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Abstract: Congestive Heart Failure (CHF) is an emerging epidemic. Within one generation, the
medical community has learned much of CHF syndromes. It has two distinct mechanisms, systolic
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and diastolic abnormalities, to account for the common CHF presentation. It is complex as it chal-
lenges the available health care services, resource, and funding models in providing an equitable
service across the health continuum. Despite the improvement in many cardiovascular diseases,
some CHF outcomes like readmissions and costs have increased. The reinvigoration of evi-
dence-based medicine, the development of health services models of care, and standardisation of

DOI: disease processes with taxonomies have also occurred within the same time span. These processes,
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however, need to be linked with health policy as presented in white papers. In this paper, we ex-

plore achieving optimal CHF guideline-recommended outcomes as the science approaches real-

world translation.
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1. INTRODUCTION

“A disruptive change is absolutely necessary because
our current systems are failing in efficiencies, reproducibili-
ty, disease prevention, and affordability.” Gicklich et al. [1].

The burden of disease, health outcomes, and health sys-
tem cost for Congestive Heart Failure (CHF) are projected
to increase [2]. This syndrome appears to be headed toward
a new phase between consensus guideline-based care and
the ‘real world’ realities of translatable care, cost-effective-
ness, and administrative oversight. This is an important con-
sideration, as unchecked, the gap between governmental
funding and expectations of ‘gold-standard care’ could devi-
ate further apart. The main stakeholders of this process are
clients, health professionals and health administrators. Peer-
reviewed publications represent client and health services
and white papers the health administrators. Traditional silos
are gradually breaking down with overlapping areas be-
tween the stakeholders [3-9]. However, outcome models re-
quire a more intricate link between collaboration, innova-
tion, and lobbying. In a recent white paper, this was high-
lighted as their third priority [10].
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The OPTIMIZE-HF study [11] was a landmark in many
ways; importantly it taught us about trial findings and the im-
portance of governance. If we replicate clinical practice with
a structured process similar to what trials do and deliver
guideline standard care, we can reproduce outcomes
achieved in trials. As we head into a new phase for CHF, in
this mix, there are the changing landscape of digital informa-
tion technologies, commercialisation of health care services,
expanding patient demography, diminishing infrastructure
and resource distribution, and funding constraints. In this en-
vironment, healthcare is becoming part of a broader econom-
ic strategy that requires a responsive system to innovate new
models of care to balance the community need, infrastruc-
ture, and funding constraints [10, 12-14]. This review ex-
plores that boundary addressed in the OPTIMIZE-HF i.e.
the hospital setting, to a broader community setting. We stan-
dardise the discussion around several domains described in
Krumholtz’s taxonomy of chronic disease management
(Table 1) [3]. To explore the wider considerations in achiev-
ing optimal guideline-based care, we explore three areas
which are important, however, less frequently discussed:

e Qutcome measures: The link between evidence and
health services.

e Method of communication: The role of health data in
the new phase of health services.
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e Wider considerations in exploring CHF disease man-
agement: We provide a narrative example of an
evolving model of care.

2. HEALTH CLUSTERS, DISEASE TAXONOMY AND
HEART FAILURE GUIDELINES

“Tomorrow's outcomes should be defined when translat-
ing the evidence in a defined area using a standardised
framework within a funding model that is sustainable”.

The Western evidence-based medical system is based on
observations and a structured process to examine and inter-
pret the findings. This structure pervades the health system,
the diseases managed and the scientific process that gathers
the evidence. Defining the components of these domains can
shape the health systems we envisage (Fig. 1).

Health administrators are increasingly looking for hybrid
models that complement infrastructure rather than investing
in new infrastructure. To achieve the main goal of optimal
patient outcomes with an acceptable and sustainable budget,
these four domains are important: 1. Congestive Heart Fail-
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ure Chronic Disease Management Programs (CHF CDMP) -
culminate from theoretical and researched concepts e.g.,
Wagner’s Model. Ongoing introspection and reinvention of
the model, as community demography changes are impor-
tant to keep them relevant; 2. Health Services - delivery of
services to the public is shaped by an interplay between com-
munity need, administrative oversight and a Taxonomy
framework that shapes the areas to service; 3. Health out-
comes (cost-effectiveness) are achieved by translating guide-
line-based evidenced care. All systems invariably have push
or pull factors that determine their shape; 4. The nine circles
are principles and recommendations from the AHA’s expert
panel on disease management and defining the foundations
for health clusters. An important consideration universally
is: firstly, reducing the utility of health services by improv-
ing self-management capacity; and having a broader look at
local health care as an industry with data, life sciences, edu-
cation, and employment capabilities to generate a local econ-
omy and finance. Models that can integrate existing infras-
tructure, and finding balance between evidence generation
and translation, may increasingly achieve this goal [3, 15,
18, 19].

ealth Services

= Adrministrative White Papers
Health Taxenomy

=Patient Factor & Community
Lobbying

8, Address all populations,
including underserved or

Fig. (1). Chronic diseases programs, health services and cost-effectiveness. (4 higher resolution / colour version of this figure is available in

the electronic copy of the article).
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Table 1. Chronic disease taxonomy and model of care domains.

Domain Subdomains Collaborate Innovate Lobby
1. Patient Population Risk Status Pool Resources 1. Data Analytics VR
Comorbid Condition Pooling Data
Non-clinical Characteris-
tics
2. Recipient Patient/ Caregiver Care coordination 1. Extension of existing works VR
Care Provider 2. Pool Resources
3. Intervention Content | Patient Caregiver Educa- | Standardise Document 1. Remote Monitoring Systems VR

tion
Medication Management
Peer Support
Remote Monitoring

2. Medication Compliance

Nurses
Physicians
Pharmacists
Social Workers
Dieticians
Physical Therapist
Psychologist
Case Manager
Care Coordinators

4. Delivery Personnel
2. Care Plans

Pool Resources

1. Patient Health Hub*,
2. Portable Data Storage - biometrics or
patient controlled scannable technolo-
gies

1. Case Management Structures,
funding models

5. Method of Communica-| Face-to-face Individual
tion Face-to-face Group
Telephone In-person
Telephone Mechanized
Internet

Stakeholders to regularly
address options

1. Extension of existing works
2. Translation of promising works

1. Funding for inner-city tele-
health to negate social isolation
(disabled, elderly)

6. Intensity and Complex- Duration VR
ity Frequency/ Periodicity
Complexity

1. Algorithms and computer-assisted
learning

1. Expansion of care plans be-
yond one shoe fits all
2. Self-management
3. Multidisciplinary clinics
4. Comorbidity clinics

7. Environment Hospital: Inpatient
Hospital Outpatient

Home-based pacities

Staged care - sharing of
acute & convalescing ca-

1. Extension of existing works 1. Geographical factors may dic-

tate

8. Outcome Measure Clinical Measures Data Sharing

1. Improve, reduce the number of KPI |1. Local guidelines and standardi-

Geopolitical and Economic
Environments

Process Measures to better predict sensitive KPI sations
9. Others Funding Models Define Stakeholders for | 1. Commissioned works - stakeholder 1. State
Future Projections health clusters input vital 2. Federal

3. Local Council

Clarifications: Innovation, collaboration or lobbying is a continual process and affects all domains. The points made are what appear as relevant to the arguments in this review.
Number 9 ‘Others’ is a new addition to the taxonomy. We feel funding must be considered holistically as well as for each domain; however the former has greater weightage.
*Patient health hub relates to storage and access of data. Patients are in control of their environment. Haemodynamic, medication changes can be updated and recorded in hubs e.g.,
council building, post office, which are linked to all health providers. This provides timely and accurate updates. Bar codes, biometrics.

Abbreviations: C - collaborate; I - innovate; L - lobbying; VR - variable relevance. Table adapted from reference [3].

2.1. Defining Health Systems

Defining a health system today is difficult. New discov-
eries are frequent and individuals who subspecialise in these
skills are housed in large institutions. As the population
grows and are mobile, health services planning may not
match the actual clinical needs, thus, the canvas on which di-
vision and compartmentalisation of health structure are an
important point to base these discussions. We discuss this
canvas from the concept of a ‘Health Clusters’. The North-
ern American Industry Classification System (NAICS)
defines health care as constituting subsectors with: i. ambula-
tory services, ii. hospital operations, iii. nursing and residen-
tial care facilities, and iv. social assistance [12]. These nodes
either through government or public-private initiatives, coa-
lesce to form a degree of interdependence, clinically, eco-

nomically, administratively and even share a future vision of-
ten within geographical or chronological boundaries . The
shared goals encompass achieving optimal Key Performance
Indicators (KPI) across the continuum of care with reduced
capital expenditure, duplications, and integration where pos-
sible either cooperatively or competitively [14]. Thus, future
thinking should envisage health clusters as part of a local
economy as recipients and generators of funding [13].

2.2. Defining Disease Management

Taxonomy is the science and principles of classifying
things or concepts into groups or hierarchies, including clus-
ters, organisations, and diseases. Krumholtz ef al., published
a taxonomy of disease management, including 8 domains
and more than 30 subdomains (Table 1). We believe this is a
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gold-standard document to standardise health care services,
and evolving clusters [3]. Disease programs such as a heart
failure program correspond to Standard Operating Protocols
(SOP) for one disease within a service that uses the disease
taxonomy’s foundation and populates it with evidenced care
predominately from guidelines, consensus and other peer-re-
viewed publications. Administrative white papers are, in a
sense, a blueprint of how and where governments see key ar-
eas within a taxonomy are funded. Lobbying is the final de-
terminant of this process, particularly in regard to resourc-
ing. The American Heart Association Expert Panel Princi-
ples and Recommendations on Disease Management [3, 15]
provide a broad canvas when thinking of this journey as th-
ese also shaped the chronic disease taxonomy by Krumholtz
etal., (Fig. 1).

2.3. Defining Science and Standards

The scientific consensus which leads to guideline state-
ments represents the general agreement of scientists in that
field where they provide an opinion, judgement and take a
collective position, that is not always unanimous. This is
achieved through peer-reviewed publications, debates, rebut-
tals and finally, communication through conferences and sci-
entific bodies. To this effect, the American College of Cardi-
ology and American Heart Association (ACC/AHA) and Eu-
ropean Society of Cardiology (ESC) publish the most rigor-
ous and used guidelines on CHF. Individual nation cardiac
societies complement these works with guidelines that are of-
ten matched with these. As evidence is graded on the class
and level of recommendation, it is hoped that individual na-
tion guidelines will take stronger positions determining the
class and level, to provide regional relevance [9, 16, 17].
Several questions are left unaccounted, firstly, the jurisdic-
tions for which any evidence can be used to answer these (lo-
cal or broader) questions; and secondly, the jurisdiction for
advocacy and governance to influence these (local or broad-
er) processes.

3. HEART FAILURE DATA - INVESTING IN DATA
BANKS

“Medicine is at the beginning of a paradigm shift regard-
ing how we store and process larger and larger amounts of
data.” Seward [18].

3.1. Registry and Electonic Medical Records

Digital stored data is the new thread that weaves the
health system continuum. However, the result has not been
uniform, often seen as patchwork by those using the system.
Regardless, in the future, the unifying link will be improved
health systems data management. Let us explore some sim-
ple terminology. Clinical Registry, is a systematic or or-
ganised recording of uniform primary health information da-
ta in an observational methodology that is classified by the
defined patient population, e.g. clinical quality (clinical), dis-
ease or conditions or a drug or device to monitor outcomes
and other associations, within a governance, management
structure. This requires a starting point and an end, defined
by rigid parameters, producing user-friendly small data (Fig.

4
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2). More importantly, data is stored on every clinical encoun-
ter on health service servers as big data. Registry data also
have several levels of governance, firstly local institution hu-
man research ethics standards and secondly national commis-
sion on safety and quality in health care SOP and frame-
works for governance, operation and technical requirements
of clinical quality registries. This allows for standardisation
of data from collection to data entry and storage, hence ac-
ceptable for research purposes [18-27]. Health systems also
record secondary data. Creating a framework to utilise this
data will present new horizons in healthcare and research.

All information stored in servers can be considered as da-
ta. In social media, data use is quite advanced, and we can
see the connectivity and other advantages of it. Electronic
medical records (EMR) similarly store data; however only
novel concepts and setups will allow data to overlap in its
purpose (Fig. 2). If we assume registries are the gold stan-
dard for quality assurance in data management, we must al-
so factor in the cost needed to achieve this and its potential
uses. There is scope for industry here to bridge the EMR-reg-
istry gap by finding the opportunity-cost boundary for stan-
dardised high-quality data management for both clinical and
research purposes. With the advent of assisted statistical
learning, quantitative systems biology, correlations, and
causality and with advancements in data extraction mech-
anisms we can progress the field further. Here with data anal-
ysis, systems (complex or complicated) analytics and algo-
rithms, we have the ability to generate hypotheses and draw
conclusions. One major gap in advancing machine learning
is quality assurance, from human errors during data input
and acquisition. The most recognised clinical quality assur-
ance cycle remains the patient registry, as it prespecifies an
algorithm or articulates its purpose for each scenario e.g. de-
termining whether it is an appropriate means of addressing
the research question, identifying stakeholders, defining the
scope and target population, assessing feasibility, and secur-
ing funding. While the data is clean, as mentioned above, its
precise scope is limited and costly.

3.2. Clinical and Biological Performance Measures

Performance measures are the term defining the gold
standard parameter collected and uploaded. The process for
EMR’s to replicate registries requires a transition and stan-
dardisation of these measures into routine clinical practice.
The industry that develops from this will be a combination
of what is readily translatable and innovative. The health
cluster may be a reasonable jurisdiction to agree on mini-
mum standards for variables and an acceptable margin of er-
rors. Should this occur, the ability to forensically assess a pa-
tient’s journey through the health system across all domains
and in real-time may be possible [28, 29]. An area that re-
quires a quick mention is biological databanks or biobanks.
The gradient of evidence is weighted towards advanced
economies and limited to narrow population demography.
However, the population attending medical care are increas-
ingly heterogeneous. Just as EMR-registry data are used in
an observational capacity, biobanks can be relied on to corre-
late variable post-trial translational outcomes observed from
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Fig. (2). The spectrum of health data. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

communities that were outside the trial criteria [30]. Health
systems data will be a major factor and it is important, suffi-
cient emphasis is given to understand this rapidly develop-
ing area.

4. CREATING A MODEL OF CARE

“This next decade belongs to distributed models, not cen-
tralized ones, to collaboration, not control, and to small data,
not Big Data” [12].

4.1. Defining the Foundations of CHF Health Programs

The earlier discussions defined the ‘health system man-
agement or hardware’ by its boundary ‘heath cluster’; wired
by the health domain “Taxonomy’; and populate it with evi-
dence that must be relevant and translatable. ‘Data manage-
ment or software’ is the programming that makes the
machinery work. Table 1 fits these concepts into the other
six more established disease management domains. Translat-
ing gold standard CHF guidelines [9, 16, 17] to ensure they
are suitable for attending populations thus requires eleva-
tion, removal or innovation from this framework. By manip-
ulating the building blocks and populating the gaps, disease
management program or software then becomes a process
that builds the relevant model of care. There are numerous
published concepts, Wagner’s chronic disease model is well
recognised . Using these principles, in a Chronic Disease Ma-
nagement Program (CDMP), we can prioritise and populate
the subdomains within the Taxonomy framework based on
an understanding of the 3 main stakeholders (participants) -
patients, health services and administrative considerations.
Understandably each stakeholder will have different perspec-

tives and levels of input into the health system and equally
varying abilities to influence its shape. How these three ele-
ments overlap will influence how large the disease manage-
ment silos are. Thus from a realistic lens, ‘essentially dis-
ease management programs should be a consensus or generi-
cally acceptable view toward comprehensive, integrated,
multidisciplinary, of standardised quality, chronic care for
client’s illness, associated conditions and circumstances,
with acceptable cost-efficacious clinical and outcome param-
eters, from a health network’.

In conventional models, higher costs were generated by
utilisation of acute care resources and splintered post-
discharge services contributing to high readmissions. It is
probably the case, that cost can be saved by improving
health systems that function in a more step-lock perspective
as opposed to patchwork. Organised programs in CHF have
unequivocally proven this for all outcome measures, includ-
ing costs [2, 11]. There has been the discovery of key out-
come contributors within health domains and utilisation and
early reutilisation of hospital infrastructure assume a very
significant cost. Identifying the preventable components by
the expansion of ambulatory multidisciplinary services has
been the subject of debate, research, and health policies.
One such example is the design, services and infrastructure
white paper plan for cardiac services, published by the Vic-
toria health authorities [10]. While the first two priorities
aimed at improving the existing system, as a third priority,
the authors write,” Effective and innovative cardiac services
will capitalise on opportunities to continuously improve how
services are provided. Designated specialist services will
provide clinical leadership in care and support for services
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across geographical areas through partnerships and innova-
tive models of care.”. When looking at a section of the
health map, the authors service, (Fig. 3) the paper refers to
the realities including geography, demographics and volatile
funding environments that have led to a fractured ability to
access chronic disease care from hospitals alone, thus requir-
ing the partnership and innovation aspects highly relevant.
Increasing community health services have undoubtedly alle-
viated health system stress, with poor outcomes . Three ex-
amples of strategies previously used include: firstly, case ma-
nagement, which is a short intensive, usually nurse-led
surveillance as client transitions to community life support-
ed by medical, allied health and nonmedical care; next, coor-
dinated care and multidisciplinary care with similarities to
case management; and lastly the most comprehensive or
chronic care model developed by Wagner which recognises
multiple domains of care including 6 essential factors com-
munity resources and policies, healthcare organization, self-
management support, delivery system design, decision sup-
port, and clinical information systems [3].

4.2. Considerations for CHF Programs for a Defined
Jurisdiction

The science of medicine is invariably interwoven into
the socio-political environment of health systems. Each
stakeholder to achieve their goals has strengths and weak-
nesses. Patient as a consumer with a voice, health system
through the science of evidence-based medicine and adminis-
trators through white-papers and policy, lobby the other to
reach an acceptable cost-effectiveness equation. Looking at
Fig. (3) and Table 2, let us summate the discussion by going
through a process to formulate a theoretical framework for
this jurisdiction. We explore three selective areas below:

1. Patient Factors:

[a] Proximity of Services - telecommunication bridges
gaps . Communication and sharing of health informa-
tion, remuneration models are areas to explore.

[b]  Self-Management - numerous studies have now high-
lighted the importance of this area for the future
[31]. Attaining self-efficacy will drastically alter
health trajectory outcomes across all domains. As be-
havioural conditioning is a critical component, medi-
cal education to the public must start early, and con-
sistent engagement continues between providers, in-
stitutions and the public, including innovative re-
search.

[c] Participation - Wagner’s chronic disease model ex-
cels theoretically [5, 32]; however conceptually, si-
los have made successful application difficult. In par-
ticipatory democracies, the patient’s perspective
must be reflected in regional policy. Increasingly so
as population demography is increasingly heteroge-
neous, medical associations could create lobbying
platforms similar to examples like Change.com™ to
help health clusters translate regional needs or find-
ings quicker.
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2. Health Services and Administration:

[a] Collaboration and White Papers - the environment
for collaboration is greatest when administrative
white papers encourage it. For example, the State
Government of Victorian released a design, service
and infrastructure plan for Victoria’s cardiac system
[10]. Their third priority outlines considerations for
more efficiency and innovation. Whether collabora-
tions entail individual aspects of CDMP and tax-
onomies or various models for health cluster reforms
require a roundtable of stakeholders.

[b] Cost Efficiency - all health clusters should universal-
ly target common denominators beyond individual,
institutional goals. The model of care of tomorrow
has to be data dependant with technical assistance.
Cost efficacy is traditionally defined as a balance be-
tween cost of care and outcomes. As healthcare must
factor administration and political aims, we must
start attaching a value to a health care brand. When
this occurs, the cost-efficacy equation can also have
an emotional quotient or leverage to lobby for fur-
ther improvements. We feel several areas worth con-
sidering are:

[i(] Self-management and patient-focused Health-
hubs [31]
[ii]  Chronic disease models e.g., Gate Keeping
role of case management
[iii]] Readmission reductions
[iv]  Urban Telehealth models [33]
[v] Health Industry and Revenue generation

3. Cardiology as a Speciality - In the current era, regulatory
bodies have been looking for increasing relevance beyond
accreditation. Standardisation and lobbying capacity could
be areas explored [34-42].

[a] Medicolegal - collaboration in medicine is increasing-
ly encouraged. However, the legal frameworks for
the public, private, data storing, sharing and use are
dealt with on a case by case basis. Medicare locals
were an interesting concept that largely focused on
general practices and could be reinvigorated to advo-
cate local solutions across the health continuum [43].

[b] Protocol Banks - reinvention is costly. Clinical and
research gains should progress in a step-lock fashion.
Investment in previous studies must be easily accessi-
ble for future medical endeavors.

[c] Standards - performance measures have now been
defined and published as consensus. The cost of util-
ising an additional measure in a study is cumulative.
Regional grading of measures could help determine
the power of one KPI over another to best gain in-
sight into the relevant question [29].

[d] Multidisciplinary clinic funding models [7, 35] -
public funding in health systems often comes with a
regulatory framework. Sometimes this is too rigid,
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Fig. (3). Map of Western Melbourne heart failure service. (4 higher resolution / colour version of this figure is available in the electronic

copy of the article).

Table 2. Servicing and skill classification of hospitals for Western Melbourne.

Hospitals Beds Cardiac Services Distance from Population Served Staffing aWIES VAED (NAWU
Werribee (km) (FTE) (%) Emergency|2011-14
Disc
2019
1. The Alfred 638 4C+, D+,E,R,S, T 29.8 km Variable — crosses clusters >20 TBA 42,060 $3700
2. RMH 571 4C,D+,E,R,S, T 30.2 km Variable — crosses clusters >20 TBA 43,916 $3600
3. St Vincents 504 4C,D+,E,R,S, T 31.6 Variable — crosses clusters >20 TBA 22,936 $4100
4. Footscray 290 C,D+E,R,S, T 21.4 Footscray + >10 TBA 21172 $3300
(Future
504)
5. Sunshine 600 C,D,E,R,S,T 242 Sunshine + >10 TBA 33,698 $3400
6. Williamstown 90 H 20.5 Williamstown 0 TBA 73 NA
7. Werribee Mercy 298 H NA Werribee 0.2 TBA 15,873 $3600
8. St Vincents Private 112 C,D,ER,S,T 500m Werribee 6 TBA ? NA
9. Community NA All subspecialties readily | Good exposure to | Entire Western Region >30 NA NA NA
Cardiology available patients & service
centres

Note: Western Melbourne Heart Failure mapping with Feasibility of Managing Two Worlds Together Patient JOURNEY Mapping Tool for Congestive Heart Failure (JOURNEY-HF
study) is being developed to feed information into a model of care. This study will map a patients’ experience living with CHF, and help complete the loop along with service and ad-
ministrative perspectives. Geography, and distance are common issues. The arrow highlights CHF patients' journey from Geelong to RMH. This policy could negate wider scenarios

for comprehensive care at other sites.

Abbreviations: aWIES - Acute Weighted inlier equivalent Separations. Capital - full service; small caption - limited service; C - cardiac catheterisation; C4 - advanced cardiac & car-
diothoracic; C4+ - advanced cardiac, cardiothoracic & Transplant; D - device implantation + limited electrophysiology; D+ Device & comprehensive electrophysiology; E - echocar-
diography; FTE - full time equivalent; H - holding capacity e.g. emergency triage, general admission, postop-rehab, limited intensive care; NA - not applicable; N/A - not available;
PATS - patient assisted transport system; R - cardiac rehabilitation; RMH - Royal Melbourne Hospital; S - stress testing; T - transoesophageal echocardiography.

other times less so. The balance of these policies that best
present a basket of choices are more likely to succeed in
achieving cost-efficacy outcomes.

CONCLUSION

As the demography changes, as the interconnectedness
increases, and as silos continue to break down, simple mea-
sures may have a great impact on health care, outcomes, and
cost-effectiveness. Collaboration, innovation and lobbying
of patients’ experiences, expanding evidence-based care and
administrative white papers create an exciting environment
for stakeholders to start dialogues. The convergence of

health information technologies and data sciences is wel-
comed, and engagement is a priority. “The Health Cluster’ is
probably a good framework to house for health services and
health care models. Such a boundary balances the needs of
quality services, research, income generating broader health
industries and clinical governance. Priority 3, as document-
ed in the Victorian health services white paper, is a wel-
comed recommendation for health systems globally [10].
Should health systems take up the ambitious challenge of
‘planning tomorrow’s healthcare with yesterday’s budget’
and add innovation to the mix, the results could be of inter-
est.
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