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Evaluating Real-World National and Regional Trends in Definitive Closure in U.S. Burn Care: A Survey
of U.S. Burn Centers

Jeffrey E Carter, MD, Hamed Amani, MD, [...], and Jeremiah Sparks, MBA

Abstract

To better understand trends in burn treatment patterns related to definitive closure, this study sought to benchmark real-world survey data with national
data contained within the National Burn Repository version 8.0 (NBR v8.0) across key burn center practice patterns, resource utilization, and clinical
outcomes. A survey, administered to a representative sample of U.S. burn surgeons, collected information across several domains: burn center
characteristics, patient characteristics including number of patients and burn size and depth, aggregate number of procedures, resource use such as
autograft procedure time and dressing changes, and costs. Survey findings were aggregated by key outcomes (number of procedures, costs) nationally
and regionally. Aggregated burn center data were also compared to the NBR to identify trends relative to current treatment patterns. Benchmarking
survey results against the NBR v8.0 demonstrated shifts in burn center patient mix, with more severe cases being seen in the inpatient setting and less
severe burns moving to the outpatient setting. An overall reduction in the number of autograft procedures was observed compared to NBR v8.0, and
time efficiencies improved as the intervention time per TBSA decreases as TBSA increases. Both nationally and regionally, an increase in costs was
observed. The results suggest resource use estimates from NBR v8.0 may be higher than current practices, thus highlighting the importance of
improved and timely NBR reporting and further research on burn center standard of care practices. This study demonstrates significant variations in

burn center characteristics, practice patterns, and resource utilization, thus increasing our understanding of burn center operations and behavior.

Burn injuries comprise approximately 1.2% of nonfatal injuries among U.S. civilians, with nearly 489,000 burn patients seeking medical care through
hospital emergency departments, and over 50,000 resulting in hospitalizations in 2017.1-3 Burns vary in terms of the size, location, depth of injury,
and associated complications with resulting significant medical costs due to the need for highly individualized and specialized care. The economic
burden in the United States has been estimated at over $976.6 million (2019 USD) in direct medical costs for both fatal and nonfatal burn injuries and

over $1177 million (2019 USD) for lost work among nonfatal burn injuries.*”

Effectively managing burns remains a challenge, given significant morbidity and mortality among burn patients.® Recent statistics indicate that the
number of burn fatalities has fallen significantly over time, and that patients with burns covering 90% of their bodies can now be effectively
resuscitated and treated.”® As of 2018, 97% of all hospital burn admissions resulted in live discharges.” Despite these high survival rates, burn patients
may experience severe complications associated with the burn injury or adverse effects of treatment including pneumonia, cardiac arrhythmia,
cellulitis, prolonged respiratory failure, wound infection, bacteremia, septicemia, incapacitation and serious functional limitations, disfigurement, pain,
and psychological complications due to scarring, altered cosmesis, and poor wound healing.>’ New burn care interventions may improve patient and
economic outcomes by reducing infection rates, decreasing time to wound closure, reducing length of stay (LOS), reducing number of operations,
and/or need for postburn rehabilitation. As new treatment modalities become available in each phase of burn care (wound assessment, excision and

debridement, temporary closure, definitive closure, rehabilitation, and reintegration), practice patterns, protocols, and costs will likely shift over time.

Understanding the current treatment landscape in burn care is challenging given the complexity of care involved and a lag in the availability of timely
data. Given the resource-intensive nature of burn care, value-based care is becoming increasingly important in the United States, driving health
economic evaluation of new burn interventions.'? As new technologies become available, healthcare decision makers such as payers and hospital
value analysis committees will need to assess the economic value, in addition to proven clinical outcomes, to understand the potential impact of these
new treatment options. Real-world evidence (RWE) can be used to understand how burn care innovations affect practice patterns, resource utilization,
and burn center costs. Data from real-world care settings provide insights into the way patients are being diagnosed, treated, and managed. Patient-
level real-world data can be obtained from health insurance claims data, electronic medical records, hospital billing data, or from primary data
collection methods such as registries, surveys, or time-in-motion studies, which can capture nuanced resource use information not typically available
in large billing or claims databases. RWE is increasingly being used by healthcare stakeholders to drive decisions and has been recognized by the Food

and Drug Administration for postmarket approval analysis of clinical outcomes.'!

The American Burn Association (ABA) maintains the National Burn Repository (NBR), which captures real-world data from over 100 burn centers
across the United States. NBR reports are published annually and provide insights into burn care trends such as patient demographics, type and
severity of injury, LOS, and hospital charges. In 2019, the ABA created the latest research dataset, which encompasses data from 2009 to 2018 (NBR
dataset version 14.0).> Summary of NBR v14.0 provides insights at an aggregate level into the most frequently performed procedures, which include
excision and autologous skin graft placement, but the detail of the number of procedures by TBSA burned, burn depth, or other patient characteristics

is lacking. Although the NBR is a large repository of useful data from most U.S. burn centers, one of its potential limitations includes a time delay
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with respect to data analysis. The lag between accessing, publishing, and using NBR data for evidence-based decision making may delay insights on
new interventions and constrain the utility of the NBR report for burn centers to benchmark performance that highlights the need for current real-
world trend data. The NBR report also lacks data by region, hence it is not possible to discern regional differences in patient burden, resource use, or
outcomes. In addition, the NBR captures charges but not costs, which require additional assumptions when trying to ascertain true burn center costs.
Furthermore, charges can vary dramatically with the rate of device usage, labor costs, burn center location, and group purchasing organizations
contracts. The NBR also lacks differences in key variables such as LOS and procedure trends by burn depths (full-thickness/mixed depth-thickness
[FT], deep partial-thickness [DPT]). Given the recent approvals of new technologies in burn care since 2018 such as autologous skin cell suspension
(approved September 2018) as an alternative to split-thickness skin graft as indicated, even the latest NBR data may pre-date shifts in resource use due

to innovative technologies.

Real-world data-driven insights can improve understanding of the overall healthcare system, as well as ascertain regional health system variations,
supporting more complete patient insights and informing resource allocation decisions in burn care, which are often highly individualized and
complex. To best inform treatment decisions, it is crucial to understand present-day practice patterns and resource utilization trends at both the
national and regional levels. To understand how the burn care landscape has changed since the NBR v8.0 (2002-2011) and the NBR v14.0 (2009—
2018) data as published in the NBR 2019 report, a survey was conducted to collect nuanced, real-world data to identify shifts in burn care that affect

the evaluation of novel interventions and to refine our understanding of the current standard of care (SOC) at both the national and regional levels.

METHODS

A benchmarking survey was developed by a team of healthcare economists and burn specialists and administered via a structured interview in-person
or by telephone to 14 burn surgeons, representing a 10% convenience sample of U.S. burn centers nationally, across all five regions designated by the
ABA (Northeast, Southern, Eastern Great Lakes [EGL], Midwest, and Western) between June and December 2019. The survey collected 73 data
points across six domains: 1) burn center characteristics (eg, pediatric center, location, number of beds, teaching status); 2) patient characteristics (eg,
total patients undergoing excision and autografting, distribution of patients across burn depths, total body surface area [TBSA], and age groups); 3)
procedure trends by TBSA burned (eg, number of autograft procedures, total blood transfused across burn depths); 4) burn center perspective costs,
excluding profession fees (eg, bed cost per day, cost of anesthesiology per patient, cost of burn surgery operating room [OR] time per hour); 5)
resource use (eg, surgery time at graft and donor sites by burn depth and TBSA burned, LOS for contracture procedure, dressing changes per day, time
for each dressing change); and 6) demographic details such as patient mix and age distribution for low TBSA burns (TBSA burned <20%). See
Supplementary Data for additional information. In addition to capturing burn center average trends, the questionnaire also collected information on
care practices and patient outcomes for TBSA burns less than 20%, which account for over 90% of all burns according to NBR v14.0 data, to provide
detailed information on practice patterns associated with the treatment of low TBSA burn patients, which is currently lacking in the literature. Burn
centers were selected to ensure representativeness across geography, and data were collected from a single burn center surgeon at each site who was

experienced with clinical outcomes, hospital charges at their respective institutions, resource utilization, and local value assessment procedures.

Data were reviewed, validated, and synthesized by entering all collected information into an MS Excel file. Once the data were combined, summaries
were developed and compared using descriptive statistics based on mean values for all quantitative responses. A comprehensive review of all data was
conducted to confirm no data entry errors occurred. Comparisons of key survey outcomes such as number of procedures and costs were made across
burn center characteristics (ie, region, number of beds) to understand variations in regional treatment patterns and outcomes from the national
averages. Aggregated burn center survey data were also compared to the NBR to identify the differences between NBR version 8.0 and current burn
center treatment patterns.'>! In a publication by Kowal et al,'? detailed analyses of NBR 8.0 were conducted and published, reporting results by
TBSA and burn depth which allowed for direct comparisons of resource use to the survey results. Although the NBR 2019 annual report reports
rolling 10-year trends, we were not able to compare benchmarking survey results directly to NBR v14.0 through the NBR 2019 annual report because

the report publishes data trends in aggregate, and thus evaluation of trends by TBSA burned and burn depth could not be made.

As the study was not interventional, the authors did not seek direct patient data and therefore did not recruit or enroll any human subjects. Data
collected from burn centers did not include individually identifiable health information, and therefore, there were no risks and no anticipated medical

benefits to patients associated with this study. Hence, an exemption was obtained from the Western Institutional Review Board to conduct the survey.

RESULTS

National and Regional Benchmarking Survey Results

A total of 14 burn centers participated in the survey, representing about a 10% sample of all U.S. burn centers (n = 132). Burn centers were distributed
across all five ABA regions: Northeast (4), Southern (5), EGL (2), Midwest (1), and Western (2). For the purposes of this analysis, responses for EGL

and Midwest region burn centers were clustered together to maintain anonymity of individual burn center data. Among responders, 50% of burn
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centers are university centers, 79% are designated as urban teaching hospitals. The majority of centers (79%) treat both adults and pediatric patients.

Over 85% of the burn centers had 25 or fewer designated beds (average: 18 beds; Table 1).

Table 1.

Burn center characteristics

On average, burn centers treated 341 patients annually (range: 70-1000; median 241). In 2019, the most common burns treated were superficial
partial-thickness (SPT) burns (41.5%), followed by FT/mixed-thickness burns (30.2%) and DPT burns (28.3%). This trend was similar for a subset of
patients with low TBSA burns (42.4%, 29.9%, and 27.6% for SPT, FT, and DPT burns, respectively). These distributions varied geographically, with
Northeast and Western burn centers seeing over 50% of patients with SPT burns, followed by DPT and FT (Table 2). The age distribution in FT/DPT
burns shows that over 80% of FT and DPT burn patients were adults (Table 2).

Table 2.

Burn center patient mix

Autograft operations are the SOC for definitive closure of burn wounds in the United States. A key objective of the survey was to understand how the
number of autograft operations varied by burn depth and TBSA burned. Table 3 displays the distribution of autograft procedures by burn depth and
TBSA burned. In both DPT and FT burns, the average number of autograft procedures per 10% TBSA burned decreased as the size of the burn
increased. For large burns (TBSA burned >40%), the average number of autograft procedures per 10% TBSA burned was 0.75 in DPT burns and 0.95
in FT burns. The Northeast region burn centers tended to trend higher, estimating 1.03 and 1.22 autograft procedures per 10% TBSA burned in DPT
and FT, respectively. For small burns (TBSA burned <10%), the average number of autograft procedures was similar in both DPT and FT burns (1.17
and 1.20, respectively). A review of the average surgical time, defined as the time the surgeon was actively harvesting donor site skin or applying skin
to the graft site, by TBSA burned (minutes per TBSA burned) for the donor site and graft site shows that as the burn size increases, the average time
per TBSA burned decreases. Detailed surgical time estimates by site, burn depth, and TBSA burned are given in Table 3. Similar trends were reported
for dressing time—as TBSA burned increased, the minutes per TBSA burned to perform dressing changes decreased. There was no difference in the

number of dressing changes needed per day by TBSA burned.

Table 3.

Resource use and procedure trends

Burn center perspective costs were captured for all burn centers. Detailed costs are given in Table 4. Respondents were able to obtain burn center costs
through a review of administrative records at their respective burn centers. The average bed cost per day for all patients was $8362 (median: $7220),
and for patients with TBSA burned <20% only, the average bed cost per day decreased to $7554 (median: $6500). When considering regional trends,
the average cost per day ranged from $14,050 to $6234. It is important to note that institutional variations in which items are included in the reported
daily cost such as room and board, nursing or personnel, and management of patient morbidity may account for some portion of the regional cost
differences. Operating room time and anesthesiology costs represent significant portions of burn care resources used. The cost of anesthesiology per
patient for the inpatient stay was $5186 per patient for all patients and decreased to $4704 for patients with TBSA burned <20%, whereas the mean
hourly operating room time was $4844 across all patients. Regionally, the average OR hourly cost remained in the $4000 range, with the exception of

one region which had an average OR cost of $7139.

Table 4.
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Burn center perspective costs (USD 2019)

Evaluation of Trends in Burn Care

Evaluation of current data relative to previously published data provides insights into shifts in treatment patterns and cost trends. Comparison of the
benchmarking survey data for number of autografting procedures for DPT and FT/mixed burn depths to the published estimates derived from the NBR
v8.0 shows 49% and 51% decreases, respectively, in the number of procedures required for TBSA burned 10%, and 31% and 32% decreases,
respectively, in the number of procedures required for TBSA burned 20% (Figure 1). A recent analysis of the NBR v8.0 data reported the average
number of autograft procedures to be between 2.3 for TBSA burned 10% and 4.0 for TBSA burned 40%, confirming a downward shift in the number

of procedures reported in the benchmarking survey.'?

Figure 1.

Change in autografting procedures.

As part of the BEACON model development, Kowal et al'? published burn center costs and resource use estimates from 2017. Analysis of costs for all
patients showed significant increases since 2017. The largest cost difference is in the anesthesiology cost per patient, which is 83.6% higher in the
survey data compared to the cost reported in Kowal et al: $2825 vs $5187 (all costs were inflated to 2019 USD for consistency in comparison).
Average bed cost per day increased from $7125 to $8362 (17.4%), and OR hourly cost increased from $3900 to $4844 (24.2%). When only
considering costs for low TBSA burned patients only (TBSA burned <20%), average cost per day and anesthesiology costs were about 10% lower

than the average cost for all patients (Table 4).

When evaluating trends over time, survey results were compared to the work of Kowal et al, given the detailed analysis conducted across TBSA
burned categories and burn depths. The benchmarking survey results show a decrease in the SPT and DPT burns and an increase in FT burns treated
inpatient when compared to Kowal et al (51.0% vs 41.5% SPT burns; 29.0% vs 28.3% DPT burns; 20.0% vs 30.2% FT/mixed-depth burns).' This is
consistent with anecdotal burn surgeon experience, which shows that burn centers are admitting the more serious burns and shifting SPT burns to
outpatient care when possible. Kowal reports an average autograft time of 1.6 minutes per TBSA burned for the graft site and 2.1 minutes per TBSA
burned for the donor site, both of which are lower than the low-end estimate of 4.12 and 2.24 minutes, respectively (irrespective of TBSA burned or
wound depth), from the benchmarking survey. This difference could reflect a true change in procedure time estimates or may be a result of variation

due to the sample size of the Kowal et al burn survey (n = 8) compared to the current benchmarking survey.'>

DISCUSSION

Burn center directors increasingly rely on RWE, available health economics tools such as the BEACON model,'? and NBR data available for inpatient
burn care” to benchmark burn center performance, track patient outcomes, and inform value analysis committee evaluations. As new burn
technologies become available, burn centers can assess their potential impact on high-cost resources such as OR time and LOS relative to national or
regional benchmarks. Therefore, an understanding of the nuanced relationships between patient characteristics, healthcare resource use, treatment
patterns, and how inpatient costs across patient types of the individual center compare to both national and regional benchmarks can provide valuable
insights. The benchmarking survey aggregates the current estimates of burn center patient mix and resource use at both the national and regional levels

and provides a contemporary view of real-world resource utilization and costs.

When paired with previously published resources, trends emerge which can be used by burn center administrators for future resource planning. In
terms of patient mix, the benchmarking survey shows that there is an overall increase in the proportion of severe burns being treated in the inpatient
setting, with more low-TBSA burns and/or superficial burns moving to outpatient care. When drilling down to a regional level, variations in the
patient mix are noticeable, with the Northeast and Western regions seeing more of the smaller burns and the plurality of patients treated inpatient in
the EGL + Midwest regions are treated for FT burns. Burn surgeons indicate that changes in admission or operative patterns could also be attributed to

the shrinking burn workforce and developments in telemedicine.

Changes in overall resources related to the number of autografting procedures and surgical time have also been observed at both the national and
regional levels. There is an overall reduction in the number of autografting procedures per percent TBSA burned. A closer look at the average surgical
time for both the graft and donor sites shows that the procedure time per TBSA burned decreases as TBSA burned increases. This could be reflective
of the fixed portion of time needed for all OR procedures, such as anesthesia induction and preparation time (time from the end of anesthesia to the
start of procedure) and exit (the time from procedure end to when the patient leaves the OR) and turnover time. Even procedures that are shorter in

duration for smaller burns have to account for these fixed components which could be attributed to operating room efficiencies associated with larger
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burns.'* Nonetheless, despite these efficiencies found with larger burns, surgeons report spending more time per TBSA burned for both graft and
donor sites. The additional time per TBSA burned could be attributed to the increased severity of burns being treated in the inpatient setting as
treatment of less severe burns migrates to the outpatient setting. Compared to the 2017 costs reported by Kowal et al, all costs have increased notably,
with the largest increase seen in anesthesiology costs per patient followed by OR costs. Finally, the benchmarking survey identifies wide regional
differences in surgical time for donor sites. However, the reasons underpinning the regional differences are beyond the scope of the survey, and thus,

further research would be needed to understand why these regional differences exist.

This real-world benchmarking survey moves beyond the level of detail captured in current NBR trend reports to understand burn center patient mix
and associated treatment resources by TBSA burned and burn depth, both of which are important predictors of the intensity of burn care resource use.
However, there are certain limitations inherent in the methods, including some of the data reported may be subject to the respondent’s own anecdotal
experience rather than comprehensive empirical data. This may be true when estimating time per TBSA burned for procedures as this data is not
explicitly captured in hospital or patient records. The study is also limited by the small number of participants involved, although it was felt to be a
valid representation given the number of burn centers across the United States. Finally, trend comparisons were made to the NBR 8.0 dataset (as
published in the work of Kowal et al) because the procedure trends were reported by both burn depth and TBSA. Additional analysis of the most
recent NBR v14.0 could provide additional insights into how resource use trends have changed since NBR v8.0. Given the learnings of this initial
benchmarking survey exercise, future studies can build on this research by gathering data from a larger sample of U.S. burn centers or by conducting
an analysis of hospital electronic records to estimate real-world resource utilization and hospital costs. Additionally, enhanced NBR data collection
and reporting could provide the burn community with timely benchmarks across resource use and costs. Given that detailed patient data are already
captured as part of the NBR dataset, the NBR annual reports could potentially be modified and expanded to provide a more nuanced look at resource
use, patient outcomes, and costs by TBSA and burn depth at both the national and regional levels to understand local medical practice patterns.
Additionally, the NBR can potentially be enhanced to capture additional data elements such as type of intervention used, time in OR, and number of
ICU days which would allow a more practical look at treatment patterns. As new interventions become available, collection and reporting of detailed
resource use consumption and costs will allow burn centers and payers to quantify and understand the potential health economic impact of new

interventions over time.

When considering the current costs and practice patterns from a sample of US burn centers, we observed a variety of trends that reflect changes in
patient mix and practice patterns. This study benchmarks national and regional averages for number of procedures, duration of procedures, and costs.
It is observed that the number of autografting procedures is trending downward, which could lead to significant offsets in costly resource use such as
OR time and anesthesiology. Additionally, the results suggest that the number of autograft procedures for both FT and DPT burns estimated from NBR
version 8.0 may be higher than current practices. This highlights the importance of improved and timely NBR reporting and further research on burn
center SOC practices to adequately assess the value of current treatment options, in order to adequately assess the comparative value of new burn care
interventions as they become available. Viewing resource utilization and outcomes alongside the full continuum of care has the potential to improve

population health through empirical decision support so that patients get the right care, at the right place, and the right time for the best outcome.

Supplementary Material
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