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Abstract

Introduction: Electrical injuries exhibit significant acute and long-term sequelae. Amputation
and neurological deficits are common in electrical injury survivors. There is a paucity of
information on the long-term outcomes of this population. Therefore, this study examines the
long-term outcomes of electrical injuries by comparing them to fire/flame injuries.

Methods: Data from the Burn Model System National Database collected between 1996 and
2015 was examined. Demographic and clinical characteristics for adult burn survivors with
electrical and fire/flame injuries were compared. Satisfaction With Life Scale (SWLS), Short
Form-12 Physical Composite Score (SF-12 PCS), Short Form-12 Mental Composite Score
(SF-12 MCS), and employment status were examined at 24 months post-injury. Linear and
logistic regression models were used to assess differences in outcome measures between groups,
controlling for demographic and clinical variables.
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Results: A total of 1147 adult burn survivors (111 with electrical injuries; 1036 with fire/flame
injuries) were included in this study. Persons with electrical injuries were more likely to be male
and injured at work (p<0.001). SF-12 PCS scores were significantly worse for survivors with
electrical injuries at 24 months post-injury than survivors with fire/flame injuries (p<0.01). Those
with electrical injuries were nearly half as likely to be employed at 24 months post-injury than
those with fire/flame injuries (p=0.002). There were no significant differences in SWLS and SF-12
MCS between groups.

Conclusions: Adult survivors with electrical injuries reported worse physical health and were
less likely to be employed at 24 months post-injury compared to survivors with fire/flame injuries.
A more detailed understanding of return to work barriers and work accommodations is merited
for the electrical injury population. Furthermore, the results of this study should inform future
resource allocation for the physical health and employment needs of this population.
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Introduction

Electrical injury results from heat generated by a flash to the external skin, current to the
internal tissues, electroporation of cell membranes, or interruption of organized electrical
activity in the body such as heart rhythm or respiratory drive. An electrical arc can

also cause burns through clothing ignition, trauma through acoustic blast, or other energy-
related blast [1,2]. Electrical injuries are complicated by their multiple acute and long-term
sequelae, with injuries often disturbing deep tissues and blood vessels due to heating of
bone and muscle from the current [2,3]. The high electrical resistance of bone results

in necrotic tissue surrounding bone and injured muscle [4].Necrosis of tissue, damage to
nutrient arteries, and rhabdomyolysis, can lead to functional loss due to required amputation,
compartment syndrome, and renal failure [1,2]. These critical deep-tissue injuries make
electrical burn care particularly complex by requiring treatment for both superficial and
deep sequelae [35].In addition, damage to deep tissues presents a unique set of physical
complications that impact recovery.

Demographic information and short-term complications of the electrical injury population
are well-documented. Electrical injuries in the U.S occur mostly in young, white, male
populations [6,7]. Amputation (15%-39%) and neuropathy (11%-60%) are common
complications resulting from electrical injuries [8-12]. These complications potentially
affect the population’s mental and physical functioning, ability to return to work, and
satisfaction with life [10]. Mental health outcomes, such as post-traumatic stress disorder
and depression, are largely understudied due to small sample sizes [11,12]. Electrical
injuries in combination with pre-existing comorbidities, delayed presentation of the

full extent of tissue damage, open amputations with delayed wound closure, and high
rehabilitation needs contribute to prolonged hospital stays [3,6,13,14]. Often more than one
surgery is required for wound closure due to injury depth [5,15].
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Following hospitalization, employment status serves as an important indicator of recovery.
Employment is an especially relevant outcome due to large proportions of electrical injuries
occurring at work [5]. Ability to return to work is a surrogate marker of overall function

and is affected by psychological, neurological, and musculoskeletal sequelae following
injury [16]. Three years after injury, rates of return to work among all burn etiologies

are 72% [17]. However, those with electrical injuries demonstrate particular challenges

in returning to work. Electrical injury survivors indicate fear of asking for or utilizing

work accommodations, particularly in those seeking cognitive and psychosocial impairment
accommodations [17,18]. Persons with electrical injuries, especially those with pre-injury
psychological comorbidities, are more likely to exhibit chronic psychiatric complications,
neuropsychological symptoms, and a decreased return to work rate [12]. Although there

is significant literature on short-term complications of electrical injuries, study of the long-
term outcomes beyond return to work is sparse. Significantly more data is available on

the long-term complications of fire/flame injuries [19,20]. Longitudinal studies of electrical
injuries are limited by single centers, small sample sizes, lack of control groups, and scarcity
of outcomes examined [19-22]. A robust, multicenter examination of the electrical injury
population’s long-term outcomes is needed to establish long-term outcomes and identify
care needs. Therefore, the purpose of this study is to investigate the long-term outcomes
associated with electrical injuries and compare them to those with fire/flame injuries.

2. Methods

2.1. Database

A retrospective study was conducted using data from the Burn Model System (BMS)
National Database, funded by the National Institute on Disability, Independent Living, and
Rehabilitation Research. The BMS National Database was created in 1993 as a means of
exploring the long-term physical and social outcomes of burn survivors. Six burn centers in
the United States have contributed to the database since its creation. [23] Data is collected
at time of discharge from the acute care hospital and at 6+2, 1243, and 24+6 months
post-injury. Informed consent is obtained from all participants and each site’s oversees data
collection. Participants who were burned between 1993 and 2015; age greater than or equal
to 18 years at time of injury; and alive at discharge were included in this study. Using

the “Main Cause of Injury — Primary Etiology” variable, participants with electrical burns
and fire/flame burns were identified. Fire/flame injuries represent the majority of all burn
injury etiologies; therefore, they were chosen as the comparison group. Comparing electrical
injuries to fire/flame injuries allows one to consider the relative differences in outcomes
between a relatively uncommon etiology (electrical) and the most common etiology (fire/
flame). Additionally, many outcome measures have population-based norms, which can

be used to examine the data. When applicable, population-based norms are defined in

the individual outcome measure descriptions. Current criteria for enrollment in the BMS
Database are those who require autografting surgery for wound closure and meet one of the
following criteria:

1 0-64 years of age with a burn injury =220% total body surface area (TBSA) OR

2. =65 years of age with a burn injury 210% TBSA OR
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3. Any age with a burn injury to their face/neck, hands, or feet OR
4, Any age with a high-voltage electrical burn injury

The BMS National Database inclusion criteria have been modified since the database’s
creation. Further details regarding data collection, inclusion criteria, and data sites was
previously published and can be found at http://burndata.washington.edu/ [23]. The BMS
National Database is a centralized database that utilizes REDCap electronic data capture
tools and is housed at the BMS National Data and Statistical Center at the University of
Washington [24].

2.2. Demographic and clinical characteristics

Demographic data included age, gender, race/ethnicity, marital status, highest education
level, pre-injury employment status, and employment-related injury. Clinical variables
included total body surface area (TBSA) burned, acute hospital length of stay, inhalation
injury, ventilator days, amputation due to burn, and neuropathy. Demographic and clinical
variables were collected through self-report or medical record data abstraction at discharge.
A p-value less than 0.05 was considered statistically significant.

2.3. Outcome measures

The following patient reported outcome measures were used to evaluate physical health,
mental health, life satisfaction, and employment status at 24 months post-injury:

2.3.1 The Short Form-12 Version 2—The Short Form-12 (SF-12) is a standardized,
clinically validated evaluation of general health and capability that is frequently used in
research and was created as a shortened version of the Short Form Health Survey, a

36-item health survey. [25] The SF-12 is comprised of two sub-scores: the Physical Health
Composite Scale (PCS) and the Mental Health Composite Scale (MCS). PCS and MCS
scores are based on the U.S. population and are standardized through t-score transformation
with a mean of 50, standard deviation of 10, and a maximum score of 100 [26]. Lower PCS
and MCS scores are associated with poorer physical and mental health, respectively.

2.3.2. Satisfaction With Life Scale—The Satisfaction With Life Scale (SWLS) is a
validated scale comprised of 5 items regarding life satisfaction and well-being. [27] The
SWLS is validated in the spinal cord, traumatic brain, and burn injury populations for use in
evaluating trauma outcomes [27]. Each of the 5 items are scored on a 1-7 Likert scale, with
a maximum score of 35; higher scores are associated with greater satisfaction with life.

2.3.3. Employment Status—Employment status is collapsed into three categories
(working; not working; retired) and is self-reported at 24 months post-injury.

2.4. Data analysis

Descriptive statistics of the two groups were assessed. Differences between groups for
demographic and clinical variables were evaluated using Chi-square tests of association
and two-sample t-tests for categorical and continuous variables, respectively. In addition,
univariate statistics were used to assess for differences between groups for the four
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outcomes. Linear regression models were used to determine if electrical injury was
associated with MCS, PCS, and SWLS after adjusting for potential confounding factors.
Similarly, a logistic regression model was used to determine if electrical injury was
associated with employment status at 24 months post injury (in regression analyses, retired
was coded as not working). Linear regression analyses utilized standardized z-scores for
PCS and MCS. Both linear and logistic regression models controlled for age, gender, race/
ethnicity, TBSA, inhalation injury, any days on a ventilator, and working at the time of burn
injury. Although amputation and neuropathy are important variables related to electrical
injury, they were excluded from the regression analyses due to their role as intermediate
variables, which could introduce bias into the analyses. Intermediate variables are those that
influence the evaluation of the exposure-outcome’s total causal effect, but are not defined
as confounders. [28] Variables were included in the models regardless of significance.
Regression diagnostics to test model assumptions were completed. In order to account for
heteroskedasticity, regression models were fit using robust variance estimators.

2.5. Sensitivity analysis

A sensitivity analysis was performed to assess for selection bias by assessing for differences
in follow-up rates by demographic and clinical characteristics.

3. Results

3.1. Demographics analyses

A total of 1147 subjects were included in this study; 111 with an electrical injury and

1036 with a fire/flame injury. Individuals with electrical injuries were significantly younger
(electrical: 39.9£11.6 years vs. fire/flame: 43.8+16.0 years; p=0.01), more male (97.3% vs.
75.2%; p<0.001), and fewer were single compared to those with fire/flame injuries (36.3%
vs. 51.8%; p=0.004). Although individuals with electrical injuries had significantly smaller
burns (12.7+12.4 vs. 24.1+18.0 TBSA burned; p<0.001) and shorter acute lengths of stay
(25.0£21.7 vs. 37.0+42.5 days; p=0.004) than subjects with fire/flame injuries, they were
more likely to have neuropathy (16.2% vs. 7.9%; p<0.002) and an amputation (29.4% vs.
5.7%; p<0.001). The majority of electrical injuries were sustained at work, and this was
significantly different than the fire/flame injury group (88.3% vs. 17.9%; p<0.001). All
demographic and clinical variables can be found in Table 1. A summary of inclusion and
exclusion criteria are detailed in Fig. 1.

3.2. Univariate analyses

Univariate analyses demonstrate a significant association between injury type and
employment status, with those who sustained an electrical injury more likely to be employed
at 24 months post-injury compared to those with a fire/flame injury (63% vs 49%; p<0.002).
PCS, MCS, and SWLS were not significantly different between the two groups, although
PCS approached statistical significance (p=0.057) (Table 2).

3.3. Regression analyses

In adjusted linear regression analysis, PCS scores for electrical injuries were significantly
lower for those with electrical injury at 24 months post-injury than those with fire/flame
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injuries (p<0.001) (Table 3). Average t-score differences for individuals with electrical
injuries were 5.75 points lower on the PCS than those with fire/flame injuries. In logistic
regression analysis, survivors with electrical injury had less than one half the odds of

being employed at 24 months post-injury (OR=0.45) compared to those with fire/flame
injuries when controlling for demographic and clinical variables (Table 4). Adjusted

linear regression analysis did not exhibit significant differences in MCS by burn etiology
(p=0.333) (Supplementary Table 1). Due to the poor fit of the SWLS model (F(8562)=1.41;
p=0.19), the relationship between SWLS and the set of predictors was ruled statistically
unreliable and the model 2 did not explain significant variance in SWLS (R2: 1.9%).

3.4. Sensitivity analysis

At 24 months post-injury, participants that were older, (p=0.008) were white, (p=0.010) and
had a larger TBSA (p=0.004) were more likely to have follow-up data. Also, those that

had longer stays in the hospital (p<0.001),were working at time of injury, were married
(p=0.038), and those with higher levelsof education completed were more likely to have
follow-up data (p<0.001). There was no significant difference in follow-up rates by gender.
This study had a loss to follow-up rate of 51%.

4. Discussion

A multi-center database of patient reported outcomes was used to compare the long-term
outcomes of electrical injuries to fire/flame injuries. Results suggest that persons with
electrical injuries exhibit worse physical functioning and were less likely to be employed
at 24 months post-injury compared to those with fire/flame injuries. Burn survivors with
electrical injuries and fire/flame injuries reported similar satisfaction with life and mental
functioning scores at 24 months post-injury. This is the first study to compare the physical,
mental, life satisfaction, and employment outcomes between electrical injuries and fire/
flame injuries in the post-acute period.

The significant difference in PCS scores at 24 months post-injury between groups can be
better contextualized through examination of a clinically significant difference in scores.
Minimally clinically significant difference is defined as the smallest change of significance
to a population or the smallest amount that patients distinguish as beneficial [29,30].

In populations with lower back pain, a minimally clinically significant difference in
improvement for PCS scores was reported to be >3.29 points [31]. Similarly, pseudarthrosis
populations described differences of 3.2-6.1 points to be clinically significant [30].
Although minimally clinically significant differences for the SF-12 PCS have not been
examined in the burn population, this study’s findings are within minimally clinically
significant difference ranges of other populations. This suggests that the differences in
physical functioning between groups in this study, as measured by the SF-12 PCS, are
statistically and clinically significant. As previously described, PCS outcomes are scored
based on the U.S. population, with a mean score of 50 and a standard deviation of 10 points.
In this study both fire/flame and electrical injury populations PCS scores fell below the
mean score based on the U.S. population, though neither group fell outside of one standard
deviation. Based on these results, both populations are at risk for physical limitations at
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24-months post injury, though electrical injuries are significantly more likely to report worse
functioning compared to fire/flame injuries.

Inability to return to work has a well-documented negative effect on quality of life [32].
Previous literature has described that financial difficulties and unemployment are associated
with worse physical and mental functioning [32,33]. Although this study did not find
differences in mental functioning between groups, failure to return to work has been
associated with depression symptoms in the burn population [33]. A limitation of the

BMS National Database, as well as the majority of literature examining burn employment
outcomes, is the treatment of employment as a binary variable [34-36]. This variable

is unable to ascertain granular details of employment outcomes that include full-time
versus part-time work and need for accommodations at work. A prior systematic review

of return to work outcomes found 37% of burn patients experienced no job disruption and
returned to the same employer with no accommaodations, displaying a more substantial
level of job disruption not captured by the binary employment outcome [35]. Those with
electrical injuries often exhibit difficulty in asking for and receiving accommodations upon
return to work [18,22,37]. Radulovic et al. reported high rates of neuropsychological and
social complications and high rates of inability to return to work in electrical injury
populations regardless of voltage [38]. Given the high frequency of work related injuries
in the electrical population, it is important to note that workers compensation insurance

is associated with a lower rate of return to work in other injury populations [39,40]. The
difference in rates of retirement between groups can be attributed to the difference in mean
age of the two groups, as electrical injury survivors were significantly younger than fire/
flame survivors. Additionally, significantly more electrical injury survivors were working
pre-injury compared to fire/flame injuries (94.6% and 62.1%, respectively) (Table 1).

Analysis found no difference between groups regarding mental health and life satisfaction.
These findings are in spite of more frequent complications in the electrical injury population
that include amputation, neuropathy, and contractures [3,41,42]. It is noteworthy that both
groups exhibited below average mean MCS scores, which suggests a need for long-term
psychosocial support services and interventions for both groups (electrical injury, 47.88;
fire/flame injury, 47.78). Burn survivors with depression symptoms had higher rates of
neuropsychological complaints and psychological distress and were less likely to return to
work [12]. There are limited tools available to collect data on quality of life following
amputation, thus the impacts of amputations on the lives of burn survivors is not well
documented [41]. Previous studies of burn survivors have suggested that physical trauma
was the main factor contributing to depression, post-traumatic stress disorder, and mental
functioning following a traumatic event [33,42]. A contrasting finding was observed in the
examination of survivors of the Station Nightclub fire. Investigators found no significant
difference in quality of life, depression, and post-traumatic stress symptoms between
survivors with and without physical injury [43]. Overall, the relationship between physical
impairments and mental functioning is not clearly delineated in the burn literature [43,44].
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5. Limitations

This study has several limitations to consider. This study uses patient reported outcome
measures and does not contain objective measures of physical functioning or more detailed
aspects of employment status previously described. However, patient reported outcome
measures have shown validity in both burn and non-burn populations, and are an effective
method for tracking longitudinal outcomes [25,45]. Additionally, the database has selection
bias, only including patients with more severe injuries. Additionally, the BMS sites that
have contributed to the database are not necessarily representative of the greater burn
population. However, the BMS National Database has been shown to be representative of
the U.S. burn population [46]. TBSA is not necessarily the best estimate of injury severity
in the electrical injury population. Additional regression analyses were examined without
TBSA as a covariate and demonstrated that electrical injury was still significantly correlated
with PCS and employment status outcomes, but with slightly weaker associations (PCS:
p=0.003, coef=-0.41; employment status: p=0.050, OR=0.62). Although electrical injuries
often require serial surgical procedures, this data has not historically been collected as part
of the BMS National Database and therefore is not able to be controlled for in this analysis.
Of note, loss to follow-up rates in this study were 51%. A recent study has expressed similar
dropout rates in a randomized control trial of burn survivors [47]. This highlights a common
issue in long-term studies of burn survivors and warrants further inquiry. While this study
examined return to work, long-term changes in rates of return to work are of interest but
were out of the scope of this study. Future work is planned to assess these changes over time.
Lastly, variables included in the analyses were limited to variables collected in the BMS
Database and therefore may not include all relevant confounding variables.

6. Conclusions

Electrical injury survivors exhibited worse physical functioning and were half as likely to
be employed at 24 months post-injury when compared to fire/flame injury survivors. These
results indicate that electrical injuries warrant different levels of support and rehabilitation
for physical and employment outcomes over time than fire/flame injuries. In the future,
more detailed examination of barriers to return to work, performance at work, and

work accommodations for electrical injury survivors is needed to better inform resource
allocation.
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October, 1993 and December, 2015
N=6,938

h 4

Ineligible for Study

* Did not consent (n=1,241)

e Died before discharge (n=14)

e <18 years of age (n=2,090)

e Non-fire/flame or -electrical
burn (n=1,269)

Eligible for Inclusion in Study
n=2,324

Y

Dropped from Analyses

e Missing data on main outcomes
of interest (PCS, MCS, SWL,
employment) (n=1,177)

Eligible for Inclusion in Analyses
n=1,147

Fig. 1-

Flgwchart of inclusion and exclusion criteria.
PCS=Physical Component Summary of the SF-12.
MCS=Mental Component Summary of the SF-12.
SWLS=Satisfaction With Life Scale.
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