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Reducing the Cost of Frequent Hospital Admissions for
Congestive Heart Failure

A Randomized Trial of a Home Telecare Intervention

ANTHONY F. JERANT, MD,* RAHMAN AZARI, PHD,T AND THomAs S. NessitT, MD, MPH¥

BACKGROUND. The high cost of caring for
patients with congestive heart failure (CHF)
results primarily from frequent hospital read-
missions for exacerbations. Home nurse visits
after discharge can reduce readmissions, but
the intervention costs are high.

OsjecTIVES. To compare the effectiveness of
three hospital discharge care models for reduc-
ing CHF-related readmission charges: 1) home
telecare delivered via a 2-way video-conference
device with an integrated electronic stethoscope;
2) nurse telephone calls; and 3) usual outpatient
care.

RESEARCH DESIGN. One-year randomized trial.

SusjecTs. English-speaking patients 40 years
of age and older with a primary hospital ad-
mission diagnosis of CHF.

MEASURES. Our primary outcome was CHEF-
related readmission charges during a 6-month
period after randomization. Secondary out-
comes included all-cause readmissions, emer-
gency department (ED) visits, and associated
charges.

ResuLTs. Thirty-seven subjects were ran-
domized: 13 to home telecare, 12 each tele-

More than 3 million Americans suffer from
congestive heart failure (CHF),! and 400,000 are
newly diagnosed annually.? It is the most common

phone care and 12 to usual care. Mean CHF-
related readmission charges were 86% lower in
the telecare group ($5850, SD $21,094) and 84%
lower in the telephone group ($7320, SD
$24,440) than in the usual care group ($44,479,
SD $121,214). However, the between-group
difference was not statistically significant.
Both intervention groups had significantly
fewer CHF-related ED visits (P = 0.0342) and
charges (P = 0.0487) than the usual care group.
Trends favoring both interventions were noted
for all other utilization outcomes.

CoNcLusiONs. Substantial reductions in hos-
pital readmissions, emergency visits, and cost of
care for patients with CHF might be achieved by
widespread deployment of distance technolo-
gies to provide posthospitalization monitoring.
Home telecare may not offer incremental benefit
beyond telephone follow-up and is more
expensive.

Key words: Telemedicine; heart failure; con-
gestive; patient readmission; cost and cost
analysis; home nursing. (Med Care 2001;39:
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cause for hospitalization due to exacerbation of a
chronic condition among adults aged 65 years and
older in the United States,® leading to more than
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700,000 hospital admissions each year.# The high
cost of caring for patients with CHF, which ex-
ceeds $10 billion per year! is primarily due to
frequent hospital readmissions for decompensa-
tion.# Readmission occurs in 20% to 50% of
patients with CHF within 14 days to 6 months
after discharge from an index admission.5 Of
these rehospitalizations 16% to 25% are due to
CHF exacerbation.®810 Factors associated with an
increased risk for readmission include unmarried
status,” male gender,® index admission length of
stay more than 7 days,® increasing comorbidity,”
both low® and elevated systolic blood pressure,”
under dosing of ACE inhibitors,'* physician lack of
knowledge regarding CHF management,’? and
dietary and medication nonadherence.’> Con-
versely, no subgroup of hospitalized patients with
CHF has been identified as being at “low risk” for
readmission.”

Previous interventions to reduce CHF readmis-
sions”?14-24 have employed home nurses to pro-
vide disease and treatment education, bolster fam-
ily support, and identify and manage early
decompensation. In the most rigorously evaluated
intervention, 90-day CHF readmission rates were
reduced by 56% and cost savings of $460 per
patient were realized.” Although these results are
promising, the intervention costs of traditional
home care strategies are high, and their broader
application would present formidable challenges
to health systems, leading to interest in using
interactive video equipment to conduct “virtual”
home visits.?526

Home care delivered using such video technology
is referred to as home telecare when provided by
nurses, reserving the term telemedicine for remote
care delivered by physicians.?” Home telecare allows
several patient encounters to occur in the same
amount of time required to conduct one traditional
visit, potentially reducing care costs. However, only
case series?®-3! and quasi-experiments®? involving
home telecare have been reported. Rigorous trials
comparing home telecare to “usual care” as well as
“lower tech” approaches, such as patient education
and treatment reminders delivered using regular
telephones,333* are required to determine if this
technology offers clinical and cost benefits.3>

Therefore, we conducted a pilot randomized
trial comparing three care models for reducing
CHF-related hospital readmission costs: 1) home
telecare delivered via a 2-way video-conference
device with an integrated electronic stethoscope;
2) nurse telephone calls; and 3) usual outpatient
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care. We hypothesized that during a 6-month
period after randomization, CHF-related rehospi-
talization charges would be significantly lower in
the telecare group than in the other groups.

Material and Methods

Study Population

Between July 1, 1999 and June 30, 2000, all
patients admitted to the University of California
Davis (UCD) Hospital with a primary admission
diagnosis of CHF were screened for eligibility to
participate in the trial. Patients with primary ad-
mission diagnoses of chronic obstructive pulmo-
nary disease (COPD) exacerbation, dyspnea, and
edema were also screened because CHF exacerba-
tion may initially be confused with COPD or given
a symptomatic diagnosis pending further evalua-
tion. The UCD Human Subjects Committee ap-
proved the study protocol.

Eligible patients were aged 40 and older, had an
active telephone line in their home, were English-
speaking, and had a primary care provider (PCP)
in the UCD Health System. PCP’s included gen-
eral internists and family physicians. In addition,
potential subjects (or a designated caretaker)
needed to have vision and hearing adequate to use
a telephone or telecare equipment. For qualified
patients, a research assistant (RA) contacted a
physician from the admitting team to verify the
primary admission diagnosis and then assessed
the patient’s symptom status utilizing the New
York Heart Association (NYHA) classification.3¢
Comorbid disease burden was then determined
using the Charlson index.?” Patients with a Charl-
son score of 6 or greater (equivalent to metastatic
cancer, full-blown acquired immunodeficiency
syndrome, or several chronic diseases with end-
organ manifestations) were excluded. The RA next
administered the 15-item Geriatric Depression
Scale (GDS),38 the Mini Mental Status Examina-
tion (MMSE),?® and the Symbol Digit Modalities
Test (SDMT), a 90-second test of cognition and
manual coordination.*® Patients who scored 7 or
higher on the GDS, 20 or lower on the MMSE, or
more than 2 standard deviations below age- and
education-adjusted mean SDMT scores were ex-
cluded because such persons would generally not
be able to adequately participate in a telecare
encounter. Finally, Instrumental Activities of Daily
Living (IADL) were also assessed*' and IADL,
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GDS, and MMSE scores were used to determine a
global functional impairment index.4?

During the first month of study recruitment,
exclusion criteria varied slightly from those listed
above. Patients were excluded from enrollment if
they did not have capitated health insurance; had
a Charlson score of 3 or higher; or had a Charlson
score of 2 plus more than one functional impair-
ment. However, these criteria eliminated too many
otherwise eligible subjects (Fig. 1). Beginning with
the second month of recruitment and for the
remainder of the study, the capitation requirement
was eliminated and the Charlson exclusion values
were changed to those listed above.

Randomization and Nursing Intervention

For patients who agreed to participate, in-
formed consent was obtained and random assign-
ment to one of the three care models was
achieved, before hospital discharge, using sealed
envelopes containing randomly generated num-
bers. Patients in all groups received an in-person
home nurse visit shortly after discharge and a
second in-person home nurse visit approximately
60 days later. A single study nurse conducted
nearly all home visits. In a few instances, when the
study nurse was ill or on vacation a back-up nurse
trained by the usual study nurse conducted visits.
Patients randomized to usual care received only
the care directed by their PCP in the period
between in-person visits. Patients assigned to tele-
phone care received scheduled phone calls from
the study nurse in the intervening period, whereas
those assigned to the video-based telecare group
received scheduled home telecare visits. For ur-
gent questions or problems occurring between 8
AM and 5 M, Monday through Friday, patients in
the telephone and telecare groups had access, via
the medium appropriate to their group assign-
ment, to the study nurse. These patients were
provided with emergency contact numbers for
usual methods of care during all other hours.
Patients in the “usual care” group did not have
access to the study nurse beyond the initial and
terminal in-person visits but were also provided
with usual emergency contact numbers.

During both initial and 60-day in-person visits,
subjects completed the Medical Outcomes Study
SF-36 questionnaire*® and the Minnesota Living
with Heart Failure Questionnaire (MLHFQ).44.45
The SF-36 is a generic instrument that has been
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validated for assessing health status in a wide
variety of populations and allows comparison of
the impact of a variety of diseases on health status,
whereas the MLHFQ is a CHF-specific instrument
that has demonstrated sensitivity in detecting
quality of life changes in pharmaceutical interven-
tion trials. Patient satisfaction with care was also
assessed at both in-person visits using the 8-item
Client Satisfaction Questionnaire (CSQ).46

During all in-person, telecare, and telephone
encounters, the study nurse used Visiting Nurse
Association (VNA) CHF Care Steps*” to guide
patient assessment. This protocol includes assess-
ment of items such as vital signs, activities of daily
living, coping skills, medication use, dietary fac-
tors, and degree of signs and symptoms such as
dyspnea and weight gain. Education is provided
regarding each item, and patient-centered goals
for the frequency and content of follow-up visits
are developed. To help the study nurse better
determine the adequacy of CHF drug regimens,
the principal investigator (AFJ) developed a sec-
ond set of algorithms drawn from national con-
sensus recommendations*® that were updated to
include the emerging role of potassium-sparing
diuretics in CHF therapy.4® The algorithms were
reviewed by a UCD cardiologist specializing in CHF
care and were felt to be complete and accurate.

Following each encounter, the nurse reviewed
her assessment with the principal investigator, and
a summary letter containing any recommenda-
tions for improving subjects’ CHF care was sent to
the appropriate PCP. If the patient was unstable,
recommendations were initially conveyed to the
PCP by telephone.

Home Telecare Equipment

For patients randomized to telecare, an Aviva
SL1010 Personal Telecare unit (American TeleCare,
Eden Praire, MN) was installed at the initial in-
person visit. The patient and, when applicable, lay
caregivers were instructed in its use. These Food
and Drug Administration-approved units operate
over standard analog telephone lines and allow
real-time video conferences to occur with the
study nurse at a central monitoring computer at
the medical center. A small camera on an exten-
sion cable allows observation of facial expressions,
respiratory effort, lower-extremity edema, and ob-
jects, such as digital scale displays. A voice signal is
transmitted simultaneously via a microphone. An
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37 patients randomized;
all received initial in-person
home nurse visit

740 hospitalized patients
screened
> 401 pati_ents not eligible due to primary
diagnosis other than CHF
A/
339 patients with verified primary 302 patients could not be randomized:
o 3 . 88 no PCP in UCDHS
admission dlagmsw of CHF 47 discharged before assessment
47 non-English speaking
32 Charlson score too high*
ey 28 under age 40
19 not willing to be evaluated
16 inadequate vision or hearing
V 16 non-capitated health plan*

8 discharged to nursing facility
1 inadequate cognition
* - before exclusions modified (see Methods)

12 randomized to
telephone home

13 randomized to o :
nursing itervention

home telecare

nursmg mtervention 1 died during

intervention

12 randomized to

usual outpatient
care

Y

36 patients received second
in-person home nurse visit
60 days later

1 telephone patient died 97
days after completing the
intervention

Fic. 1.

integrated electronic stethoscope is used by having
the patient or caregiver apply the device to stan-
dard heart and lung auscultation points. Patients
without a caregiver to assist them applied the
device only to anterior and lateral auscultation
points. Encounters were conducted in a similar
fashion for patients randomized to telephone care.
The study nurse estimated that 80% of protocol
items could be assessed utilizing only audio infor-
mation from a telephone.

Outcome Measures

The 180-day tracking period for health care
utilization outcomes for individual subjects began

Study participant flow diagram.

at the time of their first in-person home visit. The
primary outcome was group mean CHF-related
hospital readmission charges. Charges were used
as a proxy for costs because the great majority of
care for subjects was delivered within the UCD
Health System. Charges were considered from the
perspective of the health care system. Secondary
outcomes included CHF-related hospital readmis-
sions and mean length of stay; all-cause readmis-
sions, mean length of stay, and associated charges;
ED visits and associated charges; and SF-36,
MLHFQ, and CSQ scores. Total care charges were
also determined for each group by adding together
hospitalization, ED visit, and nursing intervention
charges. Nursing intervention charges included
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visit charges and, for the home telecare group,
equipment charges. Nursing visit charges were
determined for each group by multiplying the
standard UCD charge per home visit, $176.50, by
the total number of nursing visits (in-person,
telephone, and telecare) received. The total inter-
vention cost for the home telecare group was then
determined by calculating the manufacturer’s
charge to our institution for the 11 home telecare
units ($5,500 each) and single nursing base unit
($10,000) and adding that figure to the total
nursing visit charges for that group.

Health care utilization was ascertained in sev-
eral ways. First, UCD Clinical Resource Manage-
ment provided a report covering the 180-day
tracking periods for all subjects. It included ED
visits, hospital admissions, and associated charges
within our institution for all patients and ED visits
and admissions to other local facilities for capi-
tated patients only. To verify the accuracy of the
primary admission diagnoses in the report, the RA
reviewed corresponding dictated admission notes
and discharge summaries. To ensure capture of
utilization outside of our health system for non-
capitated patients, the RA phoned each noncapi-
tated patient at the end of their tracking period to
determine whether they had any ED visits or
hospital admissions to outside facilities during
that period and, if so, obtained documentation and
charge totals.

Statistical Analysis

Calculations based on 1998 to 99 UCD Hospital
CHF admission rates and charges indicated that a
sample size of 69 (23 patients per group) would
provide 80% power at a confidence level of 95% to
detect a 45% difference in mean CHF-related re-
admission charges between groups. We used the
standard power calculation procedure for analysis of
variance using nQuery software. Categorical data
analysis and contingency tables were used to com-
pute P values for between group differences in most
of the baseline demographic and CHF care variables
listed in Tables 1 and 2. Analysis of variance was used
to compute P values for between group differences
in Charlson comorbidity score; CHF duration;
weight; MLHFQ, SF-36, and CSQ scores; and all
health care utilization variables listed in Table 3. In all
cases, data were examined before analysis to ensure
that the assumptions of statistical models were sat-
isfied using Shapiro-Wilk statistics. For health care
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utilization outcomes, including number of hospital
visits, hospitalization charges, emergency depart-
ment charges, and total charges, the data failed to
satisfy normality assumptions. Thus, these variables
were transformed to the log scale and analyses were
then performed on the log-transformed data. Given
our small sample size, stratified covariate analyses
were not conducted.

All health care utilization analyses were con-
ducted on the basis of intention-to-treat. To
estimate potential health care utilization for
subjects who left the study before the end of
their 180-day tracking period for any reason, a
prorating procedure was used. Prorated values
for all health care utilization outcomes were
calculated for each of these subjects as follows:
(total study population mean for outcome) X
(number of intervention days completed/180).
The prorated values were included in the calcu-
lation of group utilization outcome means, and
the adjusted means were then used in subse-
quent statistical analyses.

Results

Enroliment, Demographics, and Health
Status

Figure 1 illustrates the randomization, interven-
tion, and tracking process. Following the early
adjustment in study exclusion criteria, the most
common reasons that subjects could not be en-
rolled were the following: no PCP at UCD; dis-
charged before evaluation; and non-English
speaking. Demographics, baseline functional sta-
tus indicators, and comorbidity are summarized in
Table 1. There were no statistically significant
differences between the groups for any of these
variables. Baseline CHF status and therapy are
summarized in Table 2. Again, there were no
significant differences between groups for these
variables, although the difference in mean dura-
tion of CHF was close to statistical significance
(P = 0.0666) and there were more black subjects in
the home telecare group than the other groups.
Baseline mean SF-36, MLHFQ, and CSQ scores
were similar for all groups (Table 2), and no
significant between-group differences in mean
health status or satisfaction scores were observed
at 60-day follow-up (data not shown).
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TasLE 1. Demographics, Baseline Function, and Comorbidity

Group
Telecare Telephone Usual Care
Characteristic (n = 13) (n =12) n=12) P
Age, mean (SD) 66.6 (10.9) 71.3 (14.1) 72.7 (11.4) 04316
Gender, (%) 0.9194
Female 7 (54) 7 (58) 6 (50)
Male 6 (46) 5 (42) 6 (50)
Race, (%) 0.4882
Black 8 (62) 5 (42) 4 (33)
White 4 (31) 7 (58) 7 (58)
Hispanic 1(8) 0(0) 1(8)
Primary health insurer, (%) 0.6379
Blue Cross 1(8) 1(8) 2 (17)
Commercial capitated 3(23) 7 (58) 5 (50)
MediCal capitated 2 (15) 0 (0) 1(8)
MediCal fee-for-service 6 (46) 3 (25) 4 (33)
Medicare 1(8) 1(8) 0(0)
Residence distance from UCDMC, 9.6 (7.0) 12.4 (16.8) 12.3 (8.4) 0.7910
miles, mean (SD)
Charlson comorbidity score, mean (SD) 1.8(1.2) 2.1 (1.5) 1.8 (0.9) 0.7989
Functional impairment, number (%) 0.5427
Intermediate 3(23) 3 (25) 5 (42)
High 10 (77) 9 (75) 7 (58)

Health care utilization

Health care utilization is summarized in Table 3.
Two subjects randomized to telecare required a
total of three in-person visits in addition to their
planned initial and final in-person visits to ex-
change malfunctioning telecare units. Thus, the
mean number of in-person visits for the telecare
group was 2.3 rather than the expected 2.0. A third
telecare subject received one visit via telephone,
also due to equipment problems. Finally, one
subject in the telephone group died before his
second in-person nurse visit, resulting in the mean
number of in-person visits for that group being 1.9
rather than the expected 2.0.

Mean CHF-related hospital readmission charges
were 86% lower in the telecare group ($5,850, SD
$21,094) and 84% lower in the telephone group
($7320, SD $24,440) than in the usual care group
($44,479, SD $121,214). However, the between
group difference was not statistically significant
(P = 0.2620). Significantly less CHF-related ED
visits (P = 0.0342) and charges (P = 0.0487) were
observed for both intervention groups as com-

pared with usual care. There were also trends
toward fewer CHF related and all-cause readmis-
sions, lower all-cause hospitalization charges,
shorter mean hospital lengths of stay, fewer all-
cause ED visits, and lower all-cause ED visit
charges in both intervention groups compared
with usual care. Finally, mean total care charges
were 68% lower in the home telecare group
($29,701, SD $49,219) and 69% lower in the
telephone group ($28,888, SD $38,799) than in the
usual care group ($93,686, SD $192,976), but this
difference was also not statistically significant.

Morbidity and Mortality

Two subjects, both randomized to the telephone
group, died during the study. The first, a 77
year-old woman with systolic dysfunction, died
due to a severe CHF exacerbation 41 days into her
180-day tracking period. At her last telephone visit
2 weeks before death, her weight, edema, and
orthopnea had been decreased compared with
prior assessments whereas her exertional and par-
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TaBLE 2. Baseline Congestive Heart Failure Status and Therapy
Group
Telecare Telephone Usual Care
Characteristic (n = 13) (n =12) (n =12) P
Decreased systolic function 7 (54%) 6 (50%) 3 (25%) 0.2944
CHF duration, months, mean (SD) 11.0 (16.5) 54.8 (71.2) 30.4 (30.0) 0.0666
Weight, kg, mean (SD) 88.2 (23.6) 81.8 (22.0) 84.0 (39.2) 0.8531
NYHA I 9 (69%) 8 (67%) 7 (58%) 0.6873
111 3 (23%) 4 (33%) 5 (42%)
v 1(8%) 0 (0) 0 (0)
MLHFQ score, mean (SD) 64.1 (29.0) 54.0 (27.1) 58.3 (28.3) 0.6715
SF-36 scores, mean (SD)
Mental component 419 (9.4) 42.1 (6.3) 42.9 (12.9) 0.9841
Physical component 30.5 (11.4) 30.3 (12.6) 31.1(7.3) 0.9775
Ongoing CHF specialty care 10 (77%) 9 (75%) 6 (50%) 0.2848
CHEF contributors
Alcoholism 1(8%) 1(8%) 2 (17%) 0.7282
Hypertension 11 (85%) 11 (92%) 8 (67%) 0.2715
Ischemic heart disease 3 (23%) 2 (17%) 5 (42%) 0.3570
Obesity 4 (31%) 2 (17%) 0 (0) 0.1136
Medication use
ACE inhibitor 10 (77) 6 (50) 8 (67) 0.3661
Angiotensin II blocker 0 (0) 0 (0) 18 —*
Beta-blocker 6 (46) 5 (42) 3(25) 0.5226
Calcium channel blocker 4 (31) 4 (67) 5 (42) 0.8393
Digoxin 0 (0) 1(8) 0 (0) —*
Hydralazine 0 (0) 1(8) 0 (0) —*
Long-acting nitrate 5 (38) 7 (58) 3(25) 0.2464
Loop/proximal tubule diuretic 11 (85) 12 (100) 11 (92) 0.3709
Potassium-sparing diuretic 4 (31) 4 (67) 2 (17) 0.6104
Lifestyle factors
Alcohol 1 or more drinks/day 2 (15%) 0 (0) 2 (17%) 0.3390
Dietary sodium > 3 grams/day 10 (77%) 6 (50%) 6 (50%) 0.2814
Exercise < 20 min, 3-4 days/wk 12 (92%) 9 (75%) 12 (100%) 0.1293
Smoking 2 (15%) 3(25%) 3 (25%) 0.7945

*Unable to calculate due to small numbers.

oxysmal nocturnal dyspnea were unchanged.
Daily weight monitoring, sodium restriction, exer-
cise, and medication use had been reviewed. The
second, a 90 year-old male with preserved systolic
function and COPD, died due to respiratory failure
149 days into the 180-day tracking period.

Technical Issues

Ninety-two telecare encounters (76%) were
limited by at least one technical problem. Poor
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video resolution was noted in 77 encounters
(64%), making the assessment of leg edema
difficult. This problem was eventually partly
rectified by substituting a camera with an ad-
justable iris for the standard camera, by using
indirect illumination, and by imaging objects in
front of a dark, uniformly-colored background.
Video problems were judged to be severe in only
five encounters (4%), and heart and lung sound
resolution was inadequate in only two encoun-
ters (2%).
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TaBLE 3. Health Care Utilization

Group
Telecare Telephone Usual Care
Care setting (n = 13) n=12) (n =12) P
Nursing intervention
All visits, mean (SD) 11.7 (2.5) 8.6 (1.2) 2 (0) 0.0001
In-person 2.3 (0.6) 1.9 (0.3) 2 (0) —
Telephone 0.1 (0.3) 6.1 (1.3) 0 (0) —
Telemedicine 9.3 (2.5) 0 (0) 0 (0) —
Days from enrollment to 6.2 (4.0) 9.2(5.1) 6.7 (5.6) 0.2938
initial visit, mean (SD)
Length of intervention, 62.5 (6.1) 59.4 (17.0) n/a n/a
days, mean (SD)
Median charges $ 7541 $ 1500 $ 353 0.0001
Mean charges (SD) $ 7487 (441) $ 1514 (206) $  353(0) 0.0001
Hospitalizations
CHF-related 1 1 4
Mean (SD) 0.1(0.3) 0.1(0.3) 0.3 (0.5) 0.1559
Mean LOS (SD) 0.7 (2.5) 0.7 (2.3) 3.0 (7.2) 0.3624
Median charges $ 0 $ 0 $ 0 0.2394
Mean charges (SD) $ 5850 (21,094) $ 7320 (24,440) $44,479 (121,214) 0.2620
Non-CHF-related 8 4 11
Mean (SD) 0.6 (1.7) 0.3 (0.5) 0.9 (1.8) 0.6242
Mean LOS (SD) 2.1 (5.9) 1.4 (2.2) 4.9 (10.6) 0.4402
Median charges $ 0 $ 0 $ 0 0.6099
Mean charges (SD) $13,237 (38,481) $16,221 (23,810) $40,697 (77,537) 0.6145
All-cause 9 5 15
Mean (SD) 0.7 (1.7) 05 (0.7) 1.2 (1.9) 0.4590
Mean LOS (SD) 2.7 (6.2) 2.1 (3.3) 7.9 (17.2) 0.3473
Median charges $ 0 $ 0 $11,920 0.2616
Mean charges (SD) $19,087 (42,822) $23,541 (34,616) $85,176 (190,405) 0.2188
Emergency department visits
CHF-related 1 2 8
Mean (SD) 0.1(0.3) 0.2 (0.4) 0.7 (0.9) 0.0342
Median charges $ 0 $ 0 $ 1561 0.0744
Mean charges (SD) $ 399 (1438) $ 1036 (2387) $ 2882 (4166) 0.0487
Non-CHF-related 8 5 14
Mean (SD) 0.6 (1.4) 05 (0.7) 1.2 (2.6) 0.6094
Median charges $ 0 $ 0 $ 0 0.8982
Mean charges (SD) $ 2727 (6440) $ 2640 (4904) $ 5628 (14,764) 0.8908
All-cause 9 7 22
Mean (SD) 0.7 (1.4) 0.7 (0.8) 1.8 (2.5) 0.1784
Median charges $ 0 $ 1062 $ 4872 0.2086
Mean charges (SD) $ 3126 (6716) $ 3676 (5253) $ 8510 (14,288) 0.2012
Total care
Median charges $ 7487 $ 4117 $21,595 0.5673
Mean charges (SD) $29,701 (49,219) $28,888 (38,799) $93,686 (192,976) 0.7144
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Discussion

We found that 60 days of home nursing care
following an index hospitalization for CHE, deliv-
ered using either the telephone or video-based
home telecare, resulted in a statistically nonsignif-
icant but clinically promising trend toward lower
CHF-related readmission charges in a 6-month
period after randomization as compared with
usual outpatient care. We also found statistically
significant and clinically meaningful differences in
CHF-related ED visits and charges as well as
all-cause ED visits for both intervention groups as
compared with usual care. Finally, we also found
statistically nonsignificant but promising differ-
ences in average length of hospital stay and total
care charges for both intervention groups.

We believe that Type II error, related to a smaller
than anticipated sample size, is the most likely
reason for the lack of statistically significant differ-
ences between groups for many of our outcomes.
Although it is possible that no advantage exists for
the intervention groups for these outcomes, the
consistency of our findings, which were noted for
all utilization endpoints (Table 3), suggests other-
wise. Following an in-person home nursing inter-
vention, Rich and colleagues reported a significant
56.2% difference in CHF-related readmissions and
a nonsignificant 28.5% difference in non-CHF
readmissions.” The similarity of these findings to
ours also suggests that the advantages noted for
our intervention groups were not due simply to
chance.

For subjects with systolic dysfunction, we found
no increase in the mean number of patients taking
an ACE inhibitor, B-blocker, or potassium-sparing
diuretic following the intervention, and no signif-
icant changes in the dosing of these medications
(data not shown). Therefore, we speculate that the
differences in care utilization resulting from the
intervention were not due to physician-related
factors, such as the prescription of more optimal
drug regimens, but were instead due to repeated
patient education regarding self-care and lifestyle
modifications provided by the study nurse.

Our study had several strengths. To our knowl-
edge, this is the only report to date of a random-
ized, controlled trial of a video-based home tele-
care intervention. The largest evaluation of this
technology to date®? had a quasi-experimental
design. In addition, unlike previous CHF disease
management efforts, our trial did not exclude
patients with mild to moderate disease comorbid-
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ity.”>0 Because most patients with CHF suffer from
1 or more additional chronic illnesses, our findings
should be more generalizable to the larger popu-
lation of English-speaking patients with CHF in
the United States. Furthermore, this is the only
report of a CHF disease management program
designed, implemented, and evaluated exclusively
by primary care providers. This also increases the
generalizability of our findings, because most pa-
tients with CHF in the United States are managed
principally by primary care providers rather than
cardiologists.5

Finally, we included a telephone group to better
assess the incremental benefits of video-based
home telecare. Such a comparison group has been
absent from prior home telecare evaluations, de-
spite studies demonstrating that telephonic
follow-up can reduce unnecessary health care
utilization.?33* No obvious differences were noted
between the video-based home telecare and tele-
phone care groups for any outcome (Table 3).
Based on our findings, a randomized trial with a
much larger sample size will be required to detect
any potential advantage of home telecare as a
cost-saving tool.

We believe there are two likely reasons why
video-based home telecare may be no more effec-
tive than telephone follow-up in reducing unnec-
essary utilization for patients with CHF. First, CHF
home care may be a largely “non-visual” entity.
Vital CHF status indicators such as dyspnea, blood
pressure, and weight can be collected reliably from
most patients via standard telephone. Remote
video and stethoscopic monitoring may not pro-
vide additional information to enhance the early
detection of CHF exacerbation. Perhaps video-
based home telecare would offer greater benefit
when applied to a more “visual” problem, such as
decubitus ulcer therapy and monitoring. Second,
technological limitations in current home telecare
units greatly reduce their usefulness. For example,
the equipment did not offer adequate resolution to
detect subtle changes in edema status in a majority
(64%) of encounters. Significant equipment im-
provements must occur before the broader appli-
cation of home telecare can be confidently
endorsed.

The differences in mean total care charges we
observed between the telecare and usual care
groups ($63,985) and telephone and usual care
groups ($65,151) were much greater than the
difference in per patient care cost ($460 per pa-
tient) observed between the in-person home nurs-
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ing intervention and control group in the study of
Rich et al.” However, it must be emphasized that
out cost analysis was not exhaustive. For example,
charges associated with outpatient continuity
clinic visits were not included. Furthermore, health
care charges, particularly at an academic medical
center, are much higher than actual health-care
costs and are not directly comparable to charges in
other health care systems. Thus, our results cannot
be used to precisely predict the impact of these
distance interventions on real care costs in actual
practice. Nevertheless, even though actual cost
savings for our intervention groups could not be
determined, because nearly all utilization in our
study occurred within a single health care system,
the relative charge differences reported here will be
useful to health care providers and administrators
in other settings. Furthermore, even if one as-
sumes actual care costs to be as low as 5% of
charges—a conservative figure—the resulting
lower total cost of care due to either intervention
would still have been $3,000 per patient. This
figure is much larger than the $460 figure observed
by Rich et al,” probably due to the lower interven-
tion costs associated with telecare and telephonic
home nursing as compared with traditional home
nurse visits. Nursing intervention costs were much
lower for the telephone group because initial
equipment costs placed the telecare intervention
at an economic disadvantage in our relatively brief
trial. Because each unit can be used serially to care
for many patients, and because equipment costs
can be depreciated over time, the intervention cost
for an established home telecare program would
be lower than the conservative estimate reported
here. Furthermore, as more manufacturers enter
the market, the cost of home telecare equipment
will probably decrease. These findings should be of
great interest because home telecare is an allowable
service under the new Medicare Prospective Pay-
ment System for home care services.553

Although a larger trial would be required to
determine whether either modality is associated
with improvements in patient satisfaction or
health status, the lack of a significant difference in
CSQ scores between groups in our study suggests
that neither telephone nor telecare follow-up ad-
versely impact on patient satisfaction. Similar
qualitative observations have been reported in
other small studies.>*5> Given the paramount im-
portance of patient satisfaction and health status
as outcomes for home care patients, agencies
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should be cautious about choosing telephone
follow-up over home telecare based on cost alone.

Conclusion

We have outlined a rigorous methodology for
conducting home telecare evaluations that should
be applied in larger studies and conducted in
diverse populations to more definitively investi-
gate the efficacy of home telecare. Based on this
“first step” randomized trial of a home telecare
intervention, we conclude that video-based home
telecare may not offer incremental benefits beyond
those resulting from frequent telephone follow-up
in reducing frequent hospital readmissions and ED
visits for patients with CHF. Most importantly, we
have demonstrated that significant reductions in
hospital readmissions, ED visits, and cost of care
for patients with CHF might be achieved by the
widespread deployment of posthospitalization
home telecare or telephonic nursing supervised by
primary care physicians.

Acknowledgments

The authors gratefully acknowledge the contribu-
tions the following UCD personnel: Carmen Mar-
tinez, RN, study nurse; Rubica Wadhera, MD, and
Richard Lasslo, MD, research assistants; Lorraine
Pellegrino, RN, and Jana Katz, Regional Outreach
and Telehealth, for invaluable project support and
management assistance; Ellen Burriss, Clinical Re-
source Management, for providing the health care
utilization reports; Winifred Varnau, RN, Home Care
Services, for her useful review of the nursing inter-
vention; and Klea Bertakis, MD, MPH, for her
thoughtful comments on the manuscript. This study
was funded by a UCD School of Medicine Hibbard
E. Williams research grant. Presented in part as a
poster display, 5th Annual American Telemedicine
Association Meeting, May 21 to 24, 2000, Phoenix,
Arizona. Presented in part as an oral presentation at
the North American Primary Care Research Group
29th Annual Meeting, October 13 to 16, Halifax,
Nova Scotia, Canada.

References

1. Rich MW. Epidemiology, pathophysiology, and
etiology of congestive heart failure in older adults. ] Am
Geriat Soc 1997;45:968-974.

1243



JERANT ET AL

2. Mark DB. Economics of treating heart failure.
Am ] Cardiol 1997;80:33H-8H.

3. Elixhauser A, Yu K, Steiner C, et al. Hospital-
ization in the United States, 1997. Rockville, MD: Agency
for Healthcare Research and Quality; 2000.

4. Chin MH, Goldman L. Factors contributing to
the hospitalization of patients with congestive heart
failure. Am J Pub Health 1997;87:643—-648.

5. Lowe JM, Candlish PM, Henry DA, et al.
Management and outcomes of congestive heart failure: a
prospective study of hospitalized patients. Med ] Austra-
lia 1998;168:115-118.

6. Wolinsky FD, Smith DM, Stump TE, et al. The
sequelae of hospitalization for congestive heart failure
among older adults. ] Am Geriatr Soc 1997;45:558-563.

7. Rich MW, Beckham V, Wittenberg C, et al. A
multidisciplinary intervention to prevent the readmission
of elderly patients with congestive heart failure. N Engl
J Med 1995;333:1190-1195.

8. Krumholz HM, Parent EM, Tu N, et al. Read-
mission after hospitalization for congestive heart failure
among Medicare beneficiaries. Arch Intern Med
1997;157:99-104.

9. Chin MH, Goldman L. Correlates of early hos-
pital readmission or death in patients with congestive
heart failure. Am J Cardiol 1997;79:1640-1644.

10. Alexander M, Grumbach K, Remy L, et al.
Congestive heart failure hospitalizations and survival in
California: patterns according to race/ethnicity. Am
Heart ] 1999;137:919-927.

11. Luzier AB, Forrest A, Adelman M, et al.
Impact of angiotensin-converting enzyme inhibitor un-
derdosing on rehospitalization rates in congestive heart
failure. Am ] Cardiol 1998;82:465—469.

12.  Vinson JM, Rich MW, Sperry JC, et al. Early
readmission of elderly patients with congestive heart
failure. ] Am Geriatr Society 1990;38:1290-1295.

13. Happ MB, Naylor MD, Roe-Prior P. Factors
contributing to rehospitalization of elderly patients with
heart failure. ] Cardiovasc Nurs 1997;11:75-84.

14. Roglieri JL, Futterman R, McDonough KL, et
al. Disease management interventions to improve out-
comes in congestive heart failure. Am ] Managed Care
1997;3:1831-1839.

15. Shah NB, Der E, Ruggerio C, et al. Prevention
of hospitalizations for heart failure with an interactive

home monitoring program. Am Heart ] 1998;135:373—
378.

16. Cline CM]J, Israelsson BYA, Willenheimer RB,
et al. Cost effective management programme for heart
failure reduces hospitalisation. Heart 1998;80:442-446.

17. Cintron G, Bigas C, Linares E, et al. Nurse
practitioner role in a chronic congestive heart failure

1244

MEDIcAL CARE

clinic: in-hospital time, costs, and patient satisfaction.
Heart Lung 1983;12:237-240.

18. Lasater M. The effect of a nurse-managed CHF
clinic on patient readmission and length of stay. Home
Healthcare Nurse 1996;14:351-356.

19. Kornowski R, Zeeli D, Averbuch M, et al.
Intensive home-care surveillance prevents hospitaliza-
tion and improves morbidity rates among elderly pa-
tients with severe congestive heart failure. Am Heart ]
1995;129:762-766.

20. Kostis JB, Rosen RC, Cosgrove DM, et al.
Nonpharmacologic therapy improves functional and
emotional status in congestive heart failure. Chest
1994;196:996-1001.

21. Stewart S, Marley JE, Horowitz JD. Effects of
a multidisciplinary, home-based intervention on un-
planned readmissions and survival among patients with
chronic congestive heart failure: a randomised controlled
study. Lancet 1999;354:1077-1083.

22. Dennis LI, Blue CL, Stahl SM, et al. The
relationship between hospital readmissions of Medicare
beneficiaries with chronic illnesses and home care nurs-
ing interventions. Home Healthcare Nurse 1996;14:303—
309.

23. Martens KH, Mellor SD. A study of the rela-
tionship between home care services and hospital read-
mission of patients with congestive heart failure. Home
Healthcare Nurse 1997;15:123-129.

24. West JA, Miller NH, Parker KM, et al. A
comprehensive management system for heart failure
improves clinical outcomes and reduces medical re-
source utilization. Am J Cardiol 1997;79:58—63.

25. Miller PZ. Home monitoring for congestive
heart failure patients. Caring 1995;14:53-54.

26. Kinsella A, Warner L. Telehealth and managing
congestive heart failure. Caring 1998;17:14-18.

27. Bashshur RL. Telemedicine nomenclature:
what does it mean? Telemed ] 2000;6:1-4.

28. Balas EA, Jaffrey F, Kuperman GJ, et al.
Electronic communication with patients: evaluation of
distance medicine technology. JAMA 1997,278:152-159.

29. Jerant AF, Schlachta L, Epperly TD, et al.

Back to the future: the telemedicine house call. Fam Pract
Management 1998;5:18-28.

30. Mahmud K, Lenz J. The personal telemedicine
system. A new tool for the delivery of health care. ]
Telemed Telecare 1995;1:173-177.

31. Wheeler T. Strategies for delivering tele-home
care—provider profiles. Telemed Today 1998;6:37—40.

32. Johnston B, Wheeler L, Deuser J, et al. Out-

comes of the Kaiser Permanente tele-home health re-
search project. Arch Fam Med 2000;9:40—45.



Vol. 39, No. 11

33. Wasson J, Gaudette C, Whaley F, et al. Tele-
phone care as a substitute for routine clinic follow-up.
JAMA 1992;267:1788-1793.

34. Nelson EW, Van Cleve S, Swartz MK, et al.
Improving the use of early follow-up care after emer-
gency department visits. Am ] Dis Child 1991;145:440—
444.

35. Field MJ, ed. Telemedicine: a guide to assessing
telecommunications in health care. Washington, DC:
National Academy Press; 1996.

36. Criteria committee of the American Heart
Association. New York City affiliate. Nomenclature and
criteria for diagnosis of diseases of the heart and great
vessels. New York, NY: Little, Brown; 1994.

37. Charlson ME, Pompei P, Ales KL, et al. A new
method of classifying prognostic comorbidity in longitu-
dinal studies: development and validation. ] Chronic Dis
1987;40:373-383.

38. Sheikh JI, Yesavage JA. Geriatric Depression
Scale (GDS): recent evidence and development of a
shorter version. Clinical gerontology: a guide to assess-
ment and intervention. New York, NY: The Haworth
Press; 1986:165-173.

39. Folstein MF, Folstein SE, McHugh PR. Mini-
Mental State: a practical method for grading the cogni-
tive state of patients for the clinician. ] Psychiatr Res
1975;12:189-198.

40. Smith A. Symbol Digit Modalities Test. Los
Angeles, CA: Western Psychological Services; 1973.

41. Katz S. Assessing self-maintenance: activities of
daily living, mobility, and instrumental activities of daily
living. ] Am Geriatr Soc 1983;31:721-727.

42. Inouye SK, Peduzzi PN, Robison JT, et al.
Importance of functional measures in predicting mortal-
ity among older hospitalized patients. JAMA
1998;279:1187-1193.

43. Ware JE, Sherbourne CD. The MOS 36-item
Short-Form Health Survey (SF-36). Med Care
1992;30:473-483.

44. Rector TS, Cohn JN. Assessment of patient
outcome with the Minnesota Living With Heart Failure
questionnaire: reliability and validity during a random-

HOME TELECARE FOR CONGESTIVE HEART FAILURE

ized, double-blind, placebo-controlled trial of pimoben-
dan. Am Heart | 1992;124:1017-1023.

45. Rector TS, Kubo SH, Cohn JN. Validity of the
Minnesota Living With Heart Failure questionnaire as a
measure of therapeutic response to enalapril or placebo.
Am ] Cardiol 1993;71:1106-1107.

46. Attkisson CC, Zwick R. The client satisfaction
questionnaire. Psychometric properties and correlations
with service utilization and psychotherapy outcome. Eval
Program Planning 1982;5:233-237.

47. Congestive Heart Failure VNA Home Care
Steps. Santa Barbara, CA: Strategic HealthCare Pro-
grams; 1997.

48. Advisory Council to Improve Outcomes Na-
tionwide in Heart Failure. Consensus recommenda-
tions for the management of chronic heart failure. Am J
Cardiol 1999;83:1A-38A.

49. Randomized Aldactone Evaluation Study In-
vestigators. The effect of spironolactone on morbidity
and mortality in patients with severe heart failure.
N Engl ] Med 1999;341:709-717.

50. Rich MW. Heart failure disease management: a
critical review. ] Cardiac Failure 1999;5:64-75.

51. National Center for Health Statistics. Na-
tional Ambulatory Med Care Survey, 1989 Summary.
Vital Health Stat (13) No. 110. Hyattsville, MD: Depart-
ment of Health and Human Services; 1992.

52. Medicare establishes new payment system
for home health. Health Care Financing Administration
Press Office. Available at: http://www.hcfa.gov/news/
pr2000/pr000628.htm. Accessed December 2, 2000.

53. Telemedicine legislation approved by Con-
gress. American Telemedicine Association Member Up-
date, electronic mail message, December 2000:19.

54. Demiris G, Speedie S, Finkelstein S. Measur-
ing patients’ perceptions of telemedicine’s role in home
care. Abstract from the American Telemedicine Associa-
tion 5th Annual Meeting. Telemed ] 2000;6:176.

55. Agrell H, Dahlberg S, Jerant AF. Patients’
perceptions regarding home telecare. Telemed ]
E-Health 2000;6:409-415.

1245



