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Objective: Despite improved mortality rates after burn injury, many patients face significant
long-term physical and psychosocial disabilities. We aimed to determine whether
commonly used mortality prognostication scores predict long-term, health-related quality
of life after burn injury. By doing so, we might add evidence to support goals of care
discussions and facilitate shared decision-making efforts in the hours and days after a life-
changing injury.

Methods: We used the multicenter National Institute of Disability, Independent Living and
Rehabilitation Research Burn Model System database (1994—2019) to analyze SF-12 physical
(PCS) and mental component (MCS) scores among survivors one year after major burn injury.
Ninety percent of the observations were randomly assigned to a model development dataset.
Multilevel, mixed-effects, linear regression models determined the relationship between
revised Baux and Ryan Scores and SF-12 measures. Additionally, we tested a model with
disaggregated independent and other covariates easily obtained around the time of index
admission: age, sex, race, burn size, inhalation injury. Residuals from the remaining 10% of
observations in the validation dataset were examined.

Results: The analysis included 1606 respondents (median age 42 years, IQR 28—53 years; 70%
male). Median burn size was 16% TBSA (IQR 6—30) and 13% of respondents sustained
inhalation injury. Higher revised Baux and Ryan Scores and age, burn size, and inhalation
injury were significantly correlated with lower PCS, but were not correlated with MCS.
Female sex, blackrace, burn size, and inhalation injury correlated with lower MCS. Allmodels
poorly explained the variance in SF-12 scores (adjusted r? 0.01—0.12).
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Conclusion: Higher revised Baux and Ryan Scores negatively correlated with long-term

physical health, but not mental health, after burn injury. Regardless, the models poorly

explained the variance in SF-12 scores one year after injury. More accurate models are

needed to predict long-term, health-related quality of life and support shared decision-
making during acute burn care.

© 2020 Elsevier Ltd and ISBI. All rights reserved.

1. Introduction

Despite marked reductions in mortality after burn injury, burn
survivors often face significant long-term physical and
psychosocial disabilities that negatively affect their quality
of life. [1] However, current prognostication scores emphasize
in-hospital mortality (e.g., revised Baux and Ryan Scores) and
have not been examined in relation to long-term, health-
related quality of life [2,3]. As a result, the acute burn care,
rehabilitation and palliative care communities lack tools that
provide rapid estimates of long-term, health-related quality of
life in the hours and days after burn injury to facilitate goals of
care discussions and promote shared decision-making with
patients and their families [4—6].

Therevised Baux and Ryan scores use patient age, burn size
and presence of inhalation injury to estimate in-hospital
mortality. [7] These covariates are objectively measured, easy
to obtain and immediately availablein the hours and days after
burn injury. Many reports have described the strong correla-
tion between these scores and in-hospital mortality [3,7-9].
The simplicity of the revised Baux Score nomogram-based
mortality estimation has made it the most widely used
prognostication model for burn-related mortality in the world
[3,5,7].

Although risk of in-hospital mortality is a critical point of
discussion for patients with large injuries and/or numerous or
advanced comorbidities, most patients and their families want
to understand life might months to years after injury.
Providing evidence-based expectations regarding long-term,
health-related quality of life can be used to guide care plans,
early goals of care discussions and shared decision-making
thatimprove patient and family experiences. [10] Therefore, it
is important that we develop support tools for these
discussions and activities. Such tools have been used in the
hours and days after other emergency conditions, such asnon-
burn injury, traumatic brain injury, respiratory failure, stroke
and sepsis [11—14]. Over the last two decades, reports have
described long-term quality of life after burn injury derived
from patient-reported outcome measures. [1,15-21] The
findings from these reports are being used to help patients
and their families understand how their burn injury will affect
their health and function, satisfaction with life, community
reintegration, and return to work or school [16]. However, to
date no report has prognosticated long-term, health-related
quality of life based on data available at the time of admission
alone.

To address this gap, we aimed to determine whether
common and immediately available mortality prognostication
scores (i.e., revised Baux and Ryan Scores) predict long-term,
health-related quality of life after burn injury. Additionally, we

used disaggregated and other covariates known to affect
quality of life after burn injury that would be readily available
in the hours after injury to determine if these would improve
model accuracy. By doing so, the findings might provide
evidence for either expanded application of common mortality
prognostication scores or a need to develop more accurate, but
similarly practical, models.

2. Methods
2.1. Database

We used the National Institute on Disability, Independent
Living, and Rehabilitation Research (NIDILRR) Burn Injury
Model System National Longitudinal Database (BMS) with
records from 1994 — 2019. Funded BMS grantees collect
information prospectively on survivors of burn injury, includ-
ing demographics, clinical characteristics, and health out-
comes using medical record review, interviews and self-report
surveys at set intervals. The data are coordinated and
managed by the BMS National Data and Statistical Center.
The goals and ideology behind the BMS program have been
previously described and an overview of the type of data
available has been published. [16,18,22]

2.2 Sample

All records from patients >13 years collected by the BMS sites
were included. Children younger than 13 years were excluded
since they do not complete the quality of life measures used in
the analysis (see Measures). Patients who were injured by self-
immolation were not excluded. All participants met the BMS
inclusion criteria based on at the time of their recruitment; the
requirements and changes made to the recruitment criteria
over time are detailed in Table 1.

Baseline data were collected from consenting participants
within 30 days of their discharge from their index hospitaliza-
tion following their burn injury. Follow-up data were collected
during specific follow-up windows: 6- (+2) months, 12- (+3)
months, and 24- (+6) months after injury. Participants were
considered lost to follow-up when phone calls, certified
mailings, and clinic visits failed to result in data collection
from the participant within the follow-up window:.

2.3. Measures

Since BMS inception in 1994, the information and instruments
used to collect data have evolved, resulting in some inconsis-
tency in outcome measures collected at specific time points or
sites. Demographic covariates utilized in this study included
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Table 1 - Summary of enrollment eligibility criteria for the Burn Model System (BMS) by year.

1994 — 2005

2006 — 2008

2009 — current

e Deep second- or third-degree burns >10% TBSA in
patients aged >50 years

e Deep second- or third-degree burns >20% TBSA in all
other age groups

o Deep second or third degree burns with serious threat
of functional or poor cosmetic outcome that involve
face, hands, feet, genitalia, perineum, or major joints

o Third degree burns >5% TBSA in any age group

o Deep electrical burns including lightning injury

o Inhalation injury with burn injury

o Circumferential burns of an extremity or chest

2005 criteria with the below changes:
Burn surgery for wound closure required
TBSA requirements by age group were
changed to >10% for those aged >65 years
and >20% for those aged 18—64 years
Participants were also required to receive
primary treatment at a BMS center with
reasonable expectation of follow-up
treatment at a BMS center

2006 criteria with the below
changes:

Exclusion of frostbite, toxic
epidermal necrolysis,
abrasions, necrotizing fasciitis,
meningococcemia, and other
non-burn skin diseases

TBSA — total burn surface area, BMS - National Institute on Disability, Independent Living, and Rehabilitation Research (NIDILRR) Burn Injury

Model System.

age in years, sex, and race/ethnicity. Ethnicity and race were
combined to generate the categories of white non-Hispanic,
Hispanic (white or nonwhite), Black non-Hispanic, and any
otherrace (“other”). Clinical covariates used included burn size
(percent total burn surface area burned, % TBSA) and presence
of inhalation injury diagnosed with bronchoscopy or clinical
syndrome per site-specific definitions (e.g., consistent history
with or without facial or airway signs of injury, abnormal
sputum production, hypoxemia). We did not include other
covariates that have been associated with long-term outcomes
since many of themrequire additional time, patient and family
interviews, and diagnostic testing that may not be available
during the initial 24—72hours after admission. During early
acute care for a major burn injury, use of time for interviews
and non-clinically vital diagnostic tests are inappropriate.

The BMS National Database includes The Veterans RAND
12 Item Health Survey (VR-12) and 12-Item Short Form Health
Survey (SF-12). We selected the SF-12 reported one year after
injury and the nested physical (PCS) and mental component
summary scores (MCS) as our outcome measures for several
reasons:

i) SF-12 is a widely validated, global measure of health-
related quality of life;

SF-12 is the longest running patient reported outcome
measure in the BMS database (i.e., largest number of
participant responses);

iif) VR-12 (collected 2013—-2020) can be crosswalked to

SF-12 for patients who responded to VR-12, but not SF-12
(collected 1998—2015); and

Many studies of long-term, health-related quality of life
after injury or as a result of a medical condition have been
reported, providing context to SF-12 scores.

ii

=

v

-

The SF-12 is a health-related quality-of-life questionnaire
that consists of twelve items that measure eight domains to
assess physical and mental health. Physical health-related
domains include general health, physical functioning, role,
and pain. Mental health-related domains include vitality,
social functioning, role, and mental health. The instrument
has been validated across many condition. The VR-12 consists
of items that measure eight principal domains including
general health perceptions, physical functioning, role

limitations due to physical and emotional problems, bodily
pain, energy-fatigue, social functioning and mental health.
VR-12 was developed from Veterans RAND 36 Item Health
Survey (VR-36). VR-36 was developed from Medical Outcomes
Study (MOS) RAND SF-36. The Veterans versions of the survey
were designed to be comparable to the MOS version, but with
improved survey characteristics. Therefore, the scores are
readily crosswalked between one another.

2.4.  Data analysis

Participant characteristics were described. Differences in
proportions and medians between groups were examined
with Chisquared and Mann-Whitney U tests, respectively. The
BMS National Database was randomly divided into 90% of
observations to develop the model and perform regression
diagnostics and 10% of observations to test the model (i.e., plot
observed and predicted physical and mental health compo-
nent scores). The respondents were assigned random values
between 0 and 1. Observations with a random value below
0.9 were assigned to comprise the development dataset.
Observations with a random value greater than or equal to
0.9 were allocated to the validation dataset.

The analyses below were performed within the develop-
ment dataset. We first examined scatter plots between
independent covariates (i.e., model 1 — revised Baux Score,
model 2 — Ryan Score, model 3 — age, sex, race, burn size,
inhalation injury) and SF-12 outcomes (i.e., PCS and MCS,
dependent covariates). These revealed loose linear relation-
ships (Fig. 1). The common covariate model included the
variables of age at time of burn injury, sex and race given that
they are immediately available at index admission and have
consistently been shown to impact recovery and long-term,
health-related quality of life after burn injury. [1,23] We used
multi-level (i.e., BMS site, participant), mixed-effects, general-
ized linear regression to determine the relationship between
our independent and dependent covariates as outlined above
and account for known and unknown differences that might
exist between the BMS sites.

We examined each covariate to determine if the data met
the assumptions required for linear regression (e.g., normality
of distribution, influence, homoscedasticity, non-multicoli-
nearity, normality of residuals, linearity). The covariates were
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Fig. 1-Linear regressions of revised Baux and Ryan Scores and SF-12 physical (PCS) and mental health (MCS) component scores

at 1-year.

rBaux Score - revised Baux Score = age in years + % total burn surface area + 17, if inhalation injury; Ryan Score =sum of risk
factors (age>60 years, >40% total burn surface area, inhalation injury); SF-12 — Short Form-12® Health Survey; these plots were
generated the development dataset (i.e., random 90% of observations)

examined with histograms, kernel density, symmetry, normal
quantile and probability plots to assess normality. The
covariates were normally distributed and did not require
transformation. This was confirmed with Tukey’s ladder of
powers, which suggested that each variable should be
maintained in its current form. [24] There were a number of
potential outliers on the plot that were confirmed by case-wise
diagnostics; however, they represented true observations of
prognostication scores, covariates and SF-12 outcomes. There-
fore, we did not drop those participants from the models.
Ultimately, these observations did not have significant
influence on the regression coefficients as determined by
DFBETA values for each covariate with limits above the
absolute value of (number of covariates)/,/(observations).
There were no residuals of any model >2 inter-quartile
ranges above the third quartile or below the first quartile,
providing evidence for normally distributed model residuals.
There was weak evidence for heteroskedasticity among the
variance of the residuals for the three models when White’s
and Breusch-Pagan tests were applied. When the residual
variances were plotted against the predicted values, the
pattern widened only marginally at extremes of predicted
values, indicating non-significant heterogeneity of variance.
Regardless, robust standard errors were estimated. The
tolerance for each independent variable (i.e., 1/variance
inflation factor) was <0.1, which indicated low risk of multi-
colinearity. Augmented partial residual plots demonstrated

relatively uniform patterns, with only minimal skewness at
estimate extremes that was not improved with covariate
transformations.

Lastly, we used the validation dataset (10% of observations)
to predict PCS and MCS scores. The observed and predicted PCS
and MCS scores were plotted. All analyses were performed
with Stata v13.1 (Stata Corp., USA).

3. Results
3.1.  Population and injury characteristics

Among the 4762 participants enrolled in the BMS database,
1606 responded to the SF-12 or VR-12 one year after injury (34%
of possible respondents) (Table 2). The median age of
respondents was 42 years [interquartile range (IQR) 25
—53 years| and 1131 were male (70%). The majority of
respondents identified as white race (1023, 64% of respond-
ents), followed by Hispanic or Latino ethnicity (17%), black race
(15%), and multiple or other races or ethnicities (4%). The
median burn size of respondents was 16% total burn surface
area (IQR 6—30%). Thirteen percent of respondents sustained
inhalation injury. The median revised Baux Score of respond-
ents was 63 (IQR 49-81). The percent of respondents who
sustained each Ryan Score was: Ryan Score 0 - 63%, 1 - 30%,
2 - 8%, and 3 — 0.1%.
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Table 2 - Characteristics of Burn Model System participants who either respondents or non-respondents to SF-12 physical

(PCS) and mental (MCS) health component scores.

Respondents Non-Respondents p-value

n=1606 % n=3066 %
Age at injury (years)
13-18 125 7.8 453 14.8 <0.01
19 -39 610 37.9 1262 41.2
40 - 64 720 44.8 1086 354
>65 151 9.5 265 8.6
Sex
Male 1131 70.4 2351 76.7 <0.01
Female 475 29.6 715 233
Race
White 1023 64.2 1977 65.2 0.21
Hispanic or Latino 265 16.5 496 16.4
Black 243 15.2 400 13.2
Multiple or other 63 4.1 160 5.2
Injury
% TBSA, median (IQR) 16 6 -30 14 6-28 0.02
Inhalation injury 213 13.4 373 12.3 0.28
Injury severity
Revised Baux score, median (IQR) 63 49 - 81 58 42 -75 <0.01
Ryan score
0 1004 62.5 2067 67.4 0.01
1 474 29.5 814 26.6
2 127 7.9 179 5.8
3 1 0.1 6 0.2

Revised Baux Score = age in years + % total burn surface area + 17, if inhalation injury; Ryan Score = sum of risk factors (age>60 years, >40% total
burn surface area, inhalation injury); SF-12 — Short Form-12%® Health Survey; these plots were generated using the development dataset (i.e.,

random 90% of observations).

There were significant demographic and injury differences
between participants enrolled in the BMS database who did
not respond to the SF-12 one year after injury and those who
did respond (Table 2). For example, non-respondents were
slightly younger (median age 37 vs 42 years, p <0.01), more
often male (77% vs 70%, p < 0.01), had marginally smaller burn
sizes (median % TBSA 14 vs 16, p=0.02), and had lower revised
Baux Scores (median score 58 vs 63, p < 0.01). The proportions
of races and ethnicities (p=0.21) and inhalation injury (0.28)
were similar in both groups.

3.2 Regression models

Higher revised Baux Scores were significantly correlated with
lower PCS scores one year after injury (coefficient -0.16,
p <0.01) (Fig. 1). However, the revised Baux Score accounted for
little of the variance in PCS responses (r* 0.10) (Table 3). There
was no evidence for a correlation between revised Baux Scores
and MCS scores. Similarly, increasing Ryan Scores (1, 2, and 3)
were strongly correlated with lower PCS scores at one year
(-4.25,-8.91, and -13.58, respectively; p < 0.01). Only Ryan Score
of 3 had a significant correlation with lower MCS scores
(coefficient -2.84, p < 0.01). Lower Ryan Scores (i.e., 0—2) were
not correlated with MCS scores. The Ryan Score model was
even less able to explain the variance of PCS and MCS scores
(r? 0.05 and 0.01, respectively).

In the common covariates model (i.e., age, sex, race, burn
size, inhalation injury), only covariates also contained within
the revised Baux Score were significantly correlated with lower

PCS scores (coefficients -0.16, -0.14, and -3.88, respectively;
p<0.01) (Table 3). Gender and race were not correlated with
PCS scores. This model also poorly explained the variance in
PCS scores (r* 0.12). Age was not correlated with MCS scores;
however, female gender (coefficient -4.46, p <0.01), Hispanic
or Latino ethnicity (coefficient -2.01, p<0.01), black race
(coefficient -3.13, p <0.01), larger burn size (coefficient -0.03,
p <0.01) and inhalation injury (coefficient -2.17, p < 0.01) were
all significantly correlated lower MCS scores. Consistent with
the other models, the covariates model poorly explained the
variance in MCS scores. Fig. 2 depicts the predicted and
observed SF-12 measures for each model and highlights the
large residuals.

4, Discussion

This study was performed to determine whether commonly
used burn-related mortality prognostication scores and other
immediately or easily available covariates can accurately
predict quality of life after burn injury. The findings suggest
that higher revised Baux and Ryan Scores are correlated with
lower physical health, but not with mental health one year
after injury. Additionally, the findings highlight the impor-
tance of including gender and race, and potentially other
sociodemographic and injury-related covariates, into quality
of life prediction models to more accurately estimate long-
term psychosocial health. Lastly, currently used covariates
immediately available at index admission are insufficient for
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Table 3 - Coefficients, robust standard errors and model characteristics from linear regression of prognostication scores and

covariates with SF-12 physical (PCS) and mental (MCS) health component scores.

Linear regression models

Revised Baux Score Ryan Common
Score covariates

Outcome Independent covariates Coefficient ISE Coefficient ISE Coefficient ISE

SF-12 Physical Revised Baux Score -0.16™* 0.01

Component Ryan Score

Score one year 1 —4.25™* 0.93

after injury 2 —8.91"* 1.19
3 —13.58"** 0.35
Age at injury (years) —0.16"** 0.01
Sex
Female sex —0.45 0.47
Race
Hispanic or Latino —0.09 0.73
Black -2.10 1.50
Mixed or other -0.13 1.20
% TBSA —0.14** 0.03
Inhalation injury —3.88"** 0.46
Constant 56.55"** 1.33 48.63"* 1.53 53.26™* 1.26
Random effects constant 3.76"* 0.93 3.29" 1.25 2.38*" 0.98
Adjusted R2 0.10 0.05 0.12
Wald chi2 168.41** 47,409.15"* 314.80"*

SF-12 Mental Revised Baux Score -0.01 0.01

Component Ryan Score

Score one year 1 0.74 0.45

after injury 2 -0.17 0.47
3 —2.84"* 0.30
Age at injury (years) 0.02 0.02
Sex
Female sex —4.46™* 0.45
Race
Hispanic or Latino 2.01* 0.88
Black —3.13"* 0.48
Mixed or other -1.15 1.68
% TBSA —0.03** 0.01
Inhalation injury —2.17*** 0.84
Constant 48.85"** 0.37 47.97*** 0.38 47.56™* 0.95
Random effects constant 0.26™ 0.17 0.27* 0.17 0.17* 0.03
Adjusted R2 0.02 0.01 0.05
Wald chi2 3.52* 1,000.05*** 314.80"*

Revised Baux Score = age in years + % total burn surface area + 17, if inhalation injury; Ryan Score - sum of risk factors (age>60 years, >40% total
burn surface area, inhalation injury); sex - male is referent; race - white is referent; TBSA - total burn surface area; site - regional burn center site
contributing to the National Institute of Disability, Independent Living, and Rehabilitation Research (NIDILRR) Burn Model System (BMS)
database; rSE - robust standard errors; ***p < 0.01, * p < 0.05, * p < 0.1; estimates were generated with multi-level, mixed-effects, linear regression
models using the development dataset (i.e., random 90% of observations).

accurately predicting long-term, health-related quality of life
after burn injury. In order to support early goals of care
discussions and shared decision making after burn injury,
additional work must be done to identify easily obtainable
covariates that predict quality of life more accurately (e.g., pre-
injury health and function, socioeconomic status, number and
severity of comorbidities, depth and distribution of burn
injury).

We found that the mortality prognostication scores were
correlated with physical health, but not mental health. It has
been documented by several reports that burn size is a poor
predictor of long-term outcomes, particularly those not
directly related to physical complaints. [1,25,26] A report of
42 burn survivors with a median follow-up of 14 years

described predictors of quality of life after injury [27]. The
authors determined that non-injury and non-acute care
factors were predictive of long-term psychosocial health,
including body image, sexual function, strength of social
support, and co-existing mental health disorders. There were
no attempts to use covariates that would have been available
at the time of index admission. Xie et al. reported that age at
injury and facial burns were negatively correlated with MCS
two years after injury among 20 burn survivors in China [28].
The authors also reported that current body image and
temperature sensitivity were predictors of health-related
quality of life. A systematic review of predictors of quality of
life afterinjury reported injury severity, avoidance coping, lack
of emotional and social support, higher levels of neuroticism,
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Fig. 2 - Observed and predicted SF-12 physical (PCS) and mental health (MCS) component scores at 1-year using revised Baux

Score, Ryan Score and common covariates models.

Revised Baux Score =age in years + % total burn surface area + 17, if inhalation injury; Ryan Score =sum of risk factors (age
>60 years, >40% total burn surface area, inhalation injury); common covariates model included: age in years, sex, race, % total
burn surface area, and inhalation injury; SF-12 — Short Form-12® Health Survey; estimates were generated using the validation

dataset (i.e., random 10% of observations).

and unemployment after injury were all associated with low
physical and mental health scores. [4] We observed that
female sex and black race correlated with worse mental
health, but not physical health. Similar findings have been
demonstrated in polytrauma patients and patients with spinal
cord injuries, suggesting that this is not a burn injury-specific
phenomenon [27,29]. Given the lack of correlation between
burn size and many long-term outcomes, professional burn
care and survivorship societies suggest de-emphasizing the
role of burn size during shared-decision making conversa-
tions. As example of these findings in current practice and
during the COVID-19 pandemic response, the collaboration
between the Organization for Delivery of Burn Care and
Phoenix Society for Burn Survivors emphasize that burn size,
although animportantdeterminant of mortality, should notbe
a consideration in triage related to quality of life determi-
nations, even during crisis standards of care [30]. Therefore, it
is important for future models that aim to estimate long-term,
health-related quality of life immediately after injury to
consider predictors of physical and mental health in addition
toburn size. However, caution should be exercised when using
other non-modifiable or difficult-to-modify pre-injury factors
thatare associated with poor long-term, health-related quality

of life (e.g., gender, race, ethnicity, socioeconomic status).
Further, some pre-injury factors may be associated with
structural, institutional and individual biases (e.g., comorbid-
ities, substance use) that should prompt us to double-down on
care and recovery efforts and not devalue patients’ potentials
to experience good quality of life.

Our models purposefully included only covariates within
widely used mortality prognostication models, as well as other
immediately available covariates known to be correlated with
long-term quality of life (e.g., sex, race and ethnicity).
[1,18,31,32] However, all three models poorly explained the
variance in PCS and MCS one year after injury. A number of
other models have used additional covariates obtained from
cross-sectional studies to predict long-term, health-related
quality of life measures, including SF-12, to improve model
accuracy (e.g., social support, predominant coping mecha-
nism, concurrent psychiatric disorder, pain interference, work
status, biomarkers) [4,18,33]. Although many of the covariates
significantly influence quality of life, they may not be
immediately available or often feasible to obtain during early
acute care period, which limits their utility in models that aim
to predict quality of life immediately after injury to support
goals of care discussions and shared decision making. [4]
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However, a comprehensive model that may more accurately
estimate recovery trajectory and outcomes to support expec-
tation and goal setting at hospital discharge is also needed.

More must be done to identify covariates that: i) are
easily obtainable from patients, their families, or the
medical record early in acute burn care; ii) are highly
correlated with long-term, health-related quality of life
measures; and iii) thoroughly explain the variance of
specific measures. Clear contenders for covariates that
meet these criteria include pre-injury socioeconomic
status, comorbidities or comorbidity index (e.g., Charlson
or NCI Comorbidities Index), and functional and/or frailty
status (e.g., Functional Independence Measure, Clinical
Frailty Score, Short Musculoskeletal Function Assessment),
as well as depth and distribution of burn (in addition to burn
size). [4,34-36] Given the complexity and potentially
complicated relationship between each of these covariates,
newer analytic techniques may prove useful (e.g., computer
vision, deep learning) [37,38]. A recent report of the use of
machine learning in burn care and research returned
15 retrospective observation studies related to: burn
diagnosis and healing (n=5), antibacterial response in the
burn wound (n=4), hospital length of stay (n=2), and
mortality (n=4). [39] Although algorithm performance was
assessed differently in each report, all demonstrated
improved performance of machine learning over traditional
biostatistics methodologies. These techniques may be
particularly useful for determining the impacts of depth
and distribution of burn injury on long-term health and
function. Subsequent work to develop models that predict
long-term quality of life may consider using machine
learning techniques to improve model accuracy.

Several limitations should be considered before inter-
preting these findings. First, a large proportion of partic-
ipants recorded within the BMS database did not respond to
SF-12 one year after injury. BMS uses a redundant and
iterative process for communicating with participants to
minimize losses to follow-up. Although most of the
covariates used in the three models were statistically
different between respondents and non-respondents, the
differences may be clinically irrelevant (e.g., 70 vs 77% male,
median TBSA 16 vs 14%, median revised Baux Score 63 vs
58). Regardless, some of the losses to follow-up are
inevitable despite additional retention efforts, particularly
among young people, transient and marginalized popula-
tions, people with substance abuse disorders and the
uninsured. [40] Second, several recent reports have dem-
onstrated that conventional burn-related mortality prog-
nostication scores, including the revised Baux Score, may
no longer be the most accurate predictors of mortality given
advances in burn care systems and increasing prevalence of
significant comorbidities [8,9]. However, these scores
remain the most commonly used worldwide and remain
easy to capture at the time of admission [3,7]. In light of
these reports, we aimed to determine their relationship to
long-term quality of life (i.e., not mortality) and provide
additional evidence for either their expanded use or the
need to identify more accurate, but similarly simple,
models. Lastly, we did not prospectively collect data at
the time of index admission regarding pre-injury function

or comorbidities. These covariates significantly contribute
to models that predict long-term, health-related quality of
life [1,25,26,41—44]. Future models certainly must consider
these covariates if feasibly collected within hours or days of
burn injury. Despite these limitations, the findings can be
used to generate discussion on collection of specific
covariates and developing models to predict long-term,
health-related quality of life that rely on data available
early during acute burn care to support goals of care
discussions and efforts toward shared decision-making.

5. Conclusion

Burn care providers often extrapolate in-patient mortality
prognostication scores to long-term quality of life after a major
burn injury to facilitate goals of care discussions and shared
decision-making with patients and their families. However,
these data show that current mortality prognostication scores
should not be used to estimate long-term health-related
quality of life.

Therefore, we recommend de-emphasizing burn size and
considering additional covariates feasibly collected at the time
of index admission (e.g., pre-injury socioeconomic status,
comorbidities or comorbidity index, functional and/or frailty
status, depth and distribution of burn) when developing
models of recovery and communicating with patients and
families.
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