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Abstract

Improvements in outcomes for older adults sustaining burn injuries have lagged far behind those
of younger patients. As this segment of the population grows, there has been an increasing interest
in better understanding the epidemiology and outcomes of injury in older adults. The National
Burn Repository (NBR) provides a unique opportunity to examine burn injuries on a national
level. We aimed to characterize specific injury and outcome trends in older adult with burns
through analysis of the NBR. We examined the records of all patients in the NBR aged 55 and
older. To characterize age effects on injury and outcomes, patients were stratified into three age
categories: 55 to 64 years, 65 to 74 years, and 75 years and older. Baseline characteristics, details
of hospital treatment, mortality, and disposition were compared among these three age groups
using y2 or analysis of variance. Logistic regression analysis was performed to assess the impact
of age on burn mortality. A total of 180,401 patient records were available from 1991 to 2005, of
which 23,180 (14%) met age inclusion criteria. Mean burn size (9.6% TBSA) and percent with
inhalation injury (11.3%) did not markedly differ by age. Men predominated overall (ratio 1.4:1),
although women (4290) outnumbered men (3439) in the oldest age category. Length of stay per
TBSA and median hospital charges increased with increasing age category, suggesting higher
resource consumption with aging. Mean number of operations per patient, however, decreased
with age. Mortality rates and discharge to nonindependent status increased with age. By logistic
regression, the adjusted odds ratio for mortality was 2.3 (95% CI 2.1-2.7) in the 65 to 74 age
group, and 5.4 (95% CI 4.8-6.1) in the oldest group when compared with the 55 to 64 age group.
Mortality rates decreased significantly after 2001 across all age groups. This analysis demonstrates
age-dependent differences in resource utilization and mortality risk within the older burn
population and highlights the need for a national research agenda focused on management
practices and outcomes in older adult with burns.

Advances in burn care over the past 50 years have brought about remarkable improvement
in mortality rates such that survival has become an expected outcome even in patients with
extensive injuries.}= Although these improvements have occurred in all age groups,
survival in older adults still lags far behind that in younger cohorts.}®=7 As this segment of
the population grows, there has been an increasing interest in better understanding the
epidemiology and outcomes of injury in older adults.

The majority of studies examining burn injury in older adults have been single-center
studies:6:8 =10, However, data from individual centers may not be generalizable to all older
adults because of patient characteristics, injury patterns, and management strategies that may
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be unique to each center. In addition, the number of burn injuries in older adults treated at
any single center may be small and therefore not allow meaningful analysis and the
development of effective intervention strategies.

The National Burn Repository (NBR) was established by the American Burn Association
(ABA) in 1988 as a computerized data repository for all burn care facilities in the United
States and Canada.*11713 Following the 2005 call for data, the NBR included data on over
187,000 patients with burn injuries from 70 different institutions. Therefore, the NBR
provides the unique opportunity to examine burn injuries on a national level. It has
previously been used to examine the geographic distribution of burn admissions across state
lines, sex differences in outcomes after injury, and the impact of obesity on outcomes.14-16
The purpose of this study was to use the NBR to characterize epidemiological patterns and
outcome trends in older adults after burn injury.

Study Overview

We performed a descriptive analysis of all patients aged 55 and older included in the NBR
as of December 2006. The selection of age 55 was based on data from the National Study on
Cost and Outcomes of Trauma indicating that injury outcomes begin to significantly change
at age 55.17 Briefly, the NBR is a de-identified database maintained by the ABA and
consists of voluntarily reported entries by 67 self-designated burn centers in the United
States and three in Canada. Burn centers were eligible for inclusion if they 1) volunteered
their data, 2) consented for their data to be pooled with that of other centers, and 3)
participated in a burn registry. Institution names and geographical location of individual
reporting burn centers were previously detailed in the 2005 NBR report.12 This study was
performed after approval of the University of Washington Institutional Review Board.

Data Analysis

RESULTS

To study the differences in injury characteristics and outcome based on age, patients were
stratified into the following age groups: 55 to 64, 65 to 74, and 75 and above. In accordance
to the rules of the Health Insurance Portability and Accountability Act, patients aged 85 and
older were assigned an age of 85, to help safeguard patients’ identities when a limited
number of entries might permit their identification. As a result, the oldest age category in
this study was designated as “patients aged 75 and above.” Baseline patient and injury
characteristics, details of hospital treatment, mortality, and disposition were compared
among these three age groups using 2 for categorical variables or analysis of variance for
continuous variables. The association between patient and injury characteristics and
mortality was examined using multivariate logistic regression. Covariates included in this
model were factors known to influence mortality risk including age, gender, burn size (%
total and full-thickness burn) and presence of inhalation injury. All data analyses were
performed using SAS 9.1 (Cary, NC).

From 1991 to 2005, 164,523 patient records were available for review in the NBR, of which
23,180 (or 14.0%) were patients aged 55 and older. As shown in Table 1, the percentage of
patients aged 55 and older ranged from 11.2 (1991) to 15.2% (2003). The 55 to 64 age
category had the largest number of patients (n = 9411); the 65 to 74 age category had the
smallest number of patients (n = 6040).

J Burn Care Res. Author manuscript; available in PMC 2011 February 21.
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Gender and Race Distribution

Overall, men outnumbered women by a ratio of 1.4:1 (Figure 1). This male predominance,
however, progressively decreased with increasing age. In the oldest age group, women
(4290) outnumbered men (3439). The absolute number of male patients did not decrease
with higher age group, rather the number of women with burn injuries doubled in the oldest
age category compared with younger cohorts. Race distribution of burn injuries are shown in
Table 2. Overall, 73.7% of patients were white, whereas 16.1% were black. Differences in
race distribution across age groups were statistically significant (P < .001) although their
proportions were similar from a clinical perspective (Table 2).

Injury Characteristics

Outcomes

Flame burn was the most common injury etiology in patients aged 55 and older (Table 3).
Scald injuries constituted the second most common listed etiology of burns. A large number
of data points were missing in this category, listed as “unknown.” The percentage of cases
reported as unknown increased with age category, becoming the most common listed cause
in the oldest group (40% of cases).

Overall average burn size was 9.6% TBSA, with approximately half as full-thickness injury
(Table 4). A total of 11.3% of patients were diagnosed with inhalation injury. Mean burn
size, and percent with inhalation injury while statistically different across age groups were
clinically similar (Table 4). The majority of injuries occurred in the home (n = 13,869, or
55.6%). The incidence of burns outside the home decreased with higher age group, except
for burns sustained in a residential institution, which steadily increased with age (Table 5).

For each year from 1991 to 2005, higher age category was associated with greater mortality
(Figure 2). Mortality rates decreased consistently after 2001 across all age groups. To more
precisely examine the impact of age on mortality, we performed a multivariate logistic
regression analysis which included a number of potential confounders of the relationship
between age and mortality (Table 6). Age, percent TBSA, percent full-thickness injury, and
presence of inhalation injury were all found to be independently associated with increased
mortality risk. When using age 55 to 64 as the reference age group, the odds ratio for
mortality was 2.3 (95% CI 2.1-2.7) in the 65 to 74 age group, and 5.4 (95% Cl 4.8-6.1) in
the oldest group.

Average length of stay (LOS) was similar among age groups, but LOS indexed to TBSA
(LOS/TBSA) increased with patient age (Table 7). Hospital charges also increased in older
age categories. Median hospital charges for the 65 to 74 age group ($11,539) were 1.3 times
higher and median charges for the 75 and older group ($17,455) were twice those of the 55
to 64 age cohort ($8693). We performed an adjusted analysis for charges in survivors,
controlling for injury and treatment factors of burn size, full-thickness component,
inhalation injury, and number of operations: higher age category was still strongly
associated with higher charges (P < .0001). In contrast, mean number of operations was
highest in the lowest age group (4.8, SD 6.1) and decreased with increasing age group (4.6
and 3.8, respectively).

Disposition status upon hospital discharge is shown in Table 7. The majority of older adults
(51.7%) were discharged to home. However, the proportion of survivors discharged home
decreased with increasing age. In the oldest category, only 32.8% of patients were
discharged to home, whereas 19.4% were discharged to a skilled nursing facility or nursing
home. Transfer to another acute care or rehabilitation facility also increased across age
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groups. Altogether, an increasing number of patients were discharged to nonindependent
living with advancing age (Table 8).

DISCUSSION

The NBR provides a unique opportunity to examine epidemiological trends and outcomes of
older adults with burns on a national level. Several important insights can be derived from
this analysis and provide a basis for future areas of study.

Burn injury constitutes a significant epidemiological problem in older adults. During the 15-
year study period, older adult burns averaged 14% of admissions to burn units. Interestingly,
the number of patients aged 75 and older was higher than those aged 65 to 74. Given an
overall life expectancy of 77.8 years in the United States,1® one may have expected actual
patient numbers to decrease with advancing age. There are several potential explanations for
this observation. Although it is true that the oldest age category included a broader age
interval, we postulate that the number of burn patients older than 85 was relatively small. An
alternative explanation could be that burn incidence may have increased with advancing age.
However, without corresponding population data (not available with the NBR since the
population catchment is not defined), this second hypothesis could not be tested.

The second important finding was that burns in higher age categories were associated with
higher resource consumption (increased LOS/TBSA, increased hospital charges). Although
LOS was nearly equivalent among age groups, LOS indexed to TBSA increased with higher
age category in the subset of patients who had both data points available (n = 12,879, Table
7). Many factors, such as the impact of comorbidities, thinner skin in older individuals, and
rehabilitative challenges unique to this population, may have contributed to higher resource
utilization. However, the number of operations did not seem to factor in this higher resource
utilization. The number of operations actually decreased with advancing age, despite similar
injury size (including full-thickness component, Table 4). This finding raises important
questions as to the influence of age on burn management. For instance, institutional
variations exist with respect to wound management in older adults. Whereas early wound
excision and grafting has been a widely adopted practice for younger patients, similar
consensus does not exist in the care of older adults®:8-10:19. Surgeons might be more
reluctant to perform skin grafts over large areas because of prolonged donor site healing and
the potential for graft loss, which could be life-threatening in older individuals. Clearly,
further investigation is needed in this area to identify clear explanations for the observed
age-dependent differences in management.

The association of age and mortality risk found in this study is consistent with previous
studies on burn injury and mortality. In fact, all developed mortality prediction formulas
have incorporated age as a prognostic factor.20-25 The empiric formula developed by Baux
is clearly the simplest, whereby the sum of the patient’s age and burn size predicts mortality.
Following Baux’s seminal contributions, additional factors were considered and complex
formulas were developed using multifactorial probit and regression analysis.?1:25 Regardless
of the number of variables found to influence mortality, age has been consistently found to
be independently associated with mortality.22:23:26.27 Similarly in this study, although burn
size and inhalation injury were found to be significantly associated with mortality risk, age
was found to be the strongest independent risk factor.

In this study, we used three age categories to better define the relationship between age and
outcome. Our analysis demonstrated that within the older adult burn population, higher age
category was associated with increased mortality risk. Although this finding is not

unexpected, it does raise several important questions about the management of burn injuries
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with advancing age. More information would be necessary before we can determine specific
factors contributing to higher mortality in older groups, such as the impacts of
comorbidities, hospital complications, surgical management, and implementation of comfort
care. Interestingly, we found that mortality decreased dramatically after 2001, to
approximately 10% for the overall older cohort. This mortality reduction coincided with the
increased reporting after the last ABA call for data (more than triple the number of entries
per year), which underscores the importance of reporting to this national database.

Our analysis has mainly focused on survival. But as previously advocated by Saffle et al 10
survival should not be the sole outcome measured in older adults with burns. The impacts of
preinjury health and living status, of physicians’ and systems’ practice, likely influenced
outcomes, including mortality.6:10:28:29 Although we did not have these data available for
our analysis, we suggest that future NBR data incorporate these important elements. Other
outcomes to consider include function such as activities of daily living and return to major
activities as well as psychological health, which are critical when examining the overall
impact of burn injury. We also advocate that prospective evaluation is needed to better
define the epidemiology and outcomes of burns in older adults. These studies may include
multicenter projects to elucidate the influence of comorbidities on outcomes, surveys of
physicians’ attitudes and practices, comparisons of models of care focusing on older adults
with burns.

Finally, this study reinforces the utility and importance of a national burn database.
Improvements in our understanding of burn injury and outcomes will be contingent on
having reliable and well-populated databases. The inclusion of contributing data to the NBR
as a criterion for burn center verification will hopefully increase the number of centers
contributing data.3% Similar to other national health databases,31733 a natural evolution for
the NBR may be to set the benchmark for the quality of delivered burn care in the 21st
century. However, if the NBR is to be used for establishing quality of care benchmarks, data
completeness and quality will be critical. Missing values for patient and injury
characteristics and outcomes could lead to inaccurate conclusions in epidemiological and
outcome analyses.

In conclusion, the NBR data indicate that burn injury in older adults presents a significant
epidemiological problem. Burns in older adults are associated with increased resource
consumption and higher mortality with advancing age. Our analysis has also demonstrated
that age-dependent differences in management exist within the older patient cohort. These
findings highlight a need for a national research agenda focused on management practices
and outcomes in older adult burns given the likely increase in older adults who will sustain
burn injury in the future.
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Figure 1.
Gender distribution, by age group.
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Figure 2.
Mortality in older patients, by age category.

J Burn Care Res. Author manuscript; available in PMC 2011 February 21.

Page 9



Page 10

Pham et al.

NIH-PA Author Manuscript

‘A1ojisoday uing JeuoneN ‘4aN

A% €€ z9 6€T LvE'ST 5002
zs L€E z9 T'ST 78e'TE 002
§'g 8¢ 6'G zet TvL'Se €002
95 9€ S L'vT ¥59'€2 2002
S€ e LS 9zT 855, 1002
€€ ) 'S 0T 556'9 0002
9 Y z9 6T 90v'8 666T
0 oy s A v88'8 8661
9 6€ zs LET 7€e'6 1661
g€ Y 0S 62T 1769'L 966T
0 ee 8 TET 156'S 66T
€€ g'e 1A% 11 128 ¥661
0 9€ TS Lzt 129'€ €661
Ty S€ S TET 191'2 2661
82 e 0S zTT S6€'2 66T
(%) 19plo pue s, (%) ¥21-99 (%) ¥9-95 (%) GG 3by s1uaned IV (U) stusied [e101  JesA

uolssILpe Jo Jeak Ag ‘s}npe Jap|o a1am oym HgN auy1 ul sjusiyed Jo uoniodoid

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Burn Care Res. Author manuscript; available in PMC 2011 February 21.



Page 11

Pham et al.

NIH-PA Author Manuscript

0€ e ze ze 6. a|qe|tene 10N

80 €T 0T T 1o BYIo

z0 70 90 7’0 L0T uelpu| ueanawYy

TT ST 971 7T st uelsy

ST 6°€ LS a7 Ge0'T oluedsiH

8vT 991 89T 79T G20'y xoelg

T000> §.L 62L TTL LeL 96€'8T SHUM
d (%) 19plo pue 62 (%) ¥.-59 (%) ¥9-65 (%) GGk 9bv u aoey

¢?olqel

AKioBayed abe Ag ‘uonngrisip AlID1UYIS pue adey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Burn Care Res. Author manuscript; available in PMC 2011 February 21.



Page 12

Pham et al.

NIH-PA Author Manuscript

T'6€ 8'82 T2 §TE 98", umousun

z0 z0 20 20 15 uonelpey

Z0 €0 T0 20 15 Ajuo uonefeyul

€0 90 €€ 97T 0V Ayounoz|3

90 9T LT LT 8zy [ed1wayD

0'G (34 6y Ly 69T'T 19€)U0D

zoz gz A v'ee 665'G peas

T000>  ¥'vE ozy g€ 9.€ 96€'6 auely/ai1d
d (%) 19plo pue s, (%) ¥.-59 (%) ¥9-95 (%) GGz abvy U ABojon3

sannfur uing jo ABojong
€9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Burn Care Res. Author manuscript; available in PMC 2011 February 21.



Page 13

Pham et al.

NIH-PA Author Manuscript

4 €T 8¢t 0T €11 Ainfur uoryereyu %
T000> §'S §'S 144 T's SSBUMIY [N} VSAL
100 €6 €01 §'6 9'6 vsal
d 1plopue s,  ¥.-G9 ¥9-GG GG bV Asnss uing

v alqel

NIH-PA Author Manuscript

A10Ba1ed abe 01 Buipioade ‘A111aAss uing

NIH-PA Author Manuscript

J Burn Care Res. Author manuscript; available in PMC 2011 February 21.



Page 14

Pham et al.

LT 6T T'0¢ 28T vES'Y ade|d paiyoadsun

ST S'¢ 4% [eX) 88 saoe|d paiy1oads Jay1o

67 971 8T 8T ey Butpjing a1jand

'8 L0t €T 90T or9'e Kemybiy pue 19815

80 8T 97 8T Ly Hods pue U818l 10} 80ed

€T 9¢ TTT 6'G 697'T aJIs [eLIsnpul 10 wied

GG 02 0T L2 8.9 uonmmsul [enuaplsey

T000> 69 §.§ Loy 9'G§ 698'€T 8WoH
d (%) 13plo pue 62 (%) ¥.-59 (%) ¥9-65 (%) 56k 9bvy u ans Aunfuy

G 9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

AK1oBared abe Aq ‘uoneao| Ainluj

NIH-PA Author Manuscript

J Burn Care Res. Author manuscript; available in PMC 2011 February 21.



Pham et al. Page 15

Table 6
Adjusted odds of in-hospital mortality

Variable Odds Ratio  95% Confidence Interval
Age group: 65-74* 2.35 2.08-2.67
Age group: 75 and older* 5.44 4.847-6.11
Male gender 1.07 0.98-1.17
Inhalation injury 2.99 2.67-3.35
TBSA 1.06 1.05-1.06
TBSA full-thickness component 1.04 1.03-1.04

Reference group: age 55-64 category.
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