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Objective. To determine the impact of patient characteristics, clinical conditions,
hospital unit characteristics, and health care interventions on hospital cost of patients
with heart failure.
Data Sources/Study Setting. Data for this study were part of a larger study that used
electronic clinical data repositories from an 843-bed, academic medical center in the
Midwest.
Study Design. This retrospective, exploratory study used existing administrative and
clinical data from 1,435 hospitalizations of 1,075 patients 60 years of age or older. A cost
model was tested using generalized estimating equations (GEE) analysis.
Data Collection/Extraction Methods. Electronic databases used in this study were
the medical record abstract, the financial data repository, the pharmacy repository; and
the Nursing Information System repository. Data repositories were merged at the
patient level into a relational database and housed on an SQL server.
Principal Findings. The model accounted for 88 percent of the variability in hospital
costs for heart failure patients 60 years of age and older. The majority of variables that
were associated with hospital cost were provider interventions. Each medical procedure
increased cost by $623, each unique medication increased cost by $179, and the ad-
dition of each nursing intervention increased cost by $289. One medication and several
nursing interventions were associated with lower cost. Nurse staffing below the average
and residing on 2–4 units increased hospital cost.
Conclusions. The model and data analysis techniques used here provide an innova-
tive and useful methodology to describe and quantify significant health care processes
and their impact on cost per hospitalization. The findings indicate the importance of
conducting research using existing clinical data in health care.

Key Words. Heart failure, hospital cost, interventions, RN staffing

r Health Research and Educational Trust
DOI: 10.1111/j.1475-6773.2007.00789.x
RESEARCH ARTICLE

635



Heart failure, the final common pathway of cardiovascular disease, affects
about five million Americans and has been referred to as a global epidemic
(Moser and Mann 2002). It is a disabling and costly chronic condition. It is
becoming more prevalent as the population ages and survival increases from
previously fatal acute cardiac events (Roger et al. 2004). Of the millions living
with heart failure, 80 percent are 65 years of age or older.

Those with heart failure incur great economic burden, with costs ex-
ceeding those of breast and lung cancer combined (Peacock 2003). In 2004,
the estimated direct and indirect cost of heart failure in the United States was
$25.8 billion, of which $13.6 billion, or 53 percent, was direct hospital cost
(American Heart Association 2004). Heart failure is the most expensive of the
Medicare diagnoses in the United States and yet, reimbursement often does
not keep up with the mean total hospital charges. Mean total charges were
$15,293 per visit in 2000, with the average American hospital losing more than
$1,000 per visit (Peacock 2003; Ashish et al. 2004).

Much has been written in the last decade about the positive collective
effects on cost and readmission rates by using multidisciplinary disease man-
agement approaches, usually involving the continuum of care within and
outside the hospital setting (Balinsky and Muennig 2003). Little is known,
however, about the unique interventions or contributions to cost of care by
specific disciplines; most of the research has been done with measures that
come from the large Medicare data sets that describe medical care and treat-
ments and not those of other health care disciplines. This research study
analyzes data from an electronic documentation system that includes medical,
nursing, and pharmacy treatments to demonstrate the unique contributions of
these providers to hospital cost for older adults with heart failure.
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STUDY PURPOSE

The purpose of this study was to describe the relationships between (1) patient
characteristics, clinical conditions, nursing unit characteristics, and treatments
(medical, pharmacy, and nursing) and (2) cost of hospitalization for older
patients with heart failure. This exploratory study was guided by an effec-
tiveness model developed by Titler, Dochterman, and Reed (2004) that links
patient characteristics, patient conditions, and processes of care, to outcomes
of hospital cost. Independent variables are categorized as patient character-
istics, clinical conditions, nursing unit characteristics, and treatments (see
Table 1). Length of stay was not included as an independent variable as its
correlation with hospital cost is, not surprisingly, high (Pearson correlation
coefficient was 0.87 in this sample); we wanted to go ‘‘beyond’’ the traditional
explanation of hospital cost by number of days in the hospital and rather
examine those unit and clinical variables that relate to hospital cost and not
have these masked by the length of hospitalization. A brief explanation of each
variable is in Table 1; a more complete explanation of the measurement of
each variable is available in Supplementary Material Appendix A.

METHODS

Data Sources and Sample

Data for this study are part of a study funded by the National Institute for
Nursing Research and the Agency for Healthcare Research and Quality that
used a retrospective, descriptive design to conduct outcomes research in three
older populations (Titler 2000). Descriptive data from the 4-year period July
1998 to June 2002 were accessed from an 843-bed, academic medical center in
the Midwest. This study focused on hospital cost of the heart failure population
defined by inpatient records with discharge diagnoses classified within the
Major Diagnostic Classification (MDC) Diseases and Disorders of the Circu-
latory System and with a primary or secondary discharge diagnosis of heart
failure. The data represent 1,435 hospitalizations of 1,035 adult inpatients, 60
years of age and older. Of the final sample, 43 percent were female, 94 percent
white, 58 percent married and 27 percent widowed, and 74 percent retired.
The mean age was 74 (SD 5 8.9) with a median length of hospitalization of
6.26 days.

Variables used in the analysis for this study originated from four elec-
tronic hospital databases: medical record abstract, financial, pharmacy, and
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nursing.1 Operational and clinical data were linked at an individual patient
level for each hospitalization. Unique patient identifiers were used to build a
relational database of selected variables on a separate SQL server (Titler,
Dochterman, and Reed 2004). The data obtained from patient records were
accepted as reliable based on the reasoning that they are used for important
clinical decisions as well as for reimbursement and research. Multiple checks
were done to assure that the data in the relational database were identical to
those in the patient records.

Dependent Measure: Total Hospital Costs

The dependent variable was total hospital cost. Because actual hospital cost
data were unavailable for direct analysis, hospital charges were used to rep-
resent financial burden (Ashish et al. 2004). Financial charge data were
obtained from the hospital’s medical record abstract database for each
hospitalization. The charge data were converted to cost data using the cost-
to-charge ratios obtained from the Centers for Medicare and Medicaid
Services Acute Inpatient Prospective Payment System website (http:/
www.cms.hhs.gov/AcuteInpatientsPPS/). For each hospitalization, the
hospital’s total charge was multiplied by the overall cost-to-charge ratio for
the fiscal year in which the hospitalization occurred. Total hospital costs
included costs in the following categories: general services, ICU/special
care, pharmacy, laboratory, radiology, operating room, supplies, and other
ancillary services.

Data Analysis

Generalized estimating equations (GEE) were used for analyses to take into
account that some patients had more than one hospitalization during the time
frame for the study (Liang and Zeger 1986). When the sample includes some
patients who have more than one admission during the study’s time frame,
GEE analysis is recommended over the more usual general linear model
(GLM) in order to not over estimate the treatment effects (Liang and Zeger
1986). Analyses were completed using SAS/STAT software, Version 9 of the
SAS System for Windows (SAS Institute Inc. 2003). PROC GENMOD was
employed for the GEE analysis. A process of building an empirical model was
followed to systematically reduce the number of variables used to predict the
cost of care and to determine which independent variables made unique
contributions to cost, after controlling for other variables. Variables were first
tested singularly, using zero-order correlations, for their association with total
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hospital cost. If the p-value for the zero-order correlation was � .15, the
variable was retained. Significant variables ( p � .15 in zero-order correla-
tions) within each category (e.g., patient characteristics, clinical conditions)
(see Table 1) were then tested, controlling for other variables within that
category, for a statistically significant relationship to cost, again at the p � .15
level. The p � .15 level was chosen to guard against eliminating variables too
soon, when they might yet prove to have a statistically significant effect when
combined with other independent variables. The final statistical model then
tested the significant variables from each category against the variables in
the categories appearing before it in the model. When variables from the
final category were added, the final model was established, using p � .05
as the criterion. Score statistics, or the summative p-value and w2 for each
variable that remained significant at the p � .05 in the final model, are
summarized in Table 2 for each category. Proportional change in cost by
variable (odds ratio) and the estimated change in median total cost are
represented in Tables 3 and 4.

FINDINGS

The mean total cost of hospitalization was $18,086 (SD $26,736), with a range
from $762 to $544,797 and a median total cost of $10,454. Change in median
cost is reported in this study due to the wide variability in cost. This wide range
may be due in part to several factors. The setting is a large academic referral
center and 35 percent of the hospitalizations included invasive diagnostic
procedures for heart failure (e.g., cardiac catheterizations and coronary arte-
riography) while 60 percent included invasive cardiovascular therapeutic
procedures (e.g., operating room procedures related to open heart surgery and
angioplasty and peripheral vascular surgeries), the latter having the greatest
impact on hospital median cost of any single variable included in the model.

The study included 1,435 hospitalizations by 1,075 patients. A total of
183 variables were entered into the analysis with 31 significantly associated
with total hospital cost in the final model (Table 2). The mean age of the
sample was 72.7 years, consistent with other studies (Munger and Carter
2003). A younger age was significantly associated with greater cost with initial
bivariate analysis (p 5 .005), also consistent with other reports (Wexler et al.
2001), but when other patient characteristics variables were added, this
association disappeared. None of the patient characteristics were significantly
related to cost in the final model (see Table 2).
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Table 2: Results of Analysis for Heart Failure Cost

Original Variables Entered
Variables Significant in Final Model

(w2 and p-value)

Patient characteristics None significant
Age
Gender
Ethnicity
Marital status
Religion
Occupation

Clinical conditions
Primary diagnosis None significant

Heart failure without hypertension
Acute myocardial infarction
Other cardiac conditions
Conduction disorders
Peripheral vascular disease
Noncardiac circulatory diseases

Comorbidities Only one significant
30 analyzed according to

Elixhauser method
Deficiency anemia: w2 5 3.87, p 5 .0491

Severity of illness Significant
Severe IV (19.4%)
Major III (51.4%) Severity of illness: w2 5 10.11, p 5 .0177
Moderate II (26.8%)
Mild I (2.4%)

Nursing unit characteristics Only two significant
Number of units resided on during

hospitalization
Number of units resided in during hospitalization:
w2 5 24.85, p � .0001

Percentage of time in intensive care unit (ICU)
Average RN/patient ratio RN/patient dip proportion: w2 5 37.83, p � .0001
RN/patient dip proportion

Treatments
Medical

Total number of medical
procedures

Total number of medical procedures: w2 5 79.52,
po.0001

Nine types of medical procedures Three of nine groups significant
Noninvasive heart failure diagnostic: w2 5 13.29,

p 5 .0003
Invasive heart failure diagnostic: w2 5 7.19,

p 5 .0073
Invasive cardiovascular therapy: w2 5 108.32,

po.0001
Pharmacy

Total number of different
medications

Total number of different medications: w2 5 29.30,
p � .0001

74 different medications used 12 medications, p � .05

continued
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Only two clinical conditions remained in the final model: the comor-
bidity of deficiency anemia and severity of illness (Table 2). Of the 30 co-
morbid conditions used in the Elixhauser et al. (1998) method, 27 were related
to hospital cost at p � .15 in step one bivariate analysis, but only one, defi-
ciency anemia, remained when all variables were entered sequentially in the
final model (Table 2). Deficiency anemia was associated with a 5 percent increase
in median cost in the final model with an estimated additional cost of $536 for
heart failure patients with this comorbid condition (Table 3). The clinical
condition, severity of illness, was significant in step one bivariate analysis
and also was significant in the final model (see Table 2). However, there were
no statistically significant differences in the final model between the costs
of higher levels of severity when compared with minor levels of severity
(Table 3).

Two of the four nursing unit characteristics were significant in the final
model. The number of units resided on during hospitalization was significantly
associated with increased hospital cost when the patient was on 2, 3, or 4 units.
Residing on 2 units ( p 5 .0015) added about 10 percent to median cost, or an
estimated $1,007; residing on three or 4 units added about 17 percent, or
$1,748 to median cost per hospitalization ( p 5 .0001) (Table 3). Interestingly,
the cost difference for 5 or more units added only about 3 percent to median
cost and was not significant. The variable registered nurse (RN )/patient dip
proportion was also significantly associated with increased cost in the final
model ( po.0001) (Table 2). The mean RN/patient dip proportion, which
represents the largest drop in available RN care during a hospitalization, was
0.4321 with a range of 0.04–0.89. The larger the RN dip proportion, the fewer
RN hours available for patient care. For every 0.2 increments in RN dip
proportion value, there was a 15.2 percent increase in median cost per hos-
pitalization, or $1,589 (Table 3). The RN to patient ratio, which measures the
overall amount of RN hours of care to number of patients, was not significantly
related to cost.

Table 2. Continued

Original Variables Entered
Variables Significant in Final Model

(w2 and p-value)

Nursing
Total number of different

interventions
Total number of different interventions: w2 5 39.05,

po.0001
53 different interventions used 10 interventions, p � .05
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Medical, pharmacy, and nursing treatments were each significantly associ-
ated with total hospital cost (Tables 2 and 3). The total number of medical pro-
cedures was associated with cost ( po.0001); with the addition of each medical
procedure, median costs were estimated to increase $623 (see Table 3). Types
of medical procedures included both medical and surgical procedures. There
were 123 different types of medical procedures performed, for a total of 5,193
medical and surgical procedures for the 1,035 heart failure patients. To dis-
tinguish between the cost effects of nonsurgical versus surgical procedures, the
different types of procedures were grouped into nine subgroups (see Table 1).
Three of these nine groups were significantly associated with cost; two of the
three were invasive (Tables 2 and 3). Noninvasive heart failure diagnostic pro-
cedures, such as echocardiograms and radioisotope scans, were associated with
an increase in median cost of about $800, or 8 percent; Invasive cardiovascular
diagnostic procedures (e.g., coronary angiography) were associated with an in-
creased cost of $736, or 7 percent; and invasive cardiovascular therapeutic pro-
cedures (e.g., angioplasties, open-heart surgeries) were associated with an
increased median hospital cost of $5,294.

The number of different medications used during hospitalization and several
specific medications were significantly related to cost (Tables 2 and 3). The
addition of any one unique type of medication added $179 to the median costs.
Miscellaneous GI (gastrointestinal) medications reduced median costs by over
$1,000 per hospitalization. Benzodiazepines were used in 57 percent of hospi-
talizations at an estimated additional cost of $885 per hospitalization. Nursing
interventions included in the study were those used in at least 5 percent of the
hospitalizations. The number of different nursing interventions employed during
the hospital stay, was statistically significant, and associated with an estimated
increased cost of $289 for each additional type of nursing treatment ( po.0001)
(Tables 2 and 4).

Ten types of nursing interventions were significantly associated with cost
in the final model (Tables 2 and 4). The average number of times the inter-
vention was used in 24 hours (use rate) was reported in quartiles (for inter-
ventions used in � 95 percent of the hospitalizations) or in thirds (for
interventions used in o95 percent but � 5 percent of hospitalizations) (see
further explanation in the Supplementary Material Appendix A). Follow-up
tests for these 10 were conducted by use rate categories. Six of the 10 inter-
ventions were also significant for use rate effect on cost (Table 4): Fluid Man-
agement, Pressure Ulcer Care, Oral Health Restoration, Bowel Management, Infection
Protection, and Medication Management (Table 4). The Fluid Management inter-
vention, used in 99.7 percent of hospitalizations, was significantly associated
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with cost ( p 5 .017). When comparing a daily use rate of 6.08 times/24 hours
with a daily use rate of 1.19 times/24 hours, the Fluid Management intervention
was estimated to save $870 per hospitalization (see Table 4). Performing this
nursing intervention two or more times a day is estimated to save $571–$870
per hospitalization. Pressure Ulcer Care was used in 89.3 percent of the hos-
pitalizations but in very small doses. When the average use rate was less than
one time per day, the intervention (or lack thereof ) appears to increase cost; a
use rate of 0.22 is associated with an additional estimated median cost of
$1,116 per hospitalization. However, when performed even one time per day
(use rate 0.90), the intervention was estimated to save $2,232 per hospital-
ization ( po.0001). The intervention Oral Health Restoration was used in 83.5
percent of hospitalizations and was estimated to save money when used be-
tween 0.8 and 1.75 times per day ($1,016–$1,123). Bowel Management was
significantly associated with an estimated $784 reduction in median hospital
cost. Infection Protection was used in 73 percent of the hospitalizations and was
estimated to reduce cost by more than $1,180 at a use rate of 2.6 times per day.
Finally, Medication Management was documented in only 11 percent of the
hospitalizations but was estimated to save $2,027 per hospitalization with the
top one-third use rate of 1.58 times per day ( po.0001). In the lower one-third
use rate, (0.13 times per 24 hours), the ‘‘lack’’ of Medication Management was
estimated to add an additional $2,295 to median costs ( po.0001).

GEE analysis does not result in an R2 statistic, so to estimate the extent of
variance in cost explained by the statistical model, a GLM procedure was used
(SAS Institute, Inc. 2003). As the GLM procedure requires that the unit of
analysis be independent, repeat hospitalizations for the same patient were
removed, thereby reducing the sample size to 1,075 patients. The resulting R 2

was 0.877 indicating that the model accounts for 88 percent of the variance in
hospital costs for heart failure patients 60 years of age and older.

DISCUSSION

The average total costs per heart failure hospitalization in this study ($18,086)
were higher than the national average for 2000 of $15,293 (AHRQ 2002),
perhaps related to the large academic setting and the mixed medical and
surgical population. Only one comorbid condition, deficiency anemia, was as-
sociated with increases in median heart failure costs in this study. In general,
reports about the effect of comorbidity specific to heart failure vary. Previous
studies have reported either no impact of multiple comorbidities on hospital

Cost of Hospital Care for Older Adults with Heart Failure 649



costs of heart failure patients (Weintraub et al. 2003), or significant increases in
heart failure hospital cost (Zhang, Rathouz, and Chin 2003). Our results sup-
port the reported clinical and economic importance of anemia in progressive
heart failure (Horwich et al. 2002; Komajda 2004; Nordyke et al. 2004).

Two nursing unit characteristics were significant in this cost model.
Given the ongoing debate about minimum levels of nursing staff, it is impor-
tant to note the findings that staffing below the average (RN/patient dip pro-
portion) increased hospital costs. This variable was created for this study to
address the nationwide concern about low staffing levels and to complement
the usual measure of overall RN hours of care (see the RN patient ratio in Table
1 and Supplementary Material Appendix A, which was not significantly as-
sociated with hospital costs). A 0.2 incremental increase in the RN/patient dip
proportion corresponded to a 15 percent increase in cost. The mean value of the
RN dip proportion in this study was 0.4321, which would correspond to a 31
percent increase in cost due to staffing variability below a defined average
limit. (Note——this variable was calculated using hourly figures for both the
number of RNs assigned to deliver care and the number of patients needing
care and includes 24 hours for all days of hospitalization; the findings reported
here do not address the specific hours when the dips occurred.) Reducing
hospital cost by reducing RN staff appears to be a compelling but expensive
and potentially dangerous myth (Titler et al. 2005, 2007). Number of units
resided on during hospitalization (moving patients from unit to unit during
hospitalization) is also associated with increased costs. These costs might be
associated with incomplete hand-off communication between units resulting
in adverse medical error occurrences that may increase total hospital cost
(Kanak et al. in press).

The types of medications significantly related to cost in this study were
not the most frequently used cardiac medications (e.g., diuretics, b blockers,
etc.) (Stroupe et al. 2004). In contrast, many of the medication categories
associated with increased costs (Table 3) are less common in typical heart
failure patients. The eyes, ears, nose, throat (EENT) drugs, and EENT anti-
biotics administered in 64 and 35 percent of the hospitalizations, respectively,
are likely related to surgical patients. By contrast, one frequently used med-
ication inversely related to cost is GI medication. This impressive reduction
($1,015) may reflect a subgroup of heart failure patients in which the diag-
nostic and treatment effects of GI medications assisted in ruling out cardiac
etiologies of chest pain and may have resulted in earlier discharge for oth-
erwise stable heart failure patients. Benzodiazepines (such as Versed, Loraze-
pam, and Valium), usually contraindicated in the elderly due to side effects of
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delirium and falls, were used in 57 percent of the hospitalizations. This drug
category may represent prediagnostic or preprocedural sedation. However, in
this elderly population, it would be of interest to follow-up the choice of this
drug during acute heart failure hospitalizations in future studies to determine
appropriateness and potential alternatives to use. With use in 57 percent of an
estimated one million primary heart failure hospitalizations per year, a ben-
zodiazepine would be prescribed during 570,000 hospitalizations. At an ad-
ditional cost of $900 per hospitalization, the inappropriate administration of
benzodiazepines may represent an avoidable cost.

The finding of almost 100 percent use of the Fluid Management nursing
intervention is not only biologically plausible in medical and nursing man-
agement of the heart failure patient, but the number one priority in acute heart
failure management. When this critical thinking and skill-based nursing in-
tervention is done even twice a day, the cost reduction is again compelling and
consistent with the expected biologic benefit to the patient. Conversely, it is
concerning that the intervention, Medication Management, is only used in
11 percent of hospitalizations and at the lowest use rate, 0.13 times per day.
This ‘‘lack of medication management’’ is associated with a projected 22 per-
cent increase in cost, or $2,303 in this study. However, when this primarily
critical thinking intervention is performed only one and a half times per day
(use rate 1.58) it is associated with a 19 percent reduction in cost per hospi-
talization, or a savings of $2,027. Extrapolating once again to one million heart
failure acute care admissions per year in the United States, the potential cost
impact of improving quality nursing care is enormous and literally worth the
attention of nurses, nurse leaders, administrators, boards, and public policy
makers.

SUMMARY

This exploratory study used electronic data from one academic medical
center, which limits the generalizability of findings, and thus, it needs to be
replicated using multiple hospitals of varying size, type, and geographic dis-
tribution. A limitation is that the outcome variable does not address quality but
only cost of care and making decisions about resource allocation based on cost
without considering quality of care is shortsighted (Institute of Medicine 2001).
Thirdly, data used in this study were obtained from electronic data sources
developed for other purposes and may not reflect all care delivered. Despite
these limitations, this study illustrates the feasibility and importance of
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including processes of care variables, particularly nursing treatments, in cost
and analyses. The exploratory study also begins to address the importance of
empirically demonstrating what nurses do (nursing interventions) and nurse
staffing in analytic cost models.

The methodological techniques used herein can be used to explicate
contributions of processes of care for other outcomes such as patient safety,
complications, and patient satisfaction. Most of the variables that impact cost
are interventions (medical, pharmacy, and nursing), validating the overall
model used to guide this research. That is, cost of care should be related
to services (interventions) delivered and not patient demographics. In this
research, it was demonstrated that hospital cost was chiefly related to services.
The results indicate that the total number of medical, pharmacy, and nursing
treatments add to the cost of care and suggest that medical procedures and
new medications be carefully considered for a possible therapeutic effect be-
fore they are added to the treatment plan. A number of nursing interventions,
notably those related to risk management or prevention of complications (e.g.,
Fall Prevention, Infection Protection, and Medication Management) did not
increase hospital cost. More research is needed to study the impact of nursing
interventions on hospital cost as well as on clinical outcomes.

The importance of having adequate RN staffing was demonstrated in the
study with staffing below the unit average associated with increased cost. The
reasons for these findings are not included in the study but likely relate to
nurses ability to prevent, recognize, and provide early treatment for compli-
cations (as per the interventions listed in the above paragraph) thereby as-
sisting in recovery time and reducing cost.

Overall, the findings of this study indicate the importance of conducting
research in health care that includes the interventions of multiple providers.
This is one of the first studies to our knowledge that includes nursing unit and
nursing intervention variables as predictors of hospital cost. The study was
possible because the hospital used a standardized classification (e.g., the
Nursing Interventions Classification [NIC] [Dochterman and Bulechek
2004]), to document nursing interventions and collected nurse staffing data
frequently on each patient unit.
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