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ORIGINAL ARTICLE

ที่่�มาของปััญหา: การบาดเจ็็บจากไฟฟ้้าเป็็นปััญหาท่ี่�สำคััญในพ้ื้�นท่ี่�ชนบทของประเทศไทย ปัญหาดัังกล่่าวส่่งผลให้้

เกิิดการสููญเสีียทั้้�งต่อ่ชีีวิตและงบประมาณในการรัักษาพยาบาล การทราบถึึงอุุบัตัิกิารณ์์ ค่าใช้้จ่า่ยทางการแพทย์และ

ปััจจััยที่่�สััมพัันธ์์กัับอััตราการเสีียชีีวิิตจากการบาดเจ็็บจากไฟฟ้้าจะช่่วยในการกำหนดมาตรการป้้องกัันในอนาคต

วััตถุุประสงค์์: เพื่่�อศึึกษาปััจจััยที่่�ส่่งผลต่่อการเสีียชีีวิิตจากการบาดเจ็็บทางไฟฟ้้า อุุบััติิการณ์์ และค่่าใช้้จ่่ายทางการ

แพทย์์ที่่�เกิิดขึ้้�นในผู้้�ป่่วยจัังหวััดจัันทบุุรีี

วิิธีีการศึึกษา: การศึึกษานี้้�เป็็นแบบย้้อนหลััง (Retrospective cohort study) โดยเก็็บข้้อมููลจากเวชระเบีียน                  

ผู้้�ป่่วยท่ี่�ได้้รัับการวิินิิจฉััยการบาดเจ็็บจากไฟฟ้้า (ICD-10: T75.0, T75.4) และรัับการรัักษาตััวในโรงพยาบาล              

พระปกเกล้้า ตั้้�งแต่่วัันที่่� 1 มกราคม 2558 ถึึงวัันที่่� 31 ธัันวาคม 2567 วิิเคราะห์์ปััจจััยที่่�สััมพัันธ์์กัับอััตราการเสีียชีีวิิต 

ด้้วยวิิธีี Multivariable logistic regression 

ผลการศึึกษา: ผู้้�ป่่วยที่่�ได้้รัับการวิินิิจฉััยการบาดเจ็็บจากไฟฟ้ามีีทั้้�งสิ้้�น 300 ราย เป็็นเพศชาย 250 ราย (ร้้อยละ 

83.30) และเพศหญิิง 50 ราย (ร้้อยละ 16.70) อายุุเฉลี่�ย 31.80 ปี  โดยส่่วนใหญ่่เกิิดจากอุุบััติิเหตุุจากการทำงาน      

159 ราย (ร้้อยละ 53.00) ค่่ารัักษาพยาบาลเฉลี่่�ยต่่อราย 71,932.10 บาท ผู้้�ป่่วยที่่�เสีียชีีวิิต 19 ราย (ร้้อยละ 6.30) 

ปััจจััยที่่�สััมพัันธ์์กัับการเสีียชีีวิิตอย่่างมีีนััยสำคััญทางสถิิติิ คืือ พื้้�นที่่�ผิิวหนัังที่่�บาดเจ็็บมากกว่่าร้้อยละ 40 ของพื้้�นที่่�ผิิว

ร่่างกาย (adjOR=44.74, p=0.017) ระดัับ serum CPK ที่่�มากกว่่า 1,527 U/L (adjOR=12.77, p=0.031) การรัักษา

ตัวัในหอผู้้�ป่ว่ยวิกิฤต (adjOR=25.71, p=0.001) การได้ร้ับัสารละลาย albumin ทางหลอดเลืือด (adjOR=0.02, p=0.047)  

และภาวะ shock ใน 24 ชั่่�วโมงแรกหลัังการบาดเจ็็บ (adjOR=20.14, p=0.012)

สรุุป: การบาดเจ็็บจากไฟฟ้้าในจัังหวััดจัันทบุุรีีส่่วนใหญ่่มีีสาเหตุุจากการทำงาน โดยเฉพาะเพศชายวััยกลางคนซึ่่�งมีี

อััตราการเสีียชีีวิิตที่่�ร้้อยละ 6.30 ค่่ารัักษาพยาบาลเฉลี่่�ยต่่อราย คืือ 71,932.10 บาท มีีปััจจััยที่่�สััมพัันธ์์กัับอััตราการ

เสีียชีีวิิตอย่่างมีีนััยสำคััญทางสถิิติิคืือ พื้้�นที่่�ผิิวหนัังที่่�บาดเจ็็บมากกว่่าร้้อยละ 40 ของพื้้�นที่่�ผิิวร่่างกาย ระดัับ serum 
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ABSTRACT

BACKGROUND: Electrical injuries are a significant problem in rural areas of Thailand. These problems result 

in losses of both lives and medical treatment budgets. Knowledge of the incidence, medical costs, and factors 

associated with mortality from electrical injuries will help in determining future preventive measures.

OBJECTIVE: To study factors affecting mortality from electrical injuries, incidence, and medical costs incurred 

in patients in Chanthaburi Province.

METHODS: This was a Retrospective cohort study collecting data from medical records of patients diagnosed 

with electrical injuries (ICD-10: T75.0, T75.4) and treated at Prapokklao Hospital from 1 January 2015 to                         

31 December 2024. Factors associated with mortality were analysed using Multivariable logistic regression.

RESULTS: A total of 300 patients were diagnosed with electrical injuries, comprising 250 males (83.30%) and 

50 females (16.70%), with a mean age of 31.80 years. The majority resulted from occupational accidents, 159 

cases (53.00%). The average medical cost per case was 71,932.10 baht. Nineteen patients died (6.30%).     

Factors statistically significantly associated with mortality were: burn area greater than 40%TBSA (adjOR=44.74, 

p=0.017), serum CPK level greater than 1,527 U/L (Adjusted Odds Ratio 12.77, p=0.031), intensive care unit 

admission (adjOR=25.71, p=0.001), intravenous albumin infusion (adjOR=0.02, p=0.047), and shock within the 

first 24 hours post-injury (adjOR=20.14, p=0.012).

CONCLUSION: Electrical injuries in Chanthaburi Province predominantly caused by occupational accidents, 

particularly amongst middle-aged males, with a mortality of 6.30%. The average medical cost per case was 

71,932.10 baht. Factors statistically significantly associated with mortality were: burn area greater than 40%TBSA, 

serum CPK level greater than 1,527 U/L, intensive care unit admission, intravenous albumin infusion, and shock 

within the first 24 hours post-injury.

KEYWORDS: electrical injury, electrocution, epidemiology, incidence, mortality
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INTRODUCTION
	 Electrical injuries are a considerable public 

health problem particularly in rural areas with         

limitations of access to infrastructure and suitable 

security measures.1 These injuries do not only affect 

victims’ health, but also result in high medical costs 

and economic impacts on families as well as          

communities.2,3

	 Based on the literature review, it was found 

that the major causes of electrical injuries in rural 

areas result from several factors, i.e., occupational 

hazards, contact with cables with electric current, 

worn-out electrical equipment,4,5 and no awareness 

of safety.6 Nevertheless, thus far there have been no 

in-depth studies providing data about current            

situations in the context of Thailand, particularly in 

rural areas. Therefore, it is urgently necessary to 

develop efficient prevention measures and suitable 

medical resource planning. 

	 For these reasons, the objective of this study 

was to examine the causes of electrical injuries in 

Thailand, their impacts on health, the mortality, and 

the amount of medical costs, as well as the factors 

associated with the mortality of patients with           

electrical injury. All data obtained will be used to 

develop prevention guidelines and to set up efficient 

medical treatment systems in the near future.

METHODS
	 This is a Retrospective cohort study, of which 

the target population consisted of patients diagnosed 

with electrical injuries (ICD-10: T75.0, T75.4) in    

Chanthaburi and nearby provinces that sent those 

patients to Phrapokklao Hospital, Chanthaburi. Most 

parts of this province are the rural areas of Thailand. 

For the inclusion criteria, the patients must have been 

diagnosed with electrical injuries and admitted at 

Phrapokklao Hospital from 1 January 2015 to 31 

December 2024. Patients whose medical records 

were incomplete or missing were excluded. The 

sample size was obtained from a pilot study through 

medical record review. Considering the variable "Type 

of electric current", it was found that 31.67 percent 

of patients who sustained high voltage electrical  

injuries survived, whilst 68.42 percent of patients who 

sustained high voltage electrical injuries died. A     

two-sided test was specified with a significance level 

of 0.05 and power of 0.80, with a ratio set at 14.79. 

The calculated sample size comprised 252 patients 

who sustained high voltage electrical injuries and 

survived, and 17 patients who sustained high voltage 

electrical injuries and died. Therefore, the total 

minimum sample size required for the study was 269 

cases. Categorical data were presented as number 

and percentage, and differences were analysed using 

Chi-square test. Continuous data were presented as 

mean±SD, and differences were analysed using   

independent t-test. Factors associated with mortality 

were analysed using univariable logistic regression, 

presented as Crude Odds Ratio and 95%CI, and 

multivariable logistic regression, presented as          

Adjusted Odds Ratio and 95%CI, with p<0.05        

considered statistically significant. All data were    

analysed with STATA version 18. This research was 

approved by the Chanthaburi Research Ethics      

Committee/Region 6, in compliance with Document 

no. (CTIREC 055/68)

RESULTS
	 From 1 January 2015 to 31 December 2024, 

there were a total of 300 patients diagnosed with 

electrical injuries and admitted to Phrapokklao      

Hospital, divided into 250 male (83.30%) and 50 

female (16.70%). Their average age was 31.80 years. 
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Most of the patients (n=230) were Thai (76.70%), 52 

were Cambodian (17.30%), 14 were Laotian (4.70%), 

and the remaining four were Myanmar (1.30%). The 

causes of injuries were divided into 141 patients from 

electrical appliance accidents (47.00%), 159 from 

occupational accidents (53.00%), and 102 from high 

voltage accidents (34.00%). The average burn area 

was 3.70% total body surface area (TBSA) (ranging 

from 0 to 56.00%). Length of stay was 9.5 days on 

average, deaths of patients were 19 (6.30%), and 

complications were reported by 11 patients (3.70%). 

A total of 53 patients were admitted to the Intensive 

Care Unit (ICU) (17.70%). Average medical cost per 

patient was 71,932.10 baht, and 98 patients under-

went operations (32.70%), divided into fasciotomy 23 

times, skin grafting 55 times, flap coverage 14 times, 

and amputation 21 times.  Average level of serum 

creatine phosphokinase (CPK) was 5,962.50 U/L. 

(Table 1)

Table 1  Baseline Characteristics of the Target Population.
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Table 1  Baseline Characteristics of the Target Population.  

Baseline characteristics Mortality (n=19) Survival (n=281) p-value 

n (%) n (%) 

Gender      

Male 18.00 94.74 232.00 82.56 0.22 

Female 1.00 5.26 49.00 17.44  

Age (year), mean±SD 33.42 ±17.88 21.67 ±16.81 0.67 

Cause      

Occupational accidents 14.00 73.68 145.00 51.60 0.09 

Electrical appliances 5.00 26.32 136.00 48.40  

Type of electric current      

   Low voltage 6.00 31.58 192.00 68.33 0.002 

   High voltage 13.00 68.42 89.00 31.67  

Burn area (%TBSA) , mean±SD 11.48 ±23.46 3.18 ±7.59 <0.001 

Level of serum CPK (U/L), mean±SD 34,345.68 ±52,722.48 4,043.32 ±9,742.04 <0.001 

Underwent operations 3.00 15.80 95.00 33.80 0.11 

Length of stay (days), mean±SD 18.79 ±35.85 8.91 ±16.52 0.023 

Admission to ICU       

   Yes 17.00 89.47 36.00 12.81 <0.001 

   No 2.00 10.53 245.00 87.19  

Albumin infusion      

   Yes 2.00 10.53 6.00 2.14 0.09 

   No 17.00 89.47 275.00 97.86  

Complications      

   Yes 4.00 21.05 7.00 2.49 0.003 

   No 15.00 78.95 274.00 97.51  

Sepsis       

   Yes 3.00 15.79 2.00 0.71 0.002 

   No 16.00 84.21 279.00 99.29  

Respiratory failure      

   Yes 10.00 52.63 20.00 7.12 <0.001 

   No 9.00 47.37 261.00 92.88  

Shock within 24 hrs after injury      

   Yes 6.00 31.58 2.00 0.71 <0.001 

   No 13.00 68.42 279.00 99.29  

Cardiac arrest within 24 hrs after injury      

   Yes 18.00 94.74 16.00 5.69 <0.001 

   No 1.00 5.26 265.00 94.31  
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Table 2: Association between the Factors and Mortality of Patients with Electrical Injury using Univariable Logistic 

Regression and Multivariable Logistic Regression. (n=300) 

Factors Univariable analysis Multivariable analysis 

Crude OR 95%CI p-value Adjusted OR 95%CI p-value 

Type of electric 

current 

      

   Low voltage Reference      

   High voltage 4.67 1.72-12.70 0.002 0.37 0.07-1.92 0.24 

Burn area (%TBSA)       

   < 40 Reference      

   ≥ 40 17.38 3.26-93.02 0.001 44.74 1.98-1007.49 0.017 

Serum CPK more than 

1,527 U/L 

      

   No Reference      

   Yes 35.81 4.71-272.34 0.001 12.77 1.27-128.80 0.031 

Length of stay(days)       

   < 68 Reference      

   ≥ 68 8.14 1.39-47.66 0.020 1.78 0.15-21.57 0.65 

Admission to ICU       

   No Reference      

   Yes 57.85 12.82-260.90 <0.001 25.71 3.98-166.14 0.001 

Albumin infusion       

   No Reference      

   Yes 5.39 1.01-28.75 0.048 0.02 0.00-0.95 0.047 

Complications       

   No Reference      

   Yes 10.44 2.75-39.62 0.001 2.02 0.25-16.05 0.51 

Sepsis       

   No Reference      

   Yes 3.26 1.41-5.12 0.001 4.42 0.34-57.92 0.26 

Respiratory failure       

   No Reference      

   Yes 14.50 5.29-39.77 <0.001 0.69 0.14-3.55 0.66 

Shock within 24 hrs 

after injury 

      

   No Reference      

   Yes 64.38 11.83-350.39 <0.001 20.14 1.91-212.37 0.012 
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after injury

	 As seen in Table 2, it was found that the    

factors significantly associated with the mortality   

included type of electric current, burn area greater 

than 40%TBSA, serum CPK greater than 1,527 U/L, 

length of stay greater than 68 days, admission to 

ICU, albumin infusion, complications, sepsis,          

respiratory failure and shock within 24 hrs after injury

	 When factors associated with mortality from 

univariable logistic regression analysis were analysed 

using multivariable logistic regression, it was found 

that factors associated with mortality comprised burn 

area greater than 40%TBSA, serum CPK level 

greater than 1,527 U/L, intensive care unit admission, 

intravenous albumin infusion, and shock within the 

first 24 hours post-injury.

DISCUSSION
	 The aim of this research was to study factors 

affecting mortality, incidence and impact of electrical 

injuries in rural areas of Thailand. The target subject 

was the population in Chanthaburi, an eastern      

province with orcharding as the primary occupation. 

According to the results of the study, it was found 

that there were 300 patients with electrical injuries 

and admission to Phrapokklao Hospital over the last 

10 years. Most of them were male, age 31.20 years 

on average. This conforms to previous studies, which 

found that most heat/electrical injuries that occurred 

involved middle-aged men.7–9 Among all injured   

patients, the proportion of foreigners was high 

(23.30%) due to the large number of migrant workers. 

Moreover, because the territory of the province     

adjoins Cambodia, the proportion of Cambodian 

patients was also significant (17.30%). These workers 

might lack knowledge about self-prevention regarding 

electrical hazards, which could be a factor that      

contributed to the high proportion of incidence of 

electrical injuries among migrant workers. Electrical 

injuries were mostly caused by occupational             

accidents (53.00%), conforming to the studies        

conducted overseas, in both developed8 and            

developing countries.10–12 Regarding the type of 

electric current, most incidents were low voltage 

(66.00%). This differs from the studies from overseas, 

possibly because most of these studies were          

usually conducted at medical schools or hospitals 

with burn units that could treat seriously injured    

patients, resulting in proportions of patients with 

electrical injuries that were higher than those in this 

Table 2	 Association between the Factors and Mortality of Patients with Electrical Injury using Univariable Logistic Regression 

and Multivariable Logistic Regression. (n=300) (continue)
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study.2,8 The average burn area was 3.70% (ranging 

from 0 to 56.00%), indicating that there were few 

severe electrical injuries. Nonetheless, the average 

serum CPK was 5,962.50 U/L and went up to 112 

patients with serum CPK more than 1,527 U/L 

(37.30%), supporting the theory stating that electrical 

injuries frequently cause damage to deep tissues 

rather than the outer skin.13 

	 As for the 98 patients who underwent opera-

tions, all of them received debridement at least one 

time. The average length of stay was 9.5 days. The 

number of patients requiring admission to the ICU 

was 53, less than those reported in previous         

studies.2,8 Because of the lower number of severe 

injuries in this study, there were only eight patients 

who received albumin infusion (2.70%), and because 

this treatment approach at Phrapokklao Hospital 

requires payment, a number of patients who had  

financial problems could not be treated by this         

approach. Average medical cost per patient was 

71,932.10 baht. Previously, there have been no 

studies conducted in Thailand that specified the 

medical costs of patients with electrical injuries. 

However, the results of this study might not be       

accurate due to the retrospective data collection over 

the last 10 years. The reported medical costs were 

not adjusted based on the higher inflation rates      

occurring each year. The deaths of 19 patients with 

electrical injuries were reported (6.30%), which is 

higher than the total mortality   overseas.10,14 This 

might be due to a lack of resources at Phrapokklao 

Hospital for treatment of these types of patients, e.g., 

a burn unit, advanced dressing materials, and free 

albumin solution for treatment. A total of 11 patients 

had complications (3.70%), the most common of 

which included pneumonia (9 patients), wound     

complications (5 patients), and urinary tract infection 

(2 patients). Five patients had sepsis (1.70%) caused 

by pneumonia while three patients had burn wound 

infection as a co-occurring symptom, conforming to 

the previous study stating that sepsis is a major cause 

of mortality in patients with burn and electrical          

injuries.15 

	 Based on the analysis of the factors associated 

with mortality resulting from electrical injuries using 

multivariable logistic regression, it was found that the 

factors associated with mortality included burn area 

greater than 40%TBSA, serum CPK level greater 

than 1,527 U/L, intensive care unit admission,           

intravenous albumin infusion, and shock within the 

first 24 hours post-injury. This conforms to the        

previous studies which found that the burn area and 

levels of serum CPK were associated with severity 

and the mortality in patients with electrical                      

injuries.7,16,17 Even so, the previous study did not 

specify the exact level at which serum CPK started 

to be significantly associated with the mortality;17 as 

presented in the results of this research. This study 

selected a serum CPK level of 1,527 U/L as the    

cut-off point for analysing the association with        

mortality at 94.70% sensitivity (95%CI 74.00-99.90), 

66.50% specificity (95%CI 60.70-72.00), and a ROC 

area of 0.81. To clarify, the mortality of the patients 

with serum CPK more than 1,527 U/L was 12.77 

times higher than those with serum CPK less than 

1,527 U/L.   

	 Most electrical injuries in rural areas of       

Eastern Thailand were caused by occupational       

accidents, particularly among middle-aged men, with 

the mortality at 6.30%. Average medical cost per 

patient was 71,932.10 baht. Furthermore, the factor 

significantly associated with the mortality were burn 

area greater than 40%TBSA, serum CPK level 

greater than 1,527 U/L, intensive care unit admission, 

intravenous albumin infusion, and shock within the 

first 24 hours post-injury.
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