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Purpose: To investigate the effect of StrataGraft (bioengineered allogeneic cellularized construct [BACC]) treatment on inpatient 
length of stay (LOS) as an indicator of hospital resource utilization.
Patients and Methods: Data from the single-arm StrataCAT trial for adult patients with deep partial-thickness (DPT) burns who 
received BACC were compared with data from a matched external control arm comprising patients who received autografting for burn 
treatment from the National Burn Repository (NBR) during the same time period as StrataCAT. A matching, quasi-experimental 
approach was used to investigate the cause-and-effect relationship between BACC treatment and LOS (days). Matching factors 
included sex, age, ethnicity, race, burn causes, %TBSA burned (third-degree), %TBSA burned (second- and third-degrees), inhalation 
injury, diabetes mellitus, and hypertension. Balance was assessed between the cohorts for each confounder by standardized mean 
differences (SMD). Outcome was reported as average treatment effect on the treated.
Results: The BACC and NBR Autograft cohorts included 47 and 2641 patients, respectively. Following matching, the Autograft 
cohort had 137 patients and was weighted to 47 patients. Patients in the BACC and final (matched) Autograft cohorts were similar in 
all demographic and clinical covariate categories after matching (ie, the absolute SMD were < 0.1). Treatment with BACC reduced the 
inpatient LOS by an average of 4.84 days (P = 0.0127) relative to the comparable (matched) Autograft cohort. An ad hoc analysis 
revealed that mean [SD] LOS for BACC and the weighted Autograft cohorts were 17.68 [12.75] and 22.51 [19.75] days, respectively, 
and were 1.39 [0.94] and 1.88 [1.31] days per %TBSA burned, respectively.
Conclusion: The significantly reduced inpatient LOS observed with BACC compared to Autograft in adults with DPT burns may 
translate into reduced burden on the healthcare system, reduced costs for inpatient burn treatment, and clinical benefits for patients.
Keywords: deep partial-thickness burns, severe burns, length of stay, National Burn Repository, bioengineered allogeneic cellularized 
construct

Introduction
Burn injuries can be classified as superficial, superficial partial-thickness (SPT), deep partial-thickness (DPT), full- 
thickness (FT), or fourth-degree, depending on the depth of the burn wound.1 SPT and DPT burn wounds are classified 
as second-degree wounds, while FT burn wounds are classified as third-degree wounds.1

Burn wound depth impacts the patient’s long-term functional and cosmetic outcomes and thus influences the choice of 
burn treatment during the acute post-injury phase.2 Patients with DPT and FT burns typically require expensive 
specialized care, including prolonged hospitalization for surgery and treatment.1,3 Specifically, autografting following 
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burn excision is a current standard of care for DPT and FT burns; however, autografting requires the creation of a donor- 
site wound, which can be associated with morbidity including pain, scarring, and impaired function.4,5

In addition to this patient burden, the burden related to healthcare resources and costs associated with autografting is 
substantial. There are nearly 40,000 patients hospitalized every year in the United States for burn treatment.6 Researchers 
have found that the reported percentage needing autografting ranges from 21% to 25% among hospitalizations for burn.7 

A recent analysis of administrative claims and electronic medical records of patients undergoing inpatient autografting in 
the United States between 2010 and 2019 indicated the mean length of hospital stay (LOS) for these patients was between 
10.6 days (for patients with burns <10% total body surface area [TBSA]) and 46.5 days (for patients with burns ≥25% 
TBSA) and that LOS positively correlated with %TBSA.8 This corresponded to approximately $75,000 to $560,000 in 
average inpatient costs for burn-related treatment.8 LOS is also a major quality indicator for inpatient care.9 A shorter LOS 
can reduce the risk of hospital-acquired infections and improve patient quality of life.9 In addition, given the positive 
correlation between LOS and costs in burn treatment,3 a reduced LOS may reduce healthcare resource use and costs and 
help to alleviate the burden on the healthcare system (eg, through decreased staffing needs and associated cost savings).10

Given the burden autografting imposes on both patients and healthcare systems, there is a need for alternative 
therapeutic options for burn wound coverage and promotion of wound closure that can improve quality of care and 
patients’ quality of life and reduce the length of inpatient stay over the current standard of care.4 StrataGraft, 
a bioengineered allogeneic cellularized construct (BACC), is a US Food and Drug Administration (FDA)-approved 
alternative treatment option to autografting for DPT thermal burns in adults.4 The clinical benefit of BACC has been 
demonstrated in several clinical trials,4,11,12 including the pivotal phase 3, randomized controlled trial STRATA2016 
(NCT03005106),4 and a recent phase 3b, open-label, single-arm, multicenter, expanded-access study (StrataCAT, 
NCT04123548), which found that 90.6% of BACC-treated DPT thermal burn wounds in adults did not require autografting, 
and 55.8% of patients achieved durable wound closure without autografting by Week 24 of BACC treatment.11 

Additionally, hypertrophic scars in burns treated with BACC were similar to those of autografting in metrics related to 
clinical POSAS scores, extracellular matrix, and collagen structure, without the burden of a donor site.13 The impact of 
BACC on healthcare resource utilization among adults with DPT burns remains a subject of continuing investigation. The 
aim of this study was to investigate the effect of BACC treatment on inpatient LOS as hospital resource utilization.

Materials and Methods
Data from the single-arm StrataCAT trial for patients who received BACC were compared with data from a rigorously 
matched external control arm comprising patients who received autografting for burn treatment from the National Burn 
Repository (NBR) during the same time period as StrataCAT.11,14,15 The ABA Full Burn Dataset is a comprehensive dataset 
representing fully harmonized variables collected about burn admissions in the United States from 2008 to 2021. The data are 
sourced from over 100 unique treating facilities and include initial inpatient burn encounters with admission dates from 
January 2008-December 2021.14 Patients enrolled in the expanded-access StrataCAT trial served as the experimental (BACC) 
arm of this study. Following the StrataCAT inclusion criteria, patients in the BACC arm were aged 18 years or older, had 3% to 
<50% TBSA of thermal burns, and received up to 2000 cm2 of treatment with BACC. Patients were excluded if they were 
pregnant, prisoners, or had less than 3 months expected survival. Treatment sites were excluded if they were FT burns, chronic 
wounds, or burns covering the face, head, neck, hands, feet, digits, buttocks, perineum/genitals, and areas over joints.

To align with the experimental arm from the StrataCAT trial, inclusion/exclusion criteria were applied to data from the 
NBR to create a comparable external control (Autograft) arm. Patients in this arm were aged 19–87 years with 3%–<50% 
TBSA (including second- and third-degree burns), were hospitalized for burn treatment in the years 2020 and 2021 (during 
the same period as StrataCAT), and underwent at least one autografting procedure. Patients were excluded if they were 
pregnant, died during hospitalization, or discontinued hospital treatment against medical advice. Only patients with at least 
one burn location in the anterior or posterior trunk, upper arm, leg, or thigh were included in the Autograft arm. A few 
StrataCAT exclusion criteria (eg, patients undergoing systemic immunosuppressive therapy at the time of injury, patients 
with a known history of malignancy or preadmission insulin-dependent diabetes) were not applied to the Autograft external 
control arm, as such information was not available from the NBR. However, to ensure completeness of the NBR data and, to 
the extent possible, alignment with StrataCAT criteria for the purposes of this analysis, the Autograft cohort excluded 
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patients missing information on gender, ethnicity, LOS; patients who transferred to a different treatment facility (ie, had 
incomplete LOS information), and patients who were not White, Black/African American, or Asian. The complete list of 
criteria used for the Autograft cohort to be comparable with the StrataCAT criteria is shown in Supplemental Table 1.

Once the study cohorts had been assembled, a matching, quasi-experimental approach was used to investigate the cause- 
and-effect relationship between BACC treatment and LOS.16 Matching is often used in observational studies to investigate 
a cause-and-effect relationship when randomization (as in a clinical trial) is not appropriate.17 Matching is intended to find 
similar or comparable groups, and, if appropriately done, the patients in different groups are similar across the matching 
variables/confounders.18 A bias-corrected matching estimator developed by Abadie and Imbens was implemented in this 
study following the counterfactual framework.16,17 This was done to find a potential outcome (ie, counterfactual) for 
a BACC patient by averaging the outcome of matched Autograft patients. Nearest-neighbor matching on Mahalanobis 
distance was conducted with replacement, ties allowed, and at least 2 controls; weights were incorporated into the 
analysis.16,19 The matching factors included the critical baseline demographic and clinical confounders: gender, age, 
ethnicity, race, burn causes, %TBSA burned (third-degree), %TBSA burned (second- and third-degrees), inhalation injury, 
diabetes mellitus, and hypertension.

Balance was assessed between the BACC and Autograft cohorts for each of the aforementioned confounders by 
standardized mean differences (SMD) before and after matching. Between the 2 cohorts, a covariate category that 
differed by at least 0.1 absolute SMD was considered imbalanced (ie, an absolute SMD of <0.1 was used to indicate 
a negligible difference between the 2 cohorts).20,21 Once balanced after matching, the outcome of interest, LOS, was 
reported as the average treatment effect on the treated (ATT); bias adjustment and robust variances were calculated. An 
ad hoc analysis was performed to compare LOS between the BACC and the matched cohorts. Finally, a Rosenbaum 
sensitivity analysis was conducted to assess potential hidden biases.22 Analyses were carried out using the R packages 
Matching and Sensitivitymult.23

Results
The BACC cohort included 47 patients after data clean-up. Not all 52 patients in the StrataCAT study were included in 
the present analysis. In the StrataCAT study, there were 49 inpatients and 3 outpatients. The 3 outpatients were excluded 
in this study because outpatients did not have LOS (the primary endpoint). Moreover, 2 patients were removed from this 
analysis because they died 1 day after the surgery (unrelated to BACC). Those 2 patients might not have been appropriate 
trial candidates for BACC.

Following the application of StrataCAT inclusion/exclusion criteria to NBR data from the years 2020to 2021 and data 
clean-up, the final NBR Autograft cohort had 2641 patients (Figure 1). This cohort was a potentially eligible population 
from a real-world repository that could have participated in the StrataCAT clinical trial.

The study cohorts differed in demographics and key clinical characteristics before matching (Table 1). Compared with 
the Autograft cohort, the BACC cohort initially had older patients, more male patients, fewer Hispanic patients and more 
White patients. Before matching, the BACC cohort also had more patients with diabetes mellitus and hypertension, fewer 
patients with <10% TBSA burn, and more patients in the categories 20% to <30% and 40% to <50% TBSA burn 
(second- and third-degrees).

Confounder imbalances (with ≥0.1 absolute SMD) were observed in 12 out of 19 cohort characteristics at baseline 
(Figure 2). These covariates included age, ethnicity, race, 2 out of 3 types of burn causes, some categories of %TBSA 
burned (second- and third-degrees), diabetes mellitus, and hypertension.

Matching was then carried out to ensure that the patients in the 2 study cohorts were similar on the aforementioned 
covariates. Each patient in the BACC cohort was matched to at least 2 patients in the Autograft cohort and then weighted 
to 1. Following matching, the final Autograft cohort had 137 patients and was weighted to 47 patients, the same as in the 
BACC cohort. Patients in the BACC and final (matched) Autograft cohorts were similar in all demographic and clinical 
covariate categories after matching (ie, the absolute SMD were <0.1) (Table 1).

The analysis for ATT indicated that treatment with BACC reduced the inpatient LOS by an average of 4.84 days 
(P=0.0127) relative to the comparable (matched) Autograft cohort (Table 2 and Supplemental Table 2). An ad hoc  
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analysis revealed that mean [SD] LOS for the BACC and the weighted Autograft cohorts were 17.68 [12.75] and 22.51 
[19.75] days, respectively, and were 1.39 [0.94] and 1.88 [1.31] days per %TBSA burned, respectively (Table 3). The 
Rosenbaum sensitivity analysis revealed a gamma of 1.29 (Supplemental Table 3).

Figure 1 Attrition diagram for patients from the National Burn Repository. 
Notes: The number in parentheses at each step indicates the percentage of patients in the previous step. 
Abbreviations: LOS, length of stay; TBSA, total body surface area.

Table 1 Confounder Balance Assessment Between BACC and Autograft Cohorts Before and After Matching

Raw Matched

BACC  
(n = 47)

Autograft  
(n = 2641)

SMD BACC  
(n = 47)

Autograft (n = 137,  
weighted = 47)

SMD

Demographic characteristics

Age (mean, years) 48.83 46.54 0.14 48.83 48.24 0.04

Gender, %

Male 72.34 67.85 0.0992 72.34 74.47 −0.05

Ethnicity, %

Hispanic or Latino 4.26 8.71 −0.22 4.26 4.26 0.00

Race, %

Asian 6.38 3.52 0.12 6.38 6.38 0.00

Black or African American 12.77 22.83 −0.30 12.77 12.77 0.00

White 80.85 73.65 0.18 80.85 80.85 0.00

(Continued)
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Discussion
The aim of this study was to evaluate whether treatment with BACC (ie, the cause) impacts LOS (ie, the effect) in 
treatment of adult patients with DPT burns. To achieve this goal, the present study compared data from a single-arm 
clinical trial to a rigorously matched external control arm from the NBR real-world data.11,14 NBR represents the largest 
resource in epidemiology of thermal injury for patients admitted to burn centers in North America;14 therefore, these 
results are expected to be broadly generalizable across patients with DPT burn injuries.

Our analysis indicated that treatment of adult patients with DPT burns with BACC significantly reduced inpatient 
LOS by 4.84 days relative to autografting, the current standard of care. Additional research would be needed to clarify 
the reasons for this difference, but it could be related to the use of BACC reducing or eliminating the harvest of donor 
sites, and thus, the associated wound-related care and potential complications.11 LOS reduction may translate to 
substantial clinical and economic benefits for patients and healthcare systems.9,10 A shorter LOS enhances bed turnover 
rates, allowing hospitals to more efficiently allocate resources and manage patient capacity, crucial in periods of high 
demand or limited resources.9 This capability is especially important in light of the current nursing shortage and the 
associated risk of increased medical errors and higher patient morbidity and mortality.24 In addition to resource savings, 
treatment of adult patients with DPT burns with BACC, by eliminating donor-site harvest, may result in improved quality 

Table 1 (Continued). 

Raw Matched

BACC  
(n = 47)

Autograft  
(n = 2641)

SMD BACC  
(n = 47)

Autograft (n = 137,  
weighted = 47)

SMD

Clinical characteristics

Causes of burns-injury, %

Contact 12.77 7.99 0.14 12.77 12.77 0.00

Flame 70.21 66.22 0.09 70.21 72.34 −0.05

Scald 17.02 25.79 −0.23 17.02 14.89 0.06

%TBSA burned (third-degree), %

0% to < 10% 89.36 91.71 −0.08 89.36 89.36 0.00

10% to < 30% 10.64 7.54 0.0996 10.64 10.64 0.00

%TBSA burned (second- and third-degrees), %

0.1% to <10% 40.43 51.57 −0.22 40.43 41.49 −0.02

10% to <20% 29.79 32.26 −0.05 29.79 30.85 −0.02

20% to <30% 19.15 10.26 0.22 19.15 17.02 0.05

30% to <40% 4.26 4.32 0.00 4.26 4.26 0.00

40% to <50% 6.38 1.59 0.19 6.38 6.38 0.00

Concomitant conditions affecting outcomes, %

Inhalation injury 4.26 5.68 −0.07 4.26 4.26 0.00

Targeted comorbidities of interest, %

Diabetes mellitus 25.53 11.47 0.32 25.53 22.34 0.07

Hypertension 44.68 26.54 0.36 44.68 42.55 0.04

Abbreviations: %TBSA, percentage of total body surface area; BACC, bioengineered allogeneic cellularized construct; SMD, standardized mean difference.
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of care and quality of life.11 For example, patients may be at a lower risk of contracting hospital-acquired complications 
like infections (as well as costs associated with these infections) when recovering at home rather than in the hospital.9,10

The present study compared data from the single-arm StrataCAT trial for patients who received BACC to data from 
a rigorously matched external control arm comprising patients who received autografting for burn treatment during the 

Figure 2 Confounder balance assessment between BACC and Autograft cohorts before and after matching. 
Abbreviations: BACC, bioengineered allogeneic cellularized construct; TBSA2+3, total body surface area, 2nd and 3rd degrees burned; TBSA3, total body surface area, 3rd 

degree burned.

Table 2 LOS in BACC Cohort versus Autograft Cohort

ATT Difference in LOS (days) Robust Standard Error P value 95% Confidence Interval

BACC vs Autograft −4.84 1.94 0127 (−8.6389, −1.0333)

Abbreviations: ATT, average treatment effect on treated; BACC, bioengineered allogeneic cellularized construct; LOS, length of stay.

Table 3 Ad Hoc Analysis

Raw Matched

BACC 
(n = 47)

Autograft 
(n = 2641)

BACC 
(n = 47)

Autograft  
(weighted: 

n = 47)

Mean SD Mean SD Mean SD Mean SD

LOS (day) 17.68 12.75 18.39 15.74 17.68 12.75 22.51 19.75

TBSA2+3 burned (%) 14.93 10.87 12.04 8.83 14.93 10.87 14.31 10.47

LOS/TBSA2+3 burned (day/%) 1.39 0.94 1.90 1.46 1.39 0.94 1.88 1.31

BACC total treatment area (cm2) 709.36 576.23 709.36 576.23

Abbreviations: BACC, bioengineered allogeneic cellularized construct; LOS, length of stay; SD, standard deviation; TBSA2+3, total 
body surface area, 2nd and 3rd degrees burned.
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same time period. Well-designed external control arms provide a viable alternative for interventional clinical studies in 
scenarios where using a control arm is impractical or ethically untenable.25 The FDA has long recognized and supported 
the use of appropriate external controls from real-world data when necessary to support pivotal studies evaluating the 
clinical effectiveness of various interventions.15,25 As a recent example, the FDA approved the first drug treatment for 
Friedreich’s ataxia based in part on evidence from an open-label extension of a clinical trial and comparable untreated 
patients from a natural history study as an external control arm.26

Externally controlled studies do not involve randomization of the study patients to the interventions being 
compared.15 Therefore, when designing a study, it is important to ensure that patients in the treatment arm and external 
control arms are as similar as possible in terms of known confounders (eg, baseline characteristics, disease severity) that 
may affect the treatment choices and outcome under investigation.15 Rigorous assessment of the extent of confounding 
from such factors and sources of bias as well as statistical methods to reduce the impact of such bias are critical to study 
involving external control arms, even if unmeasured confounding may not be completely eliminated.15 This study 
matched extensively on confounders and found a well-matched cohort as evaluated by <0.1 absolute SMD. It also 
used a Rosenbaum sensitivity analysis to assess potential hidden biases after match. The gamma of 1.29 found in this 
study indicated that ATT might be sensitive to unmeasured covariates (eg, different practice patterns in different burn 
centers). However, the result is consistent with findings from previous research, which showed that it is common to see 
a bias of gamma between 1 and 2 in social science studies.27

This study builds on previous discussions using external control arms, and it is novel because it balanced many 
confounders and found that treatment with BACC significantly reduced inpatient LOS over Autograft, the current 
standard of care. It is interesting to see that other researchers used a similar approach to evaluate other burn treatments. 
One study used electronic medical records to match adult patients who received inpatient burn treatment with autologous 
skin cell suspension (ASCS) ± split-thickness skin grafting (STSG) to patients treated with STSG alone on the basis of 
patient characteristics including sex, age, %TBSA, and comorbidities. ASCS ± STSG was associated with a numeric 
reduction in LOS compared with STSG alone.28 In another publication, patients receiving inpatient treatment with ASCS 
± STSG for burns <20% TBSA was matched to patients receiving STSG using baseline characteristics, and statistically 
insignificant reductions in LOS were observed.29 Neither study showed whether confounders were balanced after 
matching, nor did they quantify the impact of hidden biases on the study results. In contrast, the rigorous analytic 
approach employed in the present study bolsters confidence in the finding that treatment with BACC significantly reduces 
inpatient LOS over Autograft.

The primary strength of this study is the counterfactual framework, which can be used to prove causality without 
randomization in observational studies.17 A matching technique developed by Abadie and Imbens was implemented 
following the counterfactual framework to ensure comparable study populations in the StrataCAT expanded-access study 
arm and the NBR external control arm.16 It is widely accepted that the increase in the number of matches (possibly 
resulting from a wider match distance) introduces additional bias while effectively reducing variance (sampling variation) 
in assessing treatment effects.30,31 Austin found matching with 2 patients could be optimal in terms of the mean squared 
error.30 In this study, some BACC patients were matched with more than 2 Autograft patients as ties were allowed. 
Nearest-neighbor matching on Mahalanobis distance with replacement may lower bias19 and was therefore used in this 
study. Overall, the presence of multiple matches allows for reduced variance in assessing treatment effects.

In addition to the rigorous study design and analytic approach that bolster confidence in cause-and-effect finding, 
strengths of this study include the use of data from an expanded-access trial, StrataCAT. Study sites participating in the 
expanded-access study were able to leverage the experience gained from conducting the DPT pivotal clinical study.4 The 
StrataCAT study allowed for an increase in the number of constructs utilized; therefore, the data from StrataCAT may 
more closely resemble the potential use of BACC in the real world. Additionally, while the StrataCAT study population 
was older, with greater %TBSA burned and more comorbidities than the general NBR population before matching, the 
StrataCAT inclusion/exclusion criteria were strictly applied to the NBR data collected during the same time period to find 
potential eligible patients who closely matched with the StrataCAT study and eliminate potential confounders. Indeed, the 
BACC and Autograft cohorts in this analysis were comparable after matching.
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A further strength of this study is its use of a concurrent control versus a historic control group. Concurrent control 
groups are generally preferred, as use of historical controls tends to overestimate the effect of the more current 
treatment.32 The use of a concurrent control group was especially important in this study because the StrataCAT study 
was conducted during an unusual time, the COVID-19 pandemic.

Limitations of this study included the challenges inherent in emulating randomized controlled trials. Well-designed 
real-world studies with non-randomized patients can lead to strong conclusions when design and measurements can be 
closely emulated, but this may be difficult to achieve, as residual confounding can be challenging to disentangle.33 Even 
with the best efforts to align the external control arm with the StrataCAT experimental arm, not all StrataCAT trial 
inclusion/exclusion criteria were applicable to the NBR data because some required information that was not available 
from the NBR. Furthermore, there may have been potential sources of unmeasured bias (eg, differences in practice 
patterns among treatment centers and geographic regions) as this was an observational study. Additionally, the BACC 
cohort had a sample size of 47 participants, which may be considered small.34

Despite such limitations, this study highlights a clear benefit in terms of LOS when adults with DPT burns are treated 
with BACC versus autografting. More real-world data are required to increase the robustness of these observations.

Conclusion
The clinical benefit of BACC over autografting, including the benefit with respect to reducing or eliminating autograft, 
has been demonstrated in several clinical trials. In this study, which compared real-world data from a well-matched 
external control arm from the NBR with data from the single-arm StrataCAT trial, LOS was statistically significantly 
shorter for BACC compared with a weighted Autograft cohort, with an average of 4.84 days (P = 0.0127) reduction, 
among adults with DPT burns. A reduced LOS decreases the burden on the healthcare system, reduces costs for inpatient 
burn treatment, and provides clinical and quality-of-life benefits for patients. Additional real-world data are needed to 
further enhance the robustness of these findings.

Abbreviations
ASCS, autologous skin cell suspension; ATT, average treatment effect on the treated; BACC, bioengineered allogeneic 
cellularized construct; DPT, deep partial-thickness; ECA, external control arm; FDA, US Food and Drug Administration; 
FT, full-thickness; IRB, Institutional Review Board; LOS, length of stay; NBR, National Burn Repository; SMD, 
standardized mean differences; SPT, superficial partial-thickness; STSG, split-thickness skin grafting; TBSA, total 
body surface area.
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