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Abstract

Hospital length of stay (LOS) after burn injury is commonly estimated at one day per percent burn 

but LOS often exceeds that estimate. The study purpose is to develop a novel method for 

estimating burn hospital LOS at any time during hospitalization. We used the ABA National Burn 

Repository (NBR) from 2000–9 to directly estimate the median residual hospital length of stay 

(MRLOS) of patients hospitalized for burn injuries and who survived to discharge. The MRLOS is 

the median of how many more days a burn patient will be hospitalized given that the person has 

been in-hospital for a specified time period. We also estimated the 25th and 75th percentiles of 

residual length of stay and quantified the relationship between MRLOS and LOS with ordinary 

least squares for all burn patients, by burn size and by presence of inhalation injury. MRLOS 

increased with increasing LOS confirming that discharge estimates change over time. Patients with 

inhalation injury had longer MRLOS than patients without inhalation injury in the first 100 

hospital days. Patients with large burns (>25%) had large MRLOS consistent with prolonged 

hospitalization, but patients with small burns (<25%), also had steadily increasing MRLOS during 

hospitalization (i.e. the longer the patient was in the hospital, the longer the predicted LOS 

regardless of initial LOS estimate). Estimating remaining hospital LOS at any time during 

admission has been problematic; MRLOS can be used to provide an estimate of remaining hospital 

LOS and resource utilization to families, administrators, and other medical professionals.

Introduction

Burn patients are a unique population with unique characteristics that distinguish them from 

trauma and other forms of injury. The systematic perturbations of burn injury result in 

prolonged length of stay (LOS)multiple operations andutilization of numerous costly 

physical resources compared to other forms of trauma. The prolonged LOS and high 

resource consumption associated with burn treatment generate increased scrutiny by both 
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administrators and insurance providers, who are charged with decreasing costs by 

minimizing both hospital LOS and resource utilization. From an administrative standpoint, 

longer lengths of stay have been associated with poor quality of care; hence, burn centers are 

at risk for decreased reimbursement for services provided. (1) The trend toward bundled 

payments and payment based on results with predefined LOS targets has increased the 

emphasis on limiting LOS. (2–5) In the U.S., burn patient LOS is generally estimated as one 

day per percent burn; this estimate is often presented to the family, who understandably are 

anxious to know hospitalization duration. (6, 7) However, this estimate is far from perfect, 

and patients often exceed their projected admission duration due to a differential response to 

injury, complications encountered during hospitalization, or lack of healing. (8, 9) A 

dynamic method of estimating length of stay that could be applied continuously at any time 

during hospitalization could better inform families, administrators, and clinicians on 

resource utilization and quality of care. When hospital length of stay exceeds the initial 

projection, clinicians are unable to accurately predict how long a patient will remain 

hospitalized.

The purpose of this study was to develop a method for estimating burn hospital length of 

stay at any time during hospitalization. We hypothesized that duration of hospitalization (i.e. 

how long a patient has been in the hospital) influences the prediction of remaining hospital 

LOS (i.e. how long the patient will be in the hospital). We used the American Burn 

Association National Burn Repository (NBR) to directly estimate median residual length of 

stay which is the remaining hospital LOS for a burn patient at any time during 

hospitalization.

Methods

This study was approved by the University of California Davis Human Subjects Review 

Board. We utilized records from the 2009 NBR release to analyze admissions after 2000 

using previously described methodology. (10) From the 210,683 records of initial visit 

admissions after 2000 we eliminated records missing survival to discharge data (12,226), 

age (5,441), burn size (42,545), inhalation injury (12,861), or LOS (4,471).We also removed 

3,218 duplicate records, 6,530 records with unreliable information (e.g., total burn surface 

area greater than 100, age ≤0), 23,084 readmissions, 1,038 records of patients transferred to 

another primary care facility and 3,690 non-burn injuries. Finally, we restricted the analysis 

to patients who survived to discharge. This screening left 91,467 patients with the minimum 

information for necessary analysis (i.e. patient age, a burn or inhalation injury, hospital 

discharge status, and LOS).

Median residual length of stay (MRLOS) was calculated for all patients, patients with and 

without inhalation injury, and for burn sizes in quartiles. Because of the large sample size 

available with the NBR and lack of censoring, we directly calculated the MRLOS by taking 

the difference between each patient’s total LOS and the hospitalization time of interest (t) 
and calculating the median of across all patients still hospitalized at time t. MRLOS is 

calculated separately for each day of hospitalization using patients still hospitalized. For 

each patient still hospitalized on each day we took the difference between total LOS and the 

day of hospitalization. We then calculated the median of all patient values on any given day. 
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That number represents the MRLOS for that day. The process was repeated for each day 

using data from patients that were still hospitalized. These calculations are illustrated in 

Figure 1 which shows the MRLOS calculation at 5 days. The horizontal lines indicate each 

patient’s entire LOS (depicted numerically by the gray numbers on the left). The italicized 

numbers to the right of the hortizontal lines show the remaining length of stay for each 

patient after 5 days of hospitalization. The median of the italicized numbers gives the 

median residual length of stay at 5 days. In this example the MRLOS at 5 days is 6.5 days 

and is shown by the dashed line.

Results

Demographics are depicted in Table 1. Median age was 28 years, and consistent with 

previous reports, the vast majority of burns were less than 25% TBSA. Approximately 7% 

had inhalation injury. Overall median length of stay was 4 days [IQR: (1, 11)]. Figures 2, 3, 

and 4 illustrate the MRLOS calculation for all patients, patients with inhalation injury, and 

for TBSA burn <25%, 25–50%, 51–75%, and >75%, respectively. As depicted in Figure 1, 

the longer the patient is in the hospital, the longer the patient is likely to remain in the 

hospital. Hence, MRLOS increases throughout hospitalization. Patients with inhalation 

injury (Figure 2) have longer predicted MRLOS for the first 100 days of hospitalization 

compared to patients without inhalation injury. The relationship between MRLOS and burn 

size is more complicated. For patients with small burns ( < 25%), MRLOS increases with 

longer LOS, but for patients with larger burns, MLR initially declines and before largely 

stabilizing at 50 to 100 days (Figure 3). Although MRLOS declines initially, the overall 

length of stay for patients with larger burns remains high.

Discussion

Estimation of burn patient LOS is typically done at admission to provide clinicians and 

families with a discharge goal date. This allows families to plan activities and clinicians to 

estimate resource utilization. When LOS exceeds the estimation, families become 

increasingly anxious and request further estimates; the clinician is left without a method to 

revise the initial LOS estimate. Understandably, when patient stay exceeds the initial 

estimate, families request an updated estimate, for which there are no objective guidelines, 

and clinicians are forced to either extrapolate from personal experience or not provide the 

family with this important information.

Two burn patient populations that frequently do not adhere to the day per percent burn rule 

are patients with inhalation injury and large TBSA burn. (11–13) Clinically, both are 

associated with greater physiologic perturbation and higher incidence of complications, 

particularly infections. (14–16) MRLOS graphically depicts the impact of these factors on 

burn LOS. In addition to providing LOS information to families and clinicians, MRLOS 

could potentially help inform quality of care determinations and satisfy payor justifications 

for prolonged LOS. As demonstrated in this paper, the LOS for both inhalation injury and 

large burns is variable and continues to change for the first 100 days after admission.
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The differences in MRLOS patterns can provide insight into the causes for deviation from 

the one day per percent burn rule. For patients with small burns, who make up the vast 

majority of the data, prolonged hospital stays are likely due to factors other than the burn 

injury, such as comorbidities, complications, or other difficult to measure factors. Inhalation 

injury, which has well documented effects on mortality, also has a longer MRLOS. (17, 18) 

Similar to smaller burns, after prolonged hospitalization the initial injury plays a smaller role 

in determining outcomes. Finally, in larger burns MRLOS decreases and then stabilizes. This 

could be due to the prolonged nature of wound healing which could dilute the impact of any 

single complication on LOS.

LOS estimates are used administratively as well clinically. A consensus conference in 1987 

encouraged the use of the one day per percent burn rule to estimate hospital LOS after burn 

injury for any burn DRG (diagnosis related group). (6) As such, this standard may be 

applied to burn reimbursement by hospital payors. Clinicians may thus be held accountable 

for not reaching discharge targets and not be reimbursed for care exceeding these estimates. 

In addition, quality of care has been linked to LOS in burns, particularly with respect to 

wound healing. (19) Finally, estimation of LOS enables clinicians and burn clinicians to 

estimate resource utilization, supplies, and staffing. MRLOS can provide a rough estimate 

for those patients who deviate from the one day per percent rule and can be used at any time 

during hospitalization (from day 1 onwards, including the perioperative period) to estimate 

LOS.

MRLOS can potentially improve research efforts by providing information on inhalation 

injury and large burn “outliers” for hospital LOS by providing a LOS target for treatment 

outcome comparisons among survivors of burn injury in those groups. For example, if an 

intervention is implemented at day 3, the effects of that intervention will not impact the LOS 

for patients until after that time. Being able to estimate how much the LOS outcome 

trajectory is changed by the intervention depends on an accurate estimation of how long the 

patient will be hospitalized at the point of time the intervention occurred.

This study has limitations that must be acknowledged. The NBR is a large data set that 

represents the experience of >80 burn centers. However, each center collects data 

independently and thus introduces the potential for variability in diagnosis of burn size and 

inhalation injury. Second, the incompleteness of the data may raise concern regarding data 

validity. We performed an extensive data validation process to minimize inaccuracies and 

inconsistencies in data. (10) Any data set will have concerns of data quality, but we 

exhaustively applied stringent criteria to minimize data irregularities. Improvements in NBR 

data quality occurred with each rendition (including the addition of a validation tool at the 

point of data entry), and the validated data remained consistent, suggesting that the data has 

validity in the aggregate. Second, MRLOS, although of assistance in providing estimates of 

LOS for populations, represents summary statistics and may or may not accurately depict 

LOS for any given patient or for a constellation of specific patient characteristics. As such, it 

must be used with caution until validated in a prospective manner. Likewise, despite the 

large number of patients in the database, the relatively small sample size for patients with 

large burns and extremely prolonged LOS limits the accuracy of estimates. Finally, while 

MRLOS can provide revised LOS estimates during the course of hospitalization, it does not 
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elucidate the cause of prolonged LOS. Nonetheless, MRLOS represents a unique method for 

estimating LOS throughout hospitalization, not just at admission.

The physiologic status of burn patients changes throughout hospitalization due to variability 

in response to treatment, injury characteristics, and a variety of other factors. To date 

hospital LOS predictions have been static and reflect the patient status solely at the time of 

admission. MRLOS provides a simple, yet novel method of predicting burn patient hospital 

LOS throughout the changing phases of care. Further prospective validation and modeling of 

the MRLOS can provide better insight into patient outcomes.
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Figure 1. 
Illustration of Median Residual Length of Stay (MRLOS) calculation for 20 patients at 

hospital day 5. The horizontal lines and gray numbers indicate each patient’s LOS. The 

italicized numbers to the right of each horizontal line show the remaining length of stay for 

each patient on day 5 of hospitalization. The median of the italicized numbers gives the 

median residual length of stay at 5 days. In this example the MRLOS at day 5 is 6.5 days 

and is shown by the gray dashed line.
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Figure 2. 
Median Residual Length of Stay(MRLOS) for all patients. Thickest black line is MRLOS. 

The thinner solid black lines show the 25th and 75th percentiles. Gray dashed lines are the 

ordinary least squares fitted values. These estimates are for patients that were discharged 

alive.
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Figure 3. 
Median Residual Length of Stay(MRLOS) by inhalation injury status. Patients with 

inhalation injury have longer hospital length of stay for the first 100 days post-injury than 

those without inhalation injury.
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Figure 4. 
Median Residual Length of Stay (MRLOS) by burn size.
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Table 1

Summary Statistics of Patient Records Used for Median Residual Length of Stay (MRLOS) Assessment

Variable N Median
[25th, 75th percentiles]

Total Length of Stay (Days)
Median [25th, 75th percentiles]

Age (years) 91,467 28.0 [8.9, 45.8] 4 [1, 11]

TBSA (%) All Patients 91,467 5 [2, 10] 4 [1, 11]

  < 25% 85,540 4 [2, 9] 3 [1, 10]

  25–50% 4,752 32 [28,38] 29 [17, 48]

  50–75% 984 58 [53, 65] 62 [41, 93]

  > 75% 190 82 [79, 88] 93 [58, 141]

With Inhalation Injury 6,618 7.23% 14 [3, 26]

No Inhalation Injury 84,849 92.77% 3 [1, 10]

The median, 25th and 75th percentiles of patient ages and TBSA are shown for the entire data set. In addition, the median 25th and 75th percentiles 
of TBSA are shown for each TBSA group analyzed. Inhalation injury is summarized as the percentages of patients with and without inhalation 

injury. Finally, the median, 25th and 75th percentiles of total length of stay (days) are shown for each patient grouping.
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