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Abstract

Risk factors of mortality in burn patients such as inhalation injury, patient age, and percent of total
body surface area (% TBSA) burned have been identified in previous publications. However, little
is known about the variability of mortality outcomes between burn centers and whether the
admitting facilities or facility volumes can be recognized as predictors of mortality. De-identified
data from 87,665 acute burn observations obtained from the National Burn Repository between
2003 and 2007 were used to estimate a multivariable logistic regression model that could predict
patient mortality with reference to the admitting burn facility/facility volume, adjusted for
differencesin age, inhalation injury, %TBSA burned, and an additional factor, percent full
thickness burn (%FTB). As previously reported, all three covariates (%TBSA burned, inhalation
injury, and age) were found to be highly statistically significant risk factors of mortality in burn
patients (Pvalue < 0.0001). The additional variable, %FTB, was also found to be a statistically
significant determinant, although it did not greatly improve the multivariable model. The
treatment/admitting facility was found to be an independent mortality predictor, with certain
hospitals having increased odds of death and others showing a protective effect (decreased odds
ratio). Hospital s with high burn volumes had the highest risk of mortality. Mortality outcomes of
patients with similar risk factors (% TBSA burned, inhalation injury, age, and %FTB) are
significantly affected by the treating facility and their admission volumes.

The American Burn Association has reported that one million Americans suffer from burn
injuries per year, with roughly 140,000 requiring hospitalization for appropriate treatment
and serious burns, accounting for approximately 7,000 deathsin 2006.1 Burn deaths occur in
abimodal distribution, either immediately after the injury or weeks later due to multiorgan
failure. Y oung adults, children younger than 15 years of age, and the elderly tend to be at an
increased risk for burn injury, as are patients from lower socioeconomic classes and unsafe
environments.2 In the past 20 years, prevention efforts leading to decreases in the number
and extent of burn injuries, as well as advances in therapy, such as earlier emergency
responses, improved resuscitation efforts and treatment of inhalation injuries, and enhanced
wound care have decreased the number of burn hospital admissions and deaths by 50
percent.% 3

Despite advances in burn prevention and care, patient morbidity and mortality remain
evident, generating a significant socioeconomic burden. Inhalation injuries, percent total
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body surface area (% TBSA) burned, and age have been suggested as major risk factors of
burn mortality, with the presence of all three risk factors (to a great degree) being associated
with amortality as high as 90 percent.3

Although most surgeons agree that burn treatment consists of minimization of heat loss,
resuscitation, appropriate wound care, etc., burn centers will frequently report varying rates
of morbidity and mortality.: 4 Though some of these disparities may be attributable to
geographic differences in patient populations and previously acknowledged variability in
National Burn Repository (NBR) data accuracy, divergent care practices and real differences
in clinical efficacy that influence the survival of individual patients are also likely to be
present. The purpose of this paper isto document the magnitude of the survival differences
of burn patients admitted to different facilities by adjusting survival rates for variation in
%TBSA burned, inhalation injury, age, and percent full thickness burn (%FTB).

Data were extracted from the National Burn Repository database maintained by the
American Burn Association (ABA), with burn admission data collected from 73 (52%) of
140 verified and nonverified burn centersin the United States and Canadain 2007. This
computerized database contains information on outpatient, inpatient, or rehabilitation visits.
With personal identifiers removed, patient age, gender, race, year of injury, mortality status
and cause, percent total body surface area burned, degrees of burns, preexisting medical
conditions, inhalation injury, and several other variables are stored in the database. Although
the ABA originally developed NBR to collect basic information on hospitalized patients for
the treatment of burns, participation in the burn registry has since become arequired
component for burn center verification. Unfortunately, NBR database does not include
facility Burn Verification Status, and de-identified center data further eliminates the
possibility of identifying Verification Status from additional sources.

Data Collection

Seventy-three hospitals from 30 states plus the District of Columbia contributed to atotal of
306,304 records. Analysis was performed on 57 hospitals that contributed more than 500
cases, having areasonable cross sectional representation of United States hospitals with no
single center dominating. Only cases of acute burn injuries with admission type “initial”
during the period from 2003 to 2007 were included (n = 154,574). Readmissions,
rehabilitation, outpatient cases, records without hospital identifiers, admissions not related to
burn injury, records with missing outcome variable (death), age, and inhalation injury were
excluded from the analysis. Those with missing %TBSA burned and %FTB were included,
however, since exclusion of these subjects would result in elimination of more than 85 per
cent of the records. Although imputation techniques were considered for the substitution of
missing values, previous studies using NBR database have shown that results are essentially
unchanged when imputation versusexclusion of missing datais used.>

Variable Selection

Admission facility was identified for each patient. Patient demographics, in-hospital
mortality, and key determinants of burn outcomes (%TBSA burned group, age, and
inhalation injury) were included based on prior studies.® Percent full thickness burn (%FTB
group) was also used, because it was considered to be a potentially significant predictor of
mortality risk.
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Statistical Analysis

Results

Descriptive analyses comparing demographic characteristics of survivors and decedents
were performed using the Xz statistic to compare proportions, and Single Factor Analysis of
Variance to compare means. A multivariable logistic regression model 7 was then generated
to estimate mortality risk as a function of the admitting facility, adjusted for patient level
covariates (% TBSA burned group, age, inhalation injury, and %FTB group). The maximum
adjusted R? value and C statistic were cal culated to assess the proportion of variability
explained by the model and to assess the model’ s ability to discriminate between survivors
and nonsurvivors, respectively. Odds ratios for the adjusted risk of in-hospital deaths were
calculated for each facility, with reference to afacility with mortality rate at the overall
facility average. In other words, each facility odds ratio (except for the reference facility)
represented the relative difference in the odds of death between patients in any admitting
facility as compared with the average overall odds of death (reference facility).

Another analysis was performed examining the effect of facility volume on mortality risk,
using the same model format, but substituting the facility identifier variable with avariable
measuring facility volume. Facility volumes were cal culated by summing the total number
of patients during the observation period and dividing by the number of years the facility
submitted data to the NBR. Volume deciles were then created to assess the potential
nonlinear relationship between facility volumes and mortality risk. Odds ratios for the
adjusted risk of in-hospital death were calculated for each level of facility volume, with
reference to the highest decile of volume, adjusted for %TBSA burned group, inhalation
injury, age, and %FTB group.

A second multivariable logistic regression model was devel oped excluding all patient
records with either %TBSA burned group or %FTB group listed as either O per cent or as
unknown, to assess whether the effects of model covariates were similar in this subset of the
study population. The second model otherwise was identical to the original model used to
estimate mortality risk.

All statistical analyses were performed using SAS 9.1.3 (SAS Institute, Cary, NC). The
research was reviewed by the University of Virginia Internal Review Board and determined
to be exempt human subjects research.

Univariate Analysis

A total of 87,665 records from 57 facilities out of the original 306,304 met the inclusion
criteriafor data analysis. Table 1 presents the distribution of risk factor values among
patients discharged alive, discharged deceased, and for the total study population. Three
thousand two hundred and fifty-five (3.7%) patients suffered from inhalation injuries, 9,574
(10.9%) were age 65 or older, 8,425 (9.6%) had less than 10 per cent full thickness burns,
and 33,282 (37.9%) were found to have less than 25 %TBSA burned. The majority of burn
patients were white, male, between the ages of 15 and 25, mostly injured by aflame (41.0%)
followed by a scalding injury (30.0%). Death was reported for 3509 patients, or 4.0 per cent
of the evaluated population. The single most common cause of death was multi-organ
failure, although cause of death was omitted or unknown in almost one-half of the patients.
The mgjority of the deceased were injured by the mechanism of flame burns (70%) or
scalding injuries (6%).
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Multivariate Analysis

Multivariable logistic regression analysis was used to estimate the risk of death as afunction
of the admitting facility, adjusted for age, presence of inhalation injury, %TBSA burned
group, and %FTB group. The model demonstrated good statistical performance, obtaining a
C statistic of 0.82, showing adequate discrimination between survivors and decedents. It also
obtained a maximum adjusted R? value of 0.25, indicating that one-fourth of the observed
variability in therisk of death was explained by the model. Each covariate in the model,
including the admitting facility, was found to be a highly statistically significant predictor of
mortality (P< 0.0001), as shown in Table 2. The largest contribution to the model’s
predictive performance was provided by patient age group (Wald XZ = 1586.3), followed by
the admitting facility (Wald Xz =501.9). The variable %FTB group, although statistically
significant, contributed the least to the model’ s performance. All originally specified
covariates were retained in the final model.

The multivariable logistic regression analysis was repeated excluding all patient records
with either %TBSA burned group or %FTB group listed as either O per cent or as unknown.
These results demonstrate that all of the covariates in the model were also statistically
significant at the £< 0.0001 level in this subset of patients. Age group provided the largest
contribution to the performance of the model (Wald Xz =593.8), followed by %FTB group
(wad Xz = 157.3). The covariate for admitting facility was the third most important
variablein this subset analysis (Wald X2 = 148.4). The model developed for the subset had
better statistical performance than the original model, obtaining a C statistic of 0.95 and
maximum adjusted R2 of 0.59. This difference in performance reflects the increased
frequency of death among patients in the subset of patients with known %TBSA burned
group or %FTB group values.

Figure 1 displays facility odds ratios, arranged in an ascending order and adjusted for age,
%TBSA burned group, inhalation injury, and %FTB group, each referent to a selected
facility (“gb”), with observed mortality approximately equal to the average mortality for the
study population. A total of 11 centers were found to have adjusted mortality odds ratios
significantly higher than the average odds of death. The facility with the highest risk had an
adjusted odds ratio that was 3.5 times higher than the odds in the reference facility. There
were seven centers with adjusted mortality odds ratios significantly below 1, or significantly
lower than the odds in the reference facility.

Figure 2 is a graphic representation of adjusted facility odds ratios for deciles of facility
volume. Each decile included between five and six hospitals. Each odds ratio is referent to
the peak volume decile (decile 10). The results demonstrate that compared with patientsin
the highest volume decile, patients receiving care in hospitals included in nearly all other
deciles (except deciles 1 and 3) were at significantly decreased risk for death. Table 3 lists
the distribution of the number of hospitals with higher or lower mortality by volume decile.

Discussion

Improving medical therapy has become an important health care issue for policymakers,
physicians, managers, and most importantly patients. As such, a multitude of quality
improvement programs have evolved with the intent of reducing morbidity, mortality, and
cost. These efforts, and the increasingly prevalent requirements for surgeons to participatein
some form of outcomes assessment, means that quality improvement has become an
essential part of nearly every surgeon’s professional life.8

The most well known and effective investigations in surgical quality improvement based
upon risk-adjusted outcomes assessment to date were performed within the Veterans
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Administration health system as a part of the national quality initiative to assess and
improve system deficiencies with regard to surgical patient management. The National
Surgical Quality Improvement Program distributed “report cards’ to individual centers and
witnessed a 28 per cent decrease in unadjusted 30-day mortality and a 43 per cent decrease
in unadjusted 30-day morbidity rates since implementation in 1991 (3.2% to 2.3% for
mortality and 17.4% to 9.9% for morbidity).® The National Surgical Quality Improvement
Program paradigms and methodol ogy have since been incorporated within similar programs
for trauma centers (The Trauma Quality Improvement Program) in the hopes of improving
the outcomes of trauma patients. And now, with the publication of these results, a Burn-
Center Quality Improvement Program could be envisioned as a hatural extension of the
nationwide effort to set higher hospital standards and provide better patient care for those
with thermal injury.

We performed a retrospective analysis of the NBR database to assess the effects of

admitting facilities on burn outcomes. Data showed that mortality was dependent on the
treating facility in addition to the already known risk factors—%TBSA burned group, the
presence of inhalation injury, and age. An additional factor—%FTB group—was also shown
to be asignificant predictor of burn outcomes. Although the majority of burn centers report
mortality rates that are concordant with the national average, there are facilities whose
mortality rates are significantly above or below the mean. The reasons behind these different
outcomes are not clear, and could vary between such disparate factors as inaccurate
reporting, suboptimal resuscitation protocols, and many others. A study of high- and low-
performing centers for the comparison of burn treatment protocols could reveal common
themes that may be associated with better outcomes. Furthermore, a comparison between
hospital protocols of centers with superior outcomes could yield valuable insights into the
determinants of survival after thermal injury. Well performing hospitals may become great
educational assets for the burn community.

Admitting volumes could offer an additional explanation of facility mortality rates. From
our analysis, it is apparent that treatment of patients with thermal injuries at medium- or
low-volume centers does not necessarily result in worse risk-adjusted survival. In fact,
higher admitting volumes suggest worse outcomes, perhaps due to the fact that some
hospital systems may be overwhelmed with excess patient admissions. At the sametime,
high volume is not a direct predictor of poor outcomes, since some hospitals have adjusted
odds ratios at or below the national average. There may be, in fact, a“sweet-spot” for center
volumes, whereby centers receive sufficient number of patients to allow for maintenance of
proficiency and streamlining of care, but not so many that critical hospital resources are
overwhelmed. Identification of facilities with scarce resources due to an overwhelming
volume of patients would help to allocate resources more appropriately in the future.

There are several limitations that need to be addressed with regard to the results of this
study. Although data from large registries encompasses information from multiple patient
care centers, it may be less accurate then if gathered from a single center or by aternate
methods. First, NBR datais extracted by chart review, recording International Classification
of Diseases, Ninth Revision codes rather than more precise methods.® Although this may be
the easiest, most efficient, and most consistent form of data gathering, it is not as accurate as
patient interviews, surveys, etc. Secondly, data collection may not be identical between burn
centers, leading to data misrepresentation. And thirdly, missing or invalid datais extremely
problematic in outcomes evaluation. Collection of higher quality information through
designation of properly trained personnel would prevent records with missing or incorrect
data from being submitted to ABA/NBR. Only after substantial improvementsin ABA/NBR
data quality could hospitals count on semiannual reports from ABA to identify facilities that
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require additional resources, create an online registry that would allow generation of yearly
outcome reports, and ultimately improve patient care.

One of the limitations of the analysisis the potential influence of missing data on the
adjusted odds of death, resulting in inaccurate facility rankings. Many patient records in the
Burn-Center Quality Improvement Program data set were excluded because of missing
information for the patient characteristics. Systemic differences among hospitalsin their
reporting of patient age, inhalation injury, %TBSA burned group and %FTB group by
patient outcome could potentially bias the comparison of associated odds of death.

Although incomplete, the data available from the National Burn Repository allows the most
comprehensive perspective available on burn care mortality outcomes for United States
hospitals. In this analysis we have included unknown values of percent total body surface
area group variable and unknown values in the percent full thickness group variable as a
category of response. The advantage of this approach is that we are able to retain casesin
the study population with known values for the other covariates but with unknown values
for these variables. The main disadvantage of this approach isthat we are not able to
accurately measure the effect of percent total body surface area or percent full thickness on
mortality risk. Both variables are recognized as key predictors of mortality risk, so excluding
these variables from the model would yield suboptimal estimates of mortality risk.
Excluding cases with unknown values for these variables was a so not the best choice,
because this exclusion would substantially bias the results. We were also unable to impute
unknown values, given the large number of cases with unknown values.

To address the potential differences among patients with compl ete data, we developed an
otherwise identical multivariable logistic regression model excluding all patients with
%TBSA burned group or %FTB group listed as either O per cent or as unknown. These
results demonstrate that all of the covariates in the model were also statistically significant at
the P< 0.0001 level in this subset of the population, and that admitting facility remained one
of the most important contributors to the performance of the model.

However, even though the developed model was found to be a good predictor of mortality,
higher quality data could potentially change facility rankings allowing for more accurate
predictions of facility performancesin the future. We do acknowledge that the apparent
higher mortality odds ratios observed at higher-volume centers could be attributable to more
complete death records—if lower volume centers systematically miss recording mortality
data, they would seem to enjoy an improved survival in their population. However, facilities
should be encouraged to report accurate data, because that would allow for better resource
allocation and ultimately, better patient care viaimprovements in their protocols.

In addition, there may be other important factors affecting mortality of burn patients that
were not included in our model. Age, %TBSA burned, and inhalation injury have been the
most consistent factors previously published and were additionally shown to be statistically
significant in our analysis. We have added a fourth factor, %FTB, although this variable did
not change the performance of the model greatly. It is unclear whether the effect of %FTB
on the model would increase if data were more complete. Outcomes may be further affected
by patient comorbidities, delaysin admission to burn centers and/or availability of trained,
dedicated multidisciplinary burn teams, intoxicants, and other diagnoses. However, our final
model was shown to be a very good performer with a good capacity to discriminate between
survivors and nonsurvivors. This reduces the likelihood that unadjusted covariates would
meaningfully change the resullts.

What is completely clear, however, isthat the quality of data regarding burnsisinadequate,
and that better reporting and funding will be required to maintain a registry that is capable of
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supporting high quality, observational burn research. Thisfinding may, in fact, be the most
important aspect of our study. Without such quality data, significant national improvements
in burn care and outcomes are unlikely.

Conclusion

Our model, using data from a unique and large data set, was able to identify admitting
facility as one of the critical factors predicting mortality in burn patients. However, rather
than exposing and penalizing under-performing hospitals, these data should be used to
encourage the identification of methods through which superiorly performing hospitals
produce improved burn outcomes. If applied broadly, the application of these techniques
could increase the quality of burn care, reduce patient mortality, and more appropriately
allocate healthcare resources.
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Fig. 1.

Odds ratios for each hospital in the study population, compared to the reference hospital
(‘bg’), whose unadjusted odds approximately equaled the overall odds of death for the study
population (average odds of death). The odds ratios are presented in the order of magnitude,
with vertical bars representing minimum and maximum values of the calculated 95%
confidence intervals. Odds ratios and 95% confidence interval values are plotted on the
logarithmic scale.
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Fig. 2.

Plot of the odds ratios for each decile of hospital volume in the study population, with each
compared to the mortality risk for patient in the 10t decile of volume, calculated using
adjustments for other covariates included in the multivariable logistic regression model. The
odds ratios are presented in decile order, with vertical bars representing minimum and
maximum values of the 95% confidence intervals calculated for each odds ratio. Odds ratios
and 95% confidence interval values are plotted on the logarithmic scale.
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