
M
D

S
D

2

0
h

The American Journal of Surgery (2013) 205, 29–34
Clinical Science

Predicting resource utilization of elderly burn patients in
the baby boomer era

Winston T. Richards, M.D.a,*, Winston A. Richards, Ph.D.b,
akeesha Miggins, M.D.c, Huazhi Liu, M.S.c, David W. Mozingo, M.D.c,
arwin N. Ang, M.D., Ph.D., M.P.H.c

aDepartment of Surgery, Division of Acute Care Surgery, PO Box 100286, Gainesville, FL 32610, USA; bDivision of
cience Engineering and Technology, Pennsylvania State University, Harrisburg, PA, USA; cDepartment of Surgery,

ivision of Acute Care Surgery, University of Florida, Gainesville, FL, USA
Abstract
BACKGROUND: Census predictions for Florida suggest a 3-fold increase in the 65 and older

population within 20 years. We predict resource utilization for burn patients in this age group.
METHODS: Using the Florida Agency for Healthcare Administration admission dataset, we evalu-

ated the effect of age on length of stay, hospital charges, and discharge disposition while adjusting for
clinical and demographic factors. Using US Census Bureau data and burn incidence rates from this
dataset, we estimated future resource use.

RESULTS: Elderly patients were discharged to home less often and were discharged to short-term
general hospitals, intermediate-care facilities, and skilled nursing facilities more often than the other age
groups (P � .05). They also required home health care and intravenous medications significantly more often
(P � .05). Their length of stay was longer, and total hospital charges were greater (P � .05) after adjusting
for sex, race, Charleson comorbidity index, payer, total body surface area burned, and burn center treatment.

CONCLUSIONS: Our data show an age-dependent increase in the use of posthospitalization re-
sources, the length of stay, and the total charges for elderly burn patients.
© 2013 Elsevier Inc. All rights reserved.
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After World War II and extending into the 1960s, the
United States observed a dramatic increase in its birth rates,
often referred to as the “baby boom.” This generation of
Americans was the product of birth rates well over 3.5
million live births per year for a period of close to 20 years.
This population wave is now approaching the 65 and over
age group.1 Burn injuries are among the top 20 causes of
nonfatal injuries in the geriatric population.2 The care of

* Corresponding author: Tel.: �1-352-273-5670; fax: �1-352-273-
5683.

E-mail address: winston.richards@surgery.ufl.edu
Manuscript received November 8, 2011; revised manuscript May 17,
b012

002-9610/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
ttp://dx.doi.org/10.1016/j.amjsurg.2012.05.002
urn patients is a resource intensive team approach at burn
enters across the United States. Combining the population
ge shift with frequent burn injury and resource intensive
reatment suggests an increasing demand on these medical
esources.

Medical resource usage is often measured by patient
ength of stay and total hospital charges. These measure-
ents along with mortality figures account for the most

ommon outcome measures in current research.3–10 In 1980,
Curreri et al3 published an analysis of survival and hospi-
alization time that identified increasing mortality and
ength of stay with age. They also used these data to predict

urn bed needs for a known or predicted population of
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regional burn victims. In 1990, Saffle et al11 published a
tudy on improvements in the survival of elderly burn pa-
ients, and in 2006 Pomahac et al10 evaluated patients 80
ears of age or older and found improved survival in this
roup of burn victims. Even with these improvements, el-
erly burn patients are reported to have higher mortality and
orse outcomes despite advances in burn care.11–14 Al-

though the most expensive setting in medical care is acute
hospitalization, there are additional factors that add to the
costs of treating burn patients. A patient’s discharge dispo-
sition highlights this. Patients may be sent home, to skilled
nursing facilities, or to rehabilitation centers. Pham et al12

described this as discharge to a nonindependent status.
Other patients may require home health care and outpatient
occupational and physical therapy. Data on the discharge
disposition of patients are collected in the Agency for
Health Care Administration admission dataset in the state of
Florida. The goal of this study was to determine the poten-
tial required resource use of the elderly population in light
of the aging “baby boom” generation in the state of Florida.

Materials and Methods

Study design

This is a retrospective cohort study using data from the
Agency for Health Care Administration (AHCA) in Florida.
With these data, we evaluated inpatient hospital admissions
for patients with a diagnosis of burn injury. The Florida
AHCA database was analyzed from 1997 through the third
quarter of 2010 for outcomes after burn injury. The primary
outcomes were hospital charges and length of stay, and the
secondary outcome was discharge disposition

Database and study population

We identified 34,908 patients who were admitted with a
diagnosis of burn injury using the International Classifica-
tion of Diseases, Ninth Revision (ICD-9) diagnosis codes of
940 through 949 excluding 947 (internal burns secondary to
ingestion of a caustic substance.) We further excluded those
patients who died. Subsequently, we refined this group into
those patients who had a 948 code for total body surface
area (TBSA) burned. The Charlson comorbidity index was
calculated for this dataset to adjust for comorbid conditions
in these patients. This study was performed with institu-
tional review board approval.

The Charlson comorbidity index was introduced in 1987
by Charlson et al. It is a weighted index that takes into
account the number and seriousness of comorbid diseases.15

This method of classifying comorbidity has been validated
in several patient populations including intensive care unit
admissions and several surgical procedures. It has been
adapted for use with ICD-9 databases.16 It is one of the most

extensively studied comorbidity indexes and has predictive
validity with several outcome measures such as mortality,
disability, readmissions, and length of stay.17 This allows
our age groups to be compared while adjusting for the effect
of comorbid conditions on the outcome.

Statistical analysis

Differences between cohorts in length of stay and total
hospital charges were evaluated by regression analysis.
Multivariate regression was used to adjust and match for
nonmodifiable factors that had the potential of confounding
or biasing the outcome of interest. Confounding factors
were considered in the multivariate analysis if it was rea-
sonable to assume (gestalt) or if there were published data to
show that these variables had an independent effect on the
exposure (risk factor) and outcome of interest. Before re-
gression analysis, multicollinearity was measured between
the adjusted or confounding variables. Multicollinearity was
evaluated before regression analysis by examining the cor-
relation coefficient among confounders. If the correlation
coefficient was greater than .8, only one of the confounders
was used in the multivariate analysis.18 None of the con-
ounders in this study exhibited collinearity with each other.
n the final multivariate regression, sex, race, payer, Charl-
on comorbidity index, TBSA burned, and burn center ad-
ission were treated as confounders. Analysis of variance
as used to evaluate significant differences in demograph-

cs, burn center admission, and payer and discharge status
etween age groups. We used census predictions for the
opulation of Florida and burn incidence rates from the
HCA hospital admission dataset to calculate future re-

ource needs of our state. This incidence rate was calculated
y the number of persons admitted to Florida burn centers
er 1,000 person years. SAS version 9.2 of the SAS System
or Windows (SAS Institute Inc, Cary, NC) was used during
ur statistical evaluation of the dataset.

Results

There were 34,908 records over 14 years with a diagno-
sis of burn injury on admission to a hospital in the state of
Florida. Of those patients, 17,827 had an ICD-9 948 code
describing burn size recorded and had survived through
discharge from the hospital. We evaluated the following age
groups: 0 to 17 years of age (pediatric), 18 to 64 years of age
(adult), and �65 years of age (elderly). There were 4,982
patients in the pediatric group, 11,051 in the adult group,
and 1,794 in the elderly group. The patients’ sex and race
are listed in Table 1. Analysis of variance was used to
evaluate for differences in sex and race. Burn sizes for each
age group are reported in Figure 1 they were separated by
admission to burn centers and other hospitals. The mean
burn size of elderly patients was lower than that for the adult
and pediatric age groups, whereas the mean burn size ad-

mitted to burn units was larger than that admitted to other
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hospitals in all age groups. Burn center admission, payer
category, length of stay, and total charges are reported in
Table 2. Our elderly cohort (�65 years of age) was less
likely to be treated at a burn center compared with the adult
and pediatric cohorts (P � .05). Approximately 43% of the
elderly patients were treated in a burn center, whereas at
least 71% of the adult and pediatric age groups were treated
at burn centers. When reviewing the insurance coverage of
this cohort of patients, we noted that approximately 83% of
the elderly age group was covered by Medicare services.
The adult age group had a wider spread of payer sources

Table 1 Demographic data of the 17,827 patients with 948 c

Child (0�17 y)
(n � 4,982)

Sex (%)
Male 3,177 (63.8)
Female 1,805 (36.2)
Unknown 0

Race (%)
American Indian 4 (.08)
Asian 22 (.4)
Black 1,534 (30.8)
White 2,281 (45.8)
White Hispanic 869 (17.4)
Black Hispanic 29 (.6)
Other 205 (4.1)
No response 38 (.8)
Figure 1 The frequency of burn sizes (TBSA) seen at bur
with 18.4% being covered by workers’ compensation and
17% self-pay or uninsured.

The median length of stay and charges for each age
group are recorded in Table 2. In addition, we compared
length of stay and total hospital charges between groups
using linear regression and adjusting for sex, race, Charlson
comorbidity index, payer, TBSA burned, and burn center
treatment. The crude linear regression of length of stay and
age group was not significant. When adjusting for the pa-
rameters described previously, we found the elderly patients
to have a longer length of stay (P � .05). We performed a

corded who survived through discharge

(18�64 y)
11,051) Old (65� y) P value

(74.1) 971 (54.1) �.0001
(25.9) 823 (45.9) �.0001
(.01) 0

(.2) 2 (.1) .15
(.6) 13 (.7) .33
(19.5) 277 (15.4) �.0001
(54.9) 1,149 (64.1) �.0001
(21.0) 294 (16.4) �.0001
(.9) 12 (.7) .10
(2.4) 35 (2.0) �.0001
(.7) 12 (.7) .73
odes re

Adult
(n �

8,190
2,860

1

23
64

2,155
6,061
2,316

99
261
72
n centers and nonburn centers divided by age group.
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similar comparison for total hospital charges and found that
the crude regression was not statistically significant,
whereas the adjusted regression showed that the elderly
patients had higher charges than the other age groups (P �
.05). For disposition, elderly patients were more likely to be
discharged to short-term general hospitals, intermediate-
care facilities, and skilled nursing facilities compared with
the adult and pediatric age groups (P � .05) as shown in
Table 3. We also noted that a larger percentage of the
elderly population was discharged to inpatient rehabilitation
facilities (P � .05). Elderly patients were also more likely to
be sent home with home health care nursing and intravenous

Figure 1 Continued.

Table 2 Burn center admission, insurance status, length of s

Child (0�17 y)
(n � 4,982)

Burn center (%)
Yes 3,576 (71.8)
No 1,406 (28.2)

Payer category (%)
Medicare 9 (.2)
Medicaid 2,824 (56.7)
Commercial 1,522 (30.6)
Workers’ compensation 25 (.5)
Government 103 (2.1)

Self-pay 499 (10.0)
Length of stay 6.3
Total charges $23,200

A P value �.0001 suggests a significant difference between at least
medications (P � .05). In addition to that, we noted that the
elderly patients were more likely to be discharged into
hospice care or a hospice medical facility (P � .05).

To extrapolate admission volume of age-specific burn
injury for the future, we combined data from the state of
Florida AHCA and the US Census Bureau. We calculated
the incident rate of burn injury in the state of Florida using
population data from the year 2000 as the reference data.
Data from the US Census Bureau provided the projected
population growth. This information is shown in Figure 2.
By 2030, the total hospital admissions for burn patients 65
or older will surpass that of the patients in the 45- to
64-year-old age group. With the discharge disposition per-

d total charges compared using analysis of variance

ult (18�64 y)
� 11,051)

Old (65� y)
(n � 1,794) P values

51 (71.0) 781 (43.5) �.0001
00 (29.0) 1,013 (56.5) �.0001

24 (7.5) 1,508 (84.1) �.0001
49 (13.1) 43 (2.4) �.0001
10 (28.1) 146 (8.1) �.0001
12 (16.4) 41 (2.3) �.0001
13 (6.5) 146 (8.1) �.0001
43 (28.4) 36 (2.0) �.0001

9.4 9.3 �.0001
4,071 $49,826 �.0001

e age groups.

Table 3 Discharge status of each age group compared
using analysis of variance

Discharge status
Child
(%)

Adult (%)
(reference)

Old
(%)

Home 87.2* 67.6 36.1*
Short-term general

hospital 2.4 2.0 3.4*
Skilled nursing facility .3 2.1 21.2*
Intermediate-care facility .4 .5 1.7*
Other institution 2.1 3.1 4.9
Home health care 8.1* 22.1 28.4*
Left against medical

advice .3* 1.2 1.2
Discharged on intravenous

medications .2 .3 .9*
Hospice home .3 .3 1.7*
Hospice medical facility 0 .2 1.2†

Inpatient rehabilitation
facility .8† 2.4 5.0*

Medicare long-term care
facility 0 .6 2.0

Psychiatric hospital 0 .8 0

*Significantly different at P � .01.
†Significantly different at P � .05.
tay, an

Ad
(n

7,8
3,2

8
1,4
3,1
1,8

7
3,1

$5

2 of th
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centages from our 14-year cohort, we could expect to have
on the order of 300 referrals for home health care services,
222 transfers to skilled nursing facilities, 43 transfers to
short-term general hospitals, and 22 referrals to intermedi-
ate-care facilities in 2030 from the 65 and older age group.
This compares with 100, 74, 14, and 7 in the year 2000. This
represents close to 3 times as many patients requiring ser-
vices in each of these areas per year.

Comments

A wave of elderly patients created by the baby boom is
now approaching the 65 and over age group. This group of
patients will likely suffer burn injuries at rates similar to the
recent past. With population predictions provided by the
Census Bureau, we are able to create a forecast of burn
injuries, their dispositions, and their resource use. Using
information gained from the AHCA dataset, we have iden-
tified a pattern that points to greater discharge needs for the
elderly patients in comparison with the younger cohorts.
Combining these sources, we noted a dramatic 3-fold in-
creased need for home health care services, skilled nursing
facilities, and short-term general hospitals for elderly burn
patients on discharge after injury. Based on these findings,
burn centers and other facilities in the state will need to plan
for the increased volume of elderly patients in need of
additional care at these facilities over the next 10 to 20
years.

Saffle et al11,13 noted that the chances of survival after
burn injury have steadily improved over the past 50 years.
Wibbenmeyer et al14 and others have reported that there
ave been limited improvements in survival for the elderly
opulation despite the overall survival improvements.15,19–22

This highlights geriatric burn injury as a specific area for
improvement. Given the rapid approach of this increased
demographic, there is an urgent need to address the resource
requirements of this age group.

Many articles highlight length of stay, charges, and mor-
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Figure 2 A graph showing the trend of increasing population in
the state and the relative increase in the population of patients
65�. (Projected number of burn cases evaluated in Florida trauma
centers by age based on the calculated 2000 incidence rate.)
tality rates in elderly patients as measures of outcome.
Elderly patients stayed longer, cost more, and had higher
mortality rates than their younger counterparts. Our re-
search shows these differences in length of stay and charges
while describing statistically significant differences in the
discharge disposition of elderly patients. Discharge to home
health care services, skilled nursing facilities, and short-
term general hospitals represent continued losses in function
and physical freedom and increased costs to society that
may actually represent a potentially more important out-
come measure than initial length of stay, charges, or mor-
tality in terms of the total impact of burn injuries in the
elderly population. In addition to the differences in dis-
charge disposition between age groups, there are differences
in the raw percent results in discharge disposition in the
elderly population admitted to burn centers versus nonburn
centers. These differences will be further evaluated using
regression analysis techniques and may highlight the bene-
fits of treatment at a burn center for elderly patients with
burn injuries. With a set of well-accepted outcome measures
for comparison, we can enhance our ability to be prepared
for the treatment of our growing elderly population.

It is well accepted and documented that mortality rates
for burn injury are higher in elderly patients. We would like
to highlight the following: mortality from burn injury is
highly dependent on TBSA involved, but the vast majority
of burn injuries in this study (�90%) were less than 20%
TBSA across all age groups. In addition, we limited this
study to those patients who survived their burn injuries. Our
findings highlight the morbidity associated with burn injury
and its disproportionate effect on elderly burn patients and
their discharge disposition. We think that increases in the
elderly population combined with the small average size of
burn injury will outweigh the effect of the mortality figures
noted for the elderly in the current literature. However, we
did not directly evaluate the resource use of those patients
who died from their injuries. Given the higher mortality rate
from burn injuries in the elderly population, this may rep-
resent an increased cost per TBSA percent burned. This
highlights a limitation in the scope of this study.

Triage of burn patients to burn centers depends on mul-
tiple factors including TBSA burned, burn depth, patient
age, comorbidities, and other clinical factors. During our
analysis, we noted that elderly burn patients were seen or
treated at burn centers 43% of the time, whereas pediatric
and adult patients were seen at burn centers 73% and 71%
of the time, respectively. This disparity was striking and
deserves in-depth evaluation. Differences in triage and
transfer patterns for patients with burn injuries are most
certainly multifactorial. We intend to evaluate our data to
identify factors associated with this difference including
burn size and severity, insurance status, referral source,
admission status, race, and sex. Demographic and financial
factors may well account for this disparity, whereas patient
requests and geographic location may add another layer to
the analysis. Other factors such as physician referral pat-

terns and emergency medical services transportation con-
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tracts have all been forwarded as influences in the age
disparity of burn patient treatment. With the available data
points in this administrative dataset, we plan to systemati-
cally evaluate whether patients who met the American Burn
Association (ABA) triage transfer criteria for burn center
care were appropriately transferred regardless of age.

In this study, as with any study using administrative data,
the results are highly dependent on the quality of data
collected. We found that there were differences in the pro-
portion of patients recorded with a TBSA ICD-9 code
(948.00 through 948.99) in the nonburn and burn centers.
This may represent familiarity with the coding and billing
aspect of burn care that is limited in nonburn centers. There
are also concerns that some coding does not accurately
represent the severity of injury in patients seen at nonburn
centers. These limitations are concerning but will improve
with the continued use of the datasets and quality monitor-
ing of the process for collecting the data.

In conclusion, a large number of baby boomers are
reaching 65 years of age. We have identified increased
resource use in their posthospital care from burn injury.
Others have suggested that survival from burn injury is
improving. Even though the elderly population has not seen
the same survival benefits of our improved burn care, burn
centers and other hospitals that treat the burned patient will
need to prepare for increasing posthospital resource use
from the growing elderly population.

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/
j.amjsurg.2012.05.002.
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