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Abstract

Background Heart failure (HF) is a well-recognized public health concern and imposes high economic and societal costs.
Decision analytic models exist for evaluating the economic ramifications associated with HF. Despite this, studies that
appraise these modelling approaches for augmenting best-practice decisions remain scarce.

Objective Our objective was to conduct a systematic literature review (SLR) of published economic models for the manage-
ment of HF and describe their general and methodological features.

Methods This SLR employed a combination of relevant search terms associated with HF, which were used in a number of
databases, including MEDLINE, Embase, the National Health Service Economic Evaluation Database, Cost-Effectiveness
Analysis Registry, SCHARR Health Utilities Database and Cochrane Library Database. A number of model features (i.e.
model structure, specification, outcomes assessed, scenario and sensitivity analysis, key model drivers) were extracted and
subsequently summarized.

Results Of 64 publications retained, a selection of modelling approaches were identified, including Markov (n=28),
trial-based analytic (n=22), discrete-event simulation (n=6), survival analytic (n=7) and decision-tree modelling (n=1)
approaches. The bulk of publications employed either a cost-utility (n=27) or cost-effectiveness (n=36) analysis and
evaluatedmore than one study outcome, which typically included overall costs (n =59), incremental cost-effectiveness
ratios (n=155), life-years gained (n=48) and willingness-to-pay thresholds (n=37). Most publications focused on patients
with chronic HF (n=40) and used New York Heart Association (NYHA) disease classifications to categorize patients and
determine disease severity. Few (n=19) publications documented the use of hospitalization states for modelling patient
outcomes and associated costs. A quality assessment of the included publications revealed most articles demonstrated rea-
sonable methodological value.

Conclusions We identified numerous decision analytic modelling approaches for evaluating the cost effectiveness of phar-
macologic treatments in HF. A Markov cohort model approach was most commonly used, and most models relied on NYHA
classes as a proxy of HF severity, disease progression and prognosis.
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supplementary material, which is available to authorized users.
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Key Points for Decision Makers

A more comprehensive understanding of the economic
models that exist for the management of heart failure is
needed.

This systematic literature review identified numerous
publications that documented the various decision ana-
lytic modelling approaches, with a Markov cohort model
the approach most commonly used to assess economic
and societal implications in the heart failure setting.

The majority of included studies employed New York
Heart Association (NYHA) disease classifications to
establish disease severity for modelling purposes.

Further investigation is warranted to help underline the
utility of reliable candidates of disease progression and
their use in decision analytic models to provide a more
precise estimate of the costs incurred while also guid-
ing clinical decision making in the management of heart
failure.

1 Introduction

Heart failure (HF) has rapidly become a global health con-
cern, with an estimated 26 million people living with this
chronic health condition [1-4]. With the bulk of post-indus-
trial nations experiencing a demographic shift, owing mostly
to a dramatic growth in the aging population [5], it is not
surprising this epidemiologic transition is expected to lead to
an increase in the global prevalence and incidence of HF in
coming years [2, 6]. Numerous phenotypes for HF exist and
are often defined by left-ventricular ejection fraction func-
tion [7]. These typically encompass HF with reduced ejec-
tion fraction (HFrEF), which reflects systolic dysfunction
indicative of impaired contraction in the left ventricle, and
HF with preserved ejection fraction (HFpEF), characterized
by abnormal relaxation of the left ventricle [8].

Few treatments specific to patients with HFpEF are avail-
able (e.g. diuretics, revascularization for ischaemia, blood
pressure control), though evidence indicating improve-
ments in survival based on these pharmacologic therapies
within this patient subset is somewhat lacking. A number of
pharmacologic treatments are also available for those with
HFrEF, including (but not limited to) angiotensin-convert-
ing enzyme inhibitors, beta-blockers, angiotensin-II recep-
tor antagonists, mineralocorticoid receptor antagonists and
angiotensin receptor inhibitors. Two additional treatments
that have recently gained approval for use in the manage-
ment of HFrEF include sacubitril/valsartan, a first-in-class
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angiotensin receptor neprilysin inhibitor, and ivabradine, a
hyperpolarization-activated cyclic nucleotide-gated chan-
nel blocker. In light of these newly approved treatments and
those that currently exist in the HF setting, understanding of
the economic implications relative to the cost-effectiveness
profiles of these pharmacologic regimens needs to improve.

In 2011, Goehler et al. [9] performed a systematic lit-
erature review (SLR) of the extant economic modelling
approaches available for HF in an effort to examine their
usefulness for evaluating health technologies in HF. Several
detailed decision models were identified for assessing the
various HF technologies, though the bulk of these models
differed considerably according to their modelling complex-
ity, approach and underlying assumptions [9]. The majority
of these models further relied on New York Heart Associa-
tion (NYHA) functional classifications as a proxy of disease
extent and severity [9].

We conducted an SLR to evaluate published economic
models on pharmacologic treatments that reported on health
economic outcomes among adults with HF. In particular, we
sought to provide an update of the available literature fol-
lowing the article by Goehler et al. [9], which examined data
up to June 2010. We further wanted to examine in detail the
core modelling specifications and structures as well as key
features that were documented in more recently published
economic models in the HF patient population.

2 Methods
2.1 Literature Review

We performed an SLR and identified relevant citations by
searching a number of literature databases, including MED-
LINE, Embase, the National Health Service Economic
Evaluation Database, the Cost-Effectiveness Analysis Reg-
istry, the SCHARR Health Utilities Database and Cochrane
Library Database using key search terms (Electronic Sup-
plementary Material [ESM] 1). To identify the most up-to-
date studies pertinent to current clinical practice, the present
SLR aimed to include only data published since 1997 (i.e. up
until November 2017). The search strategies were confined
to all cost-effectiveness studies conducted in human patients
with HF. Principal and practical guidelines advocated by the
Cochrane Collaboration Handbook [10] and the Centre for
Reviews and Dissemination [11] were also employed (where
relevant) in an effort to limit any risk of bias and error.

2.2 Study Eligibility
This SLR utilized the PICOS (Population, Intervention,

Comparator, Outcomes, and Study) design criteria for defin-
ing relevant inclusion and exclusion terms. In brief, studies
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were retained for further analysis if they included adult
patients who had HF and were aged > 18 years, provided
details related to a pharmacologic treatment for HF and
documented any mathematical model of cost-effectiveness
specific to patients with HF who received a pharmacologic
treatment. We subsequently excluded studies that were
observational, experimental, preclinical, pharmacokinetic
or pharmacodynamic in nature; a case report or case series
(ten or fewer patients); a letter to the editor, opinion piece
or review article; or published before 1997.

2.3 Study Selection

The titles and abstracts of all retrieved search records were
screened to identify any relevant references for inclu-
sion (as per the National Institute for Health and Care
Excellence methods guide [12]). Full publications for all
retained records were subsequently examined in detail,
with a final list of relevant studies compiled thereafter.
Both the search and the screening phases were indepen-
dently conducted by two trained investigators (AB and
FON). Any disagreements were resolved through further
discussion or by consensus with a senior investigator
(GDT). Figure 1 presents a PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) flow
diagram displaying the number of retained studies and a
list of excluded studies. In an effort to evaluate the quality

Fig. 1 Flow chart displaying the
number of publications included
as well as the number of publi-

cations that were excluded, with

Publications identified
through database
searching
n=3661

reasons

of models retrieved from the study selection process, we
reviewed good modelling practice methods and employed
the CHEERS (Consolidated Health Economic Evaluation
Reporting Standards) statement checklist [13, 14].

2.4 Data Summary

Data abstracted from the retained publications included
study design and population characteristics, model struc-
ture and specifications, and specific model outcomes,
which are summarized according to the specific research
questions, “What is the current availability of cost-effec-
tiveness models for pharmacologic treatments in HF?”;
“What are the core model specifications (e.g. types and
structures, etc.) of previously published health economic
models in HF?”; and “What are the key drivers derived
from previously conducted cost-effectiveness analyses in
HF?” Data are summarized using text where relevant, or
displayed in accompanying tables and figures, as neces-
sary. A brief summary describing the quality of studies
based on the CHEERS statement checklist [13] for each
research question is also reported. This method aimed to
address the appropriateness of the modelling approaches
and structures, the quality of reporting, and possible limi-
tations that might have impaired the validity and generaliz-
ability of the study findings.

Additional publications
identified through
other sources
n=10

Publications after
duplicates removed <

n = 3606
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Screening in title
and abstract >

Records excluded
n=23510

n = 3606

Records excluded with reason

A 4 Not English language n = 1

Screening in full text

Not relevant study n =3
Not relevant indication n = 2

n=96

Not outcome of interest n = 8
Not therapy of interest n = 4

Publications included in
the literature review

y Abstract only n = 14

n=64
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3 Results
3.1 Literature Search

The original SLR search yielded a total of 3671 citations. Of
these, 65 were duplicates that were subsequently removed.
A further 3510 articles failed to meet the inclusion criteria
based on their titles and abstracts at screening, and an addi-
tional 32 publications were excluded for specific reasons as
outlined in Fig. 1.

3.2 Description of Studies

Overall, 64 articles were suitable for inclusion. The ages
of the patient populations ranged from 20 to 93 years. The
proportion of men within each patient cohort also varied,
with a minimum and maximum of 22 and 89% documented
across publications. Altogether, the geographic regions
of the populations in the 64 publications encompassed 15
different countries: the most commonly identified nations
included the USA (n=16 [25%]) [15-30], the UK (n=16
[25%]) [31-46] and Canada (n=5 [8%]) [24, 47-50]. A total
of 48 (75%) publications included in this review reported
their source of funding [15, 16, 18, 22, 24-35, 37-42, 44, 45,
47,48, 50-71]. Of the included publications, the most com-
monly reported pharmacologic treatments administered to
patients with HF included eplerenone (n=12 [19%]), rami-
pril (n=11 [17%]) enalapril (n=8 [13%]) and ivabradine
n=6[9%]).

3.3 Overview of Economic Model Structure
and Specifications

3.3.1 Markov Model Approach

Most of the publications provided reasonable details in
relation to the types of modelling approaches employed
(Table 1). The most common modelling approaches used
included a Markov cohort model type (n=28 [41%]) [15,
17, 19, 22, 23, 26, 27, 32-34, 38-40, 44, 48, 49, 51, 52,
58, 66-69, 72-76]. Given the versatility of the Markov
model approach in adopting different types of health states
patients can potentially experience, this method was further
categorized into health state classifications. These typically
included an “alive or dead” state [17, 19, 32, 33, 39, 51,
67], NYHA disease classification [15, 23, 52, 58, 68], car-
diovascular events [22, 26, 27, 38, 44, 48, 66, 72, 74-76]
and hospitalization states [27, 49, 66, 72, 74-76]. Specific
Markov model structure was unclear in four studies [34,
40, 69, 73]. Seven studies focused on a two-state Markov
approach based around the “alive” and “dead” states [17,

A\ Adis

19, 32, 33, 39, 51, 67]. Five studies that employed a Markov
cohort model approach used the NYHA disease classifica-
tion system [15, 23, 52, 58, 68]. Three of these studies [23,
52, 58] incorporated five health states: one for each NYHA
class and a separate one for death. Another publication [68]
used four health states according to each of the NYHA clas-
sifications to determine health states. A number of methods
were employed for modelling according to the NYHA dis-
ease classification system, which were based on classifying
patients according to their level of HF severity. Some studies
employed a constant movement of patients (i.e. belonging to
the same health state within the study timeframe) [23, 52],
whereas others provided a greater level of detail surround-
ing transition probabilities [68]. NYHA classifications were
generally derived from trial data or from secondary sources
when data were unavailable, which may have influenced
the estimation of patient ratios within respective NYHA
clusters.

Within nine articles that used the Markov model method,
HF was often modelled alongside other cardiovascular
health states [15, 27, 32, 34, 38, 66, 72, 74, 76]. Aside from
HF, other cardiovascular conditions concurrently modelled
included myocardial infarction and post cardiovascular
events [34, 76]. Few publications employed hospitalization
states with hazard ratios [75] or rate ratios [27] that were
applied to transition probabilities in an effort to account for
between-treatment effects. One publication [27] adjusted for
mortality to increase with age and calibrated mortality rates
over the course of the trial to reflect changing probabilities
as patients progressed through the model with increasing
age. Shorter timeframes of approximately 10 years were
implemented in some publications [74], whereas others
adopted a lifetime horizon [27, 38, 66, 75, 76]. One study
used a random effects meta-analysis to examine the impor-
tance of hospitalization as a health state, which was depend-
ent on the number of hospitalizations and death [49]. Other
studies associated hospitalization with mortality by imple-
menting survival methods or lifetime tables, linked either
directly or independently to hospitalization as a central state
of health [75].

3.3.2 Trial-Based Analytic Approach and Event Simulation

A number of the retrieved articles followed a trial-based
analytic approach (n=22 [34%]) [16, 18, 21, 24, 25, 28-30,
36, 37, 42, 43, 45, 46, 54-57, 59-62]. Some studies [30]
analysed clinical trial data with fractional polynomials and
piecewise regression to obtain survival hazard functions
over time, adjusting for patient characteristics, whereas oth-
ers [43] employed the life-table method to calculate a gain in
life-years, estimating the probability of death using the rela-
tive risk of treatment versus placebo from trial data. Certain
publications [46, 56] extrapolated clinical trial data within
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the post-observational period, with others [16] assuming that
the treatment efficacy for intervention and placebo declined
at the same rate. One publication [30] described the uncer-
tainty for life expectancy values, which was estimated using
three external sources. However, given the disparity in popu-
lation outcomes that were derived from the external sources,
these results were considered conservative only [43]. Other
approaches that were utilized included a discrete-event simu-
lation (n=6 [9%]) [31, 35, 41, 47, 50, 77]. Two of these
studies were derived from health technology assessments
[31, 47]. All six articles relied on the use of clinical trial
data [31, 35, 41, 47, 50, 77], some of which underlined a
shorter trial duration [31, 41, 50] as these trials were termi-
nated early because of the favourable treatment efficacy of
the intervention, which in turn, may have influenced model
assumptions regarding the initial long-term efficacy assigned
to the treatments involved.

3.3.3 Partition-Type Survival Modelling

Some articles used a real-world partition-type survival
analysis (n=5 [8%]) [53, 63-65, 70] to evaluate the cost
effectiveness of a specific intervention. All publications used
the area between Kaplan—Meier curves or time-to-failure
survival modelling to estimate differences in life-years
gained, hospitalizations and other outcomes between treat-
ment arms. Some indicated that trial data may have underes-
timated the economic benefit of the intervention by omitting
non—study-related physician appointments and laboratory
tests [63, 70]. Information regarding hospital length-of-stay
statistics [63, 65] or estimated survival rates for the various
treatment groups [63] were absent from a number of publica-
tions. Most often, differences between treatment arms were
captured by the disparity in area under the curves for the
probability of first hospitalization as well as the number of
life-years gained. Two other publications also used survival
analytic models for assessment but did not describe their
approach to model structure and specifications [71, 78].

3.3.4 Decision Tree Modelling

One publication based their model on the use of a decision
tree approach [20]. The absence of Markov nodes made it
challenging to assess the overall economic impact, given this
study only included a shorter timeline (i.e. maximum dura-
tion of 6 months), offering limited insight into the long-term
economic implications associated with HF.

3.4 Health States, Utilities, and Resource
Information

All study types implemented either a cost-utility (n=27
[42%]) or cost-effectiveness approach (n=36 [56%]), with
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the exception of one publication that used a cost-minimiza-
tion method [28]. Time horizons tended to vary in duration
across publications, ranging from 12 months to a lifetime
horizon (Table 1). Most of the models included a health sys-
tem perspective, with models in a further nine publications
based on a societal perspective. The applied discount rates
were typically in the range of 3-6%, depending on where
the publication originated (Table 1). A total of 19 studies
included information outlining hospitalization states for
modelling patient outcomes and associated costs (Fig. 2).
The majority (n=14 [22%]) of these health-state types were
generally classified as hospitalization.

3.5 Modelling Outcomes and Sensitivity Analyses

The bulk of the publications assessed more than one type
of study outcome (Table 1). These typically included
overall costs (n=59 [92%]), incremental cost-effective-
ness ratios (ICERs) (n=55 [86%]), life-years gained
(n=48 [75%]) and willingness-to-pay (WTP) thresholds
(n=37 [58%]). Figure 3 displays the range of ICERs and
WTP thresholds that were obtained according to study
outcomes and regions assessed across the retrieved arti-
cles. The majority of analyses were evaluated from a US
and UK healthcare perspective and used a drug versus
placebo approach to establish cost effectiveness. ICERs
captured within the UK were typically below the clas-
sic threshold of £20,000 per quality-adjusted life-year
(QALY), with similar observations found according to
US thresholds (i.e. most below $US50,000 per QALY).
Overall, within the included studies, active treatments
(drug vs. drug) yielded higher ICERs than drug versus
placebo comparisons (Fig. 3). There were many contrib-
uting factors, due to marginal utility gains and higher
prices, driving ICER values upwards. It is fair to say that
the value of an ICER would be expected to drop with

14

Publications (n)

2

2+ . 1 1 1

04 || | .

Hospitalization ED visit ICU Short-term Ward
hospitalization hospitalization hospitalization

Fig.2 Hospitalization states utilized by a selection of retrieved stud-
ies during model construction for evaluating patient outcomes and
associated costs. ED emergency department, /CU intensive care unit
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Currency
(Applicable
countries)

USD (USA)

CAD (Canada)

EUR

(Spain, France,
Netherlands, Greece,
Ireland)

GBP
(UK, England, Scotland,
Wales)

AUD (Australia)

SEK
(Sweden, Germany,
South Africa, Spain)

® 0o

o= - -

c® O & <«

O

«— Threshold range used
across the studies

ICER (LYG) — Drug v Placebo
ICER (QALY) — Drug v Placebo

el — n

EOeo

(
ICER (LYG) — Drug v Drug
ICER (QALY) — Drug v Drug

*Larger ICER symbols indicate higher
frequency of ICERSs at that value

O
O

T T T T T T T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Threshold/ICER value (thousands)

Fig.3 Frequency and range of incremental cost-effectiveness ratios
and willingness-to-pay thresholds according to study outcomes
derived from retrieved articles and regions. AUD Australian dollar,

the introduction of new drugs to the market; however,
ICER values for drug versus placebo were generally less
than drug versus drug comparisons. ICERs also varied
widely across countries, partly due to varying approaches
within modelling structures and specifications as well as
the use and consideration of costs, patient utilities and
health gains employed (Fig. 3). Other outcomes that were
frequently evaluated included QALYs (n=32 [50%])),
with fewer publications (n=4 [6%]) appearing to focus
on value-based pricing as a study outcome (Table 1).

A modest number of the retrieved publications per-
formed scenario (n=4 [6%]) [52, 53, 67, 69] and sensitiv-
ity analyses, particularly deterministic sensitivity analysis
(n=19 [30%]) [23, 26, 31, 39-41, 43, 47, 50, 51, 58,
62-65, 70-72, 75] or probabilistic sensitivity analysis
(n=12[19%]) [22, 23, 29, 39-41, 47, 49, 60, 61, 71, 73].
Although the types of sensitivity analyses were not speci-
fied in the remainder of the included publications, most
studies were capable of establishing key model drivers.
Several components that emerged as key model drivers
included the probability of death/survival (n=19 [30%])
[17, 18, 21, 23, 27, 32, 33, 35, 36, 45, 48, 49, 51, 56,
59-61, 69, 75], (re)hospitalizations (n=15 [23%]) [17,
31, 41, 42, 45, 46, 50, 52, 56, 57, 63, 65, 68-70], treat-
ment efficacy duration (n=12 [19%]) [15, 17, 22, 32, 33,
39, 40, 44, 53, 58, 65, 70] and cost of treatment (n=9
[14%]) [15, 16, 18, 21, 41, 43, 50, 51, 72].

CAD Canadian dollar, EUR Euro, GBP British pound, ICER incre-
mental cost-effectiveness ratio, LYG life-years gained, QALY quality-
adjusted life-year, SEK Swedish krona, USD United States dollar

3.6 Modelling Disease Type and Classifications

The majority of published models (40 publications [64%])
[15, 16, 19, 22-28, 32-34, 36-43, 45-48, 51, 52, 54, 57,
58, 62, 6669, 72, 73, 75-77] focused on patient popula-
tions that presented with chronic HF, with only two (3%)
[18, 60] and three studies (5%) [55, 56, 64] conducting their
economic assessment according to patients with acute HF or
a mixture of both HF types, respectively (Table 1). Descrip-
tions of patient HF types were unclear in the remaining 19
publications (28%). With the majority of economic models
specific to chronic HF, unsurprisingly, these findings were
largely similar to the trends (i.e. for model specifications and
structure) documented for the overall number of publications
(Table 1). Comparison of the acute HF publications with the
overall review findings was not feasible given the paucity of
studies that focused solely on acute HF. Likewise, studies
in this review that focused on acute and chronic HF (i.e.
mixed) concurrently for economic evaluation were also lim-
ited. Additional subsets of HF assessed within the retained
articles were examined; they included HFEF (n=45 [70%]),
HFpEF (n=6 [9%]) and both mixed HF subtypes (n=2
[3%]), with the remainder of publications (n=11 [17%])
not reporting a specific HF subtype. Given the lack of dif-
ferentiation across papers and how they defined patients
with HFrEF and HFpEF, it was also not possible to conduct
any comparison according to publications and their patient
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subsets. A total of 41 publications (64%) [15-17, 19, 20,
22,23,25,217,28,32-34,38-42, 45-48, 51-53, 57, 59, 60,
62-70, 73, 75-77] used the NYHA disease classification
system to categorize patients and determine the severity of
HEF, of which 34 (83%) [15-17, 19, 22, 23, 25, 27, 28, 32-34,
38-42, 45-47, 51, 52, 57, 59, 62, 64, 66-69, 73, 75-77]
focused on patients assigned to NYHA classifications II-III.
The observed model structures and specifications within
these publications were similar to those found according to
the overall number of HF publications (Table 1). Only one
publication (2%) [55] employed the Killip classification sys-
tem, and definitions of disease classification were unclear in
the remainder (n=22 [34%]) (Table 1).

3.7 Quality of Available Publications

In total, 63 publications (98%) were eligible for quality
assessment using the CHEERS checklist (Table 2). One
study was omitted from quality assessment as only the
abstract was presented in English [73]. The majority of
checklist items according to the six main category domains
were shown to be documented within publications, and most
of the included articles demonstrated reasonable methodo-
logical quality (Table 2). However, some of the publications
only reported on certain items, including “measurement of
effectiveness” of data (n=31 [49%] for both sub-items),
“measurement and valuation of performance-based out-
comes” (n=25 [40%]), information regarding “estimation of
resources and costs” (n=22 [35%] for item A; n=35 [55%]
for item B), as well as “characterizing uncertainty” (n =22
[35%] for item A; n=36 [56%] for item B) and “heterogene-
ity” (n=38 [60%]) (Table 2).

4 Discussion

In this review, we sought to describe the methodological
components currently available for use in the economic eval-
uation of HF, with the intention of guiding future decision
analytic models aimed at assessing the cost effectiveness
of treatment strategies in the field of HF management. We
identified 64 modelling studies, most of which displayed
suitable methodological quality. The retrieved models typi-
cally employed a Markov or trial-based analytic approach
and displayed sufficient details about model perspectives and
discount rates. Several recurring outcomes appeared to be
commonly assessed within each model, including total costs,
ICERs, life-years gained, WTP and QALYs.

Some variability in model structure was evident across
the retrieved publications because of the disparity in choice
of time horizons used, which ranged from 12 months to a
lifetime. We observed a trend away from cost-effectiveness
analysis carried out using clinical trial data (or extrapolations
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from these) towards a modelling-based approach using, for
example, Markov modelling. Less than half (i.e. 41%) of the
retrieved publications specified their use of deterministic
sensitivity/scenario analysis and/or probabilistic sensitivity
analysis [79]. We consider this finding a missed opportunity
to assess in detail the parameter uncertainty and the impact
of key variables in the cost-effectiveness profiles. Further,
although this review identified a number of decision ana-
lytic models in the HF setting, collectively, the variability
that existed across these models rendered it a challenge to
perform a more comprehensive comparison of the retrieved
findings. Varying degrees of severity were also found for
hospitalization and/or cardiovascular outcomes that were
modelled across treatment arms. Some studies tended to
use hazard ratios and probabilities from clinical trial data
in an effort to estimate the relative probability of HF and
hospitalization between treatments. In one publication [39],
regression equations employed clinical trial data to deter-
mine the treatment effect, whereas other studies used sta-
tistical distributions along with survival curves to define
clinical efficacies, outcomes and death. Moreover, the rate
of survival was frequently derived using time-constant prob-
abilities that differed across treatment arms, health states
and/or time horizons [32, 34]. Other studies tended to calcu-
late mortality as a function of age and sex [68] or by use of
survival tables [75]. The complexity of these different meth-
odologies underlines the importance of exploring the most
suitable modelling approaches, depending on the research
question at hand, for appropriately and reliably conducting
economic assessments in the management of HF.

Most studies employed NYHA disease classifications for
establishing disease severity among patients for modelling
purposes. Yet, it remains questionable whether the predomi-
nant use of this instrument (as observed in this review) is
appropriate, given limitations around reproducibility, reli-
ability, and clinician’s interpretation of what construes “nor-
mal” in patients who present with HF [80-82]. Although
NYHA functional classification represents a useful clinical
measure for defining patient-relevant disease status, alter-
native classifications may need to be developed to reliably
assess disease progression. Our observations support the
views of Goehler et al. [9], who documented that most prior
models exclusively used NYHA classification as a func-
tion of defining disease status, progression and prognosis.
From a modelling perspective, the heterogeneity in profiles
of patients with HF indicate that sole use of the NYHA
instrument to measure disease status is insufficient. Moreo-
ver, there is some debate as to how individual clinicians
employ the NYHA classifications for evaluating HF sever-
ity among patients, with their approaches often considered
unclear [82]. Additionally, novel approaches, such as those
that implement machine-learning algorithms, would likely
extend our understanding of how to select the most suitable



383

Cost-Effectiveness Models in Heart Failure

LE

€9

14

67

IS

4!

99

33

oy

6

6y

001

16

001

001
6
g6

86

001

98

001

194

(1%

0¢

Ie

[43

33

C

4

I

€9

LS

€9

13Y
8¢
09

29

€9

123

e€9

1500 Ayrunyzoddo 0y ayewrxoirdde o3 apewr sjuaunsnlpe Aue aqrIosaq
*JS02 JTUN $JT JO SULID) UT WIA)I 9JINOSAI OB SUIN[eA J0J SPOYIouW YoIeasal AIepuodas
10 Arewrid 9qLIOS9( SOJLIS YI[BAY [OPOW YIIM PIJBIDOSSE SN 9IINOSAI AJRWINISI
0} pasn $90IN0S elep pue soyoeoidde oqrIds9(J :UOTIEN[BAS ITWOUOID PASLq-[OPOIA
s1500 Ayrunyzoddo 0y ayewrxoirdde o3 apew sjuaunsnlpe Aue aqrIosa
*JSOO J1UN S) JO SULIS) UT WYl 90INOSAI OB SUIn[eA J0J SPoyIowl YoIeasar K1epuoods
10 Arewrid 9qLIOSO( "SUONIUIAIIIUL QATIRUIS)IE OU) YJIM PIJRIDOSSE SN 90IN0SAI
9Jewmsa 0 pasn sayoeoidde 9qII0Sa( (UOTIEN[EAS JTWOU0I PIseq-Apnis-o[Surg
SOWI0JINO
10 s9oua1aya1d 310110 03 pasn spoyjeuwr pue uonendod ay aqriosap ‘e[qeordde Jy
BJeP SSOUIATIOQJO-[BOTUI[O JO SISIUYIUAS pue SAIPNIS papnjoul
JO UOTIEOYNUIPL AY) J0J PAsh SPOYIW Y} AJ[NJ QLIS :SAJBWNSI PASLq-SISAYIUAS
BJEp SSoU
-QAT)OQJJO-[BITUIO JO Q0INOS JUSIOYJNS B Sem Apmis 9[SuIs oy} Aym pue Apnjs SSOUSAT)
-00JJ 9[3uIs 9y} Jo saInIed) uSISoP Ay} A[[NJ QLIS :SAJLWNSI paseq-Apnis-o[SuI§
pouwiojrad sisA[eue Jo 2d£) oy 10§ 90UBAI[AI JIY)
puE UOnEN[BAD Y} UI JYIUq JO (S)AINSBIW YY) SB PISN 2IOM SIWOIINO JeyMm AqLIOSI
Srerd
-oxdde Aym Aes pue sawod)NO pue SIS0 I0J Pasn (S))el JUNOISIP JO 2210y oy} J10doy

drerrdoxdde Aym Aes
pue pajen[ead Suraq Ie saouINbasuod pue $1S00 YIIYM JIAO (S)UOZLIOY W) ) Ae)S

uasoyd
1om Aoy} Aym d1e)s pue paredwod Furdq sAI5)eI)S JO SUONUIAIUI ) AGLIOSA

parenyeAd Sureq S3S0d Y3 0] SIY) e[l pue Apmis oy} Jo aAnoadsiod oy 9qLIdSA
pew 9q 0} (S)PIU (S)UOISTOIP Y} YOTYM UT (S)WIAISAS ) JO s)0adse JueAd[a1 el

uasoyd a1am Aay) Aym Sur
-pnpour ‘pasAreue sdnoi3qns pue uoreindod 9sed-9seq 2y} JO SONISLIAIORIBYD QLIS

suors1oop 2onoeid 1o Ad1jod yi[eay J0J 90UBA[AI S)I pue uorsanb
Apmis 9y JuasaId "Apnis o) 10§ 1XJU0D JIPLOIQ A} JO JUIW)R)S JIOI[dXD Uk apIAoId

SUOISN[OU0D
pue ‘(sesATeue Ajurejrooun pue 9sed-aseq Surpnpour) synsar ‘(syndut pue u3isop Apnis
Surpnpour) spoyjowr ‘3unes ‘vandadsiad ‘saA109(qo Jo Arewruns paInjonis B 9praoid
paredwod SUONUIAIANUI ) 9QLIOSIP PUE SISA[RUEB SSOUSATIOILJ-1S0D,
SB [ons SuLId) oY1oads 210w 9sn J0 ‘UonEBN[BAS JIWOU0I? U st Apnis ay) AJ1uop]

qel
$1SO0 pUB SO0INOSAI Sunewnsy BT
SOWIOJINO Paseq-oduaIajord

JO uonen[eA pue JUSWIAINSLIA 1

qrl

SSOUAATIORYJ JO JUSWAINSBIIA el

SOWOINO [I[eay JO 2010y 01

9JeI JUNOISIT 6

uozZLIoY QWi ], 8

sioyeredwo) L

aanoadsiad Apmig 9

uoneso[ pue Suneg S

sdnoi3qns pue uonerndod ja3re], +
SPOYIOIN

saAT399[qo pue punoidyoeg €
uononponuy

JoeNSqY z

°pLL I

JoeI)SqQE pUE AL,

VN Ieapoun as[ed onil, YN Jesoup) 9s[eq onif,

o(%) asuodsar uonjeorqng

(1) asuodsar uoneorqng

uondriosa(q

W) "Ou W[

ISIPPAYD SYFFHD 2Y) 01 Surpioode suonedsrqnd papnjour jo Ajienb oy Jo MIIAIAQ T 3|qeL

A\ Adis



G.L.DiTannaetal.

384

0l 0 LT €L 9
0 6 g 98 O
0 91 ve 09 0
LE 4 g 95 €T
£9 4 0 ¢s¢ 0Oy
0 € 0 L6 O
0 1T ¢ L8 0
0 4! s 18 0
0 8 0 ¢ 0
0 0 IT 68 0
0 6 ¢ 68 0

01

9

Sl

9

143

8¢

9¢

C

19

199

15y
8¢

9¢

9¢

110ddns jo
S90IN0S ATBIOUOWIUOU JOYI0 AqLISA(] “SIsATeue oy Jo Suniodor pue jonpuods ‘uSisop
UONEOYNUAPI Y} UI JOPUNJ oY) JO 9[0I Y} PUL papuny sem Apnis oY) Moy 9qLIdsdq

93pajmouy JUALIND Y Iy SSurpuy
Jy) moy pue s3urpuy 3y} Jo ANIQeZI[eIouas Y} pue SUONLIIWI[ SSNISI "PIAYILAI
suorsnouod oy} 31oddns Koy} moy 9qrIosep pue sFuIpuy Apms A9 ozLIrewrwing

UOTJRULIOJUT
J1ow £q 9[qIonpa 10U ATk ey} SIS Ul KJ[IqRLIBA PIAIISAO JOYIO JO SONSLIAIRIBYD
Jurpaseq JuareyIp Y syuened Jo sdnoiSqns usomioq suonerrea £q paurerdxs oq
Ued JBY) SSOUIATIOYD 1S0O JO SOWI0INO “S)S0 UT saduareIp Jrodar ‘ojqeoridde Jy

suondunsse

PUE [9pOW 3} JO AINONLS ) 0} paje[al Ajurelreoun pue ‘sijawered ndur e 1oy
Kyure}Iooun Jo SJ[NSI Y} UO SIOILS 9} 9QLIOSI(T :UOTBNBAS OTWOUOID PISLq-[OPOIA

(eanoadsiad Apms “eye1 JunoodsIp

se yons) suonduwnsse [esr3ojopoyjour jo joedwr oy YPIIm IOYIT0) ‘SSQUIATIIIY

1509 [BJUSWRIOUI PUE ‘SSOUIATIIA [BIUSWIAIOUT )SOD [BJUSWAIOUT PAIRWINSS J0J
Kyureyzeoun Surpduwres Jo $109j0 o) 9qQLIOSI( :UOTIBN[BAS JTWOU0d Paseq-Apnis-o[Surg

SOTJBI SSQUATIOQJJR-1S00 [ejuawarour 31odar ‘ojqeorydde J1 sdnoid

Joreredwod o) UO9MIOq SQOUDISHIP UBSW SE [[9M SE JSIUI JO SAUWO0IINO puk
1500 PAJRWINSI JO SILIOFILD UTRU ) JOJ SIN[BA UBAW 1I0dal ‘UONUAIAUI OB I0]

paopuaw

-wodar A[3uons st senyea ndur oy} moys 0} 9[qe} e Surpraoid ojeridordde aroym

Kyure)oun Juasardal 0] pasn sUONNQLNSIP J0J SAOINOS 10 suoseal J1odoy “s1ojowered
[Te 10§ suonnqusip Ajiqeqold ‘pasn JI ‘pue S0UISJAI ‘sdFueI ‘sanfea ay) 110day

Kurey
-100un pue AKjeusdorsiey uonendod Surjpuey J0j spoyjeu pue {[opou € 0} (Suor
-021100 J[0Kd-JBY '3'9) sjuawsn(pe oyew Jo depIfea o) sayoeoxdde ‘eyep Jurjood 10§
spoylow ‘spotoul uonejodenxa fejep paIosuad I0 JUISSIW ‘Pams YIIm Sulfeap 10}
SpoYIoW 9pN[oul P[nod SIY ], ‘uonenyead ay) sunioddns spoyjow dnAeUR [[& QLIS
[opow onATeue uolsioap ay) Suruurdiopun suondwnsse I9Y)0 IO [RINONAS [[8 9qLISa
PpopusWIodar A[SU0IS ST 2INJONIS [pOW MOYs 0} I3y & JuIpia
-01d "pasn [apow dnA[eue UoIsIodp Jo ad£) oy1oads Yy J0J SUOSEAI JAIS puB QLIS
91e1 93uBYOX
Y} pue 3sBq AJUILIND UOWIOD B 0JUI S}SOO SUINIDAUOD JOJ SPOYIOUW 2qQLIOSO( "ATes
-$909U JI ‘51500 pajtodar Jo Jeak a3 0} $)s09 jrun pajewns? Junsnlpe 10j spoyiow
9qLIOSI(T "$1S09 JIUN pue sannuenb 9oIosar pajewnsa Ayl Jo sajep Ay 1odoy

Surpuny Jo 921n0§ €T
Byo
93pojmoury Juarnd pue ‘AyfIqezr
-Te1ouad ‘suone)rwi] ‘s3urpuy Apmis e
uorssnosIq
Kyrouadorajoy Surzrisyoerey)) 12
q90c
Kyureyraoun Surzrisjoerey)) ®0T
SOWIOJINO PUE SISO [BIUAWIOU] 61
s1ojowered Apms 81
s)nsay
spoyjew onAreuy L1
suondunssy 91
[opoul JO 3210475 Sl
UOISIOAUOD pue ‘Ajep 20ud ‘Kouarm) y1

VN Ieopoun osfed onil YN

Ieg[oun) os[ej onif,

o(%) asuodsar uoneorqng

(1) asuodsar uoneosrqng

uondriosa(q

wo)] "Ou W[

(ponunuoo) zsjqey

A\ Adis



Cost-Effectiveness Models in Heart Failure 385

candidate predictors in HF [83, 84], through identifying
important clusters of risk factors that would facilitate our
approach to quantifying disease status in the management
a and evaluation of HF.

Not all retrieved publications reported details on hospi-
talizations (e.g. as a health state) when evaluating the costs
associated with HF. Of the few studies that provided suf-
ficient information, the majority were classified as general
hospitalization. Of those few publications that defined a
specific hospitalization type for determining health states,
two were classed as emergency department visits, one speci-

12

13

Publication response (%)b
73

— fied an intensive care unit visit; and two other publications
specified a short-term and a ward hospitalization, respec-
oo tively. Indicators of (re)hospitalization can provide crucial

information beyond classification instruments and offer fur-
ther details about the patient profile, thus proving useful
to the modeller when attempting to evaluate the economic
and societal implications in HF. Nevertheless, the use of
generalized indicators for hospitalization in a model struc-
ture should be given careful consideration, alongside any
potential for bias or skewing. For example, if hospitalization
is only considered as a single Markov state, or if only one
hospitalization can occur within one model cycle, a skew-
ing in observations and related costs could occur depending
on the actual type and number of hospital visit(s) or actual
duration of hospital stays. This is a particular consideration
in a chronic condition such as HF, where frequent rehospi-
talizations are very common [1, 8]. Although both hospitali-
zation and NYHA disease classifications may offer a more
comprehensive assessment of disease status when combined,

46

True False Unclear NA True False Unclear NA
8

Publication response (n)*

with journal policy. In the absence of a journal policy, we recommend authors com-

Describe any potential for conflict of interest among study contributors in accordance
ply with International Committee of Medical Journal Editors’ recommendations

63) included in this quality assessment was used as the denominator for completeness of study information

o

E additional research is undoubtedly needed to help further
é) underline the utility of both measures and their reliability to
" s act as surrogates of HF when attempting to capture disease

% E status, progression and prognosis.
g E On the background of these reasons, further investiga-
e g tion is warranted to determine more reliable candidates of
g é § disease progression that will facilitate forthcoming devel-
B g g opment of decision analytic models. At minimum, these
% Qg § measures are expected to be readily accessible, straight-
A s 8 forward to quantify and have the capacity to provide added
TE < value to a model over and above existing parameters (i.e.
f, ;f NYHA class and hospitalization) [32]. Depending on the
£ : availability of data and outcomes to be modelled, regres-
§ ‘2 sion equation modelling such as Poisson and negative
o 2 s c binomial regression models could potentially enhance
5 B é = the modelling approach for determining the likelihood
-E % g 3 that a patient might experience a hospitalization event.
) ; 2z § Although a number of parametric distributions estimat-
E = “é B 5 ing survival data beyond the measured period provide
g E § é 2 § plausible estimates and an alternative to the Cox model,
: s 2 T3 they do compromise on their restrictions on the shape of
2 E < ‘E Tg E,“ the hazard function, often causing an over-estimation in
S 2 A o FF the treatment effect [32]. To overcome this problem, it is
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worth considering more flexible parametric models such
as restricted cubic splines to enable modelling of the base-
line hazard. This approach offers advantages of greater
flexibility in the shape of the hazard function, particularly
when compared with the parametric modelling approach.

4.1 Limitations

Some limitations inherent to this review need to be empha-
sized. It was not our intention to offer a comprehensive
evaluation of the results of the retrieved studies but rather
to provide an overview of similar model features that were
employed. It should be borne in mind that each publication
differs according to their overall aims, target population
considered, health procedures assessed and accessibility to
study data. To this end, advocating an optimal modelling
approach for use in the HF setting was beyond the scope
of this review. Exploring the various economic models
according to HF patient subsets, particularly those who
presented with either HFrEF or HFpEF, was challeng-
ing given the disparity in study sample classifications
observed across the retrieved articles. Hence, disentan-
gling the similarities in model structures to identify clear
trends in specifics of methodology is beyond the scope of
our analysis. In addition, how to best identify key model
drivers and specifications according to HF subtypes war-
rants further investigation. Indeed, we encourage health
economics modellers involved in HF treatment assess-
ments to perform value of information analyses (at least
expected value of perfect information [EVPI] and expected
value of perfect parameter information [EVPPI]) to bet-
ter evaluate the value of the expected benefit of further
investigating uncertain parameters in the decision model
[85]. Only models derived from full-text publications were
included, and we did not seek direct communication with
the corresponding authors of these articles. On this basis,
our understanding of the retrieved models is expected to be
limited, particularly considering each publication seldom
displays all available information because of publication
constraints typically administered by journals. As such, we
cannot discount the possibility that certain model elements
of interest (e.g. as documented in technical modelling
reports) may have been overlooked by the present review.
We employed a study inclusion window of 20 years for the
current analysis. As such, we cannot discount the possibil-
ity that other studies deemed suitable for inclusion into
this SLR have since been published.

A\ Adis

5 Conclusion

Numerous decision analytic modelling approaches for eval-
uating the cost effectiveness of HF treatments have been
adopted, with a Markov cohort model proving to be the
most commonly used approach. The majority of the models
tended to differ in structure as well as health states and fre-
quently relied upon the use of NYHA disease classification
as a surrogate of disease severity, progression and prognosis.
Recognizing alternative and more succinct approaches for
the purpose of defining an optimal model structure would
undoubtedly permit for a more precise estimation of the
associated costs incurred, while facilitating clinical deci-
sion making in the management of HF.
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