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Abstract

Background: Globally the burden of heart failure is rising. Hospitalisation is one of the main contributors to the bur-
den of heart failure and unfortunately, the majority of heart failure patients will experience multiple hospitalisations
over their lifetime. Considering the high health care cost associated with heart failure, a review of economic evalua-
tions of post-discharge heart failure services is warranted.

Aim: An integrated review of the economic evaluations of post-discharge nurse-led heart failure services for patients
hospitalised with acute heart failure.

Methods: Electronic databases were searched using EBSCOHost: CINAHL complete, Medline complete, Embase,
Scopus, Econlit, Global Health, and Health source (Consumer and Nursing/Academic) for published articles until 22nd
June 2021. The searches focussed on papers that examined the cost-effectiveness of nurse-led clinics or telemoni-
toring involving nurses to follow-up patients after hospitalisation for acute heart failure. GRADE criteria and CHEERS
checklist were used to determine the quality of the evidence and the quality of reporting of the economic evaluation.

Results: Out of 453 studies identified, eight studies were included: four in heart failure clinics and four in telemonitor-
ing programs. Five of the articles were cost-effectiveness analyses, one a cost comparison and two studies involved
economic modelling The GRADE criteria were rated as high in five studies. In which, four studies examined the cost-
effectiveness of telemonitoring programs. Based on the CHEERS checklist for reporting quality of economic evalua-
tions, the majority of economic evaluations were rated between 86 and 96%. All the studies found the intervention to
be cost-effective compared to usual care with Incremental Cost Effectiveness Ratios ranging from $18 259 (Canadian
dollars)/life year gained to €40,321 per Quality Adjusted Life Years gained.

Conclusion: Nurse-led heart failure clinics and telemonitoring programs were found to be cost-effective. Certainly,
this review has shown that heart failure clinics and telemonitoring programs do represent value for money with their
greatest impact and cost savings through reducing rehospitalisations.

Keywords: Economic evaluation, Cost-effectiveness, Heart failure, Nursing, Clinics, Remote monitoring, Cardiac
failure, Cost benefit analysis

Introduction

Hospital admissions for heart failure are predicted to rise

substantially over the next decade placing pressure on the
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heart failure [1]. The lifetime risk of developing heart fail-
ure is also high ranging from 30 to 42% in males and 32
to 39% in females [2]. The majority of these patients will
experience not one but several hospitalisations for acute
heart failure over their lifetime. The prognosis of heart
failure is poor with a 10% in-hospital mortality rate from
acute heart failure, post-discharge 30% mortality rate
within one year [3, 4], and 20-25% will be rehospitalised
within one month [5, 6].

The high rate of hospitalisations account for a large
proportion of health care expenditure on heart failure. In
Europe, 1-3% of total health care expenditure has been
attributable to heart failure [7]. This includes inpatient,
outpatient, pharmacotherapy, community services and
medical devices. In the USA these costs are predicted to
almost double over the next 15 years with 2017 costs at
$30 billion (USD) [8] increasing to $53 billion (USD) by
2030 [9].

Given the significant financial and disease burden asso-
ciated with heart failure, post discharge support is vital
to reduce costs and improve outcomes in heart failure
patients. Telemonitoring programs and HF clinics have
been shown to reduce the risk of rehospitalisation by 36%
[10] and 9% respectively [11]. However, the economic
value of these programs has not been evaluated, empha-
sising the need for a review of the economic evidence.
Economic evaluations provide a systematic approach to
inform decision-makers about the most efficient use of
their resources and provides an analysis of which pro-
gram is more cost-effective. This systematic approach
provides transparency, objectivity and accountability in
decision-making [12]. The aim of this paper is to pro-
vide an integrated review of the economic evaluations of
ambulatory nurse-led heart failure clinics and telemoni-
toring programs for patients diagnosed with heart failure.

Methods

We conducted a review of economic evaluations of nurse-
led heart failure clinics and telemonitoring follow-up for
patients discharged from hospital with heart failure.

Study eligibility

All articles that involved an economic evaluation
of a nurse-led heart failure service in telemonitor-
ing programs or clinic-based programs that included
cost-effectiveness analysis, cost utility analysis, cost ben-
efit analysis, cost-consequent analysis, cost-minimisation
analysis and/or simulation modelling, were included in
the review. All articles were restricted to English. There
was no restriction on the year of publication or type of
original study. Economic evaluations of pharmaceuticals
and cardiac technologies were excluded, as the focus was
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on nurse-led heart failure services involving telemonitor-
ing programs and heart failure clinics.

Literature search

The Preferred Reporting System for Systematic Reviews
and Meta-Analysis (PRISMA) [12] strategy was followed
to ensure systematic selection of studies. A compre-
hensive search of the literature was undertaken on June
22nd 2021 using the database platform of EBSCOHost
of the following databases: CINAHL complete, Medline
complete, Embase, Scopus, EconLit, Global Health, and
Health source (Consumer and Nursing/Academic). The
searches focussed on papers that examined the cost-
effectiveness of clinics or telemonitoring to manage
patients following hospitalisation for acute heart failure.
We also reviewed the reference lists of relevant papers,
searched websites and conference papers. The follow-
ing search terms using Boolean phrases were: “failure*
OR incompet* OR insufficien*” AND “card* OR heart*
OR myocard”; AND: “Cost-effectiveness analysis” or
“economic analysis” or “cost—benefit analysis” or “cost-
utility analysis” or “cost-consequent analysis” or “cost-
minimisation analysis” or “simulation modelling” or
“markov modelling” or “economic evaluation”. Additional
search terms included: “telemonitoring, telephone sup-
port or telehealth” OR “ambulatory care” or “outpatient
clinic” or “clinic”

Quality assessment

The Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) checklist [13] was used to deter-
mine the reporting quality of economic evaluations. The
checklist comprises of 24 items that are rated as ‘Yes’
meeting the criteria or ‘No’ did not meet the criteria or
‘NA’ not applicable. Any items that were partially met
were also scored as ‘No’ The reporting quality of each
study was then expressed as a percentage of the propor-
tions of items that met the criteria for reporting eco-
nomic evaluations. Studies that scored <50% were rated
as poor quality of reporting, 51-75% as moderate qual-
ity of reporting and >75% were considered high quality of
reporting economic evaluations in terms of meeting the
reporting standards.

The Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE).

System [14] criteria were used to evaluate the quality
of evidence for the estimate of effect, in each study. The
quality of clinical evidence was taken from the original
study that the economic evaluation was based on. Stud-
ies were rated as high quality when further research is
unlikely to change the estimate of effect; moderate qual-
ity when further research may be likely to change the
estimate of effect; low quality when further research is
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very likely to change the estimate of effect; and very low
quality when there is a large degree of uncertainty about
the estimate of the effect [14]. Based on the GRADE
approach [14], randomised trails are rated as high qual-
ity evidence and observational studies as low quality
evidence. There are five factors that can downgrade the
quality of evidence for a randomised trial: study limita-
tions, imprecision, inconsistency of results, publication
bias and indirectness of evidence [14]. There are three
factors that can improve the quality of evidence for
observational studies: large degree of effect, confounders
may minimise the effect and a dose response [14]. Addi-
tional details about the application of GRADE to evaluate
quality of evidence is from a published article by Guyatt
[14].

Results

A total of 567 peer reviewed articles were identified of
which 453 were selected for further review based on rel-
evance of title and abstract screening (Fig. 1). A total of
eight peer-reviewed articles were included in the review.
Four articles investigated the cost-effectiveness of heart
failure clinics and the other four articles telemonitoring.
Five of the articles were cost-effectiveness analyses, one
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a cost comparison and two studies involved economic
modelling; one study over 30 years [15] and another
over a lifetime time horizon [16]. Three studies were an
analysis conducted alongside an RCT [17-19], one study
was a cohort design [20], one based on a pre and post-
test design [21] and three used data from meta-analyses
[15, 16, 22]. All of the studies are summarised in Table 1.
The ICER varied across the studies ranging from $18,259
(Canadian dollars)/life year gained to €40,321 per QALY
gained [15-20, 22]. All of the studies found a nurse-led
heart failure clinic or telemonitoring program to be cost-
effective compared to usual care.

Heart failure clinic economic evaluations
Four studies undertook an economic evaluation of a
heart failure clinic. One study evaluated a nurse-led titra-
tion clinic [21], another investigated a nurse-led clinic in
primary care [19], another study compared three inter-
ventions (clinic vs home visits vs case management) [16]
and the other study performed a cost-effectiveness analy-
sis of specialised multidisciplinary heart failure clinics
[20]. None of the studies were from the same country.
One study that rated high quality of reporting on
the CHEERS checklist with 86% (Additional file 1:
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Table Sla), undertook a modelled cost-effectiveness
analysis of a hypothetical clinic based on data from
various sources [20]. Transition probabilities and out-
comes were taken from a multicentre RCT for the
usual care arm and meta-analysis for the multidisci-
plinary heart failure clinic intervention arm. Another
study conducted an economic evaluation alongside a
cluster RCT of a nurse-led clinic in primary care com-
pared to a GP clinic for patients diagnosed with coro-
nary heart disease and heart failure [19]. According to
the CHEERS checklist it rated as 76% (Additional file 1:
Table S1b). This nurse-led clinic showed an increase in
QALY of 0.03/year and an increase in health care costs
of £425. The clinics generated an ICER of £13,158/
QALY compared to usual care [19]. Wjeysundera et al.
[20] did not use QALYs as an outcome measure but
looked at life-years gained. They found the predicted
life expectancy of heart failure clinic patients to be
3.91 years compared to 3.21 years for standard care
[20]. The 12-year cumulative cost per patient in the
heart failure clinic group was $66,532 (Canadian dollars
(CAD)) vs $53,638 (CAD) in the usual care group. The
ICER was $18,259 (CAD)/life-year gained [20]. It is dif-
ficult to generalise the results of both these studies due
to two main limitations. The study by Wjeysundera and
colleagues [20] used a time horizon of 12 years with
each patient having two appointments within the clinic
annually. This assumption is likely to be an under-
estimation as patients are unlikely to visit the same
hospital-based clinic six monthly for 12 years. The
population in the study by Turner and colleagues [19]
included people with coronary heart disease (CHD) or
heart failure, making it difficult to attribute costs sepa-
rably to the heart failure population.

A study by Blum and colleagues [16] was rated as a
high quality report of an economic evaluation with a
CHEERS score of 96% (Additional file 1: Table Slc). The
economic evaluation used a decision analytic micro-
simulation model with a lifetime time horizon. They
compared three different interventions involving heart
failure nurses (clinic, home visits and case management)
to usual care over a lifetime. Their input parameters were
sourced from systematic reviews of the different inter-
ventions. They found that home visits compared to usual
care were the most cost-effective with an ICER of $19,570
(US dollars) per QALY gained. However, all of the three
interventions, including clinics, were cost-effective com-
pared to usual care at a WTP threshold of $50,000 per
QALY gained. However, only the ICER associated with
home visits compared to usual care was reported. Unfor-
tunately, no head-to-head comparisons were reported
such as clinic versus home visits or case management
versus home visits.
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Craswell et al. [21] undertook an economic analysis
of a heart failure nurse practitioner medication titra-
tion clinic for patients diagnosed with heart failure.
The study design was a cost-comparison of the nurse-
led clinic compared to a medical-led clinic in one hos-
pital. This study was rated as 67% on the CHEERS
checklist (Additional file 1: Table S1d). The case level
costs associated with visits to the usual care medical
clinic were stated as ‘not available) instead the authors
modelled medical clinic costs based on average costs
reported in the National Hospital Cost Data Collec-
tion [23]. As a single centre study, it would have been
more accurate to obtain hospital specific clinical cost-
ing from their hospital clinical costing unit. Authors
state that all costs were adjusted for inflation but the
rate of inflation was not stated. The clinic in this study
was aimed specifically at the titration of medications
in heart failure patients. However, medication costs
were not included in the economic evaluation. As no
outcome measures were included in the analysis, the
study method was a cost comparison not a cost-effec-
tive analysis as reported by the authors. Craswell and
colleagues [21] found that the total cost per patient
attending the nurse practitioner clinic was $41 less
than the cost per patient attending usual care medical
staff clinic [21]. However, it is uncertain where these
cost savings came from as the nurse practitioner clinic
had a higher number of clinic visits but lower cost per
visit.

The GRADE criteria were applied to each of the stud-
ies [14]. The GRADE criteria for the study by Turner
and colleagues [19] was rated as high as their economic
evaluation was based on a large multicentre cluster ran-
domised controlled trial (RCT). Blum and colleagues
[16] was rated as high as their economic data were
sourced from meta-analyses and RCTs. The study by
Wijeysundera and colleagues [20] was rated as moder-
ate as their quality of evidence was based on a cohort
study but the sample involved 16,443 patients. So the
quality of evidence was upgraded from low. The heart
failure clinics were hypothetical and the data were
based on systematic reviews and meta-analyses. They
estimated that on average patients had two clinic visits
annually. This is an under-estimation of the number of
visits as patients diagnosed with heart failure experi-
ence frequent exacerbations often requiring more than
two clinic visits/year. Life expectancy was taken from
a previous published study that followed up patients
for 12 years [24]. The study by Craswell and colleagues
[21] was rated as very low due to the pre and post study
design, data analysis and issues of uncertainty so their
GRADE criteria was downgraded from low.
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Economic evaluations of telemonitoring

There are two main types of telemonitoring in heart
failure. One is a structured telephone support system
where the patient dials into an automated voice activa-
tion system. Patients then enter their responses to ques-
tions via a touch type phone eg 1=yes; 2=no and they
can also enter their weight. The other type of system is
fully automated so the patient dials into the remote sys-
tem. In their home they have a blood pressure machine
and a set of weighing scales that are connected to the sys-
tem. When instructed the patient will put on the blood
pressure cuff and their blood pressure will be measured
automatically and they will also stand on the scales when
instructed and their weight will be transferred automati-
cally into the monitoring system. Some systems also have
several education modules that the patient can listen to
for example fluid restriction or heart failure disease or
self-management [25].

The literature search identified four economic evalu-
ations involving telemonitoring. Two were undertaken
using data from meta-analyses [15, 22] and two were
conducted alongside an RCT [17, 18]. Based on the
CHEERS checklist, the reporting quality of these studies
ranged from 86 to 91% (Additional file 1: Table S2a—d).
One study [18] was assigned a lower CHEERS score due
to lack of discussion of the effects of uncertainty and
distribution of parameters (Additional file 1: Table S2a).
Thokala and colleagues [15] was also assigned a CHEERS
reporting score of 86% due to lack of information about
underlying assumptions of their model and methods
used to estimate costs and conversion (Additional file 1:
Table S2b). When the GRADE criteria were applied, all
of the studies were rated as a high quality of evidence.
These studies were conducted alongside an RCT [17, 18]
or based on a network meta-analysis [15, 22]. None of
the studies were from the same country. The economic
evaluation by Klersy and colleagues [21] was based on
a meta-analysis where the country of origin of the ran-
domised controlled trial varied.

One cost-effectiveness analysis was based on a meta-
analysis of 21 randomised controlled trials on telem-
onitoring compared with usual care [22] and was rated
with a high quality of reporting on the CHEERS check-
list with 91% (Additional file 1: Table S2c). Usual care
involved one visit to an outpatient clinic, general prac-
titioner office or a visit to the Emergency Department.
A telephone monitoring approach included regular
structured telephone contact and referral of symptoms.
The cost-effectiveness analysis was built on efficacy
data from 17 RCTs. There was no justification as to why
four studies were excluded from the cost-effectiveness
analysis. Also, the analysis combined several interven-
tions under the term of ‘remote patient monitoring’
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and then compared it to usual care rather than decon-
structing the term into separate interventions and com-
paring each type of intervention to usual care. Cost
utility analysis using QALYs was undertaken from a
payer perspective with 12 months of follow up. Utilities
were retrieved from a RCT by Hebert and colleagues
[17] and scores were 0.612 for usual care and 0.662 for
remote patient monitoring (RPM) groups. However, the
study by Herbert and colleagues [17] was in African-
American and Hispanic heart failure patients attend-
ing a clinic in Harlem. Klersy et al. [22] have assumed
that the utilities from a disadvantaged population [17]
would be applicable to their patient population with
middle to high incomes. In the decision analytic model
by Klersy and colleagues [22] the transition probabili-
ties were taken from their meta-analysis. There were
two transition states: no hospitalisation or hospitalised
for heart failure over a 12- month time horizon. There
was no reporting of an additional arm in their model
to account for mortality and the transition probability
of background mortality. The costs of hospitalisation
were based on diagnostic related groups. The cost dif-
ferences between the two groups ranged from €300-
€1000 favouring RPM. There was a QALY gain of 0.06
suggesting that remote patient monitoring was a domi-
nant strategy over usual care.

Unlike Klersy and colleagues [22], Thokala et al. [15]
compared different types of telemonitoring and usual
care over 12 months. The interventions were: structured
telephone support (human-to-human and human-to-
machine) and telemonitoring, and usual care. Each of
the interventions were compared with usual care and
also against each other. A Markov model was developed
with two transition states: alive and dead. Transition
probabilities for risk of readmission was sourced from
a meta-analysis by Klersy and colleagues [22]. Mortality
probabilities were taken from CHARM study [26]. Base
case cost-effectiveness suggests that telemonitoring dur-
ing office hours compared to usual care was the most
cost effective at a threshold of £20,000/QALY. Sensitivity
analyses using higher costs of usual care and each inter-
vention did not change the ICER. Health Related Qual-
ity of Life was based on QALYs for usual care which was
sourced from previous studies with an average QALY of
0.57-0.6. Costs included: cost of service after initial dis-
charge only, costs of usual care, and readmission costs.
Hospitalisation costs were based on DRGs. Telemonitor-
ing was the dominant strategy with an ICER of £11,873/
QALY compared to usual care. Structured telephone sup-
port via human to human interface had an ICER of £228
035/QALY compared to telemonitoring. Usual care was
the dominant strategy over structured telephone support
via human to machine interface.



Driscoll et al. BMC Cardiovascular Disorders (2022) 22:64

Hebert and colleagues [17] undertook a cost-effective-
ness study alongside a RCT of a telephone support sys-
tem for patients with heart failure attending an outpatient
clinic from four hospitals in Harlem. They also received
a high quality of reporting based on the CHEERS check-
list with 91% (Additional file 1: Table S2d). QALYs were
measured by EQ-5D at baseline and 12 months. A payer
perspective was used with a 12-month time horizon. The
nurse-led telephone support system was cost-effective
with an ICER of $17,543 per QALY compared to usual
care. Sensitivity analysis showed no difference. However,
85% of participants enrolled in the trial were black/His-
panic from a low SES area of New York so the results may
not be generalisable to the general population.

The final economic evaluation involving telemonitor-
ing was based on an RCT of 382 heart failure patients
randomised to telemonitoring or usual care and followed
up for 12 months from three hospitals [18]. The usual
care group received four outpatient clinic visits over
12 months and the telemonitoring group received two
outpatient clinic visits and telemonitoring with daily sur-
veillance and monitoring of symptoms over 12 months.
All patients were asked to record in a cost diary, the
number of GP visits, specialist follow-up and multidisici-
plinary team appointments such as physiotherapy, heart
failure nurse, pharmacists and so on. Inpatient costs
were taken from the individual hospital costing system.
ED presentations and rehospitalisation costs were from a
national costing manual. Cost of medications were based
on the Dutch Pharmacotherapeutic Compass. EQ-5D
was used to elicit utilities. Boyne and colleagues found
that at a WTP of €50,000 the probability of telemonitor-
ing being cost-effective was 48% [18]. Overall, the ICER
of telemonitoring versus usual care was €40,321 per
QALY gained.

The uncertainty analysis showed that in one hospital,
telemonitoring was not cost-effective but in the other
two sites, it was. The ICERs at two sites were €22,216
and €23,051 per QALY gained compared to the ICER at
the other site of €55,256 per QALY gained. There was no
significant difference in QALYs or total costs between
telemonitoring and usual care.

Discussion

This review summarises economic evaluations of nurse-
led heart failure clinics and telemonitoring programs
for patients diagnosed with heart failure. The quality of
reporting of economic evaluations was assessed using the
CHEERS checklist and quality of evidence was assessed
according to the GRADE criteria. Economic evalua-
tion methods differed across the included studies rang-
ing from full economic evaluation with ICER reported to
cost comparisons. These differences were reflected in the
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quality assessment tools that we used to compare studies
[13, 14].

Economic evaluations of nurse-led telemonitoring pro-
grams were based on a high quality of evidence mainly
due to evaluations being conducted alongside large, mul-
ticentre RCTs or based on large meta-analyses. Studies
involving nurse-led heart failure clinics mainly sourced
their input parameter data from observational or single
centre studies. Economic evaluations of heart failure clin-
ics need to be conducted alongside a multicentre RCT.
However, heart failure clinics are now entrenched within
usual care so it is unlikely that large multicentre RCTs
will be conducted.

Nurse-led heart failure clinics in general were found to
be cost-effective but heterogeneity in clinic type/service
provided would likely impact on the cost-effectiveness.
The findings from this review are consistent with the
outcomes literature that has found them to be clinically
effective [11, 27, 28]. Cost savings from heart failure clin-
ics are likely to be from reduced rehospitalisations at 7
and 30 days. One study modelled three interventions
over a lifetime: clinic, home visits, case management and
usual care [16]. They found all three interventions to be
cost-effective compared to usual care which is also reflec-
tive of the evidence of these interventions on reducing
rehospitalisations [27-29].

Telemonitoring programs were cost-effective in three
of the studies but only a 48% probability of being cost-
effective in a fourth study [18]. Several large RCTs have
not found telemonitoring to be clinically effective com-
pared to usual care [30, 31] indicating that more evidence
is warranted. Two of the economic evaluations used
data from a meta-analysis so depending on which meta-
analysis was used, it would have an impact on the cost-
effectiveness of telemonitoring [32]. The main cost driver
in the economic evaluations was a reduction in rehospi-
talisations. In all of the telemonitoring evaluations, the
usual care groups also received follow up in an outpatient
clinic [15, 17, 18, 22]. There may have been a greater dif-
ference in ICER if the usual care groups did not include a
clinic review. One study combined structured telephone
support studies with telemonitoring studies and over-
all found them to be cost-effective [22]. Structured tel-
ephone support only was also found to be cost-effective
(ICER $17,543/QALY) [17]. However, in a head-to-head
comparison of structured telephone support to telemoni-
toring, telemonitoring was the dominant economic strat-
egy [15].

Transferability of the ambulatory HF nurse-led services
in this review is difficult due to heterogeneity of country
of the study, different currencies used and year of under-
taking the studies varied. Although this review focussed
on nurse-led clinics and telemonitoring, there was
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significant heterogeneity between studies which would
impact on transferability between health settings. The
measure of effectiveness also varied with some studies
using QALYs [15, 16, 18, 19], one study used life expec-
tancy [12] and another survival gain [22].

Limitations

There were two limitations associated with this review.
Firstly, a quantitative synthesis of the literature was not
undertaken due to the low number of included studies
and heterogeneity of study design. Secondly, the review
of economic evaluations of heart failure clinics and
telemonitoring programs was taken by one reviewer. Any
uncertainty in study design, method, results interpreta-
tion or grading of studies were discussed with the other
two authors.

Conclusion

Heart failure has a high burden of disease with the main
driver of health care costs being rehospitalisation. Eco-
nomic evaluations of nurse-led heart failure services have
shown the services to be cost-effective compared to a
usual care comparator. From a health system perspective
this information can inform policy direction about pro-
vision of services that represent ‘value for money. Cer-
tainly, this review has shown that nurse-led heart failure
clinics and telemonitoring programs do represent value
for money with their greatest impact on cost savings in
reducing rehospitalisation.

Abbreviations

CAD: Canadian dollars; CHD: Coronary heart disease; CHEERS: Consolidated
health economic evaluation reporting standards; ED: Emergency department;
GRADE: Grading of recommendations assessment, development and evalu-
ation; ICER: Incremental cost effectiveness ratio; PRISMA: Preferred reporting
system for systematic reviews and meta-analysis; QALY: Quality adjusted life
years; RCT: Randomised controlled trial.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512872-022-02509-9.

Additional file 1. A critical appraisal of the reporting of economic evalua-
tions of Heart Failure programs based on the CHEERS checklist

Acknowledgements
Professor Andrea Driscoll was supported by a Heart Foundation Future Leader
fellowship 100472 from the National Heart Foundation of Australia.

Authors’ contributions

AD conducted the literature search and wrote the paper. LG and JW reviewed
the papers and assisted with writing the paper. All authors provided feedback
on all drafts of the paper. All authors read and approved the final manuscript.

Funding
Professor Andrea Driscoll was supported by a Heart Foundation Future Leader
fellowship 100472 from the National Heart Foundation of Australia.

Page 10 of 11

Availability of data and materials
All data generated or analysed during this study are included in this published
article and its Additional file 1.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Not applicable.

Author details

'School of Nursing and Midwifery, Deakin University, 1 Gheringhap Street,
Geelong, VIC 3220, Australia. 2Department of Cardiology, Austin Health, Stud-
ley Rd, Heidelberg, VIC 3081, Australia. *School of Health Economics, Deakin
University, 1 Gheringhap Street, Geelong, VIC 3220, Australia.

Received: 2 September 2021 Accepted: 28 January 2022
Published online: 22 February 2022

References

1. Roger V. Epidemiology of heart failure. Circ Res. 2013;113:646-59.

2. Huffman MD, Berry JD, Ning H, Dyer AR, Garside DB, Cai X, Daviglus ML,
Lloyd-Jones DM. Lifetime risk for heart failure among white and black
Americans: cardiovascular lifetime risk pooling project. J Am Coll Cardiol.
2013;,61:1510-7.

3. ChenJ, Dharmarajan K, Wang Y, Krumholz HM. National trends in
heart failure hospital stay rates, 2001 to 2009. J Am Coll Cardiol.
2013;61:1078-88.

4. Joffe SW, Webster K, McManus DD, Kiernan MS, Lessard D, Yarzebski J,
Darling C, Gore JM, Goldberg RJ. Improved survival after heart failure: a
community-based perspective. J Am Heart Assoc. 2013. https://doi.org/
10.1161/JAHA.113.000053.

5. Driscoll A, Dinh D, Prior D, Hare D, Kaye D, Neil C, Lockwood S, Brennan
A, Carruthers H, Lefkovits J, Amerena J, Cooke J, Vaddadi G, Nadurata V,
Reid C. The effect of transitional care on 30-day outcomes in patients
hospitalised with acute heart failure. HLC. 2020. https://doi.org/10.1016/].
hlc.2020.03.004.

6. Dharmarajan K, Hsieh AF, Lin Z, Bueno H, Ross JS, Horwitz LI, Barreto-Filho
JA, Kim N, Bernheim SM, Suter LG, Drye EE, Krumholz HM. Diagnoses and
timing of 30-dayreadmissions after hospitalization for heart failure, acute
myocardial infarction, or pneumonia. JAMA. 2013;309(4):355-63.

7. NeumannT, Biermann J, Erbel R, Neumann A, Wasem J, Ertl G, Dietz R.
Heart failure: the commonest reason for hospital admission in Germany:
medical and economic perspectives. Dtsch Arztebl Int. 2009;106:269-75.

8. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, de Ferranti
SD, Floyd J, Fornage M, Gillespie C, Isasi CR, Jiménez MC, Jordan LC,

Judd SE, Lackland D, Lichtman JH, Lisabeth L, Liu S, Longenecker CT,
Mackey RH, Matsushita K, Mozaffarian D, Mussolino ME, Nasir K, Neumar
RW, Palaniappan L, Pandey DK, Thiagarajan RR, Reeves MJ, Ritchey M,
Rodriguez CJ, Roth GA, Rosamond WD, Sasson C, Towfighi A, Tsao CW,
Turner MB, Virani SS, Voeks JH, Willey JZ, Wilkins JT, Wu JH, Alger HM,
Wong SS, Muntner P. American heart association statistics committee and
stroke statistics subcommittee, heart disease and stroke statistics-2017
update: a report from the american heart association. Circulation.
2017;135(10):e146-603. https://doi.org/10.1161/CIR.0000000000000485.

9. Heidenreich PA, Albert NM, Allen LA, Bluemke DA, Butler J, Fonarow GC,
lkonomidis JS, Khavjou O, Konstram MA, Maddox TM, Nichol G, Pham M,
Pina IL, Trogdon JG. Forecasting the impact of heart failure in the United
States: a policy statement from the American Heart Association. Circ
Heart Fail. 2013;6:606-19.

10. Kotb A, Cameron C, Hsieh S, Wells G. Comparative effectiveness of differ-
ent forms of telemedicine for individuals with heart failure (HF): a system-
atic review and network meta-analysis. PLoS ONE. 2015;10(2):e0118681.


https://doi.org/10.1186/s12872-022-02509-9
https://doi.org/10.1186/s12872-022-02509-9
https://doi.org/10.1161/JAHA.113.000053
https://doi.org/10.1161/JAHA.113.000053
https://doi.org/10.1016/j.hlc.2020.03.004
https://doi.org/10.1016/j.hlc.2020.03.004
https://doi.org/10.1161/CIR.0000000000000485

Driscoll et al. BMC Cardiovascular Disorders

20.

21

22.

23.

24.

25.

26.

27.

28.

(2022) 22:64

. Hernandez AF, Greiner MA, Fonarow GC, Hammill BG, Heidenreich PA,

Yancy CW, Peterson ED, Curtis LH. Relationship between early physician
follow-up and 30-day readmission among medicare beneficiaries hospi-
talized for heart failure. JAMA. 2010;303(17):1716-22.

Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Meth-
ods for economic evaluation of health care programmes. 4th ed. Oxford:
Oxford University Press; 2015.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. BMJ.
2009;339:b2535.

Husereau D, Drummond MF, Petrou S, Carswell C, Moher D, Greenberg

D, Augustovski F, Briggs AH, Mauskopf J, Loder E. CHEERS Task force,
consolidated health economic evaluation reporting standards (CHEERS):
explanation, and elaboration: a report of the ISPOR Health economic
evaluation publication guidelines good reporting practices task force.
Value Health. 2013;16:231-50. https://doi.org/10.1016/jjval.2013.02.010.
Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, Norris S, Falck-Ytter Y,
Glasziou P, DeBeer H, Jaeschke R, Rind D, Meerpohl J, Dahm P, Schune-
mann HJ. GRADE guidelines: 1. Introduction—GRADE evidence profiles
and summary of findings tables. J Clin Epidemiol. 2011,64:383-94.
https://doi.org/10.1016/j.jclinepi.2010.04.026.

Thokala P, Baalbaki H, Brennan A, Pandor A, Stevens JW, Gomersall
T,Wang J, Bakhai A, Al-Mohammad A, Cleland J, Cowie MR, Wong R.
Telemonitoring after discharge from hospital with heart failure: cost-
effectiveness modelling of alternative service designs. BMJ Open. 2013;3:
e003250. https://doi.org/10.1136/bmjopen-2013-003250.

Blum MR, Carmichael HL, Heidenreich P, Owens DK, Goldhaber-Fiebert
JD. Cost-effectiveness of transitional care services after hospitalization’
with heart failure. Ann Intern Med. 2020;172:248-57.

Hebert PL, Sisk JE, Wang JJ, Tuzzio L, Casabianca JM, Chassin MR, Horowitz
C, McLaughlin MA. Cost-effectiveness of nurse-led disease management
for heart failure in an ethnically diverse urban community. Ann Intern
Med. 2008;149:540-8.

Boyne JJJ, Van Asselt ADI, Gorgels APM, Steuten LMG, De Weerd G,
Kragten J, Vrijhoef HIM. Cost-effectiveness analysis of telemonitoring ver-
sus usual care in patients with heart failure: the TEHAF-study. J Telemed
Telecare. 2013;19:242-8.

Turner DA, Paul S, Stone MA, Juarez-Garcia A, Squire |, Khunti K. Cost-
effectiveness of a disease management programme for secondary
prevention of coronary heart disease and heart failure in primary care.
Heart. 2008,94:1601-6.

Wijeysundera HC, Machado M, Wang X, van der Velde G, Sikich N, Witte-
man W, Tu JV, Lee DS, Goodman SG, Petrella R, O'Flaherty M, Capewell S,
Krahn M. Cost-effectiveness of specialized multidisciplinary heart failure
clinics in Ontario, Canada. Value Health. 2010;13(8):915-21.

Craswell A, Dwyer T, Rossi D, Armstrong C, Akbar D. Cost-effectiveness of
nurse practitioner-led regional titration service for heart failure patients. J
Nurse Practitioners. 2017;14(2):105-11.

Klersy C, De Silvestri A, Gabutti G, Raisaro A, Curti M, Regoli F, Auricchio A.
Economic impact of remote patient monitoring: an integrated economic
model derived from a meta-analysis of randomized controlled trials in
heart failure. Eur J Heart Fail. 2011;13:450-9.

National Hospital Cost Data Collection Australian Public Hospitals

Cost Report 2012-2013, Round 17. 2015;,Commonwealth of Australia:
Canberra

Ko DT, Alter DA, Austin PC, et al. Life expectancy after an index hospitali-
zation for patients with heart failure: a population-based study. Am Heart
J.2008;155:324-31.

Krum H, Forbes A, Yallop J, Driscoll A, Croucher J, Chan B, Clark R, David-
son PA, Huynh L, Kasper E, Hunt D, Budd L, Egan H, Stewart S, Piterman

L, Tonkin A. Telephone support to rural and remote patients with heart
failure; the chronic heart failure assessment by telephone (CHAT) study.
Cardiovasc Ther. 2013;31(4):230-7.

Solomon SD, Dobson J, Pocock S, Skali H, McMurray JVV, Granger CB,
Yusuf S, Swedberg K, Young JB, Michelson EL, Pfeffer MA, Candesartan in
Heart failure:

Assessment of Reduction in Mortality and morbidity (CHARM)
Investigators. Influence of nonfatal hospitalization for heart failure on
subsequent mortality in patients with chronic heart failure. Circulation.
2007;116:1482-7.

29.

30.

31

32.

33.

34.

Page 11 of 11

Lee DS, Stukel TA, Austin PC, Alter DA, Schull MJ, You JJ, Chong A, Henry
D, Tu JV. Improved outcomes with early collaborative care of ambula-
tory heart failure patients discharged from the Emergency Department.
Circulation. 2010;122:1806-14.

Phillips CO, Singa RM, Rubin HR, Jaarsma T. Complexity of program and
clinical outcomes of heart failure disease management incorporating
specialist nurse-led heart failure clinics. A meta-regression analysis. Eur J
Heart Fail. 2005;7:333-41.

Naylor MD, Brooten DA, Campbell RL, Maislin G, McCauley KM, Schwartz
JS. Transistional care of older adults hospitalised with heart failure: a
randomised, controlled trial. JAGS. 2004;52:675-84.

Chaudhry SI, Mattera JA, Curtis JP, Spertus JA, Herrin J, Lin Z, Phillips CO,
Hodshon BV, Cooper LS, Krumholz HM. Telemonitoring in patients with
heart failure. N Engl J Med. 2010;363:2301-9.

Koehler F, Winkler S, Schieber M, Sechtem U, Stangl K, Bohm M, Boll H,
Baumann G, Honold M, Hoehler K, Gelbrich G, Kirwan BA, Anker SD, on
behalf of the Telemedical Interventional Monitoring in Heart Failure
Investigators. Telemedical Interventional Monitoring in Heart Failure
Investigators. Impact of remote telemedical management on mortality
and hospitalizations in ambulatory patients with chronic heart failure: the
telemedical interventional monitoring in heart failure study. Circulation.
2011;123:1873-80.

Pekmezaris R, Tortez L, Williams M, Patel V, Makaryus A, Zeltser R, Sinvani L,
Wolf-Klein G, Lester J, Sison C, Lesser M, Kozikowski A. Home telemonitor-
ing in heart failure: a systematic review and meta-analysis. Health Aff.
2018;37(12):1983-9. https://doi.org/10.1377/hlthaff.2018.05087.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.jval.2013.02.010
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1136/bmjopen-2013-003250
https://doi.org/10.1377/hlthaff.2018.05087

	Clinical effectiveness and cost-effectiveness of ambulatory heart failure nurse-led services: an integrated review
	Abstract 
	Background: 
	Aim: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study eligibility
	Literature search
	Quality assessment

	Results
	Heart failure clinic economic evaluations
	Economic evaluations of telemonitoring

	Discussion
	Limitations
	Conclusion
	Acknowledgements
	References


