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Abstract

Background: Disease management programs (DMPs) that use
multidisciplinary teams and specialized clinics reduce hospi-
tal admissions and improve quality of life and functional sta-
tus. Evaluations of cardiac DMPs delivered by home health
nurses are required.

Methods: Between August 1999 and August 2000 we identified
consecutive patients admitted to hospital with elevated cardiac
enzymes. Patients who agreed were randomly assigned to par-
ticipate in @ DMP or to receive usual care. The DMP included
6 home visits by a cardiac-trained nurse, a standardized nurses’
checklist, referral criteria for specialty care, communication
with the family physician and patient education. We measured
readmission days per 1000 follow-up days for angina, conges-
tive heart failure (CHF) and chronic obstructive pulmonary dis-
ease (COPD); all-cause readmission days; and provincial
claims for emergency department visits, physician visits, diag-
nostic or therapeutic services and laboratory services.

Results: We screened 715 consecutive patients admitted with ele-
vated cardiac markers between August 1999 and August
2000. Of those screened 71 DMP and 75 usual care patients
met the diagnostic criteria for myocardial infarction, were eli-
gible for visits from a home health nurse and consented to par-
ticipate in the study. Readmission days for angina, CHF and
COPD per 1000 follow-up days were significantly higher for
usual care patients than for DMP patients (incidence density
ratio [IDR] = 1.59, 95% confidence interval [CI] 1.27-2.00,
p < 0.001). All-cause readmission days per 1000 follow-up
days were significantly higher for usual care patients than for
DMP patients (IDR = 1.53, 95% Cl 1.37-1.71, p < 0.001). The
difference in emergency department encounters per 1000 fol-
low-up days was significant (IDR = 2.08, 95% Cl 1.56-2.77,
p < 0.001). During the first 25 days after discharge, there were
significantly fewer provincial claims submitted for DMP pa-
tients than for usual care patients for emergency department
visits (p = 0.007), diagnostic or therapeutic services (p =
0.012) and laboratory services (p = 0.007).

Interpretation: The results provide evidence that an appropriately
developed and implemented community-based inner-city
DMP delivered by home health nurses has a positive impact
on patient outcomes.
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’ I \he World Health Organization has called for the
implementation of integrated management ap-
proaches to service delivery to reduce the world-

wide burden of chronic diseases.! Disease management’™ is
one innovative approach designed to improve the quality
and reduce the cost of caring for people. Hunter and Fair-
field® define disease management as “a combination of pa-
tient education, provider use of practice guidelines, appro-
priate consultation, and supplies of drugs and ancillary
services.” McAlister and colleagues® identified 12 random-
ized clinical trials that examined the efficacy of disease
management programs (DMPs). Patients randomly as-
signed to a DMP that used multidisciplinary teams and
specialized clinics were less likely to be admitted to hospi-
tal. These programs also improved their quality of life and
functional status.

Extrapolation from studies set in specialized clinics to
nonclinic settings is not sufficient because some evidence
indicates that home-based cardiac programs may have an
adverse impact on outcomes. Frasure-Smith and
colleagues’ examined the impact of a home-based psy-
chosocial nursing intervention for patients recovering from
myocardial infarction (MI). For women, the all-cause mor-
tality rate was 10.3% in the intervention arm and 5.4% in
the control arm. For men, the all-cause mortality rate was
3.1% in both the intervention and the control arms.

We have completed a nonblinded comparative study that
evaluates the impact of a community-based inner-city DMP
for patients recovering from MI, delivered by home health
nurses. We report the impact of a community-based DMP
for postmyocardial infarction patients on readmission days
per 1000 follow-up days for angina, congestive heart failure
(CHF) and chronic obstructive pulmonary disease (COPD);
emergency visits; and provincial claims for physician-office
visits, diagnostic or therapeutic services and laboratory ser-
vices. Angina, CHF and COPD are considered treatable in
ambulatory settings; hospitalization for these conditions in-
dicates a lack of access to high-quality primary care.*" Nei-
ther better management of these conditions nor improved
access to primary care will eliminate all hospitalizations, but
such steps could eliminate many of them.
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Method

Patients were enrolled in this study at The Toronto East Gen-
eral and Orthopaedic Hospital (TEGH). TEGH, a member of
Partners for Health that serves southeast Toronto, is a 407-bed
acute care hospital, affiliated with the University of Toronto.
TEGH discharged over 1000 MI patients in the 3 fiscal years be-
tween 1994/95 and 1996/97." The Partners for Health catchment
population (about 330 000) is culturally diverse, and its income and
education levels are lower than the average levels for the entire
population of Toronto.

Those included in this study were admitted to TEGH be-
tween August 1999 and August 2000 with a confirmed diagnosis
of ML" resident in the catchment area, assessed by a care coordi-
nator as eligible for a visit from a home health nurse at no cost to
the patient and continued to meet these criteria on discharge. Eli-
gibility generally implied that the services were necessary to en-
able the patient to remain at home.

Patients who were transferred to an acute care or long-term
care institution, who moved out of the catchment area after dis-
charge or who withdrew their consent before discharge were no
longer eligible for inclusion in the study. They were excluded
from the analysis.

An analysis of historical data indicated that the number of post-
myocardial readmission days for angina, CHF and COPD was 7
per 1000 follow-up days. We calculated that 65 patients were re-
quired for each treatment arm to detect a 50% reduction in read-
mission days per 1000 follow-up days (i.e., from 7.0 to 3.5 readmis-
sion days per 1000 follow-up days) for patients with angina, CHF
and COPD, with an a of 0.05 and a B of 0.2."

An independent consultant used a random-number generator
to create the randomization sequence. An administrative assistant
inserted cards reading “usual care” or “experimental care” into se-

quentially numbered envelopes and then sealed the envelopes. To
ensure that the envelopes were opaque so that the care the next
patient would receive could not be determined, blank index cards
were inserted in front of and behind these cards. Research staff
members were unaware of the random assignment before en-
rolling the patients. Once the patient’s written informed consent
was obtained the sealed envelope was opened and the patient was
shown the card.

The treatment of the patients randomly assigned to the ex-
perimental care group was a DMP. The 4 components of the
DMP were the standardized pathway, labelled “The nursing
checklist,” the referral criteria for specialty care management,
the communication systems, including the discharge summary
and the nurses’ visit report and patient education. DMP patients
were eligible to receive a minimum of 6 home care visits from a
cardiac-trained nurse. A complete description of the protocol is
published elsewhere.'**

Patients randomly assigned to receive usual care were referred
to a noninvasive cardiac laboratory for diagnostic testing, followed
up by their cardiologist and given information on TEGH’s car-
diac teaching class as well as cardiac rehabilitation at the Toronto
Rehabilitation Centre. Usual care patients, if referred to home
care, received the currently practised home care.

As part of hospital policy, the primary care nurse was responsi-
ble for the completion of the standardized discharge summary for
all patients, and the unit clerk was responsible for faxing it to their
family physicians.

Baseline data, and the number of inpatient and emergency de-
partment encounters between August 1999 and July 2001 were
obtained from the hospital. Provincial claims for emergency visits,
physician-office visits, diagnostic or therapeutic services and labo-
ratory services were obtained for the fiscal years 1999/2000 and
2000/01 from the Ministry of Health and Long Term-Care. The

Admissions with elevated
cardiac markers
n=715

Not eligible

Clinically eligible
n =206

n=509

Refused to participate
n=44

Assigned to usual care
n=283

Assigned to DMP
n=79

Institutionalized, moved or
withdrew consent
n=28

Institutionalized, moved or
withdrew consent
n=28

Usual care patients
included in study
n=75

DMP patients
included in study
n=171

Fig. 1: Selection and assignment of study population.
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Ontario Drug Benefit databases for the fiscal years 1999/2000,
2000/01 and the year-to-date up until July 2001 were used to
identify patients admitted to a long-term care institution. Home
care data between August 1999 and August 2001 were obtained
from Community Care Access Centres. Population-based provin-
cial datasets have been shown to be complete."*

The primary outcome measure was readmission days per 1000
follow-up days for angina, CHF and COPD. The censoring date
was the end of the follow-up period (July 19, 2001), the date of
death or the date of admission to a long-term care institution.
Follow-up days were defined as the censoring date minus the dis-
charge date on the index admission. Secondary measures included
all-cause readmission days per 1000 follow-up days, emergency
department visits, and provincial claims for physician visits, diag-
nostic or therapeutic services and laboratory services.

We tested the null hypothesis that there was no reduction in
readmission days per 1000 follow-up days using the incidence
density ratio (IDR).” The IDR was calculated as the number of
readmission days for angina, CHF and COPD per 1000 follow-up
days among usual care patients, divided by the number of read-
mission days for angina, CHF and COPD per 1000 follow-up
days among DMP patients. When the IDR is greater than 1, it in-
dicates that the intervention has a protective effect. Confidence
intervals around the IDR were calculated with the formula pro-
vided by Kleinbaum and colleagues."”

We had a sufficient number of emergency department en-
counters in each group to use the Anderson-Gill extension of
Cox’s proportional hazards model. The variables included in this
model were based on the 2-stage analysis strategy for variable se-
lection described by Kleinbaum and colleagues.” This strategy
combines knowledge of the disease origins based on the literature
and an understanding of the statistical procedures. Initial variable
selection was based on current thought on risk factors."

The second part of the analysis strategy was variable retention.
Kleinbaum and others'” recommend the forward selection proce-
dure. Only those covariates with a significance level of p = 0.25
were included in the base regression model; the final multivariate
model included covariates with a significance level of p = 0.05.
The difference between the log-likelihood without assignment to
treatment was compared to the log-likelihood with assignment by
means of the likelihood ratio test. Since the difference is distrib-
uted as the X’ statistic, the difference was assessed for statistical
significance with the standard X’ significance levels. The degree of
freedom for the test was 1, the difference in the number of para-
meters being estimated with and those without treatment.

Differences in number of claims were examined with the
Wilcoxon’s rank-sum test.

Results

There were 715 patients with elevated cardiac enzymes
admitted to TEGH between August 1999 and August 2000
(see Fig. 1). Of these, 509 were excluded. These patients
were excluded because they were nonresident (z = 128), had
transferred to another institution (z = 128), had an uncon-
firmed MI diagnosis (z = 103) or died (z = 81), or because of
some other reason (7 = 69). Forty-four (21.4%) of the re-
maining 206 patients refused to participate in the study. Six-
teen patients (8 in each group) became ineligible for home
visits after randomization. These patients were institutional-
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ized (n = 13), moved (n = 2) or withdrew consent (z = I). Of
the 715 admissions screened, 146 (20.4%) patients — 75
usual care patients and 71 DMP patients — met the final in-
clusion criteria.

Follow-up was 100% complete. There were 19 deaths af-
ter discharge between August 1999 and August 2001: 11
usual care patients and 8 DMP patients (p > 0.05). Six peo-
ple were admitted to a long-term care institution (3 from
each group). The number of study follow-up days did not
differ significantly between groups (mean 453.6 days for
usual care patients v. 434.1 days for DMP patients, p > 0.05).

The baseline characteristics of enrolled patients are given
in Table 1. Usual care and DMP patients were similar in age,
sex, medical history and index MI. Thirty-eight usual care pa-
tients and 33 DMP patients were born in Canada, which was
similar to the immigrant status of the catchment area.

During the follow-up period, there were a total of 120
patients readmitted to hospital: 80 readmissions for usual
care patients and 40 for DMP patients (Table 2). In the
usual care group 36 patients were readmitted for angina or
CHEF and 3 for COPD. In the DMP group 6 patients were
readmitted for angina or CHF and 4 for COPD.

The number of readmission days for angina, CHF and
COPD was 200 during 34 021 follow-up days in the usual
care group and 114 during 30 823 follow-up days in the
DMP group (IDR = 1.59, 95% confidence intervals [CI]
1.27-2.00, p < 0.001).

Table 1: Characteristics of enrolled patients on index
admission

Group; no. (and %) of patients*

uc DMP
Characteristic n=75 n=71
Mean (SD) age, yr 70.1 (13.4) 67.8 (13.1)
Women 30 (40.0) 29 (40.8)
Medical history
Previous Ml 2 (42.7) 25 (35.2)
Angina 5(20.0) 8(11.3)
Heart failure 1(41.3) 33 (46.5)
Previous CABG or PTCA 4 (18.7) 7 (9.9
Diabetes 8 (37.3) 0(28.2)
Hypercholesterolemia 30 (40.0) 0 (42.3)
Hypertension 38 (50.7) 0 (56.3)
Nonsmoker 0(53.3) 2 (45.1)
< Grade 8 education 3(30.7) 2 (31.0)
Married 7 (62.7) 8 (53.5)
Retired 5(73.3) 3 (74.6)
Living alone 0(26.7) 8 (25.4)
Index MI
Thrombolytic therapy 22 (29.3) 13 (18.3)
Q-wave 33 (44.0) 27 (38.0)

Note: UC = usual care, DMP = disease management program, SD = standard
deviation, Ml = myocardial infarction, CABG = coronary artery bypass graft,
PTCA = percutaneous transluminal coronary angioplasty.

*Except where otherwise indicated.
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One hospital day per patient enrolled was prevented.
Usual care patients were more likely than the DMP pa-
tients to have more than 1 readmission for angina, CHF or
COPD (12.0% v. 1.3%, p = 0.05).

The number of readmission days was 814 during 34 021
follow-up days in the usual care group and 483 during
30 823 follow-up days in the DMP group (IDR = 1.53,
95% CI 1.37-1.71, p < 0.001).

During the follow-up period, the number of emergency
department encounters was 211: 147 emergency department
encounters for usual care patients and 64 for DMP patients
(IDR = 2.08, 95% CI 1.56-2.77, p < 0.001). Thirty-one
(41.3%) of 75 usual care patients had more than 1 emer-
gency department visit during the follow-up period com-
pared to 16 (22.5%) of 71 DMP patients (p = 0.05). The
mean number of emergency visits for usual care patients was
1.96 compared to 0.90 for DMP patients (p = 0.007). The
log-likelihood in the model with age and angina but without
random assignment was 26.55 (2 degrees of freedom [df]).
The log-likelihood in the model with age, angina and ran-
dom assignment was 35.00 (3 df). The difference in the log-
likelihoods was significant (X* = 8.45, 1 df, p < 0.004). The
Andersen—Gill extension of Cox’s proportional hazards
model showed that those who received the DMP program
had a significantly longer time between emergency depart-
ment visits (p < 0.001). When the covariates (age, angina)
were considered simultaneously, the relative risk of having
an emergency department visit was 0.64 (95% CI 0.33-0.95),
similar to that of a usual care patient (see Table 3).

Table 2: Most responsible diagnoses for readmissions
between date of discharge and July 19, 2001 (study-end
date), for enrolled patients

No. of diagnoses

Description UC group DMP group
Cardiac-related

Heart failure 21 2
Angina 15 4
Ml 14 9
Syncope or tachycardia, chest pain 4 3
Arrhythmias 3 4
Ischemic heart disease 1 0
Respiratory

Chronic obstructive pulmonary 3 4
disease

Pneumonia 1 1
Other

Infectious and parasitic diseases 3 1
Neoplasms 2 5
Disorders of fluid, electrolyte and

acid-base balance 2 1
Inflammatory and toxic neuropathy 1 0
Other 10 6
Total admissions 80 40
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A total of 16 400 physician claims was submitted during
1999/2000 and 2000/01 and discharge: 11 370 (69.3%)
during the first 225 days after the index discharge, the
shortest follow-up period available. Of these 11 370 claims,
6639 (58.4%) were submitted for usual care patients and
4731 (41.6%) for DMP patients. During the first 225 days
after discharge, DMP patients had significantly fewer
claims for emergency department visits (p = 0.007), diag-
nostic or therapeutic services (p = 0.012) and laboratory ser-
vices (p = 0.007) than usual care patients (Table 4). The
number of claims was not significantly different between
groups for physician-office visits (p = 0.24) or for hospital
claims (p = 0.24).

Interpretation

This study provides evidence that a multifaceted com-
munity-based inner-city DMP delivered by home health
nurses successfully reduced hospitalization days per 1000
follow-up days for CHF and angina, emergency depart-
ment encounters, and claims for diagnostic or therapeutic
services and laboratory services. It had no impact on

Table 3: Independent predictors of any emergency
room encounter*

Variable Risk ratio SE 95% ClI p value
Angina 1.55 0.17 1.21-1.89 0.012
Age 1.02 0.01 1.01-1.04 0.000
Intervention 0.64 0.16 0.33-0.95 0.004

Note: SE = standard error.
*Calculated with the Cox proportional hazards model.

Table 4: Number of claims within 225 days of discharge for
enrolled patients by type of claim*

Total Mean Median
Type of service claims claims claims p value
Office visits
ucC 1081 14.4 12 0.24
DMP 869 12.4 12
Emergency
ucC 98 1.3 1 0.007
DMP 50 0.7 0
Hospital
ucC 774 10.3 2 0.24
DMP 605 8.6 2
Diagnostic and
therapeutic
ucC 1208 16.1 15 0.012
DMP 830 11.9 10
Laboratory
ucC 2401 38.1 32 0.007
DMP 1481 26.5 22

*One DMP patient did not have a provincial health card at time of enrolment.



COPD. Brown and colleagues,” in a study published after
we chose our primary outcome, reported that 3 panels of
Canadian physicians identified CHF and angina, but not
COPD, as conditions treatable in ambulatory settings.

Our study has several strengths. First, we used a rigor-
ous method to systematically develop, implement and
evaluate an innovative community-based DMP. Second,
our 8-week intervention was of relatively long duration.
Third, our intervention was delivered within usual medical
practice. It was designed to increase patients’ access to ex-
isting outpatient services. Fourth, we evaluated the DMP
using provincial administrative data, which ensured 100%
follow-up.

Our study has some limitations. First, for practical rea-
sons we could not enrol patients on discharge. We there-
fore excluded 16 patients after randomization. Our com-
parative study does not provide as strong evidence as a
randomized trial. Second, our study could not be blinded
for practical reasons. However, emergency department
physicians and the consultant specialists were unaware of
the study, which removes possible motivation for bias.
Third, there may have been some inconsistency in the
readmission diagnostic coding. However, all-cause read-
mission days and emergency department encounters, re-
gardless of specific coding type, were also significantly
lower in the DMP group. Fourth, we did not have a suffi-
cient number of readmissions in each group to use the An-
derson—Gill extension of Cox’s proportional hazards
model. However, we did have a sufficient number of emer-
gency department encounters to adjust for imbalances in
baseline variables. The results of this multivariable analysis
suggest that it is unlikely that imbalances caused the out-
come differences between groups. Fifth, the income and
education levels of residents in this multi-ethnic area are
low.” This community-based DMP may be appropriate
only for inner-city areas or for those areas with docu-
mented suboptimal usual care.® Sixth, our primary outcome
measure did not include repeat MI or acute coronary syn-
drome. Future studies should consider the impact of DMPs
on all recurrent cardiovascular events. Finally, given the
current financial climate, it will be difficult to find perma-
nent and dedicated funding for this DMP. The current em-
phasis on integrated service delivery offers the potential for
its sustainability.

Opverall, the results of this study are similar to those of
published studies that have examined multifaceted inter-
ventions. Our effect size was lower than that reported in 2
trials”* that involved a specially trained nurse. The diag-
nostic inclusion criteria period may account for the smaller
effect size.

Our study supports the augmentation of community
care infrastructure, strengthening the communication links
between family physicians and cardiac-trained nurses, and
reimbursing the providers for these activities. Further re-
search is required to delineate which component or com-
ponents of the DMP accounted for the improved cardiac-
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related outcomes. On each visit the cardiac-trained nurse
assessed the patient’s understanding and compliance with
medications, checked that refills had been filled and as-
sessed any side effects. These activities may have con-
tributed to the outcomes.

This article has been peer reviewed.
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de ne pas décerner de prix. Nous encourageons les participants éventuels a lire la description des lauréats de
|”édition 2000 du Prix de rédaction dans notre numéro du 26 juin 2001 (version électronic :

www.cmaj.ca/cgi/content/full/164/13/1859).

Les auteurs doivent joindre leur texte a une lettre d’accompagnement indiquant qu’ils
aimeraient soumettre leur manuscrit a I’édition 2004 du Prix de rédaction du JAMC. Nous ac-
cepterons les documents présentés par courrier JAMC, 1867 promenade Alta Vista, Ottawa
ON K1G 3Y6) télécopieur (613 565-5471) ou courriel (pubs@cma.ca) jusqu’a la date
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_.; limite du 1 février 2004.
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