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Abstract 

Aims 

The Coronary Sinus Reducer is a percutaneous device proven to improve angina symptoms in 

refractory angina (RA). We evaluated its potential cost-effectiveness and impact on the healthcare 

resource use. 

 

Methods and Results 

Angina-related healthcare resource usage and quality-of-life data were collected for 215 

consecutive RA patients undergoing Reducer implantion in Belgium, The Netherlands and Italy. 

Costs were assessed from each country’s healthcare system perspective. Data from the date of RA 

diagnosis to Reducer implantation (Standard-of-Care [SoC]-period) and from Reducer implantation 

to follow-up (Reducer-period) were compared: during Reducer-period a significant reduction in 

angina-driven hospitalizations, outpatient vists, coronary angiograms and percutaneous coronary 

interventions per patient-year was observed, translating into significantly reduced costs per patient-

year.   

To assess cost-effectiveness, costs and utilities of one-year SoC were compared with those of one-

year Reducer-period. Assumptions on Reducer efficacy duration were further explored with 

modeled projections. Reducer was associated with higher quality-adjusted-life-years (QALYs: 

0.665 vs 0.580, p<0.001) and incremental costs, yielding incremental cost-effectiveness ratios 

(ICERs) of 53197, 34948, 63146 €/QALY gained in Belgium, Netherlands and Italy, respectively. 

Under both the assumptions of 2 and 3 years Reducer effect duration with a 30%-year efficacy 

decrease, the device yielded ICERs in the range of 1977 - 20796 €/QALY gained.  

 

Conclusions 

In patients with RA, Reducer device decreases healthcare resource use and related costs. In a 

limited 1-year timeframe, Reducer is consistently cost-effective according to a range of cost-
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effectiveness thresholds. Under the explored assumptions, the device yields cost-effectiveness ratios 

suggesting high-value from all the considered perspectives. 
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Introduction 

Patients with coronary artery disease (CAD) not amenable to revascularization, who 

continue to experience angina despite optimal medical therapy may represent up to 10% of all 

angina patients (1). The number is likely to increase as the population ages and mortality from CAD 

decreases (2). This population, often described as having refractory angina (RA), does not suffer 

from excess mortality compared with the overall stable CAD population (3,4), but experiences a 

significant reduction in quality of life and a substantial increase in the utilization of healthcare 

resources and related costs (4,5). Several novel therapeuric approaches have been described to 

address this unmet clinical need. Beyond clinical efficacy, their economic impact on national 

healthcare systems is key to wide clinical implementation. However, data in this sense are 

substantially lacking. 

The coronary sinus (CS) Reducer (Neovasc Inc., Richmond B.C., Canada) is a stainless 

steel, ballon-expandable, hourglass-shaped device, which is implanted percutaneously in the CS to 

create a focal narrowing across it. The subsequent elevation of backward pressure results in 

redistribution of coronary arterial blood flow from the well perfused epicardium to the ischemic 

subendocardial layers, thus increasing oxygen supply and leading to symptom relief (6). The 

clinical evidence has consistently shown the CS Reducer to be a safe and effective treatment to 

reduce symptoms and to improve quality of life in RA patients (7–10). 

In the European Union, € 18.8 billion/year is the estimated total healthcare cost related to 

coronary heart disease (CHD) (11). In the United States, CHD is one of the 10 most expensive 

hospital discharge diagnoses accounting for $10.4 billion/year and, as an effect of CAD mortality 

decline, its costs are estimated to duplicate by the year 2030 (2). As the healthcare burden of CHD 

is strictly related to unmet symptom control (12), the achievement of the therapeutic symptomatic 

goal should translate in reduced healthcare costs. Specifically, angina pectoris may account for over 

1% of the economic burden of a healthcare system (13), RA representing a considerable proportion 

of these costs.  
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With these premises, we performed a retrospective evaluation to examine if the CS Reducer, 

beyond its clinical efficacy may also reduce the healthcare resource used for RA patients and the 

associated costs, possibly resulting to be a cost-effective solution. This multicenter international 

registry includes the largest series of patients treated with CS Reducer device to date. 

 

Methods 

This retrospective, observational, multicenter international study included 215 consecutive 

patients who underwent Reducer implantation for the treatment of RA at eight medical centers in 

Belgium, The Netherlands and Italy (Table 1S) between September 2010 and December 2017.  

Patients suffering from severe RA (Canadian Cardiovascular Society [CCS] classes 2-4) 

despite maximally tolerated medical therapy and considered not amenable for further percutaneous 

or surgical revascularization procedures by the local Heart Team were treated with Reducer 

implantation. Pre-implant objective demonstration of myocardial ischemia with either 

treadmill/pharmacologic stress test, myocardial stress scintigraphy, stress echocardiography or 

myocardial magnetic resonance was mandatory. 

Specific contraindications for implantation (as defined by the manufacturer) were: recent 

acute coronary syndrome (<3 months), recent coronary revascularization (<6 months) or a mean 

right atrial pressure higher than 15 mmHg.   

The study complies with the Declaration of Helsinki, the locally appointed ethics committee 

have approved the research protocol and all patients provided written informed consent to Reducer 

implantation. CS Reducer implantation procedure has been previously described (6). 

 

Quality of life 

Health status related to angina was assessed directly from patients prior to the Reducer 

implant and from the last face-to-face clinical follow-up. When available, health status data at 6 

months and 1 year were also collected. Each assessment was performed with either the use of the 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjqcco/advance-article-abstract/doi/10.1093/ehjqcco/qcz027/5498149 by Stockholm

 U
niversity Library user on 28 M

ay 2019



 7 

Seattle Angina Questionnaire (SAQ) (14) or the EuroQOL health status instrument (EQ-5D)(15), 

according to each Center’s practice. 

 

Healthcare resource use and costs 

Healthcare resource use associated with the Reducer implantation and with the observation 

period, lasting from RA diagnosis to last follow-up, were collected retrospectively for all patients 

by electronic medical records, telephone interview and face-to-face clinical follow-up. 

Emergency department (ED) admissions, hospitalizations, days of hospitalizations, coronary 

angiographies, percutaneous coronary interventions (PCI) and outpatient visits, that were driven by 

angina, were quantified for each patient and reported in 2017 Euro currency.  

Costs were assessed adopting a third-party payer perspective, from the viewpoint of each of 

the healthcare systems of the Centers participating in the study (Belgium, the Netherlands, and 

Italy). Each event was assigned a cost based on national tariffs associated to the specific Diagnosis 

Related Group (DRG). The estimated costs for each country are reported in Table 2S in the Data 

Supplement. Reducer device was assigned a cost of 7000 Euro, based on the producer (Neovasc 

Inc., Richmond B.C., Canada) indication, plus the cost of Reducer implant, estimated as the cost of 

the DRG for an elective PCI procedure, as in current practice.  

 

Cost-consequences and cost-effectiveness analyses 

To evaluate the impact of the Reducer on the healthcare burden of RA patients, healthcare 

resource use and the related costs during the period going from the date of RA diagnosis to Reducer 

implant (from now on “Standard of Care (SoC) period”) and the period going from Reducer implant 

to last available follow-up (from now on “Reducer period”) were compared. Date of RA diagnosis 

was defined as the first time, in the history of a CAD patient on optimal medical therapy, that 

revascularization was deemed unfeasible (16). Further elective revascularizations may have 

happened after RA diagnosis as a consequence of CAD progression or referral to a different center 
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with diverse technical expertise, available technologies or risk-benefit threshold of intervention. We 

then performed a cost-consequences analysis and a cost-effectiveness analysis (CEA) (17).  

Cost-consequences analysis. Disaggregated data on healthcare resource use and the related 

costs are presented in patient-year fashion. Descriptive data are presented for all patients. The 

comparative analysis was conducted in patients with data of SoC and Reducer periods each of at 

least 6-month duration in order to avoid analytic biases. Analyses evaluating different observation 

periods in both patient-year and fixed follow-up fashions were further carried out in order to assess 

the robustness of data results. 

Cost-effectiveness analysis. The study population was categorized according to the 

observation period in the “Reducer group” (post-implant period) and the “SoC group” (pre-implant 

period), the latter reflecting current clinical practice in RA. The cost-effectiveness of Reducer was 

assessed using quality-adjusted life years (QALYs) as measures of health benefit, and the expenses 

of angina-related healthcare resource use as costs. All costs were discounted at 3% annually, as 

currently recommended (18). A decision-tree analysis was applied to model the events 

(probabilities), costs and QALYs in the first 12 months, for which we had recorded data (Figure 1). 

A Markov model-based extrapolation was then run, conceptualizing the course of the disease in 

terms of mutually exclusive health states (alive / dead) and the possible transitions among them, for 

obtaining data at 24 and 36 months according to the different explored assumptions. The rate of 

failed Reducer implant was considered and included in the analysis according to the intention-to-

treat. The 1-year mortality rate was estimated using the Kaplan-Meier method on the observed data, 

for the Reducer group, and from the widest available contemporary registry reporting RA patient 

mortality rates, for the SoC group (3).  QALYs were derived from angina-related quality of life as 

assessed by the SAQ or the EQ-5D instrument. Utility weights (range 0 to 1, higher=better health) 

from SAQ were obtained using a mapping algorithm developed to translate SAQ scores in EQ-5D 

utilities and validated in CHD populations with a wide range of disease severity and following 

various interventions (19,20). Utility weights from EQ5D were obtained using an algorithm 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjqcco/advance-article-abstract/doi/10.1093/ehjqcco/qcz027/5498149 by Stockholm

 U
niversity Library user on 28 M

ay 2019



 9 

developed from the Dutch population (21). In the SoC group, only SAQ at baseline was available 

for most patients. Based on the assumption that SAQ scores of RA patients on SoC treatment tends 

to remain steady over a 1-year horizon (22–24), QALYs of the SoC group were estimated as the 

time-weighted average of the baseline utility value. In the Reducer group, when SAQ at 1 year was 

unavailable, SAQ at 6 months was used to estimate utilities at 1 year. This was based on the 

observation of steady score improvement from baseline between the 6-month and 1-year timepoints 

assessments in our cohort (Figure 1S, Data Supplement). A utility value of 0 was applied to 

patients who died. Utility weights for the Markov model were obtained for the two groups as 

marginal effects of a linear regression on longitudinal data (pre-post) were the dependent variable 

was utility weight and the independent variable was the treatment status (equivalent to the pre-post 

period). The marginal effect estimated in the pre-implant period was used as a proxy for the utility 

scores of SOC patients, while the marginal effect estimated in the post-implant period was applied 

to Reducer patients. Total costs for both health states were computed as the sum of expected costs 

(resource use weighted by their probability) generated by a patient during one cycle of the model (1 

year).   

 Costs and utilities between the groups were compared, and the cost-effectiveness of 

Reducer was expressed as incremental cost-effectiveness ratio (ICER), defined as the difference in 

cumulative costs of Reducer and SoC groups divided by the difference in cumulative QALYs of 

Reducer and SoC groups. Fixed observation periods of 1 year starting from the Reducer implant 

and going forward (Reducer group) and backward (SoC group) were considered in the analysis. 

Patients with available data satisfying either or both time-period requirements were included in 

either or both groups, respectively.  

The cost-effectiveness of Reducer was assessed over several time-from-implant-horizons, exploring 

different assumptions on the duration of Reducer efficacy on both QALY and healthcare resources 

use: (a) for the base case (observed data at 1 year); (b) at 2 and (c) at 3 years from implant, 
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assuming the observed Reducer effect at 1 year on costs and utilities to decrease at a 30%/year rate 

and to vanish after 2 and 3 years from implant, respectively.  

 

Uncertainty due to parameter estimation was demonstrated by calculation of cost-effectiveness 

acceptability curves (CEACs). The curve plots the probability that Reducer is cost-effective, 

compared with SoC, against any given cost-effectiveness or societal willingness to pay (WTP) 

threshold for 1 QALY gain. Specifically, we considered the cost-effectiveness threshold, defined by 

the World Health Organization (WHO) (25),  of an ICER less than 3 times the gross domestic 

product (GDP) per capita for each country (2016 GDP estimates) , and the Dutch societal WTP 

threshold estimated for our RA population as 50000 €/QALY gained, based on the economic model 

of the Institute for Medical Technology Assessment Disease Burden and calculated with their 

online toll (26), which takes into account the burden of disease as expressed by the proportion of 

normal quality-adjusted life expectancy lost because of the condition related to the disease as 

currently treated in daily practice (27). No formal specific WTP thresholds are provided by Italian 

and Belgian health economic guidelines (28,29), based on the principle that thresholds are subject 

to the available health care budget and the interventions already financed in a country. 

 

Statistical analysis 

Categorical variables are reported as frequencies. Continuous variables are described as 

mean and standard deviations or as median and interquartile ranges, as appropriate. Normality was 

checked by the Kolmogorov-Smirnov test. The baseline and follow-up measurements were 

compared using t-tests and the two-sided Wilcoxon Rank Sum or Signed Rank tests, as appropriate.  

In the CEA, unit costs were multiplied times the predicted frequency of healthcare resource use-

related events. For obtaining the CEACs we conducted a probabilistic sensitivity analysis using 

Monte-Carlo simulations (5000 scenarios). We assumed a uniform distribution for survival, a 
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lognormal distribution for utility weights and a gamma distribution for costs (30). Ranges, 

confidence intervals and standard errors were derived from our database.  

All analyses were performed using STATA (version SE 15, StataCorp LLC, College Station, 

Texas) , SPSS Statistics (version 20, IBM Corporation, Armonk, NY, USA), and Excel (2016, 

Microsoft, Redmond, Washington, USA). 

 

 

Results 

Baseline characteristics  

A total of 215 patients underwent Reducer implantation procedure. Baseline characteristics are 

summarized in Table 1. Median age was 68 (63-75) years with 56.3% males. CAD risk factors 

were highly prevalent. Of all patients, 70.1% had history of coronary artery by-pass grafting 

(CABG) and 80.5% of PCI. There was a high prevalence of 3-vessel CAD (68.2%). 

All patients experienced disabling angina symptoms, with 11.2% patients in CCS class 2, 67.4% in 

CCS class 3 and 21.4% in CCS class 4. Patients were treated according to maximally 

indicated/tolerated number of drugs or doses, with 53.4% of patients in therapy with at least three 

anti-ischemic medications. 

 

Clinical outcomes  

Procedural success was achieved in 211 (98.1%) patients. Reducer implantation was not achieved in 

4 (1.9%) patients because of CS unfavorable anatomy, device migration occurred in one of these 

cases, treated by successful snaring and no adverse clinical events. No other intra-procedural or 

follow-up adverse events associated with Reducer implantation occurred. 

A median 15 months (range 8-23 months) follow-up was available for the 211 patients with 

successful Reducer implantation. Overall, a total of 15 (7.1%) non-fatal myocardial infarction (MI) 
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and 21 (9.9%) deaths were recorded, among which 10 (4.7%) were of cardiovascular origin (3 fatal 

MI, 1 arrhythmic, 6 end-stage heart failure).  

Baseline and follow-up information regarding CCS angina class was available for all  

patients. Compared to baseline, angina severity at follow-up was significantly reduced (CCS: 3 [3-

3] to 2 [1-2], p<0.001). Among 117 (55.5%) patients with available SAQ (median time of last SAQ 

assessment from baseline: 13 [8-18] months), an improvement in all five domain scores was 

observed (physical limitation: 47 [35-55] to 57 [47-52], p<0.001; angina stability: 40 [25-43] to 60 

[40-80], p<0.001; angina frequency: 50 [40-63] to 61 [50-83], p<0.001; treatment satisfaction: 48 

[34-73] to 80 [70-82], p<0.001; quality of life: 29 [17-40] to 62 [47-75], p<0.001) (Figure 2). This 

benefit was reflected in a significant reduction of the number of anti-ischemic drugs prescribed for 

patient (3 [2-3] vs. 2 [2-3]; p<0.001).  

 

Cost-consequences analysis 

Healthcare burden-related data were available for 321.2 patient-years of SoC period (9 

months, interquartile range 3-24) and 519.2 patient-years of follow-up after Reducer implantation 

(15 months, interquartile range 8-23). Overall, during the SoC and Reducer periods 1.3 and 0.2 

hospitalizations occurred for angina per patient-year (3.4 and 1.0 total hospitalization days per 

patient-year), 0.2 and 0.1 ED admissions for angina per patient-year, 1.0 and 0.2 coronary 

angiographies for angina per patient-year, 0.3 and 0.1 PCI for angina per patient-year, 2.1 and 0.7 

outpatient visits for angina per patient-year, respectively. This translated into healthcare costs for 

patient-year of 6255 and 1467 € (Belgian perspective), 3888 and 946 € (Dutch perspective), 7159 

and 1403 € (Italian perspective) during the SoC and Reducer periods, respectively. 

Healthcare burden-related events and the associated costs were compared in patients with at 

least 6-month SoC and Reducer observation periods (n=119; SoC period: 203.5 patient-years, 

Reducer period: 469.2 patient-years) (Figure 3). A reduction in healthcare burden-related events 

was observed: hospitalization for angina per patient-year 1.0 (0.0-2.0) vs 0.0 (0.0-0.5), p<0.001 
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(total  hospitalization days per patient-year 3.6 (1.3-7.8) vs 0.0 (0.0-1.7), p<0.001); ED admissions 

for angina per patient-year 0.0 (0.0-0.0) vs 0.0 (0.0-0.0), p=ns; coronary angiographies for angina 

per patient-year 0.8 (0.3-1.5) vs 0.0 (0.0-0.0) p<0.001, PCI for angina per patient-year 0.0 (0.0-0.4) 

vs 0.0 (0.0-0.0), p=0.029; outpatient visits for angina per patient-year 2.1 (1.1-3.3) vs 1.3 (0.4-2.3), 

p<0.001.  

This translated into a significant reduction of the associated costs from all the three 

healthcare system perspectives: Belgian, 4143 (1970-9347) € vs 312 (97-3209) €, p<0.001; Dutch, 

3079 (1441-6990) € vs 121 (37-2342) €, p<0.001; Italian, 4175 (2009-3210) € vs 194 (58-2786) €, 

p<0.001. 

 Similar results were displayed when the analysis was limited to fixed 6-month pre- vs 6-

month post-implantation periods, when only patients with at least 12-month pre-implant and post-

implant periods were considered, and when, in this subgroup, the analysis was limited to the year 

pre- vs the year post-implantation (Table 3S, Data Supplement). 

 

Cost-effectiveness analysis 

One-hundred-three and 143 RA patients with available healthcare resource use data for at 

least 1 year of SoC and 1 year following Reducer implantation were included in the CEA and 

formed the SoC group and Reducer group, respectively. Seventy-eight patients with available data 

for both the SoC and Reducer time periods were included in both groups. No differences in baseline 

characteristics were observed between groups (Table 4S, Data Supplement). Utility values were 

available for 76 (73.8%; n=54 SAQ-derived, n=22 EQ-5D derived) and 97 (67.8%; n=75 SAQ-

derived; n=22 EQ5D-derived) patients of the SoC and Reducer groups, respectively. 

Cost-effectiveness results are summarized in Table 2. At 1 year from baseline QALY and 

costs were higher in the Reducer group (QALY: 0.594 vs 0.456; p<0.001, Costs: 15179 vs 7540 € 

[Belgium], 10008 vs 5185 € [Netherlands], 15702 vs 6988 € [Italy]; p for all <0.001), resulting in 

ICERs for Reducer implant over SoC treatment of 55356 €/QALY gained (Belgium), 34948 
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€/QALY gained (Netherlands), 63146 €/QALY gained (Italy). The associated simulations under the 

WHO cost-effectiveness thresholds were 99.9%, 100.0% and 93.3%, respectively, and under the 

cost-effectiveness threshold of 50000 €/QALY gained were 40.0%, 96.0% and 16.0%, respectively 

(Figure 4). 

When the observed Reducer effect on costs and QALY at 1 year was assumed to decrease of 

30%/year and to vanish after 2 and 3 years from implant, the respective resulting ICERs were 

14905 and 1977 €/QALY gained (Belgium), 10169 and 2968 €/QALY gained (Netherlands), 20796 

and 6614 €/QALY gained (Italy). The associated simulations under the WHO and 50000 €/QALY 

gained cost-effectiveness thresholds were 100% in all cases (Figure 4) 

 

 

Discussion 

The main findings of the study are that: (1) Reducer device reduces the healthcare burden of 

RA patients and the associated costs across a range of European healthcare system perspectives; (2) 

despite the limited 1-year timeframe of our analysis, Reducer appears to be cost-effective according 

to the WHO cost-effectiveness thresholds, and, in the Netherlands, also according to the Dutch 

societal WTP threshold. If the 1-year observed effect of Reducer on costs and QALY is assumed to 

last for 2 or 3 years with a 30%-year effect reduction on costs and utilities, the device yields cost-

effectiveness ratios suggesting high-value from all the considered perspectives. 

RA incidence is estimated to be in the range of 50000-100000 new cases/year in United 

States and 30000-50000 new cases/year in Europe (1,31) representing a substantial public and 

social health issue. In our analysis, RA patients produced extremely high healthcare resource use 

despite 85.8% were on at least two anti-ischemic drugs and 53.4% on at least three. Our 

observations are consistent with previous reports of RA populations, that show similar amounts of 

angina-related hospitalizations (4,5,32,33).  
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After Reducer implantation, a significant and consistent decrease in angina-driven 

hospitalizations, coronary angiographies, PCI and outpatient visits occurred, translating into 

reduced healthcare costs from the Belgian, Dutch and Italian healthcare system perspectives.  

In our cohort, 43% of the patients underwent Reducer implantation within 6 months from RA 

diagnosis. While providing overall descriptive data, these patients were not included in the 

comparative cost-consequences analysis due to their short, non-representative period under SoC 

treatment. The results of the cost-consequences analysis were robust and remained significant in the 

analyses with fixed observation periods of 6 and 12 months, and in patients with at least 12-month 

SoC and Reducer observation periods, standing for a sustained Reducer effect over time on the 

healthcare resource use. Moreover, the previously described clinical efficacy in terms of anginal 

symptoms burden reduction and quality of life improvement (7,34,35) was confirmed in our cohort, 

which includes the largest series of patients treated with Reducer to date. 

In our study, the RA diagnosis date was defined as the first time, in the history of a CAD 

patient on optimal medical therapy, that revascularization was deemed unfeasible. This was based 

on the practical view that, provided widespread availability of the Reducer treatment option across 

interventional cardiology units, its implant would be considered in this clinical setting. The concept 

of non-eligibility for revascularization is challenging, and consensus is often difficult (36,37). In 

our RA population, we found that 11.4% patient-year underwent PCI during the overall observation 

period. This observation reflects, beyond acute coronary syndromes, the progressive nature of 

CAD, which may lead to new treatable lesions, and RA diagnosis subjectivity (38). While a 

definition of RA diagnosis that takes into account specific anatomical and clinical criteria may 

better suit studies designed to investigate other research issues (36), we believe that the adopted 

pragmatic definition is the most appropriate for an economic evaluation, reflecting potential 

Centers’ preference for a device with high feasibility and procedural safety in RA patients (34,35), 

who are often characterized by complex coronary anatomy and high-risk clinical features. 

Furthermore, our study design appears very conservative for the purpose of the economic 
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evaluation. The nature of CAD, its clinical manifestation and the associated healthcare resource use 

are progressive (5). Accordingly, the economic benefit showed in our analysis would have likely 

been greater if Reducer was implanted at the time of RA diagnosis, as it may happen with a wider 

diffusion of the device utilization. 

Using a cost of 7000 € for the Reducer device as indicated by the producer, plus the procedural cost 

of an elective PCI, this study estimated 1-year ICERs for Reducer versus SoC of 55356 €/QALY 

gained (Belgium), 34948 €/QALY gained (Netherlands), 63146 €/QALY gained (Italy).  

These ICERs are all well below three times the national annual GDP per capita, thus 

representing cost-effectiveness according to WHO guideline definition. The Dutch guideline for 

economic evaluations in healthcare (27) recommend a WTP threshold based on the burden of 

disease, calculated for our RA population as 50000 €/QALY gained. Reducer resulted to be cost-

effective in Netherlands also according to this internally defined threshold.  

In the CEA, we limited the observation period to 1 year due to substantial lack of cost and utility 

data beyond this moment. This timeframe may not fully capture the Reducer’s effect on costs and 

QALYs, which may last longer, thus affecting cost-effectiveness. Because there is no clinical 

evidence to inform the long-term outcomes of Reducer compared with SoC, we explored two 

different assumptions regarding Reducer effect, in a time-horizons of 2-3 years from implant. Under 

both, the device yielded ICERs in the range of 1977 €/QALY gained - 20796 €/QALY gained 

suggesting high-value across all the considered perspectives. Studies reporting on longer-terms 

Reducer efficacy are warranted to clarify which assumption best suit reality.  

Despite far from conclusiveness, our analysis gives insight on the potential of a new device 

to bring clinical and healthcare value in the disabling and onerous condition of RA and enables 

assessment of convergent validity of results across different countries and healthcare systems.  

Of note, only one small randomized sham-controlled study supporting the clinical efficacy 

of Reducer has been carried to date (7). Even if real-word experience appears very consistent, 

further evidence in this sense is advisable. 
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Several limitations of this CEA will need to be addressed in future studies. First, we did not 

consider drug costs, indirect costs and the broader effects of Reducer from a societal perspective 

(18). Accounting for these variables would have likely demonstrated further benefit: a reduction in 

the number of prescribed anti-ischemic drugs was observed following Reducer implant, and the 

reported reduction in hospitalizations, invasive procedures and outpatient visits would have 

probably translated in reduced transportation, patient-time and unpaid lost productivity costs, 

largely counterbalancing those related to Reducer implant. 

 Second, we assessed Reducer cost-effectiveness against the SoC of patients from the same 

cohort prior to Reducer implant, rather than using a formal control group as it is customary in CEA.  

However, this approach (driven by the limited data existing on healthcare resource use of 

RA patients) allows to consider groups with homogeneous baseline characteristics, and is also 

rather conservative in estimating cost-effectiveness: indeed, it compares two consecutive periods of 

the natural history of RA, being Reducer follow-up the more advanced. Third, data were collected 

retrospectively. Because of this reason, we had incomplete information regarding the 

elective/urgent nature of PCI procedures. We thus estimated PCI costs on the basis of the elective 

procedure DRG, possibly causing slight underestimation of the overall costs. However, this is 

unlikely to have favored Reducer cost-effectiveness estimate, as Reducer is not associated with 

excess urgent revascularizations (7,34,35), and urgent revascularization rates are likely to have been 

similar between the SoC and Reducer groups. 

 

 

Conclusions 

In patients with severe angina refractory to optimal medical therapy and not amenable for 

further revascularization, the Reducer device reduces the healthcare resource use and the associated 

costs. In a limited 1-year timeframe, Reducer is consistently cost-effective across the considered 

countries and range of cost-effectiveness thresholds. Under both the assumptions of a Reducer 
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effect duration for 2 and 3 years from implant with a 30%-year efficacy decrease, the device yields 

cost-effectiveness ratios suggesting high-value from all the considered perspectives. 
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Figure legends 

 

Figure 1 -  Schematic representation model to inform the cost-effectiveness analysis. The transition 

probabilities between health states (alive/dead) are Kaplan-Meier estimates derived from the 

observed data of our registry (Reducer group) and from the greatest and more recent registry of RA 

patients available (SoC group) (3). The rate of failed Reducer implant was considered and included 

in the analysis according to the intention-to-treat. ICER, incremental cost-effectivenes ratio; QALY, 

quality-adjusted life-year; SoC, Standard of Care. 

 

Figure 2 – CCS class and SAQ score variations after Reducer implantation. CCS, Canadian 

Cardiovascular Society; SAQ, Seattle Angina Questionnaire. 

 

Figure 3 - Healthcare burden-related events of refractory angina patients and associated costs with 

Standard of Care treatment and after Reducer implantation. ED, emergency department; PCI, 

percutaneous coronary intervention. 

 

Figure 4 - Cost-Effectiveness of the Reducer in refractory angina patients. Joint distribution of 

incremental costs and quality-adjusted life years for Reducer versus Standard of Care (first line) and 

cost-effectiveness acceptability curves (second line) for the base case (blue) and under different 

assumptions: Reducer efficacy at base case decreases at 30%/year rate and there is no effect beyond 

2 years from implant (red); Reducer efficacy at base case decreases at 30%/year rate and there is no 

effect beyond 3 years from implant (green). 

The dashed red line represents World Health Organization cost-effectiveness threshold for each 

country estimated as three times the GDP per capita (GDP estimates 2016: Belgium 37274 €, 

Netherlands 41259 €, Italy 27363 €); the dashed blue line represent Dutch guideline cost-

effectiveness threshold (50000 €/QALY gained). Abbreviations as in Figure 1. 
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Tables 
 

Table 1 - Baseline clinical characteristics 

 Number of patients (total = 215) 

Patient characteristic  
   Age – years (IQR) 68 (63-75)  
   Male – no (%) 121 (56.3) 
   Arterial hypertension – no (%) 180 (80.9) 
   Diabetes mellitus – no (%) 91 (42.4) 
   Dyslipidemia – no (%) 184 (85.6) 
   Current or previous smoking – no (%) 64 (29.7) 
   Familial coronary artery disease – no (%) 93 (43.3) 
   Atrial fibrillation – no (%) 28 (13.0) 

Previous pacemaker – no (%) 20 (9.3) 
   Glomerular filtration rate– ml/min (IQR) 
   Chronic obstructive pulmonary disease (%) 

69 (54-84) 
22 (10.0) 

   3-vessel coronary artery disease – no (%) 147 (68.2) 
   Previous MI – no (%) 122 (56.8) 
   Previous PCI – no (%) 173 (80.5) 
   Previous CABG – no (%) 150 (70.1) 

Previous stroke – no (%) 18 (8.4) 
Previous PAD – no (%) 44 (20.4) 

CCS angina class  
   2 – no (%) 24 (11.2) 
   3 – no (%) 145 (67.4) 
   4 – no (%) 46 (21.4) 
Quality of life scores   
   SAQ Physical limitation- points (IQR) 47 (35-55) 
   SAQ Angina stability – points (IQR) 40 (25-43) 
   SAQ Angina frequency – points (IQR) 50 (40-63) 
   SAQ Treatment satisfaction – points (IQR) 48 (34-73) 
   SAQ Quality of life – points (IQR) 29 (17-40) 
   EQ-5D index (IQR) 0.449 (0.235-0.774) 
Baseline therapy  
   Beta blockers (%) 168 (78.2) 
   Calcium channel blockers (%) 
   Nitrates (%)                                                                               
   Ivabradine (%) 
   Ranolazine (%) 
   Number of anti-ischemic drugs (IQR) 

117 (54.5) 
143 (66.5) 
39 (18.1) 
69 (31.9) 
3 (2-3) 

CABG = coronary artery bypass grafting; CCS = Canadian Cardiovascular Society; EQ-5D = EuroQOL 

health status instrument; IQR = interquartile range; MI = myocardial infarction; PAD = peripheral artery 
disease; PCI = percutaneous coronary intervention; SAQ = Seattle angina questionnaire. 
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Table 2 - Cost-effectiveness results  

 

 
Cost with 
Reducer 
(€) 

Cost with 
SoC (€) 

Δ cost (€) 
QALY with 
Reducer 

QALY with 
SoC 

Δ QALY 
ICER 
(€/QALY) 

%< WHO 
thresholds 

%< Dutch 
threshold  

Base case (1-year observation)       

Belgium 15179 7540 7639 

0.594 0.456 0,138 

53197 99.9 - 

Netherlands 10008 5185 4823 34948 100.0 96.0 

Italy 15702 6988 8714 63146 93.3 - 

2 years (30%/yr effect reduction on costs and utilities)  

Belgium 18577 15081 3497 

1.147 0.912 0.235 

15053 100.0 - 

Netherlands 12755 10369 2386 9554 100.0 100.0 

Italy 18854 13975 4879 23641 100.0 - 

3 years (30%/yr effect reduction on costs and utilities)  

Belgium 23300 22621 679 

1.712 1.368 0.344 

-10071 100.0 
 
- 

Netherlands 16754 15554 1020 -6291 100.0 100.0 

Italy 23235 20963 2273 -2862 100.0 - 

ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted-life-year; SoC = standard of care. 
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