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Abstract 

Introduction: The deceptive nature of electrical injury is likened to an iceberg phenomenon. Whether 
the tissue is conductive or resistant both are injured due to electroporation and heat, respectively. 
The objective of the study is to evaluate the types and pattern of injuries and attempt to predict the 
chances of various types of injuries and highlight the iceberg phenomenon. 

Methods: A retrospective study includes 36 patients. Injuries were classified into superficial and 
deep. Total burned surface area (TBSA) was categorized into four, </= 5%, 6 to 10%, 11 to 20%, and 
> 20%. The depth of injury was categorized into superficial and deep. Deep injuries were elaborated 
into loss of skin, muscle, tendon, nerve, artery, cartilage and damage of bone and internal organs. 
Treatment was grouped into conservative and surgical, where surgical was classified into minor, 
major and amputation procedures. 

Results: Injuries were mostly located over the upper extremities (47.76%). The first TBSA category 
had the highest number of patients (64%), highest percent of superficial and deep injuries (63.88% 
and 61.29%, respectively) and highest percentage of procedures (64.25%). The average number 
of procedures per patient was 3.8. The median burned surface area (BSA) was 4% and most of the 
procedures were performed in patients with less than 4% BSA. 

Conclusion: Electrical injuries are truly iceberg phenomenon where a small area of TBSA hides 
the greatest percentage of the deep structure injuries and brings about surprising reconstructive 
challenges.
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Introduction

Electrical injuries is one of the most deceptive of injuries 
where the phenotype of the injury may seem very 
inconspicuous and fool even the experts but the detailed 
internal effects may surprise even the most attentive, like 
an iceberg might fool the captain of the ship who can see 
only the tip. They are the fourth leading cause of work-
related traumatic death in US (5–6% of all workers’ 
deaths).1 Electrocutions at home account for more than two 
hundred deaths per year.2

The pathophysiological effects of electrical current differ 
with its intensity. The maximum current an adult can grasp 
and “let go”is 16 mA, while for a child is 5mA. Higher 
intensity may cause tetany of skeletal muscles, paralysis 

of respiratory muscles and respiratory arrest, ventricular 
fibrillation and asystole.3-5

There are certain factors that determine the extent of injury. 
They are intensity of the current, duration of contact and 
pathway of the current. According to Ohm’s law, current = 
voltage/resistance.3 It is very important to understand that 
a tissue having high conductivity will suffer damage due to 
electroporation, which is an effect where cell membranes 
are disrupted without causing significant heating because 
of current flow and tissue can be damaged in the absence 
of burns, conversely, a tissue having low conductivity 
needs itself to increase its temperature to be conductive, 
developing high resistance, and thus will also suffer damage 
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due to the heat energy created.6-7  This is like a double edge 
sword phenomenon, neither conductivity nor resistance 
benefits the overall status. Resistance is least in nerves, 
blood, mucous membranes, and muscles; the highest 
resistance in bones, fat, and tendons. Skin has intermediate 
as well as variable resistance, whether it is dry or wet, thin 
or thick.5 Koumbourlis explained that there is an external 
resistance that is provided by the skin and the internal 
provided by the internal organs.8 The skin depending on 
its characteristics like moisture and thickness may be able 
to change its electrical properties and therefore result in 
different consequences.3,4,9 If the contact is brief, electrical 
field mechanism will likely be the cause of the damage, but 
in longer contact duration heating mechanism will be the 
more important cause of the damage.9 The determination 
of the electrical pathway is important both for acute 
management and for overall prognosis. A vertical pathway 
parallel to the axis of the body involves virtually all the 
vital organs. A horizontal pathway from hand to hand will 
spare the brain but can still be fatal due to involvement of 
the heart, respiratory muscles, or spinal cord.10-16 A pathway 
through the lower part of the body may cause severe local 
damage but will probably not be lethal.10

Here, in this retrospective study, in Tribhuvan University 
Teaching Hospital (TUTH) between April 14th2014 to 
April 12th 2016 (2070-2072 B.S.), we evaluate the types 
and pattern of injuries and attempt to predict the chances 
of various types of injuries and highlight the iceberg 
phenomenon.

Methods

Forty patients presented to the department of plastic surgery 
and burns in TUTH, with electrical injuries and underwent 
appropriate management. One patient died during the 
course of the treatment. Three patients had sustained flash 
injury simultaneously and were excluded from the study as 
only those who sustained “electrical injury” were included. 
All injuries are declared during the operation.

The injuries were classified somewhat similar as for flame 
injury according to the depth and total burned surface 
area.Total burned surface area (TBSA) was categorized 
into four, first is </= 5%, second between 6 to 10%, third 
between 11 to 20%, and fourth > 20%. The depth of injury 
was categorized into superficial and deep. Injuries were 
considered superficial if the deeper parts of the dermis still 
remained intact, while injuries where complete loss of skin 
layer and/or involvement of deeper structures were present 
were considered deep injuries.

All patients underwent emergency resuscitative protocols 
as per the international guidelines of clinical assessment, 
fluid resuscitation, oxygenation, total burnt surface area 
determination, monitoring and dressings and operations. 

The treatment methods were grouped into two categories, 
conservative (non-surgical) and surgical management. 
Patients undergoing conservative management underwent 
dressing. Surgical management was classified into 3 
groups of procedures, minor, major and amputation. Minor 
groups were those who underwent debridement and split 
thickness skin grafting. Major groups were those who 
underwent reconstructive procedures with or without 
minor procedures. Amputations were classified according 
to the number of structures individually amputated. For 
example, a digital amputation would be counted as one 
amputation, two digits as two amputations, but a whole 
hand amputation or a whole upper limb amputation would 
be counted also as one. Another example where a patient 
having to undergo major flap reconstruction and skin 
grafting procedures would be considered to have major as 
well as minor procedures.

Results

All patients were from different economical background, 
and some were electricians by profession. The types of 
source were both household and high voltage.

The age of the patients ranged from youngest of eight 
years to the eldest of fifty-five years. Out of 36 included 
patients, 24 of them aged within thirty years, about 66%, 
10 (27.77%) were between the thirties to fifties. Males 
constituted about 72% (26) and remaining 28% (10). Out of 
36 patients the number of sites injured was 67. Majority of 
the injury were related to the upper extremity, 47.76% (32), 
whereas to the lower extremity, 20.89% (14) , to abdomen 
and trunk constituted 16.41 % (11), to head and neck injury 
occurred in 14.92% (10), and to the internal organs (intra-
abdominal organs) in 1.49% (1). Out of 36 patients with 
respect to TBSA, 23 (64%) fitted into the first category, 7 
(19%) constituted the second category, 4 (11%) the third 
category, and 2 (6%) in the fourth category. 

All patients sustained superficial injuries, 36 (100%), and 
majority of them, 31 (86.10%) sustained deep injuries. The 
total number of deep structures damaged in 31 patients 
was 111, among which skin loss dominated the scene, 
31 (28%), muscle injury accounting for second most 
injured structure, 19, (17%), tendon taking third place, 17 
(15%), then nerve 14 (13%), then artery, 12 (14%), bone, 
10(9%), cartilage 5 (4%), and at last the internal organs, 
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renal failure, 3 (~3%). From the total number of patients 
(36), skin loss was present in 31 (86.11%), muscle in 19 
(52.77%), tendon in 17 (47.22%), nerves in 14 (38.88%), 
arteries in 12 (33.33%), bone in 10 (27.77%), cartilage in 
5 (13.88%) and internal organs in 3 (8.33%) in patients. 
(Figure 1)

Correlating the TBSA categories and superficial and deep 
injuries, majority of patients with both superficial and 
deep injuries fell in to the first category, 23 (63.88%) and 
19 (61.29%), respectively. TBSA second category had 
7 (19.44%) and 6 (19.35%), respectively, TBSA third 
category had 4 (11.11%) and 4 (12.90%), respectively, and 
the fourth category accounted for 2 (5.55%) and 2 (6.45%).

Correlating TBSA categories and differential deep 
structures injury most of the patients having maximum 
number for any given tissue fall in the first TBSA category. 
(Figure 2) Majority of patients with skin loss fall into the 
first TBSA category, and were 19 (61.29%). Similarly, 
most of these patients with muscle loss fall into the first 
TBSA category, 10 (52.63%). Eight (47.05%) of patients 
with tendon injury also fall into the first TBSA category. 
Among patients with the nerve injury most of them fall into 
the first TBSA category, 7 (50%). Fifty percent of patients 
with arterial injury fall into the first TBSA category. Most 
of the patients with cartilage injury fall into the first TBSA 
category, 2 (40%). Among patients with internal organ 
injury, the first, second and fourth TBSA categories shared 
1 (33.33%) each. Similarly, among patients with bone 
injury, the first, second and third TBSA categories shared 
3 (30%) each. The p value was significant, < 0.05, in only 
bone injury. 

Out of 36 patients, six underwent conservative management 
with dressings and were excluded from the procedure count. 
Majority of the patients that were treated conservatively or 
operatively fitted into the first TBSA category, conservative 
was 4 (66.67%), minor was 17 (65.58%), major was 14 
(73.68%) and amputations were 5 (50%). More than 64% 
of the procedures were performed in the patients within 
the first TBSA category. In the fourth category, comprising 
of only 2 patients, one died and another did not require 
major operations. (Figure 3) In 30 patients, a total of 137 
procedures were performed with average of 4.56 (137/30), 
but overall average procedures per admitted patient were 
3.8 (137/36). Evaluating the groups of procedures and their 
quantity, the actual number of patients receiving operations 
was 55, where any given patient might be receiving all 
three groups of procedures, minor, major and amputation, 
constituted 47%, 35% and 18%, respectively. (Figure 3) 
Patient receiving minor operation required at least 2.61 

procedures, while those receiving major operation and 
amputation required at least 2.89 and 1.4 procedures, 
respectively. For each patient admitted, it is calculated that 
one underwent at least 1.88 minor, 1.52 major, and 0.38 
amputation procedures. Patients receiving minor operations 
were 72.22%, patients receiving major procedures were 
52.77%, while 27.77% underwent amputation procedure. 
With respect to these procedures, more than fifty percent 
were major and amputation procedures, 40.14%, and 
10.21%, respectively, while minor constituted nearly fifty 
percent (49.63%). (Figure 3, 4)

The median of overall total burned surface area was 4%. 
Sixty percent (18) of the operated patients grouped in <4%.

The median numbers of procedures for each TBSA category 
are 3 for first, 4 for second and more than 6 for third. The 
median numbers of minor procedures per category was 
2 for first, 2 for second, 4 for third and 2 for fourth. The 
median numbers of major procedures per category was 3 
for first, 3 for second, 2 for third.

Out of 30 operated patients, 10 underwent amputation 
procedures. The first TBSA category had 5 patients, 
second had 2 and third had 3. Ten patients underwent 14 
amputation procedures, from which 6 were performed in 
the first TBSA category, 3 were performed in second and 5 
in the third. (Table 1)

Discussion 

Most of the patients are of very young age, less than 30 
years, about 70%, while 60% are victim at the most 
productive years, which might be a huge burden to the 
family if the patient is the only person responsible as bread 
earner. It also very obvious as in our society that males 
are the ones who usually dare to handle electrical matters 
at home or at work and therefore are the majority of the 
victims. It is more debilitating if hands are subjected to 
injury and more if they require extensive surgery as are 
majority of our patients, more than 62%, and moreover, in 
their productive independent years. Fortunately, there are 
very few patients with internal injuries that would be fatal 
otherwise. 

In a five-year epidemiological and outcome analytical 
retrospective study performed in a major burn center in 
Southwest China of 6325 burn patients in 2017 it was 
reported to have male-female ratio of 1.3:1, 2.8:1 in flame 
and scald injuries, but very high ratios of 8.6:1 in electrical 
injuries.17 It also reported that significant percentage of 
patients were between 0 to 6 years of age in scald and flame 
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burns but in electrical injuries, most of their patients were 
between 21 to 60 years of age which to some extent also 
matches to our findings.

Upper limb injuries contribute to most of the injuries. 
Some have reported lesser hand injuries in flame and scald 
injuries but with respect to electrical injuries where most of 
the injury are located over the upper limbs.17 Our study also 
has similar findings. Unlike the injuries caused by other 
types of causes like the flame or scald burns, electrical 
causes tend to have lesser TBSA and as we can see in 
our findings as well as those in Southwest China.17 In this 
Chinese report, first, 95.5% of electrical injury resulted 
in full thickness burns which also corresponds to our 
findings of 86.1%.17 Second, they reported that majority 
of their patients who sustained full thickness electrical 
injury were in less than or equal to 5% TBSA group, that 
is, 76.01%. Our study showed almost similar results where 
61.29% of patients who sustained deep injury were in first 
category. Third, they reported that 21% of scald, 41.6% of 
flame, 78.2% of contact burns had full thickness injury as 
compared to 95.5% in electrical injury which shows that 
electrical injuries results is more deeper injuries than types 
of burns and despite a small area of TBSA the degree or 
depth of injury is greater proportionately in electrical injury 
as that would have been observed in flame or scald injuries. 
Hussmann et al found that these incidents were more found 
in high voltage causes.

The variety of injury and the reconstructive operations 
needed and also the predictability of injury of tissues in 
case of electrical accident are astounding. The chances of 
such deep injuries, especially internal organs like eyes, 
liver, central nervous system, and renal failures have 
also been reported.18 In our findings structures injured 
ranges from the skin to the bone and internal organs. 
Such findings signifies the very distinctive feature of the 
electrical injury where very little is visible from the outside 
and plenty hidden inside like the iceberg in the sea. Other 
authors have also reported that their patients had full 
thickness burns primarily concentrated in 5% or less TBSA 
(67.5%, 1,709/2,536) and 1% TBSA in particular (33.6%, 
851/2,536).17

The extent of injury of the skin with complete loss is 
overwhelming. Although electrical burns often appear to be 
less impressive than flame burns on the surface, appearance 
cannot be used to predict the severity of injury.19 Other 
studies have also shown the extent of full thickness injury 
in 95.5% with more common in patients who has first 
TBSA category.17 This clearly signifies that despite the 
visible small TBSA the magnitude of injury deep within 
is significantly large, likened to the iceberg phenomenon.

The muscle injury also is relatively frequent. We have found 
more than 52% of total electrical injury have had muscle 
injury, while only 17% from total number of deep injured 
structures (n=111). Most of the injury occurred in patients 
in the first TBSA category (52.63%), which shows again 
a very much of iceberg phenomena. Such an injury with 
respect to extremities has very debilitating consequences, 
which were very obvious in patients included in our study. 
On microscopy of excised muscle tissue there were spotty 
destruction of muscles with healthy fibers adjacent and 
such an existence of dead and the living together in the 
same field is more destructive to the living.20

Tendons were also not spared from injury along with 
their muscle counterparts and comprising more than 47% 
of total patients, fifteen percent (15%) of total number of 
deep structures involved, more than 47% fell in to TBSA 
first category, which also gives us an impression the lesser 
the outside injury, comparatively, greater the injury deep 
within, just like an iceberg phenomenon.

Surprisingly, we found less nerve injury than expected 
considering its electricity conduction properties. 
Nevertheless, thirty eight (38%) from total number of 
patients sustained severe nerve injury requiring excision 
and repair later, thirteen percent (13%) of total number 
of deep structures involved, more than 50% fell in to the 
first TBSA category, again providing us an idea to not to 
underestimate the minor TBSA injuries where there might 
highly possible chances of nerve injury underneath. 

Another probably easily expected injury is the arterial. 
In angiographic findings of patients with electrical injury 
there was severe occlusive arterial damage in 38 out of 52 
angiograms of extremities (73.07%). 21 In our study, more 
than 33% of patients had arterial injury, eleven percent 
(11%) from total number of deep structures involved, and 
fifty percent (50%) were in the first TBSA category. This 
also gives us some ideas about deceptive small TBSA 
injury covering up gross arterial injury and suggest us 
an indication to perform angiography of the extremities 
affected despite minor TBSA injury. On microscopy it was 
shown damaged and normal small vessels occur in the 
same microscopic field which maybe the reason for slow 
demarcation of non-viable tissues.20

Three patients (13.88%) who is said to have cartilage 
injury are those who sustained external ear injury. All these 
patients required debridement and excision of the cartilage. 
Such injuries were associated with injury if the underlying 
bone and muscles and nearby scalp tissue. Little has been 
written of such injuries in the literature.
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Figure 1: Differential deep structure injury vs total number of patients

Figure 2: Patients with differential deep structures damage per TBSA category
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Table 1:  Distribution of patients in accordance with management

Figure 3: Details of procedures, actual number of operated patients, and their relationship with overall number 
of patients

Example 1. This is a male of 56 years who sustained electrical injury at multiple places. The TBSA was 7% over the neck, 
left upper and lower limbs. Neck injury resulted in need for lagynectomy and tracheostomy and coverage of the defect by 
bilateral deltopectoral flaps. Upper limb defect required thoraco-abdominal flap and skin graft. The leg defect was treated 
with transposition flap and skin graft.
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Example 2. This is a young lady of 19 years who sustained household electrical injury over both her upper limbs, where the 
TBSA was 16% but presented with necrosis of digits of both hands which later when debrided found to have non-viable 
deeper tissues up to the shoulder joints on both sides. She later had to undergo both upper limb shoulder disarticulation. 
Although the wound took more time than usual but ultimately healed.

Internal organ damage is one of the most dreaded of all 
injuries. A study performed in 1996 on visceral injuries, 
wound infection, and sepsis following electrical injuries 
reported only 0.4% (4) of their patients out of 226 sustained 
visceral injuries whereas we had 8% (4).22 Other organs like 
kidneys, structures of the neck like thyroid gland, trachea, 
larynx, and intestines are also liable to be injured. We had 
two patients who had associated internal organ injuries. The 
first one had neck injury where along with the skin, thyroid 
gland, parathyroid glands, laryngo-tracheal complex were 
completely necrotic and had tracheostomy done. He, later, 
underwent bilateral deltopectoral flap coverage. Another 
patient had intestinal perforation for which he underwent 
laparotomy and resection and anastomosis. 

Bone injuries were assumed to have occurred when 
nearby structures were completely devitalized as well as 
the periosteum. All these patients underwent amputations 
except one who died due to multiple organ failure. In a 
retrospective study of 700 patients, it is reported to have 22 
cases (3.1%) of fractures following high-voltage electrical 
exposure.23

High-voltage injuries may largely spare the skin surface 
but cause massive damage to underlying soft tissue 
and bone, necessitating escharotomies, fasciotomies, or 
amputations.19 Our findings of very frequent skin damage 

overall but most of the skin damage occurring within the 
first category with massive underlying deeper structure 
injuries suggests that the overlying petty injuries are not to 
be underestimated and there should be every attempt to rule 
out any underlying damaged structures.  

In a study performed in 1995 in 129 patients reported 323 
procedures with an average of 2.5 procedures per patient.24 

In our study, the possibility of any patient admitted 
following electrical injury would require on an average 3.8 
operative procedures, and if any patient will require any 
operation then the number of procedure will rise to 4.56 
on average. Another finding is that for a given patient the 
chances of having to undergo operative procedures are 
83.33%. 

For any given patient, on an overall basis, one might have 
to undergo all groups of procedures considering his or her 
extent of injury and that lead to the total operated patient 
count to 55, in spite of having only 36 patients in the study. 
This in turn led to an increased average number of groups 
of procedures to 2.61 for minor, 2.89 for major and 1.4 for 
amputations, and thus coming to conclusion that for any 
given patient, operated or non-operated he or she might have 
to undergo at least 1.88, 1.52 and 0.38, minor, major and 
amputations, respectively. It is very interesting to see how 
large percentage of patients requires major and amputations 
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procedures, 52.77% and 27.77%. Additionally, majority of 
the procedures are major and amputations, 40.41% and 
10.21%, respectively. Hussmann et al have reported of 
performing many procedures from exploratory laparotomy 
to amputations, where patients with high tension electrical 
injuries undergoing more procedures per patient.

The first TBSA category has been the most interesting of 
the groups, where majority all types of management are 
concentrated. Such a finding is quite intriguing to assimilate 
where less obvious injury in the form of TBSA exhibits 
a greater extent of number of procedures required due to 
greater extent of injury in the deeper tissues. As we can 
see in figure 10 most of the operated patients fall within 
the less than or equal to 4% group. Additionally, median of 
major procedures in first category is comparable to other 
groups. Another finding that alarms us is that most of the 
amputations performed and the patients who underwent 
amputations fell in to the first TBSA category.

Limitations 

Only admitted patients were studied. No clinical features 
as well as cardiac complicated patients were accounted 
in the study. The costs and length of hospital stay have 
been excluded from the study. The long term sequelae of 
electrical injuries are not discussed here.

Conclusion 

The true nature of injuries caused by electrical injuries 
likened to an iceberg phenomenon where on the surface 
only the tip of the injury can be seen. Realizing this, it 
may also be very important to acknowledge the gravity 
of the need to act early if the deeper unrecognized injured 
structures are to be spared of the consequences of the insult 
they have sustained and remain unattended that might result 
in complete loss lest not attempted to save as much that can 
be possible. Therefore, it might be a necessary procedure, 
if made as a protocol, to routinely to explore wherever 
and whenever possible, especially in the extremities and 
the neck, where vital structures are in the narrowest of the 
spaces.
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