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Background

Multi-disciplinary heart failure (HF)
clinics have been shown to improve
outcomes for HF patients in randomized
clinical trials. However, it isinclear if
thisimproved efficacy translates to
improved real world effectiveessor

which components of care at HF clinics
are related to improved outcomes.

Methods

We performed a field evaluation of
existing HF clinics in Ontario. First, an
environmental scan was penieed to
identify all HF clinics currently in
operation. A semmstructured interview
was conducted at each clinic to
understand the scope of praeti The
intensity and complexity of care offered
at the identified clinics were quantified
through the use of a validated
instrument, and clinics were categorized
as high/medium or low intensity clinics.
Next, all patients discharged alive from
hospital n 200607 with a primary
diagnosis of HF were identified and
classified as either HF clinic or standard
care patients. Propensity score matching
was performed and these two cohorts
were followed until March 31st, 2010, to
evaluate mortality, altause
rehcspitalisation and HF hospitatation.
Cumulative health care costs were also
estimated.

Results

We identified 34 clinics in Ontario,
with143 HF physicians. The majority of
HF physicians were cardiologists (81%),
with 81% of the clinics based in
hospitas, of which 26% were academic

centers. There was substantial range in

the complexity of services offered, most
notably in the intensity of education and
medication management services
offered.

14,468 postlischarge HF patients were
identified, with 1,88 HF clinic patients.
Over 3 years of followup, 52.1% of HF
clinic patients died, compared to 54.7%
of standard care patientsyplue 0.02).
More HF patients were hospitalized
(87.4% vs 86.6% for altause [pvalue
0.009];58.7% vs 47.3% for HFelated
[p-value <0.001). The mean cumulative
cost for a HF clinic patient was $54,311
compared to $39,994 for a standard care
patient (p value <0.001).

We found that higlntensityclinics were
associated with lower mortality (hazard
ratio [HR] 0.7 (95% confidereinterval
[CI] 0.54-0.92; pvalue 0.011) but higher
rates of both altause hospitalization
(HR 2.05; 95% CI 1.42.82; pvalue
<0.001) and HF hospitalization (HR
1.51; 95% CI 1.02.10; pvalue 0.015),
compared to medium or low intensity
clinics. HF clnics that targeted both the
patient and caregiver were associated
with improved survival, as were clinics
with peer support as an important
component of the intervention (Table 3).
More complex clinics with multiple
contacts between providers and patients
of significant duration had a significant
reduction in mortality (HR 0.17; 95% CI
0.11-0.27; pvalue <0.0001) compared to
clinics with only a single contact with
little or no follow-up. A more intensive
medication management program was
associated witheduced all cause and HF
hospitalization (HR 0.28 and HR 0.37
respectively).

|[Executive Summary



Conclusions

Multi-disciplinary HF clinics improve
outcomes in HF patients, with
complexity of care, and intensity of
medication management as key
components.

|[Executive Summary
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Background

Heart failure (HF) is a complex,
progressive syndroneharacterized by
abnormal heart function resulting in poor
exercise tolerance, recurrent
hospitalizations, and reductions in both
quality of life, and surviva{l) Although
tremendous progress has been made in
pharmacologic and device therapy, HF
patients continue to have a poor
prognosis, with an annual mortality
ranging from 5% to 50%il) The
incidence of HF is projected to increase,
with estimates suggesting a thifedd
increase in HF hospitalizations over the
next decadé€2) Alternativetargeted

health care delivery models have
therefore been of particular interest in
HF, as a meansf improvingboth

quality of life and surviva(3)

Disease management through multi
disciplinary community care clinics has
been shown to improve patient outcomes
in different health conditions, includin
diabetes, chronic kidney disease, and
cancer(4;5) The potentiabenefits of a
multi-disciplinary strategy in HF include
improved utilization and compliance
with evidencebased medicationsin
addition this model of care may better
address the complex interplay between
medical, psybosocial, and behavioural
factors facing these patients and their
caregiverg3) Multiple previous
randomized studies and ta@nalyses
have evaluated the efficacy of such
clinics with some suggesting a reduction
in mortality(1;3;6) However,

interpreting this literatures challenging
because of substantial heterogeneity in
the composition of the HF clinics, the
interventions they offeland the
population studied3)

b

Recently, the Medical Advisory
Secretariat (MAS) conducted a
systematic review of published
randomized controlled trials evaluating
the efficacy of specialized clinics in the
management of HF patientg) Their
findings suggested that clinitsat
includedat a minimum, a physician and
nurse with expertise in HF management,
showed aelative reduction in mortality
of about 30%. A subsequent economic
evaluation and budget impact analysis
conducted by THETA found that HF
clinics appear to be a cost effective way
of delivering ambulatory care to HF
patients, with an incremental cest
effediveness ratio (ICER) of
$18,259/life year gained
(www.theta.utoronto.ca).

An important limitation to these analyses
IS heterogeneity in the summary efficacy
estimates from the published literature.
Moreover, efficacy estimates from
randomized trials #h highly restrictive
enrolment criteria are not necessarily
reflective of clinical effectieness in real
world practise.Thus, there remains
uncertainty about the true effect of HF
clinics on mortality Also, it is unclear
which components of speciaéid HF
clinics are most critical. For example, it
is unknown if their beneficiaffectis
mediatedhrough more aggressive
medication titration, or through enriched
surveillance through education
programs.

Currently, specialized HF clinics do not
receve specific funding from the
Ontario Ministry of Health and Long
Term Care (MOHLTC), the third party
payer for government insured health
services in the provincelt is not known
how widely available specialized HF

[Chapter 1



clinics are in Ontario, nor has their
composition, or the services they affe
been described.t is unclear if the
efficacy of HF clinics in randomized
trials is generalizable to the HF clinics
currently in place in Ontario.

Our objective was taddress these
important gaps in knowledge, through a
field evaluation or pragmatic trial,
whereby real world practise for HF
patients in Ontario is assessed. Specially
we aimedto understand the current
availability of specialized HF clinics in
the province, the scope of services
offered, and the economic and clinical
outcomes for Ontario patients treated at
current specialized HF clinics, in
contrast to those treated by standard
care. Importantly, we sought to
understand which component of the
multi-disciplinary clinic was associated
with improved outcomes.

Figure 1
Phase 1

Research Questions

The overall research quesm for this

field evaluation wa to understand the
current service models used and related
effectiveness and cosffectiveness of

HF clinics in OntarioThe specific
objectives of the projeatereas follows:

1. Identify all specialized HF clinics
in Ontario

2. Describe scope of current service
models for patients in specialized
HF clinics

3. Understand practise patterns for
patients in a subset of identified
clinics

4. Assess the clinical effectiveness
and costeffectiveness of HF
clinics in Ontario

5. Understand clinic level
characteristics associated with
HF clinic outcomes

The study itselfvasarranged in the
following framework, reflecting the
specific objectives above (Figure 1).

Identify all specialized

HF clinics in Ontario

v

Phase 2

Describe scope of
services offered at

identified Clinics

Phase 3
Describe patterns of care
at HF clinics in subset of

clinics (chart review)

Phase 4
Contrast outcomes for patients at
specialized HF clinic vs. standard
care;Evaluate clinic level predictor:
of HF clinic outcomes

[Chapter 1



Chapter 2: An Environmental Scan of
Specialized Multi-Disciplinary Heart
Failure Clinics in Ontario



Objective

Identify all HF clinics in Ontario and
describe service models, and
intensitycomplexity of services offered.

[Chapter 2



Methods

Identification of H eart Failure Clinics
For the purpose of this gject, a
specialized HF clinic wadefined as a
clinic that consistat a minimunof a
physician (family
physician/internists/cardiologists) and a
nurse, one of whom has specialized
training/interest in HFThis definition is
consistentvith that used in recent
systematic reviews of HF clini¢3)

Currently, it 8 not known how many
specialized HF clinics, based on the
above definition, are present in Ontario.
Thereforewe utilized three approaches
to identify clinics. First, all hospitals
listed on the MOHLTC site were
systematically contacted in order to
idenify any HF clinics. As well, notices
were posted in the Cardiac Care
Network (CCN) forum asking clinics to
identify themselves. Finally, we usad
approactloften used in qualitative or
mixed methods research studies,
typically when evaluatingd h i d d e n
popul at onsao.

A hidden population is one in which a
sample frame (i.e. a list of all the
membes of the populationgannot be
constructed, thereby preventing
probability samplind8) An alternative

to probability sampling that doestno
require a sampling frame is chain
referral sampling, whereby new
members are selected from the social
network of existing members of the
sample(8) An efficient method to
penetrate hidden populations is to use a
variant of chairreferral sampling termed
snowballing sampling8)

In this method, first a number of seeds
are selecte@@) Theseseeds are
members of the hidden population that

have been identified. The seeds are
interviewed and form stage 0 of the
sampling process. The seeds identify
other members of the population. The
members identified in the next
generatior(stage 1) are approached and
then asked to identify other members.
This process is continued until the
desired sample size is reached.

This method has been effectively
utilized in a myriad of cardiac studies.
For exampleGustaffsorand colleagues
used both convenience and snowbal
sampling to recruit occupational
therapists working in stroke in order to
investigate informatioprovision to

clients with strokg9) A study n 2009
used snowball sampling to recruit
immigrant Arabic, Turkish, and Iranian
women living in Australia, so &e
exploretherelationship betweecausal
attributions of risk factors for CHD and
physiologicalstatus(10) Rankinand
Bhopal in 2001 conducted a cress
sectionastudy comparing the snowball
sample method to more traditional
sampling(11) Their target population

was South Asian residents aged 16 to 74
years living for at least a year in South
Tyneside (UK.(11) The seed population
wereSouth Asiarresidents in South
Tyneside, whose names and addresses
were provided by members of a local
South Asian community grougi1) Each
of these seerkspondent was asked to
supply the names
additional residents @outh Asian
descen{l11)

In our study, the iial seeds (sampling
stage 0) weréghe Ontario members of
the Canadian Heart Failure Network
(CHFN) and other sites identifidwy the
expert pane{Table 1) Established in

[Chapter 2
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1999, the CHFN is a network of
academic and community bassduhics
thatprovide specialized care to HF
patients (www.cfna.ca). Importantly, the
network dd not include all HF clinics in
the province, therebyecessitating

further sampling.

The physiciaror nursinglead at each
clinic wasapproached and a semi
structured interview conducted to
establish the scope of the practise
addition, thdeadwasasked to identify
any other HFelinics, which may seve
patients in the vicinity (tsampling
stage). Weontinued taaccrue new
sampling stages uhtio new clinics
were identified, at which point the
sample was saturated.

In 2006, the Ontario Ministry of Health
and LongTerm Care transferred the
responsibility for planning, integrating
and funding of health services within the
province to 14 regional Local Health
Integration Networks (LHIN) The
boundaries of each LHIN were used to
assess any geographic inequalities in
access to HF clinics.

Semistructured Interview s

In order to describe the current service
model at an identified HF clinic, a
structured interviewvasconducted with
the lead physicidnurseat each siteThe
interview ascertaiedinformation
broadly on the characteristics bt
clinics themselve&otal number of
patients, facilities, general mode#ind
theprogram service modelWe used a
validated questionnaimeveloped by
Reigel and colleagudés measur¢he
intensity and complexity af a ¢ h
program service modekioss 10
categorieg12) The psychometric
properties of the HF Disease

c |

Management Scoring Instrument (HF
DMSI) has been testednd it has
content validity and an excellent inter
rater reliability with a intreclass
correlation coefficient of 0.9182) The
categories and the respective scoring
algorithmarefound in Table2.(12)
Briefly, the HRDMSI focused on the
composition othe HF team (single
practitioner vs multdisciplinary team)
and the content of the HF intervention
such as education (scored from 0 to 4,
with 4 as the more comprehensive
education program), and medication
management (scored from 0 to 3). The
environmenbf the HF clinics was
categorized as those that only focused on
inpatients with HF (score of 1) versus
those that focused only on outpatients
seen in clinic (score of 2), those that
were homebased with the intervention
taking pl aceesitemce t he
(score of 3), with clinics that had
components in more than 1 setting
receiving the highest score of 4. Peer
support, remote monitoring, and the
duration and complexity of contact were
also measured.he instrument was
designed to provide a separat®re for
each categorygnd therefore does not
providesingle,overall summary score
with appropriate weights for each of the
10 categories.

Because the HBDMSI does noprovide
an overall summary scorand could not
be used to rank clinics, we penfioed a
concept mapping exercise, using an HF
expertpanel. The concept mapping
exercise consisted of two pafis3;14)

In partl, we determined the relative
importance of each of the 10 categories
rofi the 6IEDMSI, based oronsensus of
the expert panelln the second part, each
of the clinics identified were categorized
by the expert panel inthreeintensity

[Chapter 2
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groups, based on their scorestba HF
DMSI, influenced by the implicit
weighting systemmevealed irpart1.
Further description of this process is
found in Appendix A.

Institutional Review Board

The ethics review board of the
University of Toronto approved this
protocol When required by local
institutional regulations, separate
institutional review board approval was
acquired for each participating clinic.
Consent for the use of the structure
survey results was obtained from the
physician lead for each identified HF
clinic.

[Chapter 2



Results

HF Clinic Identification

A total o 34 clinics were identified
through our sampling method, as seen ir
Figure 1. From thenitial 15 seed clinics
identifiedthroughthe CHFN three
generations of snowall sampling took
place, at which point the sample was
saturated. In addition, 5 clts were
identified through the CCN and only one
additional clinic through contacting
individual hospitalsOf these clinics, 30
agreed to participate in threemt
structured survey

Regional Distribution of HF Clinics

The initial seed clinics were located in 9
of the Ontarial4L H | NWewere able
to identify HF clinics in althe
remainingLHINs except forthe Central
West ancErie St ClairLHINs. Access

to HF clinics was not uniform across the
province. As apparehfrom Figure2

and Table, theidentifiedHF clinics
were concentrated in the south and
central regions of the provinc&ach HF
clinic served an average population of
353,800 with an oves5-yearold
population of 45,200. There was a
substantial rangm thepopulation

served by eacHIF clinic, from 179,200
per clinic in the Toronto Central LHIN,
to 761,400 in the central LHIN.

Clinic Characteristics

Identified HF clinics had substantial
variation in their characteristics and the
services offeredldentified HF clinics
had substantial variation in their service
volume, with a mean of 138 new
consults (median 78; interquartile range
25-128) and 1020 visits per year (median
675; interquartile range 2aD479).

The majority (80.6%) of clinics were
physicallybased in hospitals with 25.8%

being part of an academic institution.

In total, 143 HF clinic physicians
worked at the 30 identified clinicsThe
clinics were run by between 1 to 8
physicians and 1 to 3 nurses. The
majority of the physicianaere
cardiologists with 80.6% having formal
training in HF management.

Access to Allied Health Professionals
The clinics had on average limited
access to utlinic allied health
professionals, as seen in Talle Under
half had such access to dieticiams
pharmacists, with only 6.5% and 16.1%
with in-clinic access to physiotherapists
or counsellors. 87.1% of HF clinics had
a formal affiliationwith acardiac
rehabilitation program and 64.5% where
actively involved with chronic disease
management of aneér condition, such
as diabetes mellitus.

Intensity and Complexity

Theranges of HF clinic scores on the
HF-DMSI areshown on Figur&. There
was little variation between the clinics
for some elements of the instrument,
such as intervention duration (attored
4; greaterthan 6 months) and
environmentThe majority of HF clinics
had a formal medication management
protocol, where medications were
monitored and an attempt was made to
increase utilization oévidencebased
medications with monitoring and follew
up. There was substantial range in the
intensity of elucation and counselling
aimed at supporting setfare Although
all clinics had some form of education
program these rangeddm programs
that focused only on adherence to more
comprehensive programs that
emphasizedurveillance management
and evaluation of symptoms in addition
to treatment adherence. The majority of

[Chapter 2



clinics did not use remote monitoriag
the clinig althoudn half did contact
patients by telephona betweerfaceto-
face evaluationsA formal peer support
component that was integral to the
program was identified in only one HF
clinic. Somewhat surprisingly, although
thedeliverypersonneht the clinicwere
multidisciplinary in approximately 50%
of clinics, some had only either a single
gereralist or HF expert providerAll of
the clinics were ambulatolyased, with
one that was predominantly focussed on
inpatients None werexclusively
homebased or had a honmsel
component.

Concept Mapping

Based on our concept mapping exercise
the expert panel categorized the 30
identified clinics nto three strata of
intensity;8 clinics were assigned to the
low intensity category, with 12 in the
medium intensity category and 10 in the
high intensity group. The mean scores
on the HFDMSI for thesehreestrata

are shown in Table.5Although the 10
high intensity clinics had higher mean
scores ird of the 10 HFDMSI

categories, this was most poamced in
the education and counselling,
medication management, delivery
personnel and complexity categories.
This suggests an implicit weighting of
the categories by our expert panel as
revealed by the concept mapping
exercise This implicit weighting faces

a priority on a more comprehensive
approach to medication management an
education, HF clinics consisting of a
multi-disciplinary team with multiple
contacts between the team and the
patient. In contrast, remote monitoring
was not felt to be of pacular

>N

importance, nor was the presence of a
structured peesupport program.

[Chapter 2



Discussion

In this environmental scan of HF clinics
in the province of Ontario, Canada, we
were successfully able to identify 34 HF
clinics. However, there was substantial
geographic variation in terms of access
to HF clinics, with no HF clinics
identified in 2 LHIND sAs anticipated,
the clinics were varied in structure and
the services offered. The greatest
variation in terms of intensity and
complexity was in terms of the education
service offered. Remote monitoriagd

a homebase component to the HF clinic
saviceswerenotably absent in most
clinics.

Multi-disciplinary ambulatory complex
disease management clinics are
increasingly studied as the preferred
modality of ambulatory care delivery for
chronic diseases such as.HF3;4;6)
Advocatesof such clinics highlight the
many randomized clinitrials thatshow
the efficacy of such clinics in reducing
mortality andrehospitalizatioa(3;15

20) Importantly, although thes#inics
are grouped together in systematic
reviews and metanalyses, there is
heterogeneity in the models evaluated
and services offered. Prior to
implementing these clinics in routine
prectise, it is critical to understand which
componentsre central to the
intervention. Moreover, in evaluating
the effectiveness of HF clinics currently
in operation, it is important to compare
the services offered currently with those
studied, to determaif the results from
the published literature are applicable.

Severametaanalysedave addressed
this research questidB;15-20).
McAlister andcolleague®valuated®9
trials enrolling a total of 5,03@atients
(3). Because of substantial

heterogeneity, they did not repart
overall sunmary statistiq3). They
found that multidisciplinary clinics
improved mortality, and hospitalization,
while telemonitoring improved re
hospitalization rate€3). Holland and
colleagues contrasted studies that
incorporated home \its, or between
visits telephone calls, to those that were
solely hospital or clinic basgd8). In

the 30 trials tht were included in their
analysis, they found that reductions in
hospitalization were limited to studies
that included either a hort®msed or
telephone based component to the
intervention.

The heterogeneity of the literature is
insightful, in that it inplies that one
cannot equate one HF clinic model with
another. Instead the specific
components of the intervention are key.
To this endjfwo notable issues arise
from our envirmmental scan of Ontario
clinics: first, remote monitoring and a
patienthomecomponent is absent in
most clinics. Second, the intensity of
education services is highly varied. This
suggests that one cannot simply apply
the efficacy data from randomized
controlled trials to real world HF clinics,
but rather, the effectivenesstbokse
clinics need to be established
independently This is &ey area for
further research.

A central tenet of the Canada Health Act
Is uniform accessibility to care. Our
environmental scan suggests that there is
substantial disparity in access to HF
clinics across the province of Ontario.
This may be potentially explained by
regional variations in the incidence and
prevalence of HF; however, the absence
of specific MOTHLC funding for the HF
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clinics may be an importantly
contributing factor. Elucidatioof the
underlying mechanisms for this disparity
will be important for policy makers.

Our study must be interpreted in the
context of several limitations. First,
although we used a number of different
methods tdocateall HF clinics in the
province, wecannot confirm that all
clinics werein fact identified We used

an instrument to evaluate intensity and
complexity; this did not cover all
potential service components. Indeed, it
does not include postischarge

planning, which has been identified by
some studies as a critical component to
reduce early rehospitalisation. Finally,
although we have categorized clinics
into intensity strata based on expert
opinion, the relevance of such categories
is dependenbn their associatiomwvith
improvedpatient oticomes.

In summary, through our environmental
scan, we found that despite the absence
of specific governmental funding, there
are at least 34 HF multidisciplinary
clinics in operation in the province of
Ontario. These clinics hawewide

range of services offered. Further
research on understanding which of
these service components are critical to
improved patients outcomes will aid
policy makers and clinicians to
determining the optimal careadel for
these complex patients.
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Table 1: Seed Heart Failure Clinics

Clinic Name and Location

10.

11.

12.

13.

14.

15.

Cornwall: Cornwall Community Hospital

Hamilton: Heart Function Clinic - Hamilton Health Sciences Corporation
Kingston: Hotel Dieu Hospital

Kitchener: St. Mary's Hospital

London: London Health Sciences Centre

Oakville: Oakville -Trafalgar Memorial Hospital

Orillia: Orillia Soldiers' Memorial Hospital

Ottawa: University of Ottawa Heart Institute

Owen Sound: Grey Bruce Health Services

Picton: Prince Edward Family Health Team CHF Clinic

Toronto: University Health Network (UHN) (1)

Toronto: University Health Network (UHN) (2)

Toronto: Mt Sinai Heart Function Clinic

Toronto: St Michael 6s Hospital He

Toronto: Sunnybrook Hospital Heart Function Clinic
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Table 2: Heart Failure Disease Management Scoring Instrument (HBMSI)

Intervention category  Points to be assigned

1=Provider alone

2=Patient alone

3=Patient with some inclusion oéregiver

4=Patient with a caregiver who is central to the intervention

Recipient

Intervention content

0=No mention of education

1=Focus solely on importance of treatment adherence

2=Focus on treatmeatlherence including some creative

methods of improving adherence

3=Focus on surveillance but no mention of actions to be taken in response to symptom:
no flexible diuretic management)

4=Emphasis on surveillance, management, and evaluation of symiptadtition to
treatment adherence

0=No mention of medication regimen

1=Some mention of medications (eg, importance of medication compliance) but not an
part of the intervention. No attempt to intervene with provider to getrnia on an evidenee
based medication regimen

2=Evidencebased medication regimen advocated but no fellpvwvith patient or provider to
monitor the suggestion

3=Medication regimen monitored, attempt made to get the patient on evioesee
medicationswith follow-up monitoring done with patient or provider

0=No mention of a peer support intervention

1=Peer support mentioned but not integral to intervention

2=Peer support integral component of intervention

0=No use of remote monitoring or telehealth

1=Remote monitoring is used in conjunction with other

interventions that form the main intervention used

2=Telehealth is essential component of intervention

1=Single generalist provider (eg, physician, nurse, pharmacist)

Delivery personnel 2=Single HF expert provider (eg, physician, nurse, pharmacist)

3=Multidisciplinary intervention

1=Mechanized via internet or telephone

2=Persorto-person bytelephone

3=Faceto-face, individual, or in a group

4=Combined: Facéo-face at least once alone or in a

group with individual telephone calls in between meetings

Education and
counselling aimed at
supporting seltare

Medication managemen

Social support
Peer support

Surveillance by

provider:
Remote monitoring

Method of
communication

Intensity and complexity

1= 01 mo
Duration 2= Q3 mo
3= 06 mo
4=>6 mo
1=Low: single contact with little or no followp
Complexity 2=Moderate: >1 but <4 and/or infrequent contact or contacts of short duration

3=High: multiple contacts of significant duration
1=Hospital: Inpatient only

2=Clinic/outpatient setting

3=Homebased

4=Combination of settings

Environment
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Table 3: Geographic Distribution of Clinics

population  age 65yrs =8s
# HF Total population
Clinics Populaton per HF EINE EE per HF
Clinic per LHIN .
clinic

Erie St. Clair 0 623,300 NA 85,000 NA
South West 3 890,100 296,700 125,800 41,900
HNHB 2 1,298,300 649,100 192,400 96,200
Waterloo 5 679,700 135,900 76,000 15,200
Wellington
Mississauga Halton 3 1,002,300 334,100 103,400 34,500
Central West 0 735,200 NA 65,900 NA
Central 2 1,522,800 761,400 183,100 91,600
Central East 3 1,419,800 473,300 184,600 61,500
Toronto Central 6 1,075,100 179,200 131,800 22,000
North Simcoe 3 417,000 139,000 59,900 19,967
Muskoka
South East 2 457,200 228,600 74,700 37,350
Champlain 3 1,131,400 377,100 137,600 45,900
North East 1 545,000 545,000 84,900 84,900
North West 1 231,900 231,900 31,400 31,400
Total 34 12,028,900 353,800 1,536,500 45,200

LHIN: Local Health Integration Network; HF: Heart Failure; HNHB: Hamilton Nrag
HaldimandBrant
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Table 4: Characteristics of 30 identified clinics

Parameter

PERSONEL

Mean number of Physicians

% cardiologist

% internists

% family physicians

% Heart failure training

Mean Number of Nurses

LOCATION

% Academic

% Community Based

Mean Annual Total Visits

Mean Annual Total New Patients

% Access to Onsitedbocardiography
% Access to Onsite I¢learCardiology Testing
% Access to Onsite Angiography

% Access to Onsite Exercise Stress Testing
Mean Exam Rooms

ALLIED HEALTH PROFESSIONALS
% Access to Dietician (In Clinic)

% Access to Pharmacist (In Clinic)

% Access to Physiotherapy (In Clinic)
% Access to Counselor (In Clinic)

% Affiliated with Cardiac Rehabilitation

% Involved in other Disease Management

*inter-quartile range is shown

4.7 (18)*
80.6
22.6
9.7
80.6

2.0 (L6)*

25.8
74.2
1020 (2001479)
139 (25128
80.6
58.1
38.7
77.4
3.3 (L4)*

45.2
32.3
6.5
16.1
87.1
64.5
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Table 5: Clinic Intensity and Complexity

Clinic intensity types
All clinics
HF-DMSI category High Medium Low

(n=30) p-value
(n=10) n=13) (n=7)

Recipient 3.3+0.6 3.7+0.5 3.240.6 3.0+0.6  .040

Education and counselling
3.2+1.0 3.9+0.3 3.1+1.0 2.6+1.1 .011
aimed at supporting selfcare

Medication management 2.7£0.5 3.0£0 2.8+0.4 2.1+0.7 .002
Peer support 0.3+0.5 0.6x0.7 0.2+0.4 0.3x0.5 147
Remote monitoring 0.7+0.8 1.0+£0.8 0.8£0.8 0.1+0.4 .079
Delivery personnel 2.5+£0.6 3.0£0 25105 2.0+0.8 .002
Method of communication 3.6x£0.5 4.0+0 3.5+0.5 3.4+0.5 .018
Duration 4.0+0 4.0+0 4.0+0 4.0+0 -

Complexity 2.6x£0.6 3.0£0 2.6x0.5 2.0+0.6 <.001
Environment 2.0+0.2 2.0+0 1.9+0.3 2.0+0 .536

HF-DMSI: Heart Failure Disease Management Scoring InstrumBeisults are
presented as means * standard deviatidlesse refer to Table 2 for detail description of
HF-DMSI categories and scoring
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Figure 1: Identification of Heart Failure Clinics through Snowball Sampling

Generation0

seed clinics

Ontario
members of
the Canadian
Heart Failure
Network
(CHFN

1 new clinics

4 new clinics

!

15 seed clinics 8 new clinics

Saturation was reached in 3 generations. In total, 28 clinics were identified via snowball sampling. A toedFaitire (HF)
clinics were identified via th€ardiac Care NetworkJCN) and 1 HF clinic via systematic calls for a total of 34 HF clinics.
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Figure 2: Geographic Distribution of Heart Failure Clinics
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Figure 3: Scores on Heart Failure Disease Management Scoring Instrument (HBMSI)
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Appendix A

Heart Failure Clinic Stratification

using Concept Mapping

Once thesurveying of all the clinics was
completed, this categorization process
was revealed to be complex and
nuanced. The initial conceptualization
was that the clinics would be categorized
by complexity and intensity of
intervention. While the HHIBMSI
develomd by Riegel and colleagues is
useful in capturing the richness of the
multi-attribute, multidomain activities
of a heart failure clinic, it is not an
instrument which provides a summary
score that could be used to rank the
clinics.(12) To overcome thisnitation,
a concept mapping exercisas
conductedconsisting of two parts.

The first part was a priming exercise
where the relative importance of the
measured elements of the HMSI was
determined by a multidisciplinary expert
panel. The second pavgas a
categorization of the scored clinics into
three intensity levels based on their
scores on the HBMSI instrument and
the implicit weighting of the HIDMSI
elements in the first part of the exercise.

This technique was pioneered by
psychologist GeomyKelly whereby the
categorization of many elements could
be reliably and stably obtained through
and exercise called a "card sort".(13)
This technique has been found to be
reliable and robust and is used frequently
in software design, taxonomy
developmenand other fields where
multi-attribute categorization or
stratification is required.(14)

There are two types of card sorbpen
and closed. An open card sort requires

that the individual or group create

categories themselves from the elements
to be sotedi the number of categories is
open, as is any labelling of those
categories. A closed card sort provided
apre-specifiedset of categories to which
all elements must be assigned.

For the categorization of the heart failure
clinics we used a close@u sort in two
parts. We gathered a muitisciplinary
panel of experts working in heart disease
management and treatment, as well as a
several people working in heart failure
clinics in different capacities. This
provided us with a panel with broad
knowledge of the subject area, rich
experience and deep, relevant
professional knowledge of cardiac care
in general and heatrt failure clinics
specifically.

In the first part of the closed card sort we
needed to prime the process based on the
elements descréd in the HFDMSI.

For this purpose we decomposed each of
the ten elements of the instrument into
their descriptive componentgor

instance, in the element of "Social
Support/Peer Support” there are three
components; "No mention of a peer
support interention”, "Peer support
mentioned but not integral to
intervention” and "Peer support integral
component of intervention". These
components, stripped of their scoring
values, where then placed by group
consensus into the three categories

high, medium antbw. Although this
process may seem trivial, it often led to
splits that were not obvious before the
discussion. Especially in the division of
four- and fivecomponent elements we
found that the development of a
consensus was instructive. At the end of
the priming exercise we had placed all
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38 descriptive components into one of
the three categories. This stratification
provided the framework for the second
part of the card sort.

In the second part of the card sort we
utilized theconcepts mapped in the first
part to inform the categorization of each
clinic into High, Medium and Low
service categories. To do this we took
each clinic, identified only by a random
number, and created based on scores on
the HFDMSI, a narrative descrijpn of
that clinic, using the descriptive
components that were actually ascribed
to those clinics in the survey process.
This meant that the same set of
descriptive attributes categorized Iret
first part of the exercise @ve used as
markers of clinic etivity for the

purposes of categorization. For
simplicity, the capsule descriptions only
included eight of the 10 elements from
the HFDMSI, as all 30 clinics shared
the same scores on two elements. We
then assigned each clinic to one of the
High, Mediun or Low service strata
through a consensiggenerating process.
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Chapter 3: Insights into the
Contemporary Management of Heart

Failure in Specialized Multi -Disciplinary
Ambulatory Clinic



Objective

The objective of Phase 3 was to
understand the practise patterns and
process of care within the identified
clinics. Specifically, we were interested
in variationsbetween HF clinicen the
prescriptionand optimal dosingf
evidence based medications
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Methods

Clinic Selection

Thestudywas part ofa larger
comprehensivéeld evaluation that
assessed the scope and efficiency of

services offered by existing HF clinics in

Ontario.The first phase of the project
identified 34 existing HF clinics in
Ontaria These HF clinics were
subsequentlglassified a high, medium
or low intensity, based on scorestbe
HF Disease ManagemeScoring
Instrument (HFDMSI), a validated
instrumento evaluate the intensity and
complexity of services at HF clinics
(12). In this study, three clinics were
randomly selected dm each intensgit
strata (high, medium and low).

Chart Abstraction

Chart abstraction was conducted by
experienced nurses, using computer
based chart abstraction formge
randomly selecte@00 patient medical
records from each clinic. Information
abstractd from the medical records
included patient baseline demographic
and clinical data, as well as medical
diagnostic testing, and specialist
referrals Of particular interest was
informationon medication classes and
doses on first visitandanysubsequent
medication changesCharts were
reviewedfor up to 1 year from the first
clinic visit, or until death, which ever
event occurred first.

Each abstractawvasprovided with a
study laptop computer supporting only
the applications required for the study,
and equipped with encryption software
for data collection. This higlevel of
security ensumprotection of patient
confidentiality. Datavasentered int@an
offline chart abstraction interaction
software supported by THETA.

Nurse abstractor candidatasderwent
extensive trainingincluding a detailed
session on definitions of data variables,
supported by practice abstraction on
sample charts, and feedback on their
chart abstraction skills. Abstractokgre
hired for the projeabnly if they
demonstraté a high standard for
accuracy and completeness. A study
manual with written definitions for each
variable of interest and guideliness
provided to all participants to support
standardized data collection.

Analytic Plan and Study Definitions

I. Descriptin of Patient Populations

The first part of this study was
descriptive in nature. We compared the
demographic and clinical characteristics
of the patients seen at the 9 HF clinics.
In addition, we contrastithe number of
clinic visits, diagnostic test permed

and overall medications prescribed.
Because the charts abstracted inctlde

patients first seen anytime between 1995

and 2010, we compared patients who

were seen initially between 1995 and

2005 (early cohortys.those seen after
2005 (recent/conteporary cohort) to

understand temporal changes in practise.

i 1. ACE#Bloék&Bse& b
Our primary analyses evaluated the
upt a k-ldockers, arffiingiotensin
convertingenzyme nhibitors (ACE)
and/orangiotensiorreceptor blockers
(ARB). We focisedon these
medications given the strong evidence
base for their use in HR). As a
secondary endpoint, we assessed the
propor ti on of
blockers, or ACEnNhibitors/ARB who

were taking specifimedications within

theclass that were recommended by
practise guidelines and if these
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medications were titrated to optimal
doseq1). The list of recommended
medications and their corresponding
targetdosess foundin Appendix A.

Statistical Analyses

Statistical analyses were conducted
using SAS version 9.2 (SAS Institute

Inc, Cary, North Carolina). Continuous
data was compared betwddh clinics

using the ANOVA test and categorical
data using the chkiquareorF s her 6 s
exact tests.

Patient and clinic levelrpdictors to
medication prescriptiorb¢blockers or
ACEI/ARB) and ever achieving the
target dose during the followp period
were assesseadinghierarchicalogistic
regression model. MuHevel modelling
was required, as we anticipated that
patients seen at the same clinic may be
similar; hierarchical models take account
of such clusteringAll p-values less than
0.05 were consided statistically
significant.

Institutional Review Board

The ethics review board of the
University of Toronto approved this
protocol. Separate institotial review
board approval was obtainéat each
participating clinic.
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Results

Baseline Characteristics of HF

patients

A total of 902 patients were randomly
selected from 9 clinigswith
approximately 100 charts abstracted per
clinic. Baseline characteristics of these
patients are found in Table As is
apparent from this table, there was
substantial heterogeneity theclinical
characteristics of the patients seen acrog
clinics, most notably in mean age,
symptom severity, HF etiology and-co
morbidities

The mean age of identified patients was
66.1 years, with a statistically significant
rangeof meandetween clinis from

53.5 years to 75.1 years. The majority
of patients were males4&%). Mean

left ventricular ejection fraction (LVEF)
was 32.9% and the majority of patients
were moderately symptomatic with New
York Heart Association (NYHA)
functional class of 1{30.6%) or IlI
(27.5%). However, symptom severity
was only reported in 72% (n =651)of
patients. Similarly, the underlying
etiology for HF was inconsistently
reported, with only 477 patients (52.9%)
having this reportedOf these, 58 %

had an ischemicardiomyopathyagain
with substantial range between clinics

Approximately half of patients had
documented hypertensio@1(7%) and
hyperlipidemia (5.9%). As seen in
Table 1, there was a statistically
significant difference between the 9
clinics as &r as the proportion with these
co-morbidities. In contras87.4% of
patients had diabetes mellitus, with less
range between clinics.

Therewas asubstantial difference in the

clinics in terms of the proportion of

patients with atrial fibrillation (AF. In
four clinics, none othe patients
abstracted had AF, while in others,
almost 20% did. On average, the
proportion of patients with AF among
the 902 abstracted charts was 9%.

Clinic Visits and Diagnostic Tests

Over the 1 year timborizon of thechart
abstraction, patients had an average of
4.3 clinic visits. However, there was
substantial variation, with patients
abstracted from Clinic #5 having only
2.8 visitson averagewhile those in

Clinic #1 having 6.7 visits (see Table 2).

Therewere stéistically significant
differencedn terms of diagnostic tests
performed. Overall, 77.3% of patients
had an echocardiogram during the study
period. However, this ranged from 42%
to 95% between clinics. Similarly,
angiography ranged from 19% to 62%
(mean of 38.4%). Natriuretic peptides
were used infrequently in the majority of
clinics, with only 7% of all patients
having documentation of use. @tinic

#9 however, 21% of patients had
natriuretic peptides measured.

Medication Use

Summary of medicatioprescriptions

are shown for the overall group and per
clinic in Table 3. The majority of
patients wereeceivingACEiI/ARB
therapy aB8.2%, with little difference
between the clinicsAlthough, b-

blocker use was excellent, at 85.3% for
the overall groupthere was a
statisticallysignificant difference
between clinics, with a range from 76%
to 89% Similarly, aldosterone
antagonists were used in 35.4% in the
overall group, with significant range
from 26% to 53%.
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There were substantial differences
amongclinics in the use of other HF and
cardiac medications, as seen in Table 3.
The majority of patients were on loop
diuretics, with 29.9% on digoxin.
Approximately half were on dias, with
54% on antplatelet agentgoughly
approximating the proportioof patients
with an ischemic etiology for their
cardiomyopathy.

Comparison of Early vs. Recent
Cohorts

Of the 902 patients, 579 were in the
recent cohort, with a first clinic visit
after 2005 (Tabl€). Figure 1 shows the
proportion of patients per diic that

were either in the early or recent cohort.
In comparison to patients seen in the
earlier era, more recent patients tended
to be older, with a higher mean LVEF
(33.6 vs 30.9%; yvalue 0.0187).In
addition, more recent patients had a
higher propation of patients with renal
dysfunction, hyperlipidemia and
hypertension (table 7).

A higher proportion of the recent cohort
patients underwent coronary
angiography, with no difference in the
proportion with echocardiograms or
natriuretic peptide use (TkE®B).

Somewhat surprising, ACE/ARB use
was lower in the recent cohort (85.8%)
compared to the early cohort (95.6%)
wi t h no dkibfodker use.n c e
Digoxin was also less common in the
recent cohort46.8% vs 35.6%;palue
0.0055) (Table 8)

Target Doses of ACEY ARB
blockers

We sought to understand if there were
differences in the type and dosage of

and

ACEi/ ARB -hlockersbAs seen in
Table 4, there were important
differences. 52.8% of patients were on
target doses of recommended
ACEI/ARB (see appendiR). This
ranged from43.0% t090.0% among the
clinics.

b-blocker use was more varied, with
only 27% of patients on target dose, with
a range fron16% to 51% between the
nine clinics.

Predictors of ACEi/ARB and b-

blocker use

In Table5, we explored patient and
clinic level characteristics associated
with being prescribedreACEI/ARB or
b-blocker In the univariate analyses, as
expected, wedund that lower LVEF

was significantly associated with an
increased probability of being on legtr
medication class.

Patients with renal dysfunction were less
likely to be on ACEHARB with an odds
ratio (OR) of 0.351 (95% confidence
interval (CI) 0.2210.558; pvalue

<0.001).

In the multivariable model, having
adjusted for patient level diffences, we
found that clinics witlphysiciansvho
had HFtrainingwere more likely to

pr e s c-blockers anth ACEARB.

However, when evaluating the
likelihood of being on target doses of
eitherbmedication class, we were not able
to identify any clinidevel characteristic
that wasa statistically sigificant
predictor. The only consistent patient
level predictor was age, where
increasing age was associated with a
lower probability of being on target
doses of these medications. For
ACEI/ARB, havinghypertensiorand
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diabetes was associated with an
increased likelihood of being on target
dose, with an OR of 1.477 and 1.465
respectively.
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Discussion

In this chart abstraction of 902 HF
patients, wesought to understand if there
wereimportant differences in the
patients seen across a subset of HF
clinics across the province, and evaluate
the degree of heterogeneity of the
patiens fourney through this
ambulatory care intervention. Weund
substantial variation in the

characteristis of patients seen at clirsc
the diagnostic tests performed, and the
medicationsadministered This work is
complementary to our earlier work
suggesting that the service models for
clinics across the province of Ontario
have substantial variation in ters of
complexity and intensity.

The patients are HF clinics abstracted in
this study were substantial younger with
more males than that of the typical HF
patient in Ontario. The mean age in our
cohort was 66 yea, with almost 2/3s
being male. In@entrastthe mean age of
HF patients discharge alive in Ontario is
approximately 77 years, with 48% being
males. This likely is reflective of the
referral biases of providers, and is
consistent with the treatmensk

paradox seen in other areas of medigin
whereolderpatientswith greater ce
morbidities despite the potential
benefits of an efficacious intervention,
do not receive if21).

The differences in theumber of clinic
visits over the period of abstraction were
marked, with a 2.5 fold difference. This
may reflect differences in the scope of
practise of the HF clinic. Our previous
work suggests that although the majority
of HF clinics in Ontario essentiya took
overHF-related caresome clinics
function principally to provide advice to
the primary care physian or general

cardiologists. One would expect fewer
visits in HF clinics with the latter scope
of practise.

Similarly the differences in diagnast
testing may reflect ease of access. For
example, although 80% of clinics were
physically located within a hospital, only
a minority had access to -@ite cardiac
catheterization facilities.

Our chart abstraction was over a 1 year
time horizon aftethe first clinic visit.

As such, this afforded a unique
opportunity to evaluate temporal
changes in clinical practise. We found
that more recent HF clinic patients
tended to be older with a higher LVEF.
This in turn may explain the finding that
a lowerproportion of patient in the
recent era (after 2005) were on
ACEI/ARB given that this medications
are principally of benefit in patients with
reduced LV systolic function.

Potential mechanisms by which the
benefits of a multdisciplinary strategy

in HF is mediatedncludes improved
utilization and compliance with
evidencebased medication@) In our
analysis, we found reassuringly high
uptake in the use of
blockersthe two keyfoundations of
pharmacologic therapy in this condition.

Our secondary hypothesis was that HF
clinics not only improve the uptake of
evidencebasedmedications, but also
ensure optimal dosage, such that the full
benefits of these medicationsutd be
realized. We found substantially more
variation among clinics, with some
clinics showing a preference for strictly
defined evidence based medications,
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while others appeared to favour a class
effect for Alodkdrss ARB
However, we were not able to identify

any cliniclevel predictors of this

difference in practise.

Several limitations of our study merit
discussion. First, despite the use of
highly trained abstractors and a tested
abstraction sheet, there were a relatively
high proportion of missing values. This
was especially concerning for variables
such as NYHA class and LVEF, key
prognostic indicators in HF. Second,
due to budget and timestraints, we
limited our abstraction to information in
a 1 year time horizonAs such, we may
be underestimating the final proportion
of patients on target doses of medication,
if titration took place ovea long period.
Finally, althoughour overall ohort was
large at 902 patients, when evaluating
clinic level characteristics, a key
objective, our sample size was otig 9
clinics. This may have impacted our
statistical power to show any differences
between clinics.

In concluson, we found that patients
treated at a subet of the specialized HF
clinics in Ontario have important
differences in terms of who is seen at the
clinic, and the care provided. An
important area for further research is
elucidation ofhow these differeneemay
impact health outcomes.

and
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Table 1:Baseline Characteristics

Characteristics

Age (years),
meant sd
(range 1795)
Male
HF mode

Ischemic

Nortischemic
NYHA class

|

Il

1|

\Y}
LVEF (%),
meantsd
Hypertension

Diabetes
Hyperlipidemia

Renal
dysfunction
Liver
dysfunction
Atrial
fibrillation

66.1+15.7

570 64.5

279 68.5
198 @41.5

92 (14.1)
276 (42.4)
248 (38.1)
35 (5.4)
32.9+14.0

502 61.7)

300 B7.4)
452 66.9

137 (7.9
17 2.3

81 (9.0)

75.1+10.8

59(59.0)

6 (42.9)
8(57.1)

2(2.2)
39(43.3)

46 (51.1)

3(3.3)

32.5%£14 .4

67(74.4)

34(40.5)
64(75.2)

14(21.2)

2(3.3)

19 (19.0)

(n = 100)

71.5+£11.6

63(63.0)

37 (75.5)
12 (24.5)

10(12.1)
38 (45.8)
29 (34.9)
6 (7.2)
33.4+16.0
43(46.7)

36(38.7)
48(52.2)

10(10.9)
0

20 (20.0)

(n =99)

65.4+£16.5

73(73.7)

48 (59.3)
33 (40.7)

14(16.3)
45(52.3)
25(29.1)
2 (2.3)

30.6%£12.3

51(56.7)

34(37.4)
43(50.6)

24(27.6)
4(5.1)

0

(n =102)

69.7+£12.0

66(66.0)

52 (62.6)
31 (37.4)

19(20.2)

36(38.3)

36(38.3)
3(3.2)

32.7£13.5

69(74.2)

37(40.2)
59(64.8)

19(21.6)
3(3.5)

0

61.5+14.2 71.4+14.0
68(68.7)  62(62.0)
23(74.2) 23 (63.9)
8(25.8)  13(36.1)
12(12.3) 0
48(49.5)  6(46.2)
34(35.1)  6(46.2)
3(3.1) 1(7.6)
33.8¢155 32.3+12.0
41(42.7)  80(81.6)
37(38.5)  40(40.8)
66(68.8)  59(60.2)
5(5.2) 14(14.3)
0 4 (1.0)
19 (19) 0

56.2+19.0

56(63.6)

30 (50.9)
29 (49.1)

12 (13.2)
27 (29.7)
41 (45.1)
11(12.1)
32.9+13.4

46(55.4)

22(26.5)
36(44.4)

17(20.2)
0

12 (11.9)

69.7+£14.0

64(64.0)

25 (55.6)
20 (44.4)

3(21.4)
5(35.7)
3 (21.4)
3(21.4)

36.3+13.0

53(61.6)

30(34.1)
34(40.0)

14(16.9)

1(1.4)

11 (11.0)

9 P-
(n=100) value

53.5+£13.8 <.0001

59(60.2) .5296
35 (44.3) .0121
44 (55.7)
20(24.1)  .0002
32(38.6)
28(33.7)
3(3.6)
32.0¢14.5 .4690
52(62.5) <.0001
30(38.5) .6562
43(53.4) <.0001
20(27.8)  .0009
6(9.1)  .0024
0 <.0001

*Results ar@resented as frequencies and percentages unless specified ottieewieatages were calculated after excluding the missing values.
HF: heart failureNYHA: New York Class Association; LVEF: left ventricular ejection fraction

[Chapter 3



Table 2: Diagnostic Test Performedover 1 year of chart abstraction

Characteristics 1 2 3 5 6 7
(n=100) (n=100)

(n =99) (n=100) (n= (=

8

(n = 100)

100) 101)

Echocardiogram 697(77.3) 42(42.0) 77(77.0) 8585.9) 88(86.3) 80(80.0) 6969.0) 9594.1)
Coronary Angiogram 346(38.4) 26(46.0) 34(34.0) 49(49.5) 51(50.0) 31(31.0) 19(19.0) 51(50.5)
Natriuretic peptide 62(7.0) 10(10.0) 0 2(2.0) 3(2.9) 4(4.0) 5(5.0) 17(16.8)
Clinic visits 4.3+3.9 6.745.9 3.7+25 4.8+35 49+49 2.8+1.6 35+2.1 3.1+1.8

*Results arg@resented as frequencies and percentages unless specified otherwise.

72(72.0)
23(23.0)
0
3.0+2.1

89(89.0)  .<0001
62(62.0)  .<0001
21(21.0)  <.001
3.4+26  <.0001
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Table 3: Medication ever prescribed

Characteristics

2
(n = 100)

5
(n=

6
(n=

7
(n=

ACEi 75383.5)
ARB 68(7.5)
ACEI/ARB 796(88.2)
d>blockers 76985.3)
Aldosterone antagonists 31935.4)
Antiplatelets 487(54.0)
Anti thrombin 356(39.5)
Digoxin 270(29.9)
Loop diuretics 74382.4)
Hydralazine 34(3.8)

Nitrates 17919.8)
Statins 461(51.1)

78(78.0)
5(5.0)
82(82.0)
81(81.0)
33(33.0)
62(62.0)
53(53.0)
28(28.0)
97(97.0)
1(1.0)
14(14.0)
63(63.0)

89 (89.0)
3(3.0)
90 (90.0)
89 (89.0)
26 (26.0)
68 (68.0)
34 (34.0)
31 (31.0)
93 (93.0)
0
22 (22.0)
52 (52.0)

83(83.8)
10(10.1)
89(90.0)
88(89.0)
53(53.5)
42(42.4)
38(38.4)
43(43.4)
92(93.0)
13(13.1)
31(31.3)
46(46.5)

84(82.4)
15(14.7)
92(90.2)
95(93.1)
49(48.0)
56(55.0)
45(44.1)
33(32.4)
94(92.2)
7(6.9)
20(19.6)
65(63.7)

ACEi: angiotensin converting enzyme inhibitor; ARB; angiotensin receptor blocker

100)
88(88.0)
9(9.0)
95(95.0)
86(86.0)
26(26.0)
64(64.0)
40(40.0)
21(21.0)
78(78.0)
0
17(17.0)
56(56.0)

100)
80(80.0)
5(5.0)
84(84.0)
85(85.0)
31(31.0)
44(44.0)
46(46.0)
35(35.0)
85(85.0)
5(5.0)
26(26.0)
48(48.0)

101)
86(85.2)
7(6.9)
90(89.1)
87(86.1)
39(38.6)
55(54.5)
29(28.7)
30(29.7)
70(69.3)
1(1.0)
8(7.92)
45(44.6)

83 (83.0)
4 (4.0)
86 (86.0)
76 (76.0)
28 (28.0)
46 (46.0)
35 (35.0)
21 (21.0)
73 (73.0)
0
21 (21.0)
41 (41.0)

82 (82.0)
10 (10.0)
88 (88.0)
82 (82.0)
34 (34.0)
50 (50.0)
36(36.0)
28 (28.0)
61 (61.0)
7 (7.0)
20 (20.0)
45 (45.0)

0.5121
0.0386
.180
.037
<.0001
0.0007
0.0219
0.0202
<.0001
<.0001
.0039
0.0055
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Table 4: Medication- Any time during the visits at target doseof evidencebased medicationamong users)

Patients on evidence All on 1 2 3 4 5 6 7 8 9 P-
based medication target dose value
ACEIi/ARB (N =762) 402 (52.8) 35(48.6) 48(57.1) 51(59.3) 3942.9) 46(50.0) 35(44.9) 57(90.0) 42(84.0) 49(57.7) .0%
b-Blocker (N = 718) 194 (27.0) 12(16.0) 42(51.2) 38(45.8) 15(17.1) 27(32.1) 14(17.3) 16(20.5) 11(15.7) 1924.7) <.001

ACEi: angiotensin converting enzyme inhibitor; ARB; angiotensin receptor blocker
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Table 5: Predictors of medication prescription

Everprescribed ACEARB
OR (95% CI)

Covariates Ever prescribe-blocker p-value
OR (95% CI)
(n =902)

Patient characteristics at baseline \(sihgle logistic regression)

Age 1.000 (0.989 1.012) 0.9353
Male 1.236 (0.822 1.857) 0.3084
LVEF% 0.951 (0.936 0.966) <.001
Hypertension 1.427 (0.987% 2.063) 0.0590
Diabetes 1.238 (0.828 1.851) 0.2974
Hyperlipidemia 1.818 (1.246 2.654) 0.0020
Renal dysfunction 1.618 (0.90G 2.909) 0.1076
Liver dysfunction n/a*** 0.9843
Atrial Fibrillation 2.186 (0.93% 5.136) 0.0726
Clinic characteristics*

Remote monitoring (any type) 1.315 (0.62% 2.784) 0.4168
HF training 1.845 (1.047 3.253) 0.0378
Use of guidelines 0.764 (0.359 1.624) 0.4266
#of nurses in the clinic 0.181 (0.0650.773) 0.1363
#of physicians in the clinic 1.310 (0.088 19.415) 0.6983
Academic (vs community) 0.893 (0.385 2.071) 0.7589
Access to inclinic pharmacist 1.154 (0.464 2.868) 0.7212

(n = 902)

0.977 (0.963 0.991)
0.940 (0.612 1.444)
0.956 (0.940 0.973)
1.472 (0.980 2.209)
1.370 (0.873 2.152)
1.245(0.829- 1.871)
0.351 (0.22% 0.558)
0.615 (0.174 2.175)
0.794 (0.405 1.555)

1.472 (0.778 2.787)
1.732 (1.003 2.992)
0.856 (0.439 1.669)
0.522 (0.112 3.444)
1.558 (0.195 12.449)
1.035 (0.473 2.266)
1.039 (0.465 2.324)

0.0019
0.7783
<.0001
0.0623
0.1713
0.2906
<.0001
0.4504
0.5006

0.1950
0.0491
0.5991
0.6013
0.6130
0.9208
0.9138

ACEi: angiotensin converting enzyme inhibitor; ARB; angiotensin receptor blocker; LVEF: left ventricular ejection fractioeattiFilure
*Hierarchical logistic regression model adjusted fdr variables but LVEF% & liver dysfunction for BB; LVEF% for ACEI/ARB LVEF%
was excluded from hierarchical models because of missing values (168 missing out Afl @&)nics had cardiologists workg in the clinic
and had access to-gite Echo***Complete separation All patients with liver dysfunction were prescribed beta blockers.
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Table 6: Predictors of ever achieving the target dose of medication

Covariates Ever on Trget doséor  p-value  Ever ontarget doséor p-value

b-blocker ACEi/ARB

OR (95% CI) OR (95% CI)

(n=718) (n=762)
Patient characteristics at baseline \(sihgle logistic regression)
Age 0.983 (0.973 0.994) 0.0018 0.990 (0.98% 1.000) 0.0434
Male 1.170 (0.816 1.678) 0.3929 1.214 (0.898 1.640) 0.2073
LVEF% 0.988 (0.972 1.003) 0.1153 0.997 (0.986 1.009) 0.6681
Hypertension 0.899 (0.646 1.253) 0.5306 1.477 (1.108 1.970) 0.0079
Diabetes 1.330 (0.945 1.870) 0.1018 1.465 (1.080 1.987) 0.0140
Hyperlipidemia 0.741 (0.533 1.031) 0.0751 1.108 (0.834 1.473) 0.4780
Renal dysfunction 1.025 (0.653 1.609) 0.9137 1.033 (0.679 1.572) 0.8782
Liver dysfunction 1.129 (0.392 3.247) 0.8222 0.491 (0.163 1.479) 0.2063
AF 1.029 (0.590 1.795) 0.9186 1.049 (0.630 1.747) 0.8541
Clinic characteristics*
Remote monitoring (any type)  1.514 0.479 4.785 0.4223 0.863 (0.529 1.409) 0.5010
HF training 2.098 (0.695 6.327) 0.1566 1.350 (0.842 2.163) 0.1762
Use ofguidelines 1.075 (0.324 3.561) 0.8912 0.890 (0.546 1.452) 0.5918
#of nurses in the clinic 1.023 (0.652 1.606) 0.9094 0.932 (0.784 1.106) 0.3624
#of physicians in the clinic 0.866 (0.682 1.100) 0.1976 0.949 (0.855 1.052) 0.2701
Academic (vscommunity) 0.818 (0.232 2.888) 0.7181 1.201 (0.70% 2.041) 0.4413
Access to inclinic pharmacist 0.685 (0.17% 2.746) 0.5400 0.867 (0.48% 1.542) 0.5755

ACEi: angiotensin converting enzyme inhibitor; ARB; angiotensin receptor blocker; LVEFetgficular ejection fraction; HF: heart failure;

OR: odds ratio; CI: confidence interval

*Hierarchical logistic regression model adjusted #it variables but LVEF%.LVEF% was excluded because missing (124 missing out of 718).
All 9 clinics had cardiologists working in the clinic and had access-sit®iEcho
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Table 7: Comparison of patient characteristics between 1998005(early) and 2006
2010 cohorts (recent)

Characteristics Early cohort Recent cohort P-value
N = 323 N =579

Age (range 175) 66.1+15.7 64.6+£16.0 67.4+15.3 0.0005
Male 570 64.5 202 63.5 368 65.0 0.6556
HF mode

Ischemic 279 68.5 110(59.8) 16957.7) 0.6499

Non-ischemic 198 41.5 74(40.2) 124(42.3)
NYHA class

I 92 (14.1) 29(14.5) 63(14.0) 0.0437

Il 276(42.4) 77(38.5) 199(44.1)

1 248 (38.1) 76(38.0) 172(38.1)

v 35 (5.4) 18(9.0) 17(3.8)
LVEF (%) 32.9+14.0 30.9+12.7 33.61£14.5 0.0187
Hypertension 502 61.7) 161 67.1) 341 64.1) 0.0504
Diabetes 300 37.9 97 34.3 203 39.0 0.2017
Hyperlipidemia 452 66.9 137 49.3 315 60.9 0.0016
Renal dysfunction 137 7.9 33 (12.2 104 1.0 0.0025
Liver dysfunction 17 2.3 3(1.2 14 3.0 0.1223
Atrial fibrillation 81 (9.0) 24 (7.4) 54 (9.3) 0.3314

*Results arg@resented as frequencies and percentages unless specified otherwise. Percentages were
calculated after excluding the missing values.
HF: heart failure; NYHA: New York Class Association; LVEF: left ventricular ejection fraction

|[Chapter 3



Table 8 Comparison of HF management patterns between 1995005 and 2006
2010 cohorts

Characteristics Early cohort Recent cohort P-value

N = 323 N =579
Procedures and tests ever done during the visits

Echocardiogram 697(77.3) 259 (80.2) 438 (75.6) 0.1469
Coronary Angiogram 346 (38.4) 111 (34.4) 235 (40.6) 0.0530
Clinic Visits 4.3+3.9 3.7+2.5 4.6+4.4 <.0001
Natriuretic peptide 62 (7.0) 26 (8.1) 36 (6.2) 0.2971
Medications ever prescribed during the visits

ACEi 753 (83.5) 287 (88.9) 466 (80.5) 0.0012
ARB 68 (7.5) 21 (6.5) 47 (8.1) 0.3782
ACEI/ARB 796 (88.2) 299 (95.6) 487 (85.8) 0.0026
Aldosterone antagonists 319 (35.4) 108 (33.4) 211 (36.4) 0.3654
Antiplatelets 487 (54.0) 157 (48.6) 330 (57.0) 0.0154
Anti thrombin 356 (39.5) 125 (38.7) 231 (39.9) 0.7244
drblocker 769 (85.3) 277 (85.8) 492 (85.0) 0.7501
Digoxin 270 (29.9) 115 (35.6) 155 (26.8) 0.0055
Loop diuretics 743 (82.4) 253 (78.3) 490 (84.6) 0.0173
Hydralazine 34 (3.8) 9(2.8) 25 (4.3) 0.2469
Nitrates 179 (19.8) 66 (20.4) 113 (19.5) 0.7406
Statins 461(51.1) 131 (40.6) 330 (57.0) <.0001

ACEi: angiotensin converting enzyme inhibitor; ARB; angiotensin receptor blocker;
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Appendix A

Recommended Bblockers

Medication ChemicalName
Apo-Bisoprolol bisoprolol fumarate
Apo-Carvedilol carvedilol
Apo-Metoprolol metoprolol tartrate
Apo-Metoprolol Sr metoprolol tartrate
Apo-MetoprolotL metoprolol tartrate
Betaloc metoprolol tartrate
Betaloc Durules metoprolol tartrate
Coreg carvedilol
GenMetoprolol metoprolol tartrate
GenMetoprolol (Type L) metoprolol tartrate
Lopresor metoprolol tartrate
Lopresor Sr metoprolol tartrate
Metoprolol metoprololtartrate
Monocor bisoprolol fumarate
Novo-Bisoprolol bisoprolol fumarate
Novo-Carvedilol carvedilol
Novo-Metoprol metoprolol tartrate
Nu-Metop metoprolol tartrate
PmsBisoprolol bisoprolol fumarate
PmsCarvedilol carvedilol
PmsMetoprolol B metoprolol tartrate
PmsMetoprololL metoprolol tartrate
RanCarvedilol carvedilol
Ratio-Carvedilol carvedilol

Sandoz Bisoprolol bisoprolol fumarate

Sandoz Metoprolol Sr metoprolol tartrate

10
25
100
100
100
100
100
25
100
100
100
100
100
10
10
25
100
100
10
25
100
100
25
25
10
100

Target dose Dosing

gdaily
bid
bid
bid
bid
bid
bid
bid
bid
bid
bid
bid
bid
qdaily
gdaily
bid
bid
bid
gdaily
bid
bid
bid
bid
bid
gdaily
bid
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Recommended ACE/ARB

Medication ChemicalName Target Dosing
dose
Accupril quinapril hcl 20 bid
Accuretic quinapril hcl & hydrochlorothiazide 40 gdaily
Altace ramipril 10 gdaily
Altace Hct ramipril & hydrochlorothiazise 10 gdaily
Apo-Capto captopril 2550 tid
Apo-Enalapril enalapril maleate 10 bid
Apo-Fosinopril fosinopril sodium 20 gdaily
Apo-Lisinopril lisinopril 20-35 (qdaily
Apo-Lisinopril/Hctz lisinopril & hydrochlorothiazide 20-35 qdaily
Apo-Ramipril ramipril 10 gdaily
Atacand candesartan cilexetil 32 gdaily
Atacand Plus candesartan cilexetil & 32 gdaily
hydrochlorothiazide
candesartan candesartan 32 gdaily
Capoten captopril 2550 tid
Captopril captopril 2550 tid
Captril captopril 2550 tid
Co Enalapril enalapril sodium 10 bid
Co Lisinopril lisinopril 20-35 qdaily
Co Ramipril ramipril 10 qdaily
conversyl quinapril hcl 40 gdaily
Coversyl perindopril erbumine 8 gdaily
Coversyl Plus perindopril erbumine & indapamide 8 gdaily
Coversyl Plus Ld perindopril erbumine & indapamide 8 gdaily
Cozaar losartan potassium 50 gdaily
Diovan valsartan 160 bid
Diovan-Hct valsartan & hydrochlorothiazide 160 bid
GenCaptopril captopril 2550 tid
GenEnalapril enalapril sodium 10 bid
GenFosinopril fosinopril sodium 20 gdaily
GenLisinopril lisinopril 20-35 qdaily
GenLisinopril/Hctz lisinopril & hydrochlorothiazide 20-35 (qdaily
GenRamipril ramipril 10 gdaily
Hyzaar losartan potassium & 50 gdaily
hydrochlorothiazide
Hyzaar Ds losartan potassium & 50 gdaily
hydrochlorothiazide
Lin-Fosinopril fosinopril sodium 20 gdaily
losartan losartan 50 gdaily
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Mavik

Monopril
Nov-Enalapril
Novo-Captoril
Novo-Enalapril
Novo-Fosinopril
Novo-Lisinopril P
Novo-Lisinopril Z

Novo-Lisinopril/Hctz Type P
Novo-Lisinopril/Hctz Type Z

Novo-Ramipril
Nu-Capto
perindopril
PmsCaptopril
PmsEnalapril
PmsFosinopril
PmsLisinopril
Prinivil

Prinzide
quinapril
Ramipril
RanLisinopril
Ratio-Captopril
Ratio-Enalapril
Ratio-Fosinopril
Ratio-Lisinopril P
Ratio-Lisinopril Z
Ratio-Ramipril
Sandoz Enalapril
Sandoz Lisinopril
Sandoz Lisinopril/Hct
Sandoz Ramipril
Taro-Enalapril
valsartan
Vasotec
Zestoretic

Zestril

trandolapril

fosinopril sodium

enalapril sodium

captopril

enalapril sodium

fosinopril sodium

lisinopril

lisinopril

lisinopril & hydrochlorothiazide
lisinopril & hydrochlorothiazide
ramipril

captopril

perindopril

captopril

enalapril sodium

fosinopril sodium

lisinopril

lisinopril

lisinopril & hydrochlorothiazide
quinapril

ramipril

lisinopril

captopril

enalapril sodium

fosinopril sodium

lisinopril

lisinopril

ramipril

enalapril sodium

lisinopril

lisinopril & hydrochlorothiazide
ramipril

enalapril sodium

valsartan

enalapril sodium

lisinopril & hydrochlorothiazide
lisinopril

20
10
2550
10
20
20-35
20-35
20-35
20-35
10
2550

2550
10
20
20-35
20-35
20-35
40
10
20-35
2550
10
20
20-35
20-35
10
10
20-35
20-35
10
10
160
10
20-35
20-35

gdaily
gdaily
bid
tid
bid
gdaily
gdaily
gdaily
gdaily
gdaily
gdaily
tid
gdaily
tid
bid
gdaily
gdaily
gdaily
gdaily
gdaily
gdaily
gdaily
tid
bid
gdaily
gdaily
gdaily
gdaily
bid
gdaily
gdaily
gdaily
bid
bid
bid
gdaily
gdaily
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Figure 1: Patient distribution by year of first visit and HF clinics
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Chapter 4: Effectiven essand economic
evaluation of m ulti -disciplinary heart
failure clinics: a pop ulation based study



Objective

The objective oPhasel was to compare
clinical effectiveness and health care
costs for the cohort of Ontario patients
treated atpgecialized HF clinics to a
cohort of HF patients treated with
standard careln addition, we evaluated
which characteristics of HF clinic
service models were predictive of
improved outcomes.
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Methods

Research Ethics Board Approv

This study was approved by the
Institutional Research Ethics Board at
Sunnybrook Health Sciences Centre,
Toronto, Ontario.

Data Sources

This analysis utilized gpulationbased
administrative databases at the Institute
for Clinical Evaluative Sciences (ICES).
These databases were linked using
encrypted unique patient identifiers
thereby protecting patient confidentially,
while allowing for the longitudinal
evaluation of clinickand economic
outcomes. The Ganadian Institute for
Health Informatiordischarge abstract
databas€CIHI-DAD) has recordsn the
frequency and type of all acute and
chronic care hospitalizatioms the
patients included in our cohorfThe

CIHI discharge record includesimost
responsiblédiagnosis andip to15
additional diagnosis codes that can be
used to estimate emorbidity, as well as
procedure codes, length of stay and in
hospital mortality datarhe Ontario
Registered Persons Databaseswsed to
ascertain mortality outcome®ational
Ambulatory Care Reporting Service
(NACRS) databaseontains
administrative, clinical, financial, and
demographic data for hospHased
ambulatory care, including emergency
department visits, outpatienirgjical
procedures, medical day/night care, and
high-cost ambulatory clinics such as
dialysis, cardiac catheterization, and
oncology22). Data onphysician visits
and laboratory tests weobtainedrom
theclaims history inOntario Health
Insurance progranOHIP) database,
which includes fedor-service claims
submitted by physicians and other
licensed health professioné®).

Finally, data orHF medication vere
obtained from the Ontario Drug
Database (ODB), which has
comprehensive drug utilization
information on patients over 65 years,
for whom full drug coverage is provided
for by the MOHLTG22).

Study Designand Sample

We performed a prospective cohort
study of patients discharged alive after
an acute care hospitalization for HF in
fiscal year 2006April 1%,2006March
31°'2007) comparing patientseated in
HF clinics to a matched HF cohort
treated with standard careRatients

were identified based on International
Classification of Disease (ICD) Version
10 code 150 in th€IHI-DAD. We
restricted the cohort to patients above the
age of D yearswho were residents of
Ontario with valid Ontariddealth
Insurance PlafOHIP) identification
numbers. For patients who had more
than one HF hospitalization in 2006, we
defined the first hospitalization as the
index event. The overall schematic for
the $udy design ishown in Figure 1.

We categorized patients as either HF
clinic patients or standard care patients
based on the presence of an OHIP claim,
with a principal diagnosis of HF, by one
of 91 identified HF clinic physicians,
within 1 year of thendex event. HF

clinic physicians were identified in a
separate study, in which an
environmental scan of the specialized
multidisciplinary clinics across the
province of Ontario was performed
(Phase 1 and 2). In addition to obtaining
billing numbers of HEelinic physicians,
this environmental scan involved the use
of a validated instrument to characterize
the intensity and complexity of the
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service model at each clinic. Theé
Disease Management Scoring
Instrument (HFDMSI) developed by
Riegel and colleages describes the
clinics across 10 categories (see
Appendix 1). As a supplement to the
information provided by the HBMSI,
using concept mapping, an expert panel
categorized th&3 specialized HF clinics
in fiscal year 2006 into one of 3 strata
(high, medium, and low) of clinic
intensity (see Chapter 2 for details).

Of the 91 HF clinic physicians in
practise in 200&007 in Ontario, only
74 (81%) consented to having their
OHIP billing numbers used in this study.
To mitigate the potential of
misclassiication of HF clinic and
standard care patients, we excluded all
patients discharged from a hospital in
which any of the norconsenting HF
clinic physicians practised (please see
Appendix 2 for list of excluded
institutions).

Outcomes

The primary effectieness outcome of
interest was altause mortality,
determined from the Ontario Registered
Persons Database. Secondary outcome
were allcause hospitalization, and
hospitalization for HF, based on the
CIHI-DAD. In addition, ve estimated
cumulative costadjusted to 2010
Canadian dollars as an economic
outcome. The perspectivef the
economic analysis was thattbi

Ontario Ministry of Health and
MOHLTC, the single third party payer
for health services in the province.
Please see Appendix 3 for a detal
description of the cost estimation using
administrative databases.

U

Statistical Analyses

A. Propensity Match

As this is an observational studye
anticipated thathe studycohortswould
have substantial differences in important
covariates. To adjusbr this, we usé
propensity score matching. Propensity
score analysis has become a popular
analytical method to balance the
influence of measured confounding
factors(23;24) Briefly, wefitteda

logistic regression model, with the
dependat variable(ie exposurepeing
seen in a specialized HF clinic
(dichotomous variable)All potential
covariates that could be predictive of
mortality in HF patientsvereincluded in
the mode(25). Covariates of interest
wereobtained using administrative
databases, using the most recent index
HF hospitalization in the loekack
window. A summary of the
administrative databases used, and the
covariate definitions are provided in
Appendix 4

A propensity score of the predicted
probability of being seen in a specialized
HF clinic wascalculated using this
model.We thencreate a propensity
scoré matched cohort by attempting to
match each patient in the HFrat

cohort with one in the control cohort (a
1:1 match)23;24) A nearest

neighbour matching algorithnwasused

to match atients on the basis of the logit
of their propensity score, with matching
occurring if the difference in the logif
the propensity scores wkss than 0.2
times the standard deviation of the
scores (the caliper widtt23;24)In

6 gr e edyn eniegahrbeosutr
study cohort patienvasrandomly
selected and matchivgasattempted
with the fAnearesto
patient(23;24)This processvas
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repeated until matches are found for all
patients in thédF clinic cohort(23;24)
Each matched pawasunique, and data
for unmatched paties in either cohort
werenotused in subsequent analyses.
Standardized differences of the mean (<
0.1)wereused to indicate good balance
in the matched samp(23;24)

B. Clinical Outcomes

Kaplan-Meier survival curves for each
primary and secondary outcomere
constructed for the matched study and
control cohort§24) Thesewere
compared using survival analysis
techniques, adjusted for matched
data(24)

To explore the characteristics of HF
clinics that are associated with inoped
outcomes, Coyproportional hazard
modelswere developedin these
models, thgopulationof interest was
restricted to thélF clinic population.
The models were hierarchical, with
clustering by clinic. We created separatq
models with allcause madality, all-
cause hospitalization and HF
hospitalization as the depesmd
variable. After adjustment for patient
level comorbidities, the cevariates of
interest were the scores on the-BIMSI
instrument, and the clinic intensity
strata. The HIODMSI scoes were
treated as ordinal variables. We first
evaluated each HBMSI category
individually. The final model included
only HF-DMSI categories that were
statistically significant when evaluated
individually.

C. Economic Outcomes

The mean 3 year cumulaticests were
estimated for each cohorélthough
follow-up was complete u March

31" 2010, because cases and controls

h

were accrued over the course of fiscal
year 2006, there were staggered foHow
up dates. To avoid the issues of costs
with censoringyve calculated
cumulative costs up to death or the
minimum full follow-up period for
surviving patients.A 2-sample linear
regression model for matched samples,
was usedo assess differences between
the standard and study cohdi26,27)

To calculate the cost effectiveness of HF
clinics, we determined the incremental
costeffectiveness ratio (ICER),
calculated as the incrementaist per

life year gained. The lifexpectancy

was calculated as the area under the
KaplanMeier curves constructed for the
HF clinic and standard care cohorts. The
time-horizon for the cost effectiveness
analysis was the minimum follcwp

period for suviving patients as defined
above. The costs and health outcomes
were not discounted.

Sensitivity Analyses

LV function

Because this propensity match uses only
covariates from administrative
databases, wasimportant to ensure that
important clinical vaableswerealso

well matched. Specifically, we wisHd

to evaluate the degree to whitie

above algorithm wuld match forleft
ventricular (LV)function. LV function

is an important prognostic predictor,
with studies showing that HF patients
with perse@ered LV function (ie LV
function > 45%) have improved survival
compared to patients with reduced LV
function. LV function data is not found
in administrative database$o testthe
degree to whiclour propensity match
balance LV function between HF dfiic
and standard care patientgerepeated
the above propensity scarea separate
cohort from he Enhanced Feedback for
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Effective Cardiac Treatment (EFFECT)
study, with both administrative data and
clinical data on LV function. The
EFFECT study was ehart abstraction of
9,943 HF patients, across 44 hospitals in
Ontario followedfor up to12 yearq28).

Survivorship Bias

The definition of HF clinic patients in

our study necessitated that a patient
discharged alive after a HF
hospitalization survied until a HF clinic
physician saw them. We performed two
landmark analyes, first restricting our
analysis to patients who survived at least
1 year after discharge from the index
event, and second, restricting it to
patients who survived at least 30 days
postdischarge, to evaluate the impact of
survivorship bias on our conclusions.
After 1 year, all HF clinic patients had
been seen in clinic, while at 30 days,
50% of HF clinic patients had been seen.

Stratified Economic Analyses

In a posthoc analysiswe repeated the
economic analyses, calculating ICERs
comparing high, medium or low
intensity clinics to standard care. For
each of these intensity strata, the
propensity score was recalculated, with
the exposure variable for the logistic
regression beingigh/medium/low
intensity clinics, and the match redone.

All analyses for clinical outcomes and
health related costs were performed
using SAS Version 9.1 (SAS Institute).
The costeffectiveness analysis model
was conducted iMicrosoft Excel
(Version D0O7). A twosided pvalue of
0.05 was considered significant.
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Results

Study Sample

From April 2006 to March 2007, 16,300
patients were admitted to hospital with a
primary diagnosis of HF. When
restricted to patients over the age of 20,
with valid Ontario health card numbers
and to patients who survived until
discharge, our sample sizesv14,468.

Of these patients, 1,288 were seen by H
clinic physicians within 1 year of their
index discharge. These patients were
seen at 21 different HF clinics, spread
across the province2,184patients were
excluded(13% of overall groupbecause
they were discharged from institutions in
which we had incomplete HF physician
billing data, and therefore could not be
accurately classified. As illustrated in
Figure 2, we had a final HF clinic cohort
of 1,288 and 10,996 standard care
patients.

Baseline (haracteristics

Prior to matching, these two cohorts
were substantially different (see
Appendix 5). Patients in HF clinics
tended to be younger, with a mean age
of 71.8 years (standard deviation [SD]
13.4), compared to 77.0 years (SD 11.5)
for standard carpatients. More males
(60.1% vs. 47.9%) were seen in HF
clinics. There were substantial
difference in residence and
socioeconomic status, with more urban
(92.5% vs. 80.9%), wealthy patients in
HF clinics, and in general, standard care
patients had moreo-morbidities.

In Table 1, the baseline characteristics o

HF clinic and standard care patients aftef

propensity matching is shown. All 1,288
HF were successfully matched to
standard care patients. There was good
balance between the two groups with
standardized differences less than 0.1.

f

There was complete followp until
March 3f!, 2010 for all patients. The
minimum followup for surviving
patients in our cohort was 1076 days.

Clinical Outcomes

Over the 4 years of followp, allcause
mortality was52.1% in the HF clinic
cohorts compared to 54.7% in the
standard care group, which was
statistically significant, with a-palue of
0.02 (Figure 3, Table 2). In contrast, the
HF clinic group has greater rates of both
all-cause hospitalization (87.4% vs.
86.6%; pvalue 0.009) and HF
hospitalization (58.7% vs. 47.3%; p
value <0.001) in comparison to the
standard care patients.

In Table2, clinical outcomes for the
stratified analysis are shown, comparing
high, medium and low intensity clinics
to propensitynatched standard care
patients. The statistically significant
improved survival associated with HF
clinics was observed in all three strata.
In contrast, the higher rates of-alluse
and HF hospitalization were observed
only in the medium and low steat
clinics.

Predictors of Improved Outcome

The 1,288 HF clinic patients were seen
at 21 HF clinics, of which 8 were
classified as high intensity clinics, 8
medium intensity clinics and 5 as low
intensity clinics, based on a concept
mapping exercise by axpert panel.
The intensity and complexity of these
clinics were evaluated using the HF
DMSI, across 10 categories, as
summarized in Appendix 6. The high
and medium intensity clinics had more
comprehensive education and
medication management programsj an
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were more multdisciplinary compared
to low intensity clinics.

The relationship of these clinic level
characteristics and patient outcomes is
shown in Table 3. The results of the
hierarchical Coxproportional hazards
model show differential impact of clinic
intensity on death and hospitalization.
More intense clinis had lower mortality
(hazard ratio [HR] 0.7 (95% confidence
interval [C1] 0.540.92; pvalue 0.011;)

in comparison to low intensity clinics.
HF clinics that included the caregiver
were associated with improved survival,
as were clinics with peer suppad an
important component of the intervention
(Table 3). Higher intensityclinics with
multiple contacts between providers and
patients of significant duration had a
significant reduction in mortality (HR
0.17; 95% CI1 0.1D.27; pvalue

<0.0001) comparetd clinics with only a
single contact with little or no followp.

In contrast, more intense clinics were
associated with higher rates of both all
cause hospitalization (HR 2.05; 95% CI
1.492.82; pvalue <0.001) and HF
hospitalization (HR 1.51; 95% CI08-
2.10; pvalue 0.015). A more intensive
medication management program was
associated with reduced all cause and H
hospitalization (HR 0.28 and HR 0.37
respectively). Howevegreater
involvement of caregivers, or a more
comprehensive education progran
supporting self care was associated with
increased hospitalization (Table 3).

Economic Outcomes

Over the 1076 days of complete follow
up, the mean cumulative cost for a HF
clinic patient was $54,311 compared to
$39,994 for a standard care patient (p
value <0.001). The increased costs
associated with HF clinic patients were

predominantly due to increased
hospitalization costs ($36,936 for HF
clinic vs. $26,868 for standard care; p
value <0.001). Nonetheless, the HF
clinic patients had greater costs &l

cost categories, including physician
claims ($10,780 vs. $8452), emergency
room visits ($2,785 vs. $2,361), same
day surgery ($2,526 vs $1,218) and HF
medication costs ($1,283 vs $1,094).

When costs were analyzed by clinic
strata, in contrast to theverall results,
there was no difference in cost between
the high strata HF clinics and standard
care ($40,023 vs $40,264). Both
medium and low strata HF clinics
continued to have statistically
significantly higher costs. The costs
and respective ICER&e found in Table
2. For the overall cohort, HF clinics had
an ICER of $158,344 per life year
gained over the 3 years of follewp.

High intensity HF clinics dominated
standard care, with lower costs and
improved survival. The ICERS for
medium and lovstrata clinics were
$220,397 and $88,313 per life year
gained respectively.

Sensitivity Analyses

1. Quality of matching between cases
and controls

Probably the single most important
prognostic variable among heart failure
patients is LVEF. Information aloit
ventricular function is not available in
administrative databases. In order to
determine whether our covariate
matching had resulted in a good match
with respect to LVEF, we applied our
matching algorithm to the EFFECT
study cohort, a group for whom [BF
data are available (ségpendix 7.
Although a good match was possible in
the administrative coariates used in
our main analysis, there was imbalance
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between LVEF between HF clinic
patients and standard care patients.
More patients with preserved IBF

were in the standard care group (22.5%
vs 16.7%).

2.Landmark

The results of the landmark analyses,
restricted to patients who survived at
least 1 year or 30 days respectively after
the index discharge is found in Appendix
8. In both analyses, thereag/no
statisticallysignificant difference

between survival in the HF clinic group
and the standard care group (1 year:
37.9% vs 39.1%;palue 0.683; 30 days:
51.2% vs 53.9%; alue 0.48)
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Discussion

In this populatiofbased comparison of
HF patients treated at specialized HF
clinics versus standard care, after a HF
hospitalization, we found thanly
approximately 10% of HF patients are
seen at specialized HF clinics after
discharge with a HF hospitaation.
Treatment aHF clinicswasassociated
with a statistically significant reduction
in mortality, but $0 asignificant
increase in both atause and HF
hospitalizations, over 3 years.

HF clinics havebeen studied extensively
in the literatue as a preferred mode of
ambulatory care delivery to patients with
this complex condition. Metanalygs

of randomized controlled trials have
generally shown that these clinics are
associated with an improvement in
mortality, with most also showing an
improvement in hospitalization when
compared to standard cdfe3;6;7;15
18;20;2937).

In our population level analyses, we
found similar improvements in mortality
associated with HF clinics, albeit of a
smaller magnitude, as would be expecte
in a re&world setting as opposed tioat
of a clinical trial(3;18) However, we
found a statistically significant increase
in both allcause ath HFspecific
hospitalizations, unlike that seensome
randomized controlled triald8). There
are severgbotentialexplanations for our
findings.

As ours is ammbservéional study there is
the possibilitythat the HF clinic cohort

is systematically different that than the
standard care group. We have used
advanced contemporary statistical
methods to mitigate this, but cannot rule
out the possibility of persisté

|

confounderg23). Nonehelessas seen

in our study and others, patients seen in
specialized HF clinics tend to be
younger, with less eaorbidity. As

such, it is unlikely that an increase in
hospitalization can be attributed solely to
residual confounding

Most importantly, he clinics evaluated
in our field evaluation may not be
representative of those evaluated in
clinical trials. Indeed, in our previous
work, we found a wide spectrum of
service models. Notably, the HF clinics
in Ontario are principally focuseon
outpatient care, witmo in-hospital or
homebasedcomponents Several
analyses suggest thabspital discharge
planning, immediate postischarge
follow-up andahomebasedntervention
may be criticacomponents of HF
clinics, necessary in ordey reduce
hosptalizations(18;19)

The observationatudydesign, with its
largesample size affords the ability
delve deeper into this possible
explanation, anévaluate potential
clinic-level characteristics that may
contribute to these findings.

We found that higher intensity clinics, as
determined by our expert panel were
associated with decrease in mortality
when compared to lower intensity
clinics. The most important clinic level
characteristic was the frequency and
complexity of patients coatt with the
clinic. In addition, greater involvement
of the patientds
presence odnintegrated peer support
program in the clinic were associated
with improvements in mortality. Of
note, intensity of medication
management, and the
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comprehensiveness of the education
program did not appear to be a
significant factoiin reducing mortality,
though medication management reduceq
hospitalization.

This finding iscontraryto some of the
prevailing hypothesis as to the
mechanism of benefit diF clinics.

which suggest thatlF clinics principally
improved utilization and complianaé
evidencebased medicationsinstead,

our results suggest that this model,
though involvement of the caregiver and
peersupportat higher intensity clinics,
there is better screening and the potentig
for earlier interventionwWhile higher
intensityclinics appeared to be
associated with greater survival, these
same clinics were associated with
greater alicause and Hspecific
hospitalization In this analysis, peer
supportand caregiver involved, in
addition to more comprehensive
education was associated with more
hospitalization suggesting that the
greater screening leads to earlier
intervention that appears to be hospital
based Indeed, medication use, and high
frequency of visits was the only factors
associated with lower hospitalization.

These canterintuitive findings provide
new insight into the care of these
patients in Ontario. They suggest that
the mortalitybendit afforded by HF
clinics may be mediated in part by
earlier hospitalization and intervention,
and thus avoidance of critical
deterioration.In this setting, one can
argue that these hospitalizations are not
avoidable, bumaybean important
mediator ofimproved survival.

As seen in the economic evaluation,

|

such hospitalizations are costly, with an

increased cost associated with HF clinic
care, predominately driven by acute in
hospital costs. The results of this
economic evaluation differs from
modelling work done by our group and
others suggesting that HF clinics are
costeffective, when efficacy estimates
derived from published randomized
trials are employe@38-40).

Our previous work suggedtsat HF

clinics in Ontario havawide spectrum

of service models, and as such the -cost
effectiveness of HF clinics may have
important differences based on intensity.
Given this heterogeneity the HF

clinics evaluated, singleoverall
economic evaluation may be misleading.
Our stratified economianalysis
reinforces this possibilitygiven the fact
that high intensity clinics appear to &e
dominantoption However, this analysis
should benat beconsidered conclusive,
as it was not prspecified, and involved
considerably fewer patients per intensity
category.

Our study musbe irterpretedn the
context of several limitations that merit
discussion. First, as our analysis was
limited to administrative data, we did not
have information on LV function. As
seen in our sensitivity analysis using the
EFFECT database, the propensity match
did not balance LV function, and it is
likely that patients seen in HF clinics
were more likely to have LV systolic
dysfunction. The medications that are
recommended for HF have proven
efficacy in systolic dysfunction, and
have not been shown to be benefianal
HF with preserved function. However,
patients with preserved LV tend to have
improved survival and less resource;us
as such, this would suggest that we are
underestimating the survival benefit

|[Chapter 4



afforded by HF clinics in our main
analysis.

A secondmportant limitation is ta
method we used to classify HF clinic
patientsrequiredphysician billing
numbers. This assumes that all HF
patients seen by a HF clinic physician
areseen ina HFclinic. This may not be
true; nonetheless, it is likely that thare
provided by a HF clinic physician to HF
patients seen outsiad a formal HF
clinic is comparable to those in the HF
clinic, mitigating thisissue. In addition,
we were not able to obtain all the
billings numbers for HF clinic
physicians as not alhysicians
consented. We addressed this issue by
excluding all patients from institutions
with incomplete billing information.

Finally, there is the potential for
survivorship bias. In our sensitivity
analysis, we address this using two land
mark analys. Due to the reduction in
sample size, we no longer show a
statistically significant improvement in
mortality associated with HF clinicas
such, we cannot rule out the possibility
of survivorship bias. Nonetheless

both landmark analyses we conalto
see a 2% absolute reduction in mortality
with HF clinics similar to our main
analysis.

In conclusion, we found that HF clinics
are associated with a robust
improvement in mortality in patients
dischargd after a HF hospitalation,

but an increase in hospitalizations. We
believe this work will be of substantial
value to policy makers in determining
which features of a specialized HF clinic
intervention are key in order to realize
their beneficial effects on health
outcomes.
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Table 1: Baseline Characteristics of Matched Cohort

HF Clinic

Non-HF clinic

Standardized
difference

(matched
sample)

Standardized
difference
(original
unmatched

Age (years, Mean + SD)
Male , N(%)

LHIN

Missing

Erie St. Clair

South West

Waterloo Wellington

Hamilton Niagara Haldimand

Brant

Central West
Mississauga Halton
Toronto Central
Central

Central East

South East

Champlain

North Simcoe Muskoka
North East

North West

RIO

Rural

Urban

Unknown
Neighbourhood Income
Equivalent

1
2

4
5
Coronary artery disease

Old myocardial infarction
Diabetes mellitus
Hypertension
Cerebrovascular disease
(Yes/No)

Chronic cerebrovascular
disease
Chronic renal insufficiency

N=1,288

71.80 + 13.35
774 (60.1%)

7 (0.5%)

9 (0.7%)

19 (1.5%)
99 (7.7%)
154 (12.0%)

45 (3.5%)
102 (7.9%)
165 (12.8%)
177 (13.7%)
205 (15.9%)
27 (2.1%)
192 (14.9%)
71 (5.5%)
15 (1.2%)
<6 (0.1%)

95 (7.4%)
1,192 (92.5%)
<6 (0.1%)

272 (21.1%)
277 (21.5%)
225(17.5%)
252 (19.6%)
256 (19.9%)
717 (55.7%)

628 (48.8%)
649 (50.4%)
1,068 (82.9%)
80 (6.2%)

23 (1.8%)

313 (24.3%)

N=1,288

71.65 + 13.29
823 (63.9%)

10 (0.8%)

6 (0.5%)

25 (1.9%)
103 (8.0%)
168 (13.0%)

50 (3.9%)
86 (6.7%)
168 (13.0%)
170 (13.2%)
198 (15.4%)
31 (2.4%)
203 (15.8%)
61 (4.7%)

9 (0.7%)

0 (0.0%)

102 (7.9%)
1,185 (92.0%)
1 (0.1%)

283 (22.0%)
281 (21.8%)
223 (17.3%)
256 (19.9%)
239 (18.6%)
734 (57.0%)

613 (47.6%)
662 (51.4%)
1,039 (80.7%)
74 (5.7%)

25 (1.9%)

323 (25.1%)

0.01
0.08

0.03
0.03
0.04
0.01
0.03

0.02
0.05
0.01
0.02
0.01
0.02
0.02
0.04
0.05
0.04

0.02
0.02

0.02
0.01

0
0.01
0.03
0.03

0.02
0.02
0.06
0.02

0.01

0.02

0.45
0.24

0.02
0.3
0.25
0.1
0.03

0.04
0.38
0.17
0.17
0.18
0.16
0.16
0.04
0.29
0.21

0.3
0.3
0.01

0.11
0.01
0.05
0.06
0.13
0.12

0.17
0.03
0.11
0.09

0.05
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Chronic pulmonary disease
Dementia

Malignancy

Charlson Comorbidity Index
<=2

2-3

35

>5

Adjusted Clinical Group
(ACG)

<=3

35

5-8

>9

275 (21.4%)
43 (3.3%)

76 (5.9%)

539 (41.8%)
260 (20.2%)
329 (25.5%)
160 (12.4%)

440 (34.2%)
313 (24.3%)
314 (24.4%)
221 (17.2%)

276 (21.4%)
46 (3.6%)

83 (6.4%)

517 (40.1%)
261 (20.3%)
354 (27.5%)
156 (12.1%)

447 (34.7%)
324 (25.2%)
317 (24.6%)
200(15.5%)

0.01
0.02

0.03

0.04
0.01

0.01
0.02
0.01
0.04
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Table 2: Clinical and Economic Outcomes

n
death
hospitalization

HF
hospitalization

Total cost
ICER

Overall Cohort High Strata
HF standard p-value HF clinic standard p-
clinic value
1288 365
52.1% 54.7%  0.02 54.1% 65.6%  0.020
87.4% 86.6% 0.009 83.9% 91.1% 0.617
58.7% 47.3% <0.001 53.5% 47.2%  0.141
$54,311 $39,994 <.0001 $40,023 $40,264 0.94

$158,344 dominates

Medium Strata Low Strata
HF clinic standard p-value HF standard  p-value
clinic
487 364

49.5% 55.8%  0.060
88.6% 82.3%  <0.001
58.8% 39.0% <0.001

$54,947  $34,119 <.0001
$220,397

52.8% 67.7%  0.037
87.6% 84.6%  0.079
61.1% 45.3%  0.006

$51,129  $36,177 <.0001
$88,313

|[Chapter 4



Table 3: Clinic Level Predictors of Outcome

Parameter

High Intensity

Low Intensity

2
3

rWON P BN

w N

= O

1
2
3

HR (95% CI)

DEATH

0.70(0.54,0.92)
Medium Intensity 0.56(0.39,0.80)

Referent

Referent
0.67(0.50,0.88)
0.76(0.63,0.93)

Referent

1.37(0.86,2.20)
0.76(0.62,0.92)
1.02(0.75,1.38)

Referent
1.19(0.99,1.42)

Referent
0.73(0.59,0.89)
0.82(0.68,0.99)

Referent
0.12(0.07,0.19)
0.17(0.11,0.27)

P-value HR (95% CI) P-value
HF ADMISSION
0.0107 2.05(1.49,2.82) <0.0001
0.0015 2.71(1.82,4.03) <0.0001
Recipient
Referent
0.0048 2.35(1.67,3.32) <0.0001
0.0068 2.22(1.74,2.82) <0.0001
Education and counseling aimed at supportingcai
Referent
0.188 2.12(1.25,3.59) 0.01
0.0056 2.80(2.17,3.61) <0.0001
0.9191 2.99(2.02,4.43) <0.0001
Medication management
Referent
0.0508 0.28(0.21,0.36) <0.0001
Social support
Referent
0.0021 0.82(0.64,1.06) 0.13
0.0436 1.10(0.86,1.40) 0.46
Complexity
Referent
<0.0001 1.673(0.97,2.87) 0.07
<0.0001  0.95(0.59,1.53) 0.83

HR (95% CI) P-value
ALL ADMISSION

1.51(1.08,2.10) 0.015
1.83(1.23,2.73) 0.003
Referent

Referent

1.94(1.45,2.60) <0.0001
1.92(1.57,2.36) <0.0001
Referent

2.41(1.45,4.01) 7E-04
2.39(2.06,2.77) <0.0001
2.53(1.92,3.33) <0.0001
Referent

0.37(0.32,0.43) <0.0001
Referent

0.84(0.66,1.06) 0.146
1.27(1.07,1.50) 0.006
Referent

0.97(0.62,1.51) 0.882
0.60(0.41,0.87) 0.007

Model adjusted for Charlson Comorbidity, Adjusted Clinical group, rurality index, income equivalent, hypertension, dialigtes,cy,
dementia, renal insufficiency, cererbrovascular disease, pulmonary disease, coronary disease, old myocardiakigéargtioder,
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Figure 2

# of unique inpatient
hospitalizations for HF in
fiscal 2006 N=16300

Restricted to age > 20
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Restrict to valid IKN and
died after the index
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1,288 HF clinic patient
based on billing numbe

[92)

s

2,184 patients excluded
because from incomplete
billing data institution

patients

10,996 standard care
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Figure 3

KM curves in PS-Matched sample: Time to death
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KM curves in PS-matched sample: Time to HF readmission
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Appendix 1

Intervention category Points to be assigned

Recipient 1=Provider alone
2=Patient alone
3=Patient with some inclusion of caregiver
4=Patient with a caregiver who is central to the intervention

Intervention content

Education and 0=No mention of education
counselling aimed at 1=Focus solely on importance of treatment adherence
supporting seltare 2=Focus on treatment adherence including some creative

methods of improving adherence
3=Focus on surveillance but no mention of actimnise taken in response to symptoms (eg
no flexible diuretic management)
4=Emphasis on surveillance, management, and evaluation of symptoms in addition to
treatment adherence

Medication managemen 0=No mention of medication regimen
1=Some mention of mechtions (eg, importance of medication compliance) but not an ac
part of the intervention. No attempt to intervene with provider to get patients on an evide
based medication regimen
2=Evidencebased medication regimen advocated but no follgwvith patient or provider to
monitor the suggestion
3=Medication regimen monitored, attempt made to get the patient on eHolased
medications, with follomup monitoring done with patient or provider

Social support 0=No mention of a peer suppdmtervention

Peer support 1=Peer support mentioned but not integral to intervention
2=Peer support integral component of intervention

Surveillance by 0=No use of remote monitoring or telehealth

provider: 1=Remote monitoring is used in conjunctieith other

Remote monitoring interventions that form the main intervention used
2=Telehealth is essential component of intervention

Delivery personnel 1=Single generalist provider (eg, physician, nurse, pharmacist)

2=Single HF expert provider (eg, physician, nurse, phast)ac
3=Multidisciplinary intervention
Method of 1=Mechanized via internet or telephone
communication 2=Persorto-person by telephone
3=Faceto-face, individual, or in a group
4=Combined: Fac#o-face at least once alone or in a
group with individuakelephone calls in between meetings
Intensity and complexity

Duration 1= 01 mo
2= 03 mo
3= 06 mo
4=>6 mo
Complexity 1=Low: single contact with little or no followp

2=Moderate: >1 but <4 and/or infrequent contact or contacts of short duration
3=High: multiple contacts of significant duration
Environment 1=Hospital: Inpatient only
2=Clinic/outpatient setting
3=Homebased
4=Combination of settings
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Appendix 2 Excluded Hdspitals

Hospital Name:

London Health Sciences Center
Hamilton Health Sciences Corporation
Credit Valley

Trillium Health center

North York General

Ross Memorial

|[Chapter 4



Appendix3: Economic @tcomes

The primary economic outcome will be mean total cost/patient over the 3 years of follow
up (20072010). Wewill only include direct health care costs and the perspective of
analysis is that of the Ministry of Health and Long Term Care of Ontario. Costs will be
adjusted to 2010 Canadian dollars using the Consumer Price Index (CPI). Costs of
interest include:

1.

Ambulatory CostgOHIP). OHIP claims are classified into:

a. FP/GP visits, b. Specialist visits, c. Diagnostic tests, d. Other physician claims
We usedthe median reimbursed (TOTPAID) amount for that fee code for that fiscal
year for cost. For areas wishadow billing to record services provided through-non
fee-for-service plans, the median (of nearo TOTPAID) payment for all of the
associated fee codes will be used for that fiscal year.

Hospital admissions Case mix group determined from CIBAD to determine
Resource Intensity Weight (RIW) for that year.

Cost of hospitalization is RIW * cost per weighted case (CPWC) for that year.
CPWC is published by the Ontario Joint Polayd Planning Committee (JPPC).

ER visit Extracedall ER visits fom CIHI National Ambulatory Care Reporting
System (NACRS). Determine RIW weight from NACRS for that year. Costis RIW *
CPWC from JPPC.

Day Surgery Apply same methodologs ER visit methodology using NACRS

Medications(ODB), using only HFspecific drugs, based on Drug ldentification
Numbers (DIN).
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Appendix 4: List of Covariates

Variable Source Database

Hospital type
Age (years)

Gender
(male/female)
Residence (county)

Residence (Local
Health Integration
Network)
Hospital identifier
(INST variable)
Hospital type

Rurality Index for
Ontario (RIO)
Neighbourhood
Income Equivalent
Coronary artery
disease (Yes/No)

Old myocardial
infarction

Diabetes mellitus
(Yes/No)
Hypertension
(Yes/No)
Cerebrovascular
disease (Yes/No)
Chronic
cerebrovascular
disease

Chronic renal
insufficiency
(Yes/No)

Chronic pulmonary
disease (Yes/No)
Dementia (Yes/No)

insttype variable in CIHI record

Age at time of admission for index event (calculate using
GETDEMO macro)
Determine using GETDEMO macro

County of residencecfity) T determine using GETDEMO
macro (option geodate = admdaitelso getcd variable using
GETDEMO macro.

Local Health Integration Network (14) of residence in CIHI
discharge abstracts at time of index event

inst variable in CIHI discharge abstract

insttype variable in CIHI record

Statistics Canada Postal Code Conversion file and Census t

ICD-10 coded20; 121;122; 124 ;125; 1513

ICD-10 codd25

Presence i©DD 2007 databaset any point before index
event prevyyyy ODD < fiscal year of CIHI index event).
Presence ilypertension 2007database any point before ind«
event (iagdateO i ndex date for ind
ICD-10 coded60 i 168; 169; G45; G46, H34.

ICD-10 codd69
(1) ICD-10 coded12.0; 113.1; NO3.2N03.7; N05.2N05.7;
N18; N19; N25.0; Z49.6749.2. 7Z94.0; 799.2.

ICD-10 coded27.8; 127.9; J40J47; J60-J67; J68.4; J70.1;
J70.3.

ICD-10 coded=00- FO3; F05.1; G30; G31.1
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Malignancy (Yes/No)
T non-melanoma skin
tumours excluded
Charlson Comorbidity
Index

Adjusted Clinical
Group (ACG)

ICD-10 codesC00-26; C30-C34; C37-C41; C43; C45C58;
C60-C85; C88; C96C97.

Entire score. Score. ICD10 codes in CIHI
discharge abstracts
Myocardial infarction Yes/No. ICB10 codes in CIHI

discharge abstracts.
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia
Chronic pulmonary disease
Rheumatologic disease
Peptic ulcer disease
Mild liver disease
Diabetes
Diabetes with chronic
complications
Hemiplegia or paraplegia
Renaldisease
Any malignancy
Moderate to severe liver disease
Metastatic solid tumour
AIDS
ICD -10 codes from CIHI
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Appendix 5: Baseline Characteristics of Unmatched Cohorts

Age (years)

Mean + SD

male

LHIN

Missing

Erie St. Clair

South West
Waterloo Wellington
Hamilton Niagara Haldimand
Brant

Central West
Mississauga Halton
Toronto Central
Central

Central East

South East
Champlain

North Simcoe Muskoka
North East

North West

RIO

Rural

Urban

Unknown
Neighbourhood Income
Equivalent

1

2

3

4

5

Missing

Coronary artery disease (Yes/No)

Old myocardial infarction
Diabetes mellitus (Yes/No)
Hypertension (Yes/No)

Cerebrovascular disease (Yes/No)
Chronic cerebrovascular disease

Chronic renal insufficiency
(Yes/No)

HF Clinic
N=1,288

Non-HF clinic
N=10,996

p-vlaue

71.80+13.35 77.01+11.47 <.001

774 (60.1%)

7 (0.5%)

9 (0.7%)

19 (1.5%)
99 (7.7%)
154 (12.0%)

45 (3.5%)
102 (7.9%)
165 (12.8%)
177 (13.7%)
205 (15.9%)
27 (2.1%)
192 (14.9%)
71 (5.5%)
15 (1.2%)
<6 (0.1%)

95 (7.4%)
1,192 (92.5%)
<6 (0.1%)

272 (21.1%)
277 (21.5%)
225 (17.5%)
252 (19.6%)
256 (19.9%)
6 (0.5%)

717 (55.7%)
628 (48.8%)
649 (50.4%)
1,068 (82.9%)
80 (6.2%)

23 (1.8%)
313 (24.3%)

5,270 (47.9%)

46 (0.4%)
944 (8.6%)
863 (7.8%)
595 (5.4%)
1,201 (10.9%)

481 (4.4%)
215 (2.0%)
890 (8.1%)
980(8.9%)
1,125 (10.2%)
629 (5.7%)
1,103 (10.0%)
515 (4.7%)
990 (9.0%)
419 (3.8%)

2,086 (19.0%)
8,898 (80.9%)
12 (0.1%)

2,825 (25.7%)
2,408 (21.9%)
2,139 (19.5%)
1,919 (17.5%)
1,664 (15.1%)
41 (0.4%)

5,452 (49.6%)
4,462 (40.6%)
5,378(48.9%)
9,532 (86.7%)
975 (8.9%)

288 (2.6%)

2,692 (24.5%)

<.001

<.001

<.001

<.001

<.001
<.001
0.315
<.001
0.001
0.072
0.887
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Chronic pulmonary disease
(Yes/No)

Dementia (Yes/No)

Malignancy (Yes/No)i non-
melanoma skin tumours excluded

Charlson Comorbidity Index
<=2

2-3

3-5

>5

Adjusted Clinical Group (ACG)
<=3

3-5

5-8

>9

275 (21.4%)

43 (3.3%)
76 (5.9%)

539 (41.8%)
260 (20.2%)
329 (25.5%)
160 (12.4%)

440 (34.2%)
313 (24.3%)
314 (24.4%)
221 (17.2%)

3,064 (27.9%)

781 (7.1%)
813 (7.4%)

4,396 (40.0%)
2,193 (19.9%)
2,814 (25.6%)
1,593 (14.5%)

3,573 (32.5%)
2,659 (24.2%)
2,805(25.5%)
1,959 (17.8%)

<.001

<.001
0.05

0.214

0.604
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Appendix 6:Disease management interventions in heart failure

clinics* (n = 21)

HF-DMSI category

Recipient

Education and counselling
aimed at supporting selfcare
Medication management
5eersﬁppon'

Remote monitoring

béii,\,/é,r,y, personnel

- Method of communication
Duration

Complexity

Environment

All clinics

(n=30)

3.6+0.5

4.0+0

2.6x0.6

2.0+0.2

Clinic intensity types

High
(n=10)

3.7+0.5

3.9+0.3

3.0+0

1 0.6+0.7
£ 1.0:0.8

3.0£0

4.0+0

4.0+0

3.0+0

2.0+0

Medium

(n=13)

3.5+0.5
4.0+0
2.6x0.5

1.9+0.3

Low
(n=7)

3.0+£0.6

2.6x1.1

2.1+0.7
0.3+0.5
0.1+0.4
2.0+0.8
3.440.5
4.0£0
2.0+0.6

2.0+0

p-value

.040

.011

.002
147
.079
.002

.018

<.001

.536
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Appendix 7: EFFECT Il HF cohort: Standardized Differences of
baseline covariates in original and matched sample

HF Clinic Non-HF Standardized Standardized

clinic difference difference
(matched (original
sample) unmatched
sample)
N=621 N=621
Age (years, Mean = SD) 72.88 = 72.65 * 0.02 0.3
13.03 12.45
Male , N(%) 337 352 0.05 0.1
(54.3%) (56.7%)
LVEF
<=45% 332 251 0.13 0.25
(53.5%) (40.4%)
>45% 104 140 0.13 0.25

(16.7%)  (22.5%)
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Appendix 8: Landmark Analysis

Landmark B: KM curves in PS-matched sample: Time to death
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