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Abstract

Despite advances in medical and surgical techniques, older adults tend to be at high risk for
adverse outcomes following burn injury. The purpose of this study was to examine the relative
impacts of age and medical comorbidities on outcome following injury in a cohort of older adults.
This was a retrospective study of all patients age 55 and over admitted to the University of
Washington Burn Center from 1999 to 2003. To examine the effect of baseline medical
comorbidities on outcome, a Charlson Comorbidity Index score was calculated for each patient.
Multivariate regression analyses were used to examine the impact of age and comorbidities on
mortality and other complications. Patient records were also matched with the National Death
Index to determine the effects of age and comorbidities on mortality within 1 year following
hospital discharge. A total of 325 patients who were of 55 years and older were admitted to the
burn center during the 5-year study period. The overall mortality rate was 18.5%. Mortality was
independently associated with age, inhalation injury, and burn size. One-year mortality was
significantly associated with those older than age 75 and the Charlson score. Longer length of stay
was significantly associated with burn size, inhalation injury, and total number of in-hospital
complications. This study demonstrates that patient age—independent of baseline medical
comorbidities—and TBSA burn are the most significant factors impacting in-hospital mortality
risk following burn injury. Higher number of medical comorbidities was associated with increased
mortality risk within 1 year following discharge.

In 1902, Weidenfeld described the significant relationship between age and burn-related
mortality. Despite significant medical advances and improvement in overall mortality rates
following injury, the association of increased age and mortality persists.2= In fact, the
formulae commonly used to estimate survival following burn injury all incorporate age as an
important prognostic indicator for survival.®:” Older adults also tend to be at increased risk
for other adverse outcomes including longer lengths of stay and higher hospital costs
following burn injury over younger patients with comparable injuries.8

There are several potential reasons for worse outcome in older adults who sustain injury.2:8=
12 preexisting medical problems—including cardiovascular, pulmonary, and renal disease—
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can complicate fluid resuscitation, a cornerstone of the early postburn management period.
Surgical management can also be more complicated in older patients because blood loss,
intubation, and anesthesia may be poorly tolerated. However, the relative impact and
interaction of age and medical comorbidities on adverse outcome risk remains poorly
understood because of the limited scope of previous studies on older adult populations.

Given the increasing number of older adults in the population and their persistent injury risk
factors (eg, impaired vision, decreased coordination, medication side effects), there will
likely be a greater number of older adults sustaining burn injury. Therefore, there is a clear
need to increase our understanding of the patient and injury characteristics and management
strategies that impact outcome. The purpose of this study was to examine the relative impact
of age and medical comorbidities on a number of outcomes following burn injury in older
adults including in-hospital mortality, infectious and noninfectious complications, and 1-
year mortality following discharge.

Study Overview

This was a retrospective study of all patients who were of 55 years and above admitted to
the University of Washington Burn Center from 1999 to 2003. This study was conducted
following approval from our Institutional Review Board.

Study Population and Data Sources

Patients age 55 and over were identified from our burn center registry, which provides
baseline patient and injury characteristics as well as outcome information on all admitted
patients. The selection of 55 as the lower age limit is based on the observation that outcomes
following injury begin to significantly change at that age level.13 The medical records of
subjects identified by the database query were reviewed to verify injury characteristics,
provide detailed information on medical comorbidities, and infectious and noninfectious
complications not tracked in our database. Injury characteristics of interest included burn
etiology, TBSA burned, presence of inhalation injury, and intubation status on admission to
the burn center. Inhalation injury diagnosis was based on history, physical examination, and/
or bronchoscopic examination.

To examine the effect of baseline medical comorbidities on outcome, a modified Charlson
Comorbidity Index score was calculated for each patient. The standardized Charlson Index
has been reported to accurately predict the probability of mortality within 1 year for a
number of medical conditions.2415 The score is the weighted sum of comorbid conditions
and age. There are 19 comorbid conditions included in the score and each is assigned a
weight from 1 to 6 points. The weighted sum of all comorbid conditions is the patient’s
Charlson score.1*15 Typically, each decade above 40 is assigned a sequentially higher
comorbidity ranking; however, because all our patients were over 40, age was not included
in computation of the overall score. Age was included as an independent covariate in the
multivariate analyses.

The outcomes of interest for this study included in-hospital mortality, infectious and
noninfectious complications, and hospital length of stay. Noninfectious complications were
categorized based on organ system as follows: cardiovascular (myocardial infarction,
dysrhythmia requiring pharmacologic treatment, hypertension requiring intravenous
medication, or pulmonary embolus), neurologic (cerebrovascular accident, delirium, alcohol
withdrawal, peripheral neuropathy, anoxic brain injury, or seizure), pulmonary (Acute
Respiratory Distress Syndrome), pulmonary failure requiring intubation, (Chronic
Obstructive Pulmonary Disease) exacerbation, or pneumothorax), hematologic (deep venous
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thrombosis, heparin-induced thrombocytopenia, gastrointestinal bleed, or other bleeding
disorder requiring greater than two unit transfusion outside of the operating room) and renal
(actue renal failure requiring dialysis). Infectious complications included urinary tract
infections, catheter-based infections, bloodstream infections, and pneumonia. Complication
occurrence was based on the diagnosis being recorded in the medical record.

Finally, we examined 1-year mortality following hospital discharge using the National
Center for Health Statistics” National Death Index (NDI). Patients in our study were
matched with national death certificate data based on full name, date of birth, sex, and state
of residence at time of admission. We limited this study to 12 months because of the
increased likelihood that other risk factors associated with advanced age may influence
mortality more than the burn injury itself after 1 year. The decision to examine mortality 1-
year following discharge rather than injury was done to allow us to examine the relative
impact of in-hospital events, including length of stay, on mortality risk.

Data Analysis

RESULTS

To more precisely study the effects of age on outcome, patients were stratified into the
following age groups: 55 to 64; 65 to 74; and 75 and above. Baseline patient and injury
characteristics were compared between each age group using Analysis of Variance for
continuous variables and chi-squared for discrete variables. In addition, we compared
Charlson score and in-hospital complications across each age group. We employed both
univariate and multivariate models in order to determine the relative influence of age and
comorbidities when controlling for other factors. We used linear regression to examine
hospital length of stay and logistic regression to examine mortality. Several additional
models that included interaction terms for age and comorbidities were evaluated in order to
better characterize the combined effects of increased age and comorbidity presence on
outcome.

Two survival analyses were performed to examine mortality risk within 1-year of discharge:
a Cox Proportional Hazards model that included the covariates of age, sex, burn size,
inhalation injury status, Charlson Index score, and hospital length of stay and a Kaplan-
Meier curve to demonstrate the relationship between comorbidity score and mortality within
1 year of discharge. Data were analyzed with STATA 9.0 (College Station, TX) and
differences were considered significant when P < .05.

Patient and Injury Characteristics

A total of 325 patients 55 years of age and older were admitted to the burn center during the
5-year study period. Patient and injury characteristics are summarized in Table 1. The
overall mean patient age was 68 years (SD = 10.2, range 55-93). Average burn size (%
TBSA) was 14.9% (SD = 17.2, range 0.5-97.0%). The highest overall mean burn size
(18.4% + 18.5%) was observed in the oldest age (=75) subgroup (P = .06). Fire and flame
burns were the most common burn etiology in all age groups, with flash, scald, contact, and
grease burns occurring less often. Inhalation injury was present in 11.3% of patients, with an
increasing prevalence in the older age subgroups (P = .06).

Medical Comorbidities

Charlson Index scores are summarized in Table 2. The majority of patients (51.7%) in the
youngest age cohort (55-64) had no preexisting medical comorbidities. A higher percentage
of patients in the 65 to 74 (46.5%) and >75 (45.8%) age groups had a Charlson score of 2 or
higher (46.5% and 45.8%, respectively). The average Charlson Index score increased with
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increasing age group (1.0 vs 1.4 vs 1.7, P < .001). There was no significant correlation (r =
—.01, P = .84) between burn size and Charlson score.

Length of Stay, Complications, and Disposition Status

Overall length of stay and length of stay per % TBSA was similar across age groups (Table
3). On multivariate regression analysis (Table 4), each percentage point increase in the
TBSA was associated with a 0.9-day longer length of stay. Each complication was
associated with a 1 week longer hospitalization, when controlling for the other variables. No
other factors were significantly associated with length of stay.

Infectious complications were overall the most common complication, occurring in 25.9%
of all patients, but did not vary significantly by age group. The most common noninfectious
complications across all age categories were cardiovascular and pulmonary in nature, both
of which were significantly more common in the oldest subgroup (P = .002 and P = .004,
respectively). Neurologic, renal, and hematologic complications occurred in 12.7, 8.6, and
9.0%, respectively, of the overall population and each occurred most commonly in the oldest
age group. Only cardiovascular complication occurrence was significantly associated with
higher Charlson score (P = .02).

In each age group, the majority of the patients were discharged home (Table 3). Patient
discharge disposition varied significantly across age categories (P <.001); more patients in
the >75 years of age subgroup were discharged to an extended care facility and fewer to
home.

In-Hospital and 12-Month Mortality

The overall in-hospital mortality rate was 18.5%, (Table 3) with higher rates associated with
increasing age. The average burn size of those patients who did not survive was highest in
the 55 to 64 age group (42.8%) and was similar in the 65 to 74 age group and =75 age group
(35.9% and 36.3%, respectively). These differences were not statistically significant. In
patients who had inhalation injury, the average burn size of those who did not survive was
significantly higher than those without inhalation injury in each age group. On multivariate
analysis, higher mortality rate was independently associated with age >75 (odds ratio [OR]
4.8, confidence interval [CI] 2.4-9.5); inhalation injury (OR 11.9, CI 5.5-25.4); and
%TBSA (OR 1.1, Cl 1.1-1.2) (Table 5). Several additional models were constructed that
included the interaction terms for age and comorbidity to determine whether the impact of
comorbidities on outcome varied by age group; however, we did not find this to be the case.

Of those patients discharged from the hospital, 10.2% died within 12 months following
discharge with the highest mortality rate in the oldest cohort. Of these mortalities, 30%
expired within 30 days of discharge and 70% within 6 months. In a multivariate Cox
proportional hazard regression (Table 6), age 75 and over (hazard ratio 3.7, Cl 1.6-8.9, P =.
007) and Charlson score (hazard ratio 1.6, Cl 1.3-1.8, P < .001) were the only two variables
significantly associated with 1-year mortality. Survival curves based on Charlson score
demonstrate the increased mortality risk with increased comorbidity score within 1 year of
discharge (Figure 1).

DISCUSSION

The percentage of elderly people in North America is estimated to reach 20% of the
population by 2030 while the risk factors for injury in older adults will likely remain
constant.16 Mortality rates in older burn patients have declined over the past several decades
in part due to resuscitation, ventilation strategies, nutrition, and early debridement?; yet,
trauma and burns continue to be one of the leading causes of mortality in older individuals.
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2416,17 improvements in the outcomes of older adults following burn injury require a better
understanding of the interaction between baseline patient characteristics, injury
characteristics, and hospital course.

Our data show that increasing age was strongly associated with mortality risk both at
hospital discharge and within 1 year following discharge—an observation that has been
repeatedly demonstrated in studies of burn mortality risk.5:” There are several potential
reasons for the increased mortality seen in the elderly. These include decreased wound
healing potential, 1820 decreased physiologic reserve, poor nutritional status,21% and
medical comorbidities.10:18

We were particularly interested in examining whether age itself or the number of
comorbidities accompanying advanced age underlie mortality risk. Previous studies on the
impact of comorbidities on mortality following burn injury are conflicting. Lionelli et al and
Wibbenmeyer et al212 previously reported no correlation between comorbidities and
mortality; however, Rao et al and Covington et al1:18 found an association between
comorbid conditions and outcome, especially for cardiac and pulmonary diseases. In these
studies examining the effect of comorbidities, the comorbidities are usually listed by number
without prioritization or gradation of severity. To better account for the likely differential
impact of comorbidity type and severity, we used the standardized Charlson Index score for
our study.

The Charlson Index has been shown to accurately predict the probability of mortality within
1 year for a number of medical conditions and but has rarely used in trauma and burn
research.21723 Thombs?3 used the Charlson Index to examine all adult patients from the
ABA National Burn Repository over a 10-year period for the contribution of medical
comorbidities to mortality and length of stay. In this study, certain medical conditions were
found to be associated with an increased risk of death. However, their study population was
younger (age 20-60) than our population and the most strongly associated with mortality
were the ones not found in our population such as AIDS and metastatic cancer.

On the basis of our patients’ Charlson Comorbidity scores, we found that age alone,
independent of comorbidities, was associated with risk of in-hospital mortality; there was no
significant impact of baseline medical comorbidities on mortality. However, when
examining mortality within 1 year of discharge, the Charlson Comorbidity Index score was
independently associated with mortality risk. The finding of increasing Charlson score
correlating with higher 12-month postinjury mortality risk is consistent with other medical
disease states where higher score predicts higher mortality risk.14:24:25

The differential impact of comorbidities on mortality may be attributable to any number of
factors. First, it is possible that comorbidities were well managed in the hospital and may not
have been following discharge. Alternatively, patients may have survived to discharge but
did not return to their preinjury health or functional status and that their preexisting medical
conditions exerted a strong influence on survival. Finally, it is possible that following
discharge patients succumbed to their comorbidities independent of burn injury.

Itis likely that all three of these factors underlie the findings of this study. Therefore, an
intervention that continues the ongoing multidisciplinary care the burn team provides in the
hospital may improve outcomes following discharge. Ideally, this team would include
geriatricians, physical therapists, pharmacists, social workers, and dieticians; the team would
establish a care plan prior to discharge and monitor patient progress on an interval basis over
the subsequent 6 months to 1 year. There have been several studies that have demonstrated a
positive effect of interdisciplinary management plans for older adults that are initiated on an
inpatient basis and continue following discharge.26:27 Shyu26 developed a program for older

J Burn Care Res. Author manuscript; available in PMC 2011 February 27.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lundgren et al.

Page 6

adults admitted with hip fracture that included a functional rehabilitation component and a
mechanism for ongoing coordinated multidisciplinary care following discharge. Patients
managed in this program had improved long-term clinical outcomes including self-care
abilities and health-related quality of life. Cohen developed an interdisciplinary care
program including geriatricians, dieticians, pharmacists, and physical therapists for older
adults that was initiated in the hospital and continued following hospital discharge. Although
patients treated in this program did not have improved mortality, other quality of life
outcomes were superior to those patients receiving usual care.

In addition to mortality, we examined the inhospital complications and overall hospital
length of stay. The most common complications were infectious and cardiovascular (most
commonly dysrthymias). The rate of any infection was 26%, but, unlike other studies, we
did not find a correlation between mortality and infection.

Overall mean length of hospital stay was 16.3 days or 2.4 days/TBSA among those who
survived their injury. This length of stay is higher than the commonly cited goal of 1 day/
%TBSA and is twice our overall hospital length of stay for patients of all ages but is similar
to other reports of length of stay in older adults.3:11 Total burn size (% TBSA) and number of
in-hospital complications were both independently related to overall hospital length of stay.
Baseline comorbidities, independent of hospital complications, were not associated with
hospital length of stay. Interestingly, the total length of stay did not differ among age groups
and did not impact disposition status.

There are several potential limitations to this study. First, this was a retrospective study
dependent on chart documentation of medical comorbidities that may have been incomplete
at times. As has been shown previously, the extent of chart documentation of comorbidites
was less on patients with severe injuries who died shortly following admission.28 In
addition, there was little functional and psychological outcome data available for these
patients and the importance of quality of life is a critical consideration in evaluating any
outcome study. In this study, we did not examine the impact of management decisions such
as time to operation, use of skin substitutes, and limb amputation on outcome. These are
important issues but were beyond the scope of this study. Finally, we relied on
complications as documented in the patient record and we did not have standard diagnostic
criteria for each complication ascertained.

In conclusion, this study demonstrates that patient age—independent of baseline medical
comorbidities—inhalation injury, and TBSA burn are the most significant factors impacting
in-hospital mortality risk following burn injury. Baseline medical comorbidities along with
age >75 were associated with increased risk of mortality within 1 year following discharge.
Clearly, additional work is required in order to better examine the impact of management of
older adults with burn injury on outcome and to determine optimal management strategies of
these patients in light of age, comorbidities, and potential outcomes. With the increasing
number of older adults likely to sustain burn injuries, the need to understand the dynamic
and crucial interplay of baseline patient characteristics, injury factors and management
practices is clear and present.
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Charlson Index and One-Year Mortality

Figure 1.
Mortality following discharge by Charlson Comorbidity Index score.
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