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ABSTRACT

Electrical injuries due to high-tension voltage (>1000 volts) cause destruction at the point of contact
with massive necrosis of deeper structures such as muscles, vessels and nerves. Rhabdomyolysis
due to massive breakdown of skeletal muscles may lead to acute renal failure secondary to
myoglobinuria. The study was undertaken to observe the correlation of renal complications with
extent and progression of tissue damage in high-tension voltage electrical burns. Renal biochemical
parameters as predictors of acute renal failure were also studied. Thirty two patients of high tension
voltage electrical burn injuries presenting during one year period 1-1-2001 to 31-12-2001 were
studied. Low-tension voltage electrical injuries (<1000 volts) mimic thermal burns were excluded
from the study. The electrical wound assessment and the renal biochemical parameters were
done daily for the first seven days and then on alternate days for another seven days. Assessment
of progression of wounds and correlation with the renal biochemical parameters was done. Patients
who died following electrical burns were subjected to autopsy and histopathological examination
of both kidneys. Out of the thirty-two patients, six (18.75%) went into acute renal failure. Five out
of these six patients died because of renal failure (mortality rate 83.33%). There was definite
progression of electric burn wounds. There was no correlation between progression of electrical
burn wounds and acute renal failure. Serum creatinine was found to be the most important
biochemical parameter as a prognostic indicator of acute renal failure.
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INTRODUCTION

lectrical burns accounts for 3% - 4% of all

admissions to burn units.1 In high-tension voltage

electrical injury, there is deep ‘hidden’ destruction

of muscular structures beneath apparently uninvolved

skin. Rhabdomyolysis due to massive break down of

skeletal muscles in electrical injuries may lead to acute

renal failure secondary to myoglobinuria.2 In the

literature there is controversy regarding progression

of electrical burn wound, correlation of renal

complications with tissue damage in electrical burns

and the mechanism by which renal failure occurs

following rhabdomyolysis induced by electrical injury.3

The purpose of this study was to correlate the renal
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complications with extent, depth and progression of

tissue damage in high tension voltage electrical burns.

MATERIALS AND METHODS

Thirty-two patients with high tension voltage (>1000

volts) electrical burns who reported to the Plastic

Surgery Department, PGIMER, Chandigarh during the

year 2001 formed the study group. Patients presenting

later than a week of electrical burns, or those with low-

tension voltage electrical burns were excluded from

the study. Patients with known history of chronic renal

disease or existing co-morbid conditions such as

diabetes mellitus, hypertension, were not taken into

the study. All the patients were evaluated by detailed

history and clinical examination. Proper fluid

resuscitation and other preventive measures against

acute renal failure were taken as follows. Resuscitation

involved infusion of crystalloid at 4 ml/kg/% total body

surface area burn (TBSA) which was increased to 9 ml/

kg/% total body surface area to maintain urine output

of 1-2 ml/kg/hr.5 Mannitol 12.5 gm/hr was used to

maintain the urine output of 1-2 ml/kg/hr whenever

indicated. In cases of metabolic acidosis alkalinsation

of blood was done by infusing 50 ml of 7.5% sodium

bicarbonate (45 meq) and repeated whenever required.

Acute renal failure was defined as elevation of serum

creatinine to above 2 mg/dl (177 µmol/L) in patients

with normal baseline serum creatinine (<1.5 mg/ dl).6

Urine output was recorded every hour for the first three

days since the time of burns and then daily for another

eleven days. Renal function tests included serum

creatinine, potassium, bicarbonate, blood urea and pH

daily for seven days since burns and then alternate day

for another seven days. Creatine phosphokinase MM,

serum myoglobin and urine myoglobin were done on

first and second day burns. Cultures from blood, urine

and wound were sent weekly for first two weeks. Peak

high values were noted of all the parameters.

Table 1 depicts the details of all the six patients out of

thirty-seven who went into acute renal failure. In four

out of six patients that went into acute renal failure,

the referral record from the referring hospital showed

that proper fluid resuscitation and other preventive

measures against acute renal failure were taken from

time of electrical injury to arrival to our burn center.

In two patients, the referral records revealed that

adequate measures were not taken and on their arrival

to burn center, they were already in acute renal failure.

Electric burn wounds were debrided daily and cleaned

with normal saline followed by silver sulphadiazine

ointment application to the wounds. It was covered

with gauze, cotton pads and then bandaged. Length

and breadth of all wounds on the surface was measured

(cm2) to know its extent. The depth of wounds was

also measured which was categorized as 2o-partial

thickness, 3o-full thickness, 4o-muscle or bone deep

burns. These wounds were measured daily for seven

days and then on alternate days for another seven days.

After serial debridements and dressings leading to

healthy wound, it was covered with split skin graft or

flap cover and at times when the wound was not

salvageable in limbs, amputation of the part was done.

Progression of wounds, in both cases of extent and

depth, is the difference in the surface area involved in

a patient at the time of first examination on arrival in

hospital and last value on fourteenth day or at the time

of amputation of the gangrenous burnt part or death

of the patient. These wounds showed progression or

increase both in terms of extent (burned body surface

area) and depth. Table 2 shows wound progression in

relation to extent of wound, column one shows the

categorization of wounds into four groups depending

upon the extent of wound. Column two shows that

Table 1: Patients of acute renal failure following high-tension voltage electrical injury

Patients Age of Percentage Date and Time Date and Time Date and Time Date and
Number Patients of Electrical of of Arrival to of Renal Time of Death/

(Yrs) Burns (%) Burns Burn Center Failure Discharge
1 50 12 5-2-2001 10.30 A.M. 5-2-2001 2 P.M 10-2-2001 10 A.M 12-2-2001 7 A.M. (Death)
2 30 50 12-6-2001 3 P.M. 12-6-2001 7 P.M. 15-6-2001 9.30 A.M. 29-6-2001 9 P.M. (Death)
3 16 20 16-7-2001 9 A.M. 16-7-2001 6 P.M Already in Renal failure 6-9-2001 8 A.M. (Death)
4 49 15 19-9-2001 6.30 A.M. 19-9-2001 12 P.M. 20-9-2001 9 A.M. 21-9-2001 10 A.M. (Death)
5 25 20 20-10-2001 2 P.M. 20-10-2001 4 P.M. 28-10-2001 9 A.M. 10-3-2002 Discharge
6 36 40 16-11-2001 10 P.M. 18-11-2001 4 A.M. Already in Renal failure 20-11-2001 6 A.M. (Death)



Indian J Plastic Surg July-December 2004 Vol 37 Issue 2101

eighteen out of thirty-two patients had progression to

variable extent as seen in numbers and corresponding

percentage. Column three shows the numbers and

percentage of the fourteen patients who did not show

any progression.

Twenty eight patients sustained electrical burn injury

on one or more limbs to variable extent and degrees,

and fasciotomy was given to relieve the compartment

syndrome and was also used to assess the status of

underlying muscle and to note progression of muscle

necrosis. On other parts of body, fasciotomy was not

done and wound assessment was done with the help

of debridements as fasciotomy though helpful also

increases morbidity.

In case of death following electrical burns medico legal

autopsy was conducted. Gross findings of the kidneys

were noted. Specimens from both kidneys were

microscopically examined and the findings recorded.

RESULTS

Thirty-two patients with high-tension voltage electrical

burns presented during one year of study. Mean age at

presentation was 29 years with the range of 9-54 years.

Thirty patients were males and two were females. Mean

total body surface area of electrical burns was 20.59%

with range being 3-50%. Mean hospital stay was 40.38

days with a range of 2-140 days.

Electrical burns sustained by patients were either

contact burns or flash burns or both. Contact burns

with third degree and fourth degree deep burns

showed progression of electrical wounds. Out of thirty-

two patients, eighteen patients showed progression

of wounds in relation to extent of the wounds (Table

2). Third degree deep wounds were present in nineteen

patients and all the wounds progressed. Fourth degree

deep burns were present in fifteen patients and all of

them progressed (Table 3).

Out of six patients who went into renal failure, five

showed progression of wounds both in extent and

depth. (Table 4 and 5) In one patient progression of

wounds could not be assessed as the patient presented

late by about thirty hours with acute renal failure and

died in fifty hours on arrival to burn center.

Nine patients not developing renal failure, showed

progression of wound in relation to extent of wounds

(Table 4) Progression of wound in relation to third

degree burns was observed in fourteen patients and

fourth degree burns was seen in ten patients (Table 5).

In all thirty-two patients, eight renal parameters were

studied. They were blood urea, serum creatinine,

potassium, bicarbonate, pH, creatine phosphokinase

MM, myoglobin and urine myoglobin (Table 6). These

parameters were deranged in all six patients, who went

into renal failure. In twenty-six patients who did not

develop renal failure, one to seven out of eight renal

biochemical parameters were deranged. Serum

creatinine was not raised in any of the patients. Serum

potassium was raised in two patients and blood urea

was raised in fourteen patients. Bicarbonate levels

were below normal in twenty-five patients, and pH

was acidic in thirteen patients. Creatine

phosphokinase MM was raised in twenty-three

patients, serum myoglobin was raised in twenty-three

patients and urine myoglobin was positive in five

patients.

Table 2: Wound progression in relation to extent of wound

Extent Progression Non-Progression Total
Groups (cm2) No. of No. of

Patients (%) Patients (%)
1 (=0) 00 (0.00) 14 (100.00) 14 (43.75)
II (1-200) 14 (77.78) 00 (0.00) 14 (43.75)
III (201-400) 01 (5.56) 00 (0.00) 01 (3.13)
IV (401-600) 03 (16.67) 00 (0.00) 03 (9.38)
Total 18 14 32

Table 3: Progression in relation to depth of wounds

Depth Degree Group No. of patients (%)
2nd Degree Absent 10 (31.25)

Regression 22 (68.75)
3rd Degree Absent 13 (40.63)

Present/Progression 19 (59.38)
4th Degree Absent 17 (53.13)

Present/Progression 15 (46.88)

Table 4: Correlation of renal failure with extent of wounds

Groups No. of Patients No. of Patients Total P-value
(Cm2) with Renal without Renal

Failure (%) Failure (%)
1(=0) 1 (16.67) 15 (57.6 9) 16 (50.00) <0.01S
II(1-200) 2 (33.33) 10 (38.46) 12 (37.50)
III(201-400) 1 (16.67) 00 (0.00) 01 (3.12)
IV(401-600) 2 (33.33) 01 (3.85) 03 (9..37)
Total 6 26 32

Correlation of renal complications
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Table 1 depicts the details of all the six patients out of

thirty-two who went into acute renal failure. Electrical

injuries in these patients were caused by high-tension

voltage. Age of patients ranged from sixteen to fifty

years. Patients reported to our burn center within few

hours of electrical injury, one patient reported about

thirty hours late. Two patients out of the six were in

acute renal failure at time of reporting, the remaining

patients developed renal failure at variable periods

ranging from one to eight days. Daily serum creatinine

levels of these six patients going into renal failure from

1-13 days has been shown in Table 7. Five out of these

six patients died due to acute renal failure inspite of

all resuscitative measures including multiple peritoneal

dialyses. Four of them underwent medico legal autopsy

and the kidney tissue was subjected to

histhopathological examination, which showed

evidence of acute tubular necrosis of varying degrees.

Predominant finding was tubular degeneration

tubulorrhexis and focal areas of tubular regeneration

in some cases. Heme casts were prominent in all four

cases of renal failure. Interstitium showed focal

lymphocytes infiltration in all four cases of acute renal

failure.

Table 5: Correlation of renal failure with depth of wounds

Depth Degree Electrical Wound No of patients with No. of Patients without Total P-value
Status renal failure (%) Renal Failure (%)

2nd Degree Absent 5 (83.33) 05 (19.23) 10 (31.25) <0.01 S
Regression 1 (16.67) 21 (80.77) 22 (68.75)
Total 6 26 32

3rd Degree Absent 1 (16.67) 12 (46.15) 13 (40.62) <0.1 S
Present/Progression 5 (83.33) 14 (53.85) 19 (59.38)
Total 6 26 32

4th Degree Absent 1 (16.67) 16 (61.54) 17 (53.13) >0.1 NS
Present/Progression 5 (83.33) 10 (38.46) 15 (46.87)
Total 6 26 32

Table 6: Correlation of renal failure with renal parameters

Renal Parameters Renal Failure Present (%) Renal Failure Absent (%) P value
Peak high blood urea (mg%) 20-40* 0 (0.00) 12 (46.15) >0.05 NS

>40 6 (100.00) 14 (53.85)
Total 6 26
Peak high serum creatinine (mg/%) 0.6-2.0* 0 (0.00) 26 (100.00) <0.001 S

>2.0 6 (100.00) 00 (0.00)
Total 6 26
Peak high potassium (mEq/L) 3.5-5.2* 1 (16.67) 24 (92.31) <0.001 S

>5.2 5 (83.33) 02 (7.69)
Total 6 26
Peak low bicarbonate (mol/L) <17 6 (100.00) 09 (34.62) <0.01 S

18-23 0 (0.00) 16 (61.54)
>23* 0 (0.00) 01 (3.85)

Total 6 26
Peak low pH <7.35 6 (100.0) 13 (50.00) >0.05 NS

7.35-7.45* 0 (0.00) 13 (50.00)
Total 6 26
Peak high creatine phsophokinase – MM (U/L) 10-195* 0 (0.00) 03 (11.54) <0.001 S

196-5000 1 (16.67) 15 (57.69)
5000-10000 0 (0.00) 06 (23.08)

>10000 5 (83.33) 02 (7.69)
Total 6 26
Peak high serum myoglobin (ng/ml) 12-90* 0 (0.00) 03 (11.54) <0.01 S

91-500 0 (0.00) 18 (69.23)
501-1000 2 (33.33) 02 (7.69)

>1000 4 (66.67) 03 (11.54)
Total 6 26
Urine Myoglobin Positive 6 (100.0) 05 (19.23) <0.01 S

Negative 0 (0.00) 21 (80.77)
Total 6 26

*Normal Value
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DISCUSSION

There was progression of electrical wounds in extent

and depth. In 83.3% of patients who went into acute

renal failure in our study showed progression in extent

and third degree and fourth degree deep burns

wounds. The patients who did not go into acute renal

failure, progression was observed in extent in 42.3%

and progression was seen in third degree and fourth

degree deep burn wounds in 53.8% and 38.4% patients

respectively. Therefore no correlation between acute

renal failure and wound progression could be drawn.

Controversy exists regarding progression of electrical

burn wounds. Proponents of the theory of progression

suggest that progressive necrosis in electrical wounds

is due to thrombosis resulting in injured vessel due to

heat,7 release of arachadonic acid metabolites from the

periosseous musculature,8 bacterial infection,9 or

decreased vascularity from small vessels thrombosis.10

Those contradicting this theory of progression of

electrical wounds are Hunt et al11 who reported

immediate vascular occlusion in the hind limbs vessels

corresponding to cutaneous and muscular injury. No

evidence of progressive vascular occlusion was

identified in his angiographic study. Zelt et al12 in their

experimental study of electrical burns wound observed

that there was no progression and the demarcation

between viable and non viable muscles and remained

unchanged up to ten days after injury.

The reported incidence of acute renal failure following

electrical burn wounds is 1.5-7.5%13 Arturson et al14

reported acute renal failure in seven out of fifty patients

of high tension electrical injury and four of them died.

In a study by Baxter et al7 two patients went into acute

renal failure out of forty patients of electrical burns.

Bajaj et al15 reported acute renal failure in thirteen out

of one hundred and ten patients and five died.

In our study the incidence of acute renal failure was

18.75%, one of the possible causes for such high

incidence was delayed presentation and inadequate

resuscitation during transit in two patients who were

already in acute renal failure on arrival to burn center

and severity of electrical injury. Age of these patients

ranged from 16-50 years which was unlikely to

predispose to acute renal failure. None of the patients

was on nephrotoxic drugs prior to electrical injury.

Cardiovascular status of these patients on presentation

was altered in form of tachycardia, hypotension and

tacaponea for which appropriate steps were taken.

Wound management included serial debridements

once daily, at times amputations of non- salvageable

parts to reduce necrotic muscle mass. Three of the

above patients going into acute renal failure underwent

amputations of one of the limbs.

All the six patients going into acute renal failure showed

altered values of the eight biochemical parameters

studied. Patients who did not go into renal failure had

one to seven altered renal parameters out of eight renal

parameters (Table 6). Serum creatinine was found to

be the most important prognostic indicator for patients

going into acute renal failure followed by serum

potassium. Our study also showed similar findings of

serum creatinine as shown in Table 7. In acute renal

failure following high-tension voltage electrical burns

raised creatinine and potassium levels has been

reported and is an indication for dialysis.6,16 Blood urea

is not an useful independent indicator as it is increased

in non renal conditions such as dehydration and high

protein diet. Low serum bicarbonate levels and low

blood pH are also not prognostic though it has been

suggested that low venous bicarbonate levels <17

mmol/L in patients with myoglobinurea were predictors

of acute renal failure.1,17

Table 7: Chart showing daily serum creatining levels (mg%) of patients going into renal failure from Day 1-13

Patients No. C01 C02 C03 C04 C05 C06 C07 C09 C11 C13
1 1.0 0.8 1.0 0.6 0.9 2.0 2.9 Death - -
2 0.4 1.1 2.1 2.3 2.0 1.4 0.9 1.7 2.1 1.7
3 2.2 3.5 3.3 4.2 4.1 6.1 4.6 4.7 7.1 5.2
4 0.6 2.9 Death - - - - - - -
5 0.7 0.6 0.7 0.7 0.8 1.8 1.2 4.1 3.1 3.0
6 N.A. N.A. 4.2 4.7 Death - - - - -

N.A. - Not arrived; C-Serum creatinine

Correlation of renal complications
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In patients with rhabdomyolysis progressing to renal

failure blood pH tended to be significantly more

acidemic.18 Creatine phosphokinase MM levels did not

contribute additional predictive value in our patients with

renal failure, though it had been reported by Schulze et

al19 that increasing and decreasing levels provided some

insight into whether rhamdomyolysis was increasing or

resolving. Myoglobinurea as compared to serum

myoglobin has been reported to be an indicator of

patients going into acute renal failure.20 In our study 45%

of the patients having myoglobinurea developed acute

renal failure, corroborating to other studies that not all

episodes of rhabdomyolysis with myoglobinurea lead to

renal failure.3,21 Obstructive cast formation because of

filtered myoglobin precipitation as an etiological factor

in acute renal failure is facilitated by hypovolemia, blood

acidemia and acidic concentrated urine.22,23 A patient with

superficial electrical burns does not develop

myoglobinurea but in full thickness burns there is a risk

of myoglobinurea in 27% patients.1 Incidence of

myoglobinurea after electrical injury in our study was

34.3% whereas in literature it has been reported to be 14-

42%24 and had been said to be as high as 75-100%.25

Mortality in patients going into acute renal failure in

our study was five out of six (83.3%). Histopathological

features of the kidney tissue obtained on postmortem

showed definite changes of acute renal failure

secondary to myoglobinuria following rhabdomyolysis

due to high tension voltage electrical injury. Ante-

mortem renal biopsy may help us in early diagnosis of

acute renal failure but whether this invasive procedure

will be a better prognostic indicator than clinical and

biochemical parameters and whether it will be feasible

and ethical in acute sick patients of electrical burns,

needs to be further examined.

Our study showed that there was definite progression

of electric burn wounds. There was no correlation

between progression of electrical burns wounds and

acute renal failure. Of the biochemical parameters,

serum creatinine was found to be the most important

prognostic indicator of acute renal failure.
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