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ARTICLE INFO ABSTRACT
Article history: Introduction: Discussionsregarding withdrawal oflife supportafterburninjury are challenging
Accepted 15 October 2018 and complex. Often, providers may facilitate this discussion when the extent of injury makes

survival highly unlikely or when the patient’s condition deteriorates during resuscitation.
Few papers have evaluated withdrawal oflife supportin burn patients. We therefore sought to
determine the predictor of withdrawal of life support (WLS) in a regional burn center.

Keywords: Methods: We conducted a retrospective analysis of all burn patients from 2002 to 2012. Patient
Burn injury characteristics included age, gender, burn mechanism, percentage total body surface area (%
Withdrawal of life support TBSA) burned, presence of inhalation injury, hospital length of stay, and pre-existing
End of life decisions comorbidities. Patients <17years of age and patients with unknown disposition were
Comfort care excluded. Patients were categorized into three cohorts: Alive till discharge (Alive), death by

withdrawal of life support (WLS), or death despite ongoing life support (DLS). DLS patients
were then excluded from the study population. Multivariate logistic regression was used to
estimate predictors of WLS.

Results: 8,371 patients were included for analysis: 8134 Alive, 237 WLS. Females had an
increased odd of WLS compared to males (OR 2.03, 95% CI 1.18-3.48; p=0.010). Based on
higher CCI, patients with pre-existing comorbidities had an increased odd of WLS (OR 1.28,
95% CI 1.08-1.52; p=0.005). There was a significantly increased odds for WLS (OR 1.09, 95%
CI 1.06-1.12; p<0.001) with increasing age. Similarly, there was an increased odd for WLS
(OR 1.08, 95% CI 1.07-1.51; p<0.001) with increasing %TBSA. An increased odd of WLS (OR
2.47, 95% CI 1.05-5.78; p=0.038) was also found in patients with inhalation injury.
Conclusion: The decision to withdraw life support is a complex and difficult decision. Our
current understanding of predictors of withdrawal of life support suggests that they mirror
those factors which increase a patient’s risk of mortality. Further research is needed to fully
explore end-of-life decision making in regards to burn patients. The role of patient’s sex,
particularly women, in WLS decision making needs to be further explored.

burns annually [1]. It is estimated that there were 3390 fire

1. Introduction related civilian deaths in the United States in 2016, the highest

number recorded since 2008 [2]. Many of these deaths will
According to the American Burn Association, over 480,000 pa- occur in the hospital following a decision to withhold or
tients receive hospital and emergency room treatment for withdraw life sustaining treatment.
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The decision to withdraw life support is a difficult and
complex one. The process is often initiated when a patient’s
injury is deemed non-survivable or when ongoing treatmentis
deemed futile [3]. A combination of objective and subjective
criteria, including extent and depth of injury, pre-existing
medical comorbidities (especially in the older population),
clinician knowledge and previous experiences, potential
future quality of life, and likelihood to return to independent
living are considered [3-5]. Patient and family input is
important, and necessary, in this decision-making process
as the ultimate goalis to actin accordance with patient wishes.

Previous studies have evaluated the timing of withdrawal
of life support. For children this decision occurs late, hours
before death [6]. In adults, the definition of “Early” vs “Late”
withdrawal varies. Nevertheless, the majority of patient
deaths have been shown to occur following withdrawal of life
support [3,7].

With advances in modern burn care, we are able to provide
increasingly complex care, allowing for improved survival in
patients who decades ago would have died. This has not been
without consequence to our health care system. Burn care
delivery is considered one of the most expensive within the
current health care system in the United States due to critical
care costs [8,9]. It has been suggested that the goal of burn care
should shift from saving lives to making sure that those
patients who survive their injuries are able to return to
productive lives [21].

The determinants of burn mortality have been well
documented. Classically they include age, burn size, and
presence of inhalation injury and comorbidities [10-13].
Additionally, there are a number of predictive models which
exist to assist clinicians in determining survival [14-18]. While
end-of-life care for critically ill patients has been well
researched [19-22], there remains a paucity of information
regarding end of life decision making in the burn population.

Objective predictors of death following burn injury help
clinicians make decisions and reduce reliance on clinical
intuition [23]. The goal of this paper was to evaluate burn
patients admitted to our burn intensive care unit (ICU) and
provide potential objective predictors of withdrawal of life
support.

2. Methods

Thisis aretrospective analysis of burn patients admitted to the
North Carolina Jaycee Burn Center at the University of North
Carolina (UNC) from 2002 to 2012. The Jaycee Burn Center was
established in 1981 and averages more than 1,600 acute
admissions per year. The burn center is a single unit, 36-ed
facility that has been verified by the American Burn Associa-
tion for pediatric and adult care. Approval for the study was
obtained from the UNC Institutional Review Board.

The medical records of subjects identified by the UNC Burn
database query were reviewed to verify baseline demographic
data, injury characteristics, and provide detailed information
on medical comorbidities. Pre-existing comorbidities were
obtained from medical records and recorded into the burn
registry. This information is reported from patient, family, or
others that intimately know the patient’s history upon

admission to the burn center. Injury characteristic of interest
included burn etiology, % total body surface are (%TBSA) burn,
presences of inhalation injury, and whether ornot a patient was
instituted during admission to the burn center. Inhalation
injury diagnosis was based on history, physical examination,
and/or bronchoscopic examination. All patients in the ICU were
treated with the prevailing standard of care (i.e. ventilator
management, fluid resuscitation, etc.) at a large academic burn
center at the time of admission.

All patients >17years of age who were admitted during the
study period were included in this analysis. Patients were
excluded if missing discharge disposition. Patients were then
placed into one of three cohorts: Alive till discharge (Alive),
death by withdrawal of life support (WLS), or death despite
ongoing life support (DLS). WLS was defined as those patients
whose discharge summary reported withdrawal of care,
withdrawal of life sustaining support, and comfort care
measures were instituted. Those patients in the DLS group
were then excluded from further analysis in order to better
elucidate risk factors for withdrawal of life support. Age was
further dichotomized <65 and >65years to distinguish poten-
tial age-related factors associated with the decision to
withdraw care. Race was categorized into White, Black,
Hispanic, and other. Burn etiology was categorized into Flame,
Scald, and Other (all other types of burns including contact,
chemical, electrical, or radiation burns). A Charlson Comor-
bidity Index (CCI) score was calculated for each patient and
used to examine the effect of preexisting medical comorbid-
ities on outcome [24]. The CCI score is the weighted sum of
comorbid conditions. There are 17 comorbid conditions
included in the score and each is assigned a weight from
one to six points. The weighted sum of all comorbid conditions
is the patient’s Charlson score.

WLS patients were further categorized into Early WLS and
Late WLS. Early WLS patients were those for whom a decision
was made to withdraw life support within the first 24h of
admission and Late WLS patients were those for whom a
decision was made after 24h of admission.

2.1.  Data analysis

Baseline patient and injury characteristics were compared
between groups (Alive/WLS/DLS) using Analysis of Variance
for continuous variables and Pearson chi-squared of Fisher’s
exact test for discrete variables. To estimate the predictors of
withdrawal of life support, we used a multivariate logistic
regression model controlling for pertinent confounders (age,
sex, race, TBSA, mechanism of injury, presence of inhalation
injury and comorbidities using CCI).

Stata/MIP (version 15) (Statacorp, College Station, TX) was
used for all data management and statistical analysis. A p-
value<0.05 was chosen to indicate statistical significance.
This study was approved by the University of North Carolina,
Institutional Review Board.

3. Results

During the study period, 11,977 patients were admitted to the
UNC Jaycee Burn Center. 3483 patients <17years of age were



excluded. An additional 124 patients were excluded including
those in the DLS group (n=109) and those missing discharge
disposition (n=15). The remaining 8371 patients were included
for analysis.

Table 1 shows the baseline patient characteristics of this
population. The majority of patients were male (72.4%), white
(56.7%), and less than 65 years of age (89.1%) with mean age
42.5years. Median CCI was 0. Median TBSA was 3% (inter-
quartile range [IQR] 1%-8%). 7.1% of patients (N=591) suffered
an inhalation injury and 9.9% of patients (N=828) were
mechanically ventilated. A decision for WLS was made in
237 patients died during the study period.

Our bivariate analysis comparing WLS and Alive patients is
shown in Table 2. There was a greater proportion of women in
the WLS group than the Alive group (36.7% vs. 27.3%) whereas
as, there was a greater proportion of men in the Alive than WLS
group (72.7% vs. 63.3%) (p=0.001). WLS patients were older than
Alive patients (41.9 years vs 62.4 years, respectively; p<0.001)
and for both groups, the majority of patients were <65years
(WLS51.5% and Alive 90.2%). Median CCl was 0 forboth WLS and
Alive patients (p<0.001). Median TBSA was higher for WLS
patients (WLS 31.5% vs Alive 3%; p<0.001). Median hospital LOS
was longer in the Alive group (7days vs 5 days, respectively;
Pp<0.001). ICULOS was greater for WLS patients (4daysvs0days,
respectively; p <0.001).

A multivariate logistic regression model was then per-
formed, controlling for statistically significant covariates on

Table 1 - Overall patient demographics and clinical
characteristics.

Overall (N=8371) N %
Gender
M 6060 (72.4)
F 2311 (27.6)
Age, overall (mean + SD) 42.5+16.7
Age, categorized
<65years 7455 (89.1)
>65years 915 (10.9)
Unknown 1(0.0)
Race
White 4747 (56.7)
Black 2371 (28.3)
Hispanic 598 (7.1)
Other 598 (7.1)
Unknown 56 (0.7)
CCI, median (IQR) 0 (0)
Type of burn
Flame 4219 (50.4)
Scald 475 (5.7)
Other 3583 (42.8)
Unknown 94 (1.1)
TBSA, median (IQR) 3 (18)
Inhalation injury 591 (7.1)
Unknown 43 (0.5)
Mechanical ventilation 828 (9.9)
Unknown 238 (2.8)
Hospital LOS, median (IQR) 7 (2-13)
ICU LOS, median (IQR) 0(0-1)
WLS 237 (2.8)

WOC=withdrawal of care; CCI=Charlson Comorbidity Index;
IQR=interquartile range; LOS=length of stay.

Table 2 - Bivariate analysis comparing patient

demographics and characteristics for WLS and Alive.

Characteristic WLS Alive p-Value
(N=237) (N=8134)
Gender
M 150 (63.3) 5910 (72.7)  0.001
F 87 (36.7) 2224 (27.3)
Age, overall 41.9+16.3 62.4+17.6 <0.001
Age, categorized <0.001
<65years 122 (51.5) 7333 (90.2)
>65years 114 (48.1) 801 (9.9)
Unknown 1(0.4) 0 (0)
Race 0.101
White 141 (59.5) 4606 (56.6)
Black 63 (26.6) 2309 (28.4)
Hispanic 10 (4.2) 588 (7.2)
Other 19 (8.0) 579 (7.1)
Unknown 4(1.7) 52 (0.6)
CCI, median (IQR) 0 (0-2) 0(0) <0.001
Type of burn <0.001
Flame 209 (88.2) 4010 (49.3)
Scald 4(17) 471 (5.8)
Other 20 (8.4) 3563 (43.8)
Unknown 4(1.7) 90 (1.1)
TBSA, median (IQR) 31.5(9.3-64) 3(17) <0.001
Inhalation injury 114 (48.1) 477 (5.7) <0.001
Unknown 10 (1.2) 33 (0.4)
Mechanical ventilation 140 (59.1) 688 (8.5) <0.001
Unknown 72 (30.4) 166 (2.0)
Hospital LOS, median (IQR) 5 (1-41) 7 (2-13) <0.001
ICU LOS, median (IQR) 4 (1-32) 0¢1) <0.001

bivariate analysis and including other possible confounders:
gender, age, race, burn etiology, CCI, %TBSA, and inhalation
injury (Table 3). Females had an increased odd of WLS
compared to males (OR 2.03, 95% CI 1.18-3.48; p=0.010)).
Patients with associated comorbidities based on higher CCI
had an increased odd of WLS (OR 1.28, 95% CI 1.08-1.52;
p=0.005). There was a significantly increased odd for WLS (OR

Table 3 -Multivariate logistic regression estimating risk of

withdrawal of life support in a burn cohort.

Adjusted OR, 95% p-Value
Confidence interval (CI)

Gender (male ref) 2.03 (1.18-3.48) 0.010
Age, overall 1.09 (1.06-1.12) <0.001
Age, category

65years (ref) - -

>65years 00.61 (0.25-1.48) 0.270
Race
White (ref) - -
Black 0.77 (0.44-1.36) 0.370
Hispanic 0.49 (0.08-3.18) 0.454
Other 0.85 (0.33-2.18) 0.731
Etiology

Flame (ref) - -

Scald 1.17 (0.32-4.33) 0.814

Other 0.75 (0.35-1.59) 0.456
CcI 1.28 (1.08-1.52) 0.005
TBSA 1.08 (1.07-1.51) <0.001
Inhalation injury 1.31 (1.13-1.51) <0.001

OR=o0dds ration; ref=reference.



1.09, 95% CI 1.06-1.12; p<0.001) with increasing age. Similarly,
there was an increased odd for WLS (OR 1.08, 95% CI 1.07-1.51;
p<0.001) with increasing %TBSA. Anincreased odd of WLS (OR
2.47,95% CI1.05-5.78; p=0.038) was also found in patients with
inhalation injury.

The majority of WLS patients (64.1%) had support with-
drawn >24h after admission (n=152) as noted in Table 4. There
were no statistical significant differences in patient character-
istics between the Early and Late WLS cohort with respect to
age (64.5+18.7years vs 61.24+16.9, respectively; p=0.175) and
median CCI (Early WLS 0 vs Late WLS 1; p=0.086). TBSA was
significantly greater in Early WLS than Late WLS patients
(58.3% vs 28%, p<0.001) as was the presence of inhalation
injury (50.6% vs 46.7%, p=0.046). A greater percentage of
patients were mechanically ventilated in the Late WLS group
(80.9%) than in the Early WLS (20.0%) group (p <0.001).

4, Discussion

The decision to withdraw life support on any patient is
complex and difficult for all parties involved. While the death
of a burn patient may occur following withdrawal of life
support this decision must be informed by objective clinical
data. In this study, we found that female gender and increasing
age were significantly associated with an increased odd of WLS
in our burn ICU (Table 5).

Quill et al. performed a review on decisions to forgo life-
sustaining therapy (DFLST) for patients admitted to 153 ICUs
(medical/surgical, cardiac care, trauma, neurologic) across the
US [25]. They found that women were consistently more likely
tohave DFLSTs. They postulated that women are more likely to
have less aggressive treatment preferences or to have
surrogates that are more likely to make end of life decisions.

Table 4 - Patient demographic and clinical characteristics
of the WLS group.

Characteristic Early WLS Late WLS  p-Value
(n=85) (n=152)
Gender
M 52 (61.2) 98 (64.5) 0.614
F 33 (38.8) 54 (35.5)
Age, overall (mean+SD)  64.5+18.7 61.2+16.9 0.175
Race 0.151
White 45 (52.9) 9 (63.2)
Black 25 (29.4) 38 (25.0)
Hispanic 6(7.1) 4 (2.6)
Other 6(7.1) 13 (8.6)
Unknown 3 (3.5) 1(0.7)
Etiology 0.073
Flame 81 (95.3) 128 (84.2)
Scald 0 (0) 4(2.6)
Other 3 (3.5) 17 (11.2)
Unknown 1(1.2) 3(2.0)
CCI, median (IQR) 0 (0-1) 1(0-2) 0.086
TBSA, median (IQR) 58.3 (1-82.5) 28 (12-50) <0.001
Inhalation injury 43 (50.6) 71 (46.7) 0.046
Unknown 7 (8.2) 3(2.0)
Mechanical ventilation 17 (20.0) 123 (80.9) <0.001
Unknown 60 (70.6) 12 (7.9)

Table 5 - Multivariate logistic regression estimating odd of

Late WLS.

Adjusted OR, 95% p-Value
Confidence interval (CI)

Gender (male ref) 1.67 (0.64-4.37) 0.299
Age, overall 0.98 (0.94-1.03) 0.411
Age, category

<65years (ref) - -

>65years 0.95 (0.19-4.60) 0.946
Race

White (ref) - -

Black 2.20 (0.70=6.94) 0.177

Hispanic 1 -

Other 0.55 (0.12-2.59) 0.452
Etiology

Flame (ref) - -

Scald 1 -

Other 3.12 (0.30-32.41) 0.340
CCI 1.31 (0.95-1.81) 0.098
TBSA 1.00 (0.99-1.02) 0.576
Inhalation injury 0.56 (0.22-1.44) 0.227

No clear data exists regarding how often women and men
act as surrogate decision makers at the end of life. Women
have been found, however, to serve as caregivers more often
than men [26]. Health care surrogate decision making falls to
the spouse by default in the absence of explicit and
documented end of life wishes. As burn injury affects men
more often than women and the life expectancy for women is
longer one can assume that women will more often serve as
surrogate decision makers than men. Further studies are
needed to further elucidate the association of female sex with
the end of life decision making process, especially amongburn
patients.

Other studies have previously shown that older age,
increasing %TBSA, and the presence of inhalation injury are
significantly associated with an increased risk of death [7-10].
Furthermore, we showed that all were associated with
increased likelihood for withdrawal of life support. Mahar
et al. evaluated adult burn patients who died following
withdrawal of life support and split them into Early WLS
and Late WLS groups [27]. They noted there was no statistically
significant differences between the two groups in terms of age,
suggesting that age may notbe a factor in the decision-making
process as to the timing of WLS. We demonstrated similar
findings in our subgroup analysis of WLS patients. Severity of
burn was the only statistically significant patient characteris-
tic between the two groups, suggesting that %TBSA is the most
important factor in early withdrawal of life support decisions.

In our study, the majority of WLS patients (64%) were in the
Late WLS group. Mechanical ventilation is often the final step
in the withdrawal of life support process and has been shown
to be significantly associated with higher daily costs for
patients receiving care in the ICU [8,28,29]. Additionally, the
extended length of stay of Late WLS patients drive up their
total cost of care.

Defining futility in regard to the burn patient is challenging
and the decision involves many factors that vary between
institutions, patients and their families, as well as providers
[18,27,30-32]. Recognition of which patients will most benefit



from aggressive resuscitation and management is important
and instituting a protocol can help in identifying these
individuals. No set protocol was in place when Partain et al.
evaluated Early end-of-life (EolL) discussions and Late EoL
discussion in a cohort of geriatric burn patients [33]. Decisions
for comfort care immediately after initial EoL discussions were
similar between the groups. The early group had more severe
injuries, shorter time to death, and fewer interventions,
including operations.

Some institutions have begun implementing standardized
withdrawal protocols and the early involvement of a palliative
care team. Pham et al. noted that among patients who
underwent life support withdrawal, there was an improve-
ment in the number of patients who followed their institu-
tional protocol after its implementation. There was also
improved consistency in end-of-life symptoms palliation.

Few studies have evaluated the impact of preexisting
medical comorbidities in burn injury outcomes [34-38]. A
recent study from our institution demonstrated that preexist-
ing comorbidities have a significant effect on burn mortality in
all groups, particularly the younger age population [39]. In this
current study this trend continues as we found that patients
with comorbidities have a significant increase in odds of WLS.
Ismail et al. evaluated 63 burn patients as to whether a Do-Not-
Attempt-Resuscitation (DNAR) order was issued and whether
adecision to withdraw life-sustaining treatment was made [6].
Overall, a DNAR order and withdrawal of treatment took place
in 33% of patients, while 27% of patients had withdrawal of
treatment alone. They were able to evaluate patient charts for
reasons why decisions were made. They noted that for
patients <65years, the decision was most commonly due to
%TBSA and burn depth while in the >65-year-old group,
comorbidities were the main driver of withdrawal of life
support. In the few papers that have evaluated reasons for
WLS, none evaluated the effect of comorbidities [5,22]. For WLS
patients, it is possible that the presence of comorbidities
complicated their perceived clinical course, and therefore the
decision to withdraw life support.

Limitations of this study include those inherent to a study
with retrospective methodology. Furthermore, the design of
this study limits our ability to fully explore the complexities
the of end-of-life decision making process, including data
regarding family as well as psychological data from those
involved. Additionally, the decision for withdrawal of care
varies between institutions, providers, and families. A
patient’s end-of-life wishes, as well as wishes from family
members, play an important role in this decision and are
difficult to measure. The definition of withdrawal of life
support varies or may be interpreted by the health care
providers in different ways. Lastly, defining futility for the
burned injured patient is a dependent on burn specialist
experience and local resources.

5. Conclusions

The decision to withdraw life supportis a complex and difficult
decision. Understanding the predictors of WLS will be
indispensable to burn surgeons, caregivers and family mem-
bers alike. At present, we have identified those factors that

indicate an increased risk of mortality are likely to predict
withdrawal of life support. Our findings, however, are limited
given the study design. The role of patient’s sex, particularly
women, in WLS decision making needs to be further explored.
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