observation period under continuous cardiac surveillance has been suggested even for asymptomatic patients without preconditions (4, 9–12). Given the high number of short electrical contacts with low-voltage the costs of such a measure may unnecessarily divert important resources from other patients, since the actual risk has not been quantified (2, 13, 14).

Therefore, in this study we analyzed two independent patient cohorts of electrical injuries from Germany and Austria. We specifically investigate low-voltage injuries and use high-voltage injuries as a reference to quantify risk factors for death, prolonged treatment and need of surgery.



METHODS


Study Design and Patient Analysis

We analyzed two independent patient cohorts from two maximum care University hospitals in Germany and Austria. Here, all patients treated for low-voltage electrical injuries were included, and high-voltage injuries used as reference. Records were obtained at the Medical University of Vienna in Austria for 2013–2019 and at the BG Trauma Center Ludwigshafen, Germany for 2012–2019. Patients were identified based on ICD-10 Codes (T75.0 Effects of lightning; T75.4 Effects of electric current; or W87.9 Exposure to unspecified electric current) or by free text search from the hospital's electronic records. We extracted data for gender, age, voltage, mortality, symptoms, ECG, blood sampling, need for surgery and hospital days. Blood sample parameters relevant for electrical injuries included serum creatine kinase (CK), creatine kinase-MB (CK-MB), myoglobin and troponin levels. Ethical approval was obtained from the local institutional review board at the Medical University of Vienna (EK Nr: 1575/2019) and for German collective from the data privacy institution (Landesärztekammer Rhld.-Pf., Mainz; EK Nr: 2020-15144).



Data Management and Statistical Analysis

All data were reported anonymously to the study coordinator. Data and privacy management were according to the legislature of each country. All data analyses were conducted using Microsoft Excel in a two-stage manner by KDB, CZ, MA, and AB. Statistical analyses were conducted using SPSS Statistics Version 26 (IBM, USA). For descriptive statistics, the mean and the standard deviation were calculated for variables. Further statistical comparison between groups was conducted using either Student's T-Test, χ2 or Kruskal Wallis Test, see specifications in parentheses. A two-sided p-value < 0.05 was considered to indicate statistical significance.




RESULTS


Patient Characteristics

A total of 239 patients were treated for electrical injuries in our patient cohort, of which 80% (N = 191) were male and 20% female (N = 47). Overall, average age was 33 ± 14 years, 33 ± 13 for male patients and 37 ± 14 for female patients. Ninety seven percentage (N = 230) were adults (>18a) and 94% of patients were between 18 and 65 years old, the standard age for work, with nine patients under 18 (14–17 years) and six above 70. The majority of electrical injuries were work-related (70%; N = 167), while 26% (N = 63) were non-work related and 4% (N = 9) not specified (Figure 1). The number of work accidents was higher in male patients (73%; N = 139) compared to females (60%; N = 28). Between centers, work accidents represented 55% of cases in Austria and 75% in Germany (P < 0.0001). Pre-existing medical conditions were scarce and included most commonly arterial hypertension, coronary artery disease, diabetes.


[image: Figure 1]
FIGURE 1. Patient characteristics. This study analyzed 239 patients of which 80% were male. The majority were work-related accidents (70%) and low-voltage injuries (75%). Overall, 43% were associated with 220–230 V the common household electricity in Europe. All fatalities were due to high-voltage current and none occurred in the low-voltage group. Patients had a median of two symptoms. Pathological ECGs were present in 14 and 17% thereof had pathological ECGs after 24 h. Of patients with low-voltage electric injuries, 27% required hospitalization beyond 24 h due to treatment of burns or entry marks.




Voltage and Mortality

In 171 of 239 cases (72%), exact values for voltage associated with the injury was available. Overall, 75% were low-voltage injuries with an average of 276 ± 118 V (25–980 V), leading to 0% mortality. Conventional 220–230 V household electricity was responsible for 43% (N = 103/239) of injuries and mortality was 0%. In 17% the injury was caused by high-voltage with an average of 12.385 ± 28.896 V, leading to five deaths. All deaths were related to high-voltage. Overall mortality was 2% (N = 5) but 12% in high-voltage injuries (Figure 1). Thereof, one patient presented preclinically with ventricular fibrillation cardiac arrest and was transported with ongoing cardiopulmonary resuscitation to the hospital, where he died within hours despite the initiation of extracorporeal cardiopulmonary resuscitation. The other four patients died on the burn intensive care unit due to sepsis and/or multi-organ failure after 33 ± 28 days without primary failing of the heart. These patients had suffered burns of on average 44 ± 10% total body surface area.

In three of five deceased patients the exact causative voltage was unclear but could be determined as at least above 1,000 V. High-voltage injuries were significantly more likely (P < 0.027) in work accidents (N = 23; 59%) compared to non-work accidents (N = 16; 41%).



Symptoms in Low-Voltage Injuries

One hundred percentage of patients with high-voltage injuries presented symptoms at first contact in the hospital compared to 92% with low-voltage injuries. Median number of symptoms was two in low-voltage injuries, which were most commonly entry marks of the electrical contact (63%) or pathologically elevated blood tests (43%). In detail, elevated blood tests were troponin (high-sensitivity, T and I) (15%), myoglobin (24%), creatine-kinase (63%), and creatine-kinase MB (57%). Electric entry marks were most commonly at the hands (95%) (Figures 2, 3). Neurological symptoms were present in 31% of patients and included mainly temporary headache, dizziness at first consultation or persistent paresthesia at the electricity entry point, which were mainly the hands. In 23%, patients suffered at least second degree burn injuries, most commonly at the hands. Patients suffered from pain in 27% at first consultation (Figures 1–3).


[image: Figure 2]
FIGURE 2. Symptoms in low-voltage electrical injuries. The median number of symptoms was two per patient. Patients suffered at first consultation from pain (27%). In this analysis, patients presented most dominantly with entry marks (63%), or pathologically elevated blood tests (43%), neurological symptoms (31%), and cardiac symptoms (9%). Patients presented (23%) at least with second degree burn injuries, most commonly (95%) at the hands. Only burns and electrocution marks were associated with the need of prolonged treatment beyond 24 h.



[image: Figure 3]
FIGURE 3. Low-Voltage entry wounds. Various presentations of entry marks of low voltage injuries, which show second to third degree burns. Here, surgical treatment and split skin grafts are often required for treatment. Such entry marks are generally believed to be a risk factor for secondary complications following electric injuries.




Cardiac Risk in Low-Voltage Injuries

Cardiac symptoms were present in 9% (N = 15/167) at first consultation in low-voltage injuries, no patient presented with cardiac arrest, or loss of consciousness at any time (Figure 2). These symptoms were mainly temporary tachycardia and thoracic pain, which usually resigned after few hours. ECG at first consultation was assessed in 98% (N = 233) of patients, except for five patients with low-voltage injuries, who declined the measure against the physician's advice. ECG abnormalities were present in 14% of low-voltage injuries (N = 24/167), of which 17% (N = 4) persisted after 24 h (Figure 1). Thereof, 55% had simultaneously elevated cardiac enzymes (CK, CK-MB, Troponin T/hsTroponin T/ Troponin I). On detailed inspection, these were either benign sinus bradycardia, extrasystoles or potentially pre-existing conditions (13%) such as non-specific T-wave abnormalities and peaked T wave (21%), right bundle branch block (21%), ventricular extra-beats (17%), sinus tachycardia (17%) or atrial fibrillation (4%). Two out of 90 asymptomatic patients (2%) developed ECG abnormalities, which were however both asymptomatic bradycardias with a frequency of 40–50 beats per minute in the young healthy patients and did not require any therapy. None of the patients in the entire low-voltage population required cardiac intervention or drug therapy. No patient was diagnosed with acute coronary syndrome.



Duration of Stay and Need for Surgery in Low-Voltage Injuries

All Patients with risk factors yet without symptoms were discharged within 24 h except for one person that developed an unassociated diarrhea and was discharged after 48 h following temporary IV fluid treatment. Of all low-voltage patients, 73% were discharged within 24 h and the remaining 27% stayed for an average of 11 ± 10 days (Figure 2). Significant factors associated with longer duration than 24 h were entry marks (28% compared to 13% in below 24 h duration; P < 0.05) and burns (63% compared to 10% in below 24 h duration; P < 0.001). No other symptom or factor was significantly associated with need for hospital stay beyond 24 h. Overall need for surgery was 13% in all low-voltage injuries, with the majority (70%) being burn surgery or debridement under sedation and the rest simple wound treatments under local anesthesia due to concomitant injuries.




DISCUSSION

Our analysis presents a large cohort of adult patients with electrical injuries and did not show any mortality or immediate cardiac complication following low-voltage injuries. In contrast, 12% of the high-voltage electrical injuries suffered death as a complication of the accident. Comparable previous studies show similar results and together cannot confirm previous reports of late cardiac complications in asymptomatic adults (5–7) or children (8). Overall, these studies show a minimal mortality for low-voltage electrical injuries in patients treated in hospitals.

Historically, few anecdotal cases of initially asymptomatic patients who later suffered from cardiac complications have been reported in the literature (4, 15). However, a second analyses showed that only one patient had received an ECG at admission, and can therefore be confirmed as asymptomatic at first contact (11). The other patients, although presumably asymptomatic, may have already had ECG pathologies (12). Therefore, the actual risk for asymptomatic patients including normal ECGs with low-voltage electrical injuries is most likely smaller than previously thought (13, 14).

However, prolonged electrical contact which is known to cause immediate mortality is rare. This occurs for example during accidental submerging of electrical devices e.g., hairdryer in the shower or bathtub. These patients usually do not arrive at a hospital but often die at site of accident. Media reports in Germany and Austria indicate that both, especially accidental submerging of cellphones while bathing, are rare but increasing. In Austria approximately 300 electrical injuries (private and work) are officially registered per year (16). However, the actual number of low-voltage electrical injuries is supposedly much higher, as many are not reported or consult a doctor in the absence of symptoms. Thereby, results a presumably significant selection bias for in-hospital analyses, such as this one, as most healthy asymptomatic patients do not consult health services and are never registered. Therefore, the patients we see in hospitals are either driven by actual symptoms and the need for treatment or in the case of work accidents registration for the unlikely event of late problems and subsequent need for compensation. In our study, only 9% presented without any symptoms, of which only two patients have not suffered work accidents.

Overall, this suggests that the number of unreported low-voltage injuries is very high and thus the risk for asymptomatic patients even smaller than we can estimate from the currently published in-hospital data. In line, official mortality statistics indicate both high and low-voltage electrical injuries were responsible for 77 deaths in Germany, and two deaths in Austria in 2018 (16). This indicates that the risk for death is 89 deaths in an overall population of 91.856.920, equaling 0.097 deaths per 100.000 inhabitants. Unfortunately, there is no official distinction between low- and high-voltage injuries. However, the overall number is still very low.

Therefore, all published cohorts including the one presented in this study, show that low-voltage asymptomatic patients with normal ECG readings at first contact do not develop late cardiac complications (11, 17). Such cardiac complications have been described in only one confirmed case in many thousands in the literature, which had pathological ECG readings right at the first consultation (11). Based on the initial believe, that such late cardiac complications could occur in possibly any patient with electrical injury, some health care providers have suggested to monitor all patients for 24 h in the hospital (4, 9–12). Previous reports have already challenged the need for this measure in asymptomatic patients without risk factors (5–7, 17). In our study, ECG readings were performed at first contact and in case of risk factors or pathological ECGs after 24 h. Only two out of 90 asymptomatic patients developed pathological ECG readings, which were both benign bradycardias in young healthy and athletic patients. In contrast, 15% had initial pathological ECG readings, most of which were either preexisting conditions or benign arrhythmias and no patient required intervention or drug treatment. The only risk factors for hospital stay beyond 24 h were electrical marks or at least second-degree burns. Both are considered risk factors and require clinical surveillance for need of surgery and regular dressing changes. Both were also the only indicator for the need of surgery.

Electrical injuries in adults are common in the occupational setting and need due to their heterogeneity of organ systems involved specialists of multiple disciplines. Patients with low-voltage injuries often present with various symptoms to the emergency department. In times of overcrowding in worldwide emergency departments and limited resources like intermediate care units for a 24-h observational period, a risk stratification identifying potential complications in patients with low-voltage electrical injury is needed. Our data suggest that an in-patient stay with prolonged cardiac monitoring in healthy, asymptomatic low-voltage electrical injury patients after initial check-up is not necessary. This may help to prevent unnecessary monitoring of asymptomatic patients without preconditions, especially in time of COVID-19 and subsequent risk of infection.

This study is limited by the character of being a retrospective analysis. Future prospective analyses could reveal further risk stratifications.

Based on previous studies and our findings, we therefore suggest that asymptomatic low-voltage injuries patients with regular ECG readings do not require prolonged surveillance and repeated ECG readings (5, 13, 14, 17, 18). In line, the European Resuscitation Council states that only patients with the following risk factors should be monitored in hospital: (1) history of cardiorespiratory problems, (2) loss of consciousness, (3) cardiac arrest, (4) electrocardiographic abnormalities, or (5) soft-tissue damage and burns (1). In our study, even low-voltage injuries with risk factors did not suffer from late consequences. Other large studies report similar results and, therefore, the overall risk seems also low in the population at risk (1, 7, 19). However, contrary to the ERC guidelines, we suggest that patients with high-voltage injuries should be monitored, given the significantly higher mortality rate here and in other studies (10, 20). Although, the distinction between low- and high-voltage injuries has been artificially made at 1,000 V, in this and other studies patients were more likely to die above 1,000 V contact. Autopsy data of patients who died following electricity, suggests that high-voltage injuries have a high risk of death and most victims died at 2,400 V and above (10). Therefore, due to mortality rates of up to 30% and higher cardiac arrythmias rates (21), it seems necessary to monitor these patients even in the absence of symptoms and confirm the patients' well-being. Unfortunately, the currently available data does not allow the risk stratification of high-voltage injury patients which had exactly 1,000 V contact or slightly above. Given the significantly higher risk of mortality, the often unclear causative voltage and the fact, that many high-voltage patients have risk factors (e.g., burns or electrical marks), it seems a necessary precaution to aid the many different specialties involved in electrical injuries. Hereby, diagnosis and treatment could be standardized until more evidence is available to specify the needs of these patients.



CONCLUSION

In this international two-center analysis of adult low-voltage electrical injuries, we did not find any associated cardiac arrythmias or mortality. We specifically analyzed patient morbidity and found electrical marks most commonly. The treatment of burns and electrical marks were the only factors statistically responsible for prolonged hospital stays beyond 24 h.

We recommend, that even patients with low-voltage injuries, without history of loss of consciousness, arrhythmias or initial cardiac arrest should receive an initial 12-lead ECG, physical examination and measurement of cardiac enzymes, including high-sensitivity cardiac troponin to asses any myocardial injury. In case of any pathology (e.g., elevated biomarkers, chest pain, ECG abnormalities) health professionals should follow the standardized cardiovascular guidelines for diagnosing and treatment of patients without presenting with an electrical injury. Our analyses suggest that asymptomatic low- voltage electrical injuries without preexisting conditions can be dismissed after initial check-up without prolonged monitoring.
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