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Abstract

Objective

To evaluate the cost-effectiveness of the Cardiac Care Bridge (CCB) nurse-led transitional

care program in older (�70 years) cardiac patients compared to usual care.

Methods

The intervention group (n = 153) received the CCB program consisting of case manage-

ment, disease management and home-based cardiac rehabilitation in the transition from

hospital to home on top of usual care and was compared with the usual care group (n =

153). Outcomes included a composite measure of first all-cause unplanned hospital read-

mission or mortality, Quality Adjusted Life Years (QALYs) and societal costs within six

months follow-up. Missing data were imputed using multiple imputation. Statistical uncer-

tainty surrounding Incremental Cost-Effectiveness Ratios (ICERs) was estimated by using

bootstrapped seemingly unrelated regression.

Results

No significant between group differences in the composite outcome of readmission or mor-

tality nor in societal costs were observed. QALYs were statistically significantly lower in the

intervention group, mean difference -0.03 (95% CI: -0.07; -0.02). Cost-effectiveness accept-

ability curves showed that the maximum probability of the intervention being cost-effective

was 0.31 at a Willingness To Pay (WTP) of €0,00 and 0.14 at a WTP of €50,000 per com-

posite outcome prevented and 0.32 and 0.21, respectively per QALY gained.
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Conclusion

The CCB program was on average more expensive and less effective compared to usual

care, indicating that the CCB program is dominated by usual care. Therefore, the CCB pro-

gram cannot be considered cost-effective compared to usual care.

Introduction

Cardiac disease is the leading cause of hospitalization and mortality in older individuals and

leads to substantial healthcare costs [1, 2]. Approximately 14% of total US healthcare costs [1]

and approximately 12% of the total healthcare expenditure in the Netherlands are caused by

cardiac disease and the majority of costs is incurred in older individuals [3]. After hospitaliza-

tion for cardiac disease, up to 25% of older cardiac patients are readmitted within the first six

months [4, 5]. Geriatric conditions lead to physical and cognitive limitations, thereby compli-

cating medical treatment and care during and after discharge. This increases the risk of adverse

outcomes such as hospital readmission [6] and contribute to high healthcare costs [7]. There is

increasing evidence that a large proportion of costly readmissions can be prevented [8].

Transitional care interventions have the potential to reduce the risk of readmission and

mortality [9–11]. However, in cardiac patients the evidence is not unequivocal [9, 12–14]. The

Cardiac Care Bridge transitional care program (CCB program) was developed to reduce hospi-

tal readmission and mortality in older (�70 years) cardiac patients at high risk of readmission

and mortality [15, 16]. This nurse-coordinated intervention combined case management, dis-

ease management and home-based rehabilitation in the transition of care. The aim of the cur-

rent study is to assess the cost-effectiveness of the CCB program compared to usual care from

a societal perspective, within six months after randomization among older (�70 years) cardiac

patients at high risk of readmission and mortality.

Materials and methods

Design

A cost-effectiveness analysis of the CCB program was performed alongside the CCB random-

ized controlled trial from a societal perspective. The study protocol was approved by the Medi-

cal Ethics Committee of the Amsterdam University Medical Centre (Protocol ID:

MEC2016_024) and registered in the trial registration: NTR6316 (http://www.trialregister.nl).

All participants provided written informed consent. This manuscript was designed according

to the CHEERS criteria, see S1 Table [17].

Participants

The CCB multi-centre randomized trial was conducted between June 2017 and March 2019 in

six hospitals in and surrounding Amsterdam, the Netherlands [15]. In total, 306 older (�70

years) hospitalized cardiac patients at high risk of readmission and mortality were included.

Patients were eligible for inclusion if they were at high risk according to the Dutch Safety Man-

agement System (DSMS) screening on malnutrition, fall risk, delirium and functional

impairment, or if patients had an unplanned hospital admission within six months prior to the

index admission and were discharged home. The DSMS-score ranges between 0–4 and

patients were considered at high risk with a DSMS-score�2 in patients aged 70–79 years or

DSMS-score�1 in patients aged�80 years [15].
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Randomization

Within 72 hours of hospitalization, eligible patients were asked to participate in the random-

ized trial by cardiac research nurses [15, 16]. After providing informed consent, a comprehen-

sive geriatric assessment (CGA) was conducted with all participants. Subsequently,

participants were randomized to the intervention or usual care group by a web-based program

to ensure allocation concealment (Research Manager, https://my-researchmanager.com/en/).

Participants were blinded to their group allocation according to a postponed informed consent

procedure [18].

Intervention

In brief, the CCB program included three phases (clinical, discharge and post-clinical phase)

and consisted of three core components (case management, disease management and home-

based cardiac rehabilitation) [15, 16]. In the clinical phase, the cardiac research nurses devel-

oped an integrated care plan together with participants, based on cardiac and geriatric condi-

tions as assessed by the CGA, and consulted other disciplines based on indication. In the

discharge phase, community nurses visited participants in hospital prior to discharge to

receive a face-to-face handover from the cardiac research nurse and to meet participants. The

community-based physical therapist received a written handover and the discharge date to

organize home-based cardiac rehabilitation. After discharge, the participants received four

home visits from the community nurse which were focussed on medication reconciliation,

evaluation of the health status and the integrated care plan, and topics related to lifestyle. The

community nurse was in close contact with an affiliated pharmacist for medication reconcilia-

tion and with the community-based physical therapist who performed up to nine home-based

cardiac rehabilitation sessions.

Usual care

Standard primary care was provided in both the intervention and the usual care group. During

hospitalization, participants received care as usual from their treating cardiologist. After dis-

charge, participants received outpatient care from a cardiologist and cardiac nurse specialist

according to the national cardiovascular guidelines [16, 19]. The treating cardiologist referred

participants to outpatient or centre-based cardiac rehabilitation programs on indication. For

non-cardiovascular problems, the general practitioner is the primary healthcare provider. In

the Netherlands, basic healthcare insurance is obliged in all citizens. It includes coverage of

primary care visits, hospital outpatient visits, hospitalizations, and prescribed medication. Sup-

plementary insurance can be purchased and includes e.g., physical therapy and other paramed-

ical services.

Outcomes

The primary outcome of the CCB study was the composite of first all-cause unplanned hospital

readmission or mortality within six months follow-up. These outcomes were assessed by medi-

cal files of participating hospitals, the Dutch National Personal Records Database and self-

reported information during follow-up [15, 16].

Health-related Quality of Life (HQoL) was evaluated at six months follow-up by using the

5-level EuroQol-5D questionnaire (EQ5D-5L) [20]. Subsequently, the Dutch EQ-5D-5L tariff

(based on the Dutch general society) was used to convert the EQ-5D-5L health states into utili-

ties [21]. Finally, QALYs were calculated by multiplying the time subjects spent by the utilities
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of that health state. The changes in utilities between two measurement points were assumed

linear.

Healthcare utilization and costs were measured from a societal perspective which means

that all costs, including informal and healthcare costs, were included in the analyses (see

Table 1) [22]. Healthcare utilization at three and six months follow-up, was collected by use of

an extended version of The Older Persons and Informal Caregivers Survey—Minimum Data

Set (TOPIC-MDS) and included the length of hospital admissions, the number of emergency

visits, the number of days in residential care, the number of days receiving day care, the num-

ber of general practitioner consultations, pharmacist consultations, hours of received personal

care and home nursing, hours of received physical therapy and duration of outpatient rehabili-

tation or hospital-based rehabilitation [23]. These data were self-reported and supplemented

with information from the hospital medical files. Informal care hours were self-reported by the

informal caregiver. To convert healthcare utilization into healthcare costs, Dutch standard

costs were multiplied by the volumes of utilization of these units [24]. All prices were con-

verted into prices for the year 2018 using consumer price indices, see Table 1 [25].

To calculate the intervention costs, the intervention components were valued with Dutch

standard costs according to the Dutch guidelines using a bottom-up micro-costing approach

[25]. In addition, the time needed to perform a baseline assessment, to develop an integrated

care plan and to arrange the home-based intervention, was based on an average time-

Table 1. Healthcare costs (€) used in the cost-effectiveness analysis.

Healthcare utilization Volume Costsa

Primary care

General practitioner consultation Visit 34.34

Community pharmacist medication reconciliation Visit 49.33

Home care

Community nursing Hour 75.97

Personal care Hour 52.04

Domestic care at home Hour 23.53

Care hotel (in nursing home) Day 174.83

Day-care Day 139.45

Physical therapy Visit 34.34

Physical therapy, home visit Visit 45.77

Secondary care

Emergency room Visit 269.52

Hospital admission Day 495.34

Hospital ICU admission Day 2096.89

Outpatient clinic Visit 94.70

Rehabilitation

Institutional Day 478.69

Outpatient cardiac rehabilitation Hour 156.54

Residential and nursing home care Day 174.83

Informal care

Voluntary care, housekeeping, practical caregiver support Hour 14.32

aPrices are obtained from the Dutch manual for cost-analysis in healthcare research [24]. Subsequently, prices per

categories were indexed to the reference year 2018 by using a consumer price index [25]. The price of the pharmacist

consultation is based on the Dutch guideline ‘Generieke kosten medicatiebeoordeling’ (General costs medication

reconciliation) [26].

https://doi.org/10.1371/journal.pone.0263130.t001
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investment estimation within the CCB study protocol and was valued using standardized sal-

ary costs, see Table 2 [16].

Missing data

Missing observations in cost and effect data were imputed using multiple imputation by

chained equations (MICE) with predictive mean matching [27, 28]. The imputation model

included variables that were related to missingness or the outcome, and all variables included

in the analysis models, see S2 Table. Based on the loss of efficiency (fraction of missing infor-

mation/m�0.05), ten imputed datasets were needed [28]. These imputed datasets were ana-

lysed separately, after which the results were pooled using Rubin’s rules [29].

Statistical analysis

All analyses were performed according to the intention-to-treat principle. Baseline characteris-

tics were presented as mean with standard deviation (SD), median with interquartile range

(IQR) or number with percentage. Seemingly unrelated regression (SUR) was performed to

estimate cost and effect differences adjusted for confounders [30]. Variables were considered

to be a confounder if their inclusion resulted in a�10% change in the beta-coefficient, and

included sex, cardiovascular diagnosis and geriatric conditions: malnutrition, falling, delirium,

functional impairment and cognitive status Mini-Mental State Examination-score [16]. Cost

data generally have a highly skewed distribution due to many patients with low costs and few

patients with (very) high costs, and no possibility of negative values. Therefore, statistical

uncertainty was estimated by bootstrapping the SUR models using 5000 replications.

Incremental cost-effectiveness ratios (ICERs) were calculated by dividing the difference in

total costs between the intervention group and the usual care group by the difference in the

composite outcome (first readmission or mortality) for the cost-effectiveness analysis (CEA)

and QALYs for the cost-utility analysis (CUA). Statistical uncertainty surrounding the ICERs

was presented by showing the bootstrapped cost-effect pairs in cost-effectiveness planes. In a

cost-effectiveness plane, the difference in effects between the intervention and usual care

group is plotted on the x axis and the difference in costs on the y axis. Cost-effectiveness

acceptability curves (CEAC) were estimated, showing the probability that the intervention is

cost-effective compared to control for all possible values of the willingness to pay (WTP)

Table 2. CCB intervention costs (€).

Minutes per participant Costs per houra Total CCB costs

Secondary care

Comprehensive geriatric assessment 100 19.29 32.15

Integrated care plan 30 19.29 9.64

Consultation geriatrician 15 117.59 29.39

Face-to-face handover cardiac nurse 30 19.29 9.64

Primary care

Community nurse (home) visits, including in hospital face-to-face handoverb 5–6 visits NA 241.00

Pharmacist medication reconciliationc 20 147.48 49.33

Home-based cardiac rehabilitation (9 sessions) 285 45.77 411.93

aPrices are obtained from the Dutch manual for cost-analysis in healthcare research [24]. Subsequently, prices per categories were indexed to the reference year 2018

using a consumer price index [25].
bCommunity nurse visits: 1–9 visits� 3 months category frail / chronically ill, standard price.
cThe price of the pharmacist consultation is based on the Dutch guideline ‘Generieke kosten medicatiebeoordeling’ (General costs medication reconciliation) [26].

https://doi.org/10.1371/journal.pone.0263130.t002
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threshold. The WTP threshold represents the amount of money that society is willing to pay to

obtain one unit of effect extra [31].

Two sensitivity analyses were performed. First, the main analysis was repeated without

adjustment for confounders. Second, analyses were performed from a healthcare perspective

in which only healthcare costs were included.

IBM SPSS version 26.0 0 (SPSS Inc., Chicago, IL, USA) and Stata Statistical Software:

Release 16 (College Station, TX: StataCorp LP) were used in the data analyses.

Results

In total, 306 participants were included in the CCB study and were randomly allocated to the

intervention (n = 153) or the usual care group (n = 153). Table 3 presents the baseline charac-

teristics. The only baseline difference found, was a higher risk of delirium in the intervention

group compared to the usual care group, 61.4% and 50.3% (p = 0.049) respectively.

Complete outcome data on the composite outcome were available from all participants, see

Fig 1. Data on costs over six months follow-up were complete in 75 (49.0%) intervention par-

ticipants and in none of the participants in the usual care group (see S3 Table). In total, 227

participants (74.2%) had complete data on QALYs at six months follow-up, of whom 119/153

participants (77.8%) in the intervention group and 108/153 participants (70.6%) in the usual

care group. Between group differences were tested in participants with and without missing

data on costs and no significant differences were found.

Outcomes

Primary outcomes. Table 4 shows the unadjusted mean outcomes over six months fol-

low-up. In the intervention group, the proportion of participants with the primary composite

Table 3. Baseline characteristics.

Intervention n = 153 Usual care n = 153

Socio-demographics

Male 70 (45.8) 86 (56.2)

Age, years 82.5 ± 6.1 82.3 ± 6.5

Cohabitating 66 (43.1) 68 (44.4)

Disease related characteristics

Hospital admission� 6 months of index hospitalization 66 (43.1) 73 (47.7)

Cardiac diagnosis on admission

- Heart failure 86 (56.2) 91 (59.5)

- Acute Coronary Syndrome 19 (12.4) 24 (15.7)

- Other 48 (31.4) 38 (24.8)

Charlson Comorbidity index 3 [1–4] 3 [1–4]

Geriatric conditions

(Risk of) deliriuma 94 (61.4) 77 (50.3)

Fall risk (fall� 6 months) 67 (43.8) 78 (51.0)

Functional impairment (Katz-6, score�2) 65 (42.5) 54 (35.3)

(Risk of) malnutrition (SNAQ) 57 (37.3) 43 (28.1)

Cognitively impaired, MMSE 15–23 47 (30.7) 48 (31.4)

N (%), mean ± standard deviation (SD), median with interquartile range [IQR].
aAssessment of 1. cognitive impairment; 2. help with self-care� 24 hours; 3. a previously delirium (�1 point = at

risk).

Abbreviations: MMSE mini-mental state examination, SNAQ short nutritional assessment questionnaire.

https://doi.org/10.1371/journal.pone.0263130.t003
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outcome of readmission or mortality was 54% compared to 48% in the usual care group (risk

difference (RD), 6% (95% confidence interval (CI) -5%; 18%). The mean difference in QALYs

between the intervention (mean 0.35, SD 0.14) and usual care group (mean 0.38, SD 0.14) was

-0.03 (95% CI: -0.07; -0.02).

Costs. Table 4 shows the crude mean costs over six months follow-up after multiple impu-

tation. There was no difference in total societal costs between groups. Informal care costs were

significantly higher in the intervention versus the usual care group. Primary care costs were

the largest cost driver in both groups.

Cost-effectiveness. The results of the CEA are presented in Table 5, and Figs 2 and 3.

Table 5 and Fig 2 show that the ICER and 64% of the cost-effect pairs are in the northwest

quadrant of the CE-plane, indicating that the intervention is on average more expensive and

less effective (higher incidence of the composite outcome of first readmissions and mortality)

compared to usual care. The CEA curve in Fig 3 shows that the probability of the intervention

being cost-effective compared to the usual care group was 31% when the WTP is €0 per

Fig 1. Flowchart.

https://doi.org/10.1371/journal.pone.0263130.g001
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prevented case of readmission or mortality. This probability decreases to 14% when the WTP

is €50,000 per prevented case of readmission or mortality.

Cost-utility. The results of the CUA are shown in Table 5, Figs 4 and 5. Table 5 and

Fig 4 show that the ICER and 65% of the cost-effect pairs are in the northwest quadrant of

the CE-plane, indicating that the intervention was more expensive and less effective (less

QALYs) compared to usual care. In Fig 5, the CEA curve shows that the probability that

the intervention is cost-effective compared to the usual care group (on QALYs) was 32%

when the WTP is €0 per QALY gained. This probability decreases to 21% when the WTP

is €50,000 per QALY.

Table 4. Unadjusted mean costs (€) and effects over 6 months follow-up after multiple imputation.

Intervention group

(N = 153)

Usual care group

(N = 153)

Mean difference 95% CI

Outcomes

Readmission or mortality 0.54 (0.50) 0.48 (0.50) 0.06 -0.05; 0.18

QALY 0.35 (0.14) 0.38 (0.14) -0.03 -0.07; -0.02

Costs

Healthcare costs, primary care 8348 (18030) 8501 (21338) -153 -1534;

1228

Healthcare costs, secondary care 5336 (8139) 5256 (7772) -80 -468; 628

Informal care costs 2445 (9178) 962 (3407) 1483 1009; 1956

Total costs from a societal perspective, including all costs 16126 (23288) 14833 (23438) 1294 -343; 2931

Total costs from a healthcare perspective, primary and secondary care

costs

13717 (19425) 13873 (22631) -155 -1630;

1320

Mean, standard deviation (SD), confidence interval (CI).

https://doi.org/10.1371/journal.pone.0263130.t004

Table 5. Differences in readmission or mortality, QALYs and costs in €, ICERs, distribution of bootstrapped cost-effect pairs over the quadrants of the CE-plane,

and the probability of cost-effectiveness at different ceiling ratios.

Cost Δ (95%

CI)

Effect Δ (95% CI) ICER CE-

plane

CE-

plane

CE-

plane

CE-

plane

Probability that CCB-intervention is

CE at WTP

NE SE SW NW WTP =

€0

WTP =

€30,000

WTP =

€50,000

Main outcome: societal perspective adjusted for confounding

Composite outcome of readmission or

mortality at 6 months

1404

(-4050;6648)

-0.074

(-0.184;0.036)

-22,903 5% 5% 26% 64% 31% 18% 14%

QALYs 1346

(-4104;6554)

-0.025

(-0.059;0.008)

-55,190 4% 3% 28% 65% 32% 24% 21%

Sensitivity analysis: societal perspective
Composite outcome 1435

(-3860;6551)

-0.065

(-0.177;0.046)

-24,458 7% 6% 24% 63% 31% 19% 17%

QALYs 1435

(-3826;6512)

-0.025

(-0.059;0.009)

-56,344 4% 4% 26% 66% 31% 24% 20%

Sensitivity analyses: healthcare perspective
Composite outcome -156

(-5339;4191)

-0.074

(-0.184;0.036)

-195 3% 7% 45% 45% 52% 28% 21%

QALYs -208

(-5397;4121)

-0.025

(-0.059;0.008)

1613 2% 5% 48% 45% 54% 42% 38%

Abbreviations and explanation: NE quadrant: more effective and more expensive, SE quadrant: more effective and less expensive, SW quadrant: less effective and less

expensive, NW quadrant: less effective and more expensive. CCB: Cardiac Care Bridge, CE: cost-effective, WTP: willingness to pay, QALY: quality adjusted life years.

https://doi.org/10.1371/journal.pone.0263130.t005
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Sensitivity analyses. In Table 5, the results of the sensitivity analyses for the CEA and

CUA are also presented. Results of the sensitivity analyses of the societal perspective as well as

analyses from healthcare perspective, were in line with the results from the main analysis.

Discussion

In this study, no significant differences were found on the composite outcome of first

unplanned readmission or mortality and total societal costs. In addition, the number of

QALYs was significantly lower in the intervention group. The CCB program was on average

more expensive and less effective than usual care, meaning that the CCB program was domi-

nated by usual care.

Although our study is the first cost-effectiveness study of an intervention combining case

management, disease management and home-based cardiac rehabilitation in the transition of

care [15, 16], there are some previous studies on cost-effectiveness of nurse-led transitional

care interventions in heart failure patients. For example, the systematic review of Bryant et al.

[32] showed that such interventions had a favourable effect on outcomes such as rehospitaliza-

tion and reduced costs in patients with heart failure compared to usual care. Other studies on

nurse-led transitional care services, showed similar favourable outcomes and reduced costs,

but did not report QALYs [14, 33]. The most likely explanation for the contrasting results

regarding both costs and effects found in our study is that our study population was older

(mean age 82 years) and more frail than in the previously published studies. Despite the lack of

clinical effects, we considered it important to conduct a full economic evaluation, because

Fig 2. Cost-effectiveness plane for estimated readmission or mortality comparing the intervention group with the

usual care group. North-East quadrant: more effective and more expensive, North-West quadrant: less effective and

more expensive, South-West quadrant: less effective and less expensive, South-East quadrant: more effective and less

expensive.

https://doi.org/10.1371/journal.pone.0263130.g002
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there may still be a relevant impact on costs. Also, even when both cost and effect differences

are not statistically significant, based on the joint uncertainty surrounding costs and effects

there may be values of the ceiling ratio at which the intervention is considered cost-effective

compared to usual care.

The CCB intervention was evaluated in a randomized controlled trial design and imple-

mented on top of the usual care systems [16]. Although healthcare costs did not significantly

differ between the intervention and usual care group, there was a statistically significant differ-

ence in informal care costs. It was part of the CCB protocol to involve informal caregivers in

the process which may have resulted in higher overall informal caregiver support.

Strengths and limitations

Several strengths are relevant to our study. First, data on readmissions and mortality were col-

lected using both self-reported data and hospital and municipality records. This reduced the

chance of recall bias and improved the validity of the data. Second, in order to estimate the

costs of the CCB intervention, we used a bottom-up micro-costing approach which is a more

precise method to estimate costs than a top-down costing approach [24]. Third, costs were

measured from a societal perspective. This is the broadest approach possible and takes all costs

into account regardless who pays for them [24]. This enables the identification of potential

shifts in costs between budgets. For example, early discharge may reduce healthcare costs but

may increase informal care costs. Finally, we performed a sensitivity analysis from a healthcare

perspective. This perspective is used for decision making in many countries, such as for exam-

ple the United Kingdom. Thus, it also allows for comparison of the results with cost-effective-

ness studies from these countries [24].

Fig 3. Cost-effectiveness acceptability curve for readmission or mortality. The acceptability curve shows the

probability that the intervention is cost-effective (y-axis) compared to usual care over a range of ‘willingness to pay’

(WTP) values (x-axis). The WTP indicates the value that one is willing to pay for one unit of effect.

https://doi.org/10.1371/journal.pone.0263130.g003
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Some aspects of our study warrant consideration. There was a high percentage of missing

data on both costs and on HQoL. This missingness was probably caused by several factors,

such as withdrawal from follow-up visits, recall problems and non-response from informal

caregivers. Considering that people tend to underestimate their healthcare use [34] and the

high age of the included participants, recall bias on healthcare use (i.e. other than hospital

readmission) was probably present and may have led to an underestimation of costs in all par-

ticipants. To reduce the chance of recall bias as much as possible, measurements were per-

formed at both three and six months follow-up [35]. In this study, multiple imputation was

used to impute missing data, since this is considered the most valid method to deal with miss-

ing data [36]. Baseline variables that were used as predictor variables for multiple imputation

were carefully selected, based on their association with missingness or the outcome. Last, from

the CCB process evaluation, it is known that the mean intervention fidelity rate was only 67%,

which could have influenced the effect on the composite outcome and intervention costs [37].

However, we calculated the intervention costs from a standardized intervention cost price

instead of a fidelity-based cost price based per individual which could have resulted in a slight

overestimation of the actual intervention costs.

Implications

Based on the current study results, the CCB program cannot be considered cost-effective com-

pared to usual care. Considering the resources needed to implement such an intervention, we

recommend against implementation of the intervention in clinical practice in its current form.

Further research is needed to find suitable interventions to meet frail cardiac patients’ needs

and to reduce adverse outcomes and costs, and increase HQoL.

Fig 4. Cost-effectiveness plane for QALYs comparing the intervention group to the usual care group. North-East

quadrant: more effective and more expensive, North-West quadrant: less effective and more expensive, South-West

quadrant: less effective and less expensive, South-East quadrant: more effective and less expensive.

https://doi.org/10.1371/journal.pone.0263130.g004
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Conclusion

The CCB program was on average more expensive from a societal perspective and less effective

compared to usual care, indicating that the CCB program is dominated by usual care. There-

fore, the CCB program cannot be considered cost-effective compared to usual care.
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