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ABSTRACT

BACKGROUND

Refractory angina remains a challenging clinical condition in patients with advanced coronary disease who are not
eligible for further revascularisation and continue to experience disabling symptoms despite optimal medical therapy.
The Coronary Sinus Reducer  has emerged as a  non-pharmacological  treatment  option aimed at  symptom relief
through modulation of coronary venous outflow.

AIMS

To  provide  a  structured  narrative  synthesis  of  the  available  evidence  on  the  clinical  efficacy,  safety,  proposed
mechanisms of action, and economic value of the Coronary Sinus Reducer in patients with refractory angina without
further revascularisation options.

METHODS

A narrative review was conducted in accordance with methodological guidance for narrative synthesis. A structured
literature search was performed in PubMed, Scopus, and Web of Science for human clinical studies published between
2015 and 2025 using predefined and comparable search terms. Inclusion and exclusion criteria were predefined. After
removal of duplicates and non-eligible publications, randomised trials, observational registries, mechanistic cardiac
magnetic resonance studies, and health-economic analyses were included for qualitative synthesis.

RESULTS

The  review  identified  three  randomised  sham-controlled  trials,  one  single-arm  phase  II  trial  in  patients  with
microvascular  dysfunction,  eighteen observational  real-world  registries,  six  mechanistic  studies,  and two health-
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economic evaluations, comprising approximately 3500 patients with CCS class II–IV refractory angina. Randomised
and  observational  studies  consistently  demonstrated  clinically  meaningful  reductions  in  angina  severity  and
improvements in health-related quality of life, with effects sustained for up to one to three years. Improvements in
exercise capacity were heterogeneous. Procedural success rates were high, and serious device- or procedure-related
adverse events were uncommon. Mechanistic studies indicated preferential redistribution of myocardial blood flow
toward  ischaemic  subendocardial  regions  without  an  increase  in  global  myocardial  perfusion.  Health-economic
analyses suggested potential cost effectiveness within commonly accepted European willingness-to-pay thresholds,
contingent on persistence of clinical benefit beyond one year.

CONCLUSIONS

Current evidence supports the Coronary Sinus Reducer as a potentially useful  adjunctive treatment for carefully
selected patients with refractory angina who are not candidates for further revascularisation. However, conclusions
are limited by the small number of randomised trials, the predominance of observational data, reliance on surrogate
mechanistic endpoints, and the absence of direct comparative studies with alternative non-pharmacological therapies.
Further adequately powered trials are required to more precisely define its long-term clinical and economic role.

Keywords: Angina Pectoris, Refractory Angina, Coronary Sinus Reducer, Coronary Sinus Stent, CSR.

INTRODUCTION
According to Global Burden of Disease estimates, angina from coronary artery disease affects about 112 million
people worldwide (1.6% of the global population) [1], with most cases being chronic stable angina [2,3]. Of these, 5–
10% have refractory angina [4,5], which means their symptoms are not controlled by medication with no options for
revascularisation [6]. These symptoms are linked to much lower health-related quality of life, as measured by tools
like  the  Seattle  Angina  Questionnaire  (SAQ)  and  SF-36  [7,8,9].  Patients  with  refractory  angina  also  use  more
healthcare resources because they are admitted to the hospital more often, need repeated tests, and have higher
medical costs [10,11,12]. The Coronary Sinus Reducer was developed to help these patients. It is an hourglass-
shaped stent placed into the coronary sinus to create a controlled narrowing of venous outflow, increase coronary
sinus pressure, and redistribute blood flow [13,14,15]. Over the past decade, studies and clinical trials have shown
that CSR implantation can improve angina class, quality of life, and exercise tolerance.

Despite  the  availability  of  non-pharmacological  options  for  refractory  angina,  such  as  enhanced  external
counterpulsation and spinal cord stimulation, their clinical adoption remains limited, evidence is heterogeneous, and
direct comparative data are scarce, leaving a substantial  unmet need for alternative therapies with reproducible
symptomatic benefit and a clearly defined mechanism of action [5,32–35].

Over the past decade, studies and clinical trials have shown that CSR implantation can improve angina class, quality
of life, and exercise tolerance. However, the available evidence remains heterogeneous, spanning randomised sham-
controlled trials,  observational  real-world registries,  mechanistic  cardiac magnetic  resonance studies,  and limited
health-economic  analyses,  which  have  not  previously  been  integrated  into  a  single  critically  oriented  narrative
synthesis. The present review addresses this gap by systematically analysing and contextualising clinical efficacy,
safety, mechanistic data, and economic value of the Coronary Sinus Reducer within a unified analytical framework,
explicitly  delineating  the  strengths  and  limitations  of  the  current  evidence  base  and its  implications  for  clinical
practice.

AIM OF THE PUBLICATION
The  aim  of  this  narrative  review  is  to  provide  a  systematic  analysis  of  the  clinical  efficacy,  safety,  proposed
mechanisms of action, and economic value of the Coronary Sinus Reducer device in patients with refractory angina
who have no further options for revascularisation.

RESEARCH OBJECTIVES

1. To analyse data from randomised clinical trials evaluating the impact of the Coronary Sinus Reducer on angina
severity, quality of life, and functional exercise tolerance in patients with refractory angina.

2. To summarise the results of observational registries and real world clinical practice in order to assess the
durability of the clinical effect and the reproducibility of outcomes across different patient cohorts.

3. To  review  data  on  safety  and  the  incidence  of  complications  associated  with  Coronary  Sinus  Reducer
implantation, including periprocedural and long term adverse events.

4. To analyse mechanistic studies using cardiac magnetic resonance imaging aimed at clarifying the effects of the
device on myocardial perfusion and redistribution of coronary blood flow.

5. To evaluate available health economic studies with respect to treatment costs and cost effectiveness indicators
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associated with the use of the Coronary Sinus Reducer in European healthcare systems.

METHODS
The narrative review was conducted in accordance with established methodological guidance for narrative synthesis,
with transparent study identification, selection, and qualitative interpretation of the available evidence, following the
approach described by Popay et al. [58].

This review is based on a search of the PubMed, Scopus and Web of Science databases. We searched for articles
published between 2015 and 2025 using the following search terms: (“Angina Pectoris”[MeSH] OR “angina pectoris”
OR “refractory angina” OR “refractory angina pectoris” OR “refractory chest pain”) AND (“coronary sinus”[MeSH] OR
“coronary sinus”) AND (“reducer” OR “reducers” OR “coronary sinus device” OR “coronary sinus stent” OR “coronary
sinus implant” OR “CSR” OR “CSRS”).

STUDY SELECTION

A total of 532 records were retrieved. Following deduplication (n = 276), 256 records underwent title and abstract
screening. After removing reviews, case reports, and pre-clinical studies, 30 clinical studies were included in this
review (see Tables 1–3).

Four studies were prospective clinical trials: three were sham-controlled trials in patients with obstructive coronary
artery disease (CAD), and one was a phase II trial in patients with coronary microvascular dysfunction (see Table 1).
Eighteen  more  studies  were  observational  registries,  either  prospective  or  retrospective,  that  looked  at  clinical
outcomes (see Table 2). Six mechanistic studies and two health-economic studies were also reviewed separately (see
Table 3).

Table 1: Clinical Trials

No.
Name or Main Title

of the Study
Authors

Date of
Publication

n
Included

Type of
publication

References

1 COSIRA
Verheye

et al.
2015 Feb 104

Phase II
RCT

16,17

2 ORBITA-COSMIC
Foley et

al.
2024 Apr 50 RCT 18,19

3

Coronary Sinus
Reducer Improves
Angina, Quality of
Life, and Coronary

Flow Reserve in
Microvascular
Dysfunction

Tryon et
al.

2024 Dec 30
Phase II
Clinical

Trial
20

4 CROSSROAD
Mrak et

al.
2023 May 25 RCT 38

Table 2: Observational Studies

No.
Name or Main

Title of the Study
Authors

Date of
publication

n
Treated

with
CSR

Type of
publication

References

1 RESOURCE
Ponticelli et

al.
2021 Aug 658

Observational
study

54

2 REDUCER-I
Verheye et

al.
2024 Dec 400

Observational
study

21,22
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3

Impact of
Coronary Sinus

Reducer on
Angina

Symptoms in
Patients With
Myocardial

Ischemia Without
Obstructive

Coronary Artery
Disease

Giannini et
al.

2025 Aug 285
Observational

study
47

4

Efficacy of
coronary sinus

reducer in
patients with

refractory angina
and chronic total

occlusion

Konigstein
et al.

2025 Aug 262
Observational

study
42

5

Efficacy of
coronary sinus

Reducer in
patients with

refractory angina
and diabetes

mellitus

Vescovo et
al.

2022 Feb 219
Observational

study
40

6

Efficacy of
Coronary Sinus

Reducer in
Patients With

Non-
revascularized
Chronic Total
Occlusions

Zivelonghi 2020 Apr 205
Observational

study
48

7

Usefulness of
Coronary Sinus

Reducer
Implantation for
the Treatment of

Chronic
Refractory Angina

Pectoris

D’Amico et
al.

2021 Jan 187
Observational

study
23

8 REDUCE
Giannini et

al.
2018 Jan 141

Observational
study

53

9

The Coronary
Sinus Reducer;
5-year Dutch
experience

Silvis et al. 2020 Dec 132
Observational

study
41

10

Long-term
outcomes of

patients
undergoing

coronary sinus
reducer

implantation - A
multicenter study

Konigstein
et al.

2021 Feb 99
Observational

study
57
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11

Effectiveness of
coronary sinus

reducer
implantation in
routine clinical
practice: 12-

month outcomes

Włodarczak
et al.

2025 May 67
Observational

study
24,36,37

12

Coronary Sinus
Reducer

Implantation for
the Treatment of

Chronic
Refractory

Angina: A Single-
Center

Experience

Giannini et
al.

2018 Apr 50
Observational

study
25,26

13

Initial experience
with the coronary
sinus reducer for
the treatment of
refractory angina

in Spain

Rodriguez-
Leor et al.

2022 Dec 48
Observational

study
39

14

Coronary Sinus
Reducer

implantation
improves

symptoms,
ischaemia and

physical capacity
in patients with

refractory angina
unsuitable for

myocardial
revascularisation:

a single-centre
experience

Konigstein
et al.

2018 Jul 48
Observational

study
44

15

Effects of
coronary sinus

Reducer
implantation on
oxygen kinetics
in patients with

refractory angina

Zivelonghi
et al.

2021 Apr 37
Observational

study
55

16

Coronary sinus
Reducer device

for the treatment
of refractory
angina: A

multicenter initial
experience

Reis et al. 2023 Feb 26
Observational

study
49
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17

Safety and
efficacy of a

device to narrow
the coronary
sinus for the
treatment of
refractory

angina: A single-
centre real-world

experience

Abawi et
al.

2016 Sep 23
Observational

study
43

18

Efficacy of
coronary sinus

reducer
implantation in
patients with
chronic total

occlusion of the
right coronary

artery

Mrak et al. 2022 23
Observational

study
45

Table 3: Additional mechanistic and health-economic studies on the CSR

No.
Name or Main

Title of the Study
Authors

Date of
publication

n
Treated

with
CSR

Type of
publication

References

1

Cost-effectiveness
of the coronary

sinus Reducer and
its impact on the
healthcare burden

of refractory
angina patients

Gallone et
al.

2020 Jan 215
Observational

study
29

2

Baseline Left
Ventricle

Longitudinal
Strain as a

Predictor for
Clinical

Improvement
Following

Coronary Sinus
Reducer

Implantation

Chen et
al.

2023 Oct 41
Observational

study
46

3

Feature tracking
and mapping
analysis of
myocardial
response to
improved

perfusion reserve
in patients with

refractory angina
treated by

coronary sinus
Reducer

implantation: a
CMR study

Palmisano
et al.

2021 Jan 28
Observational

study
27
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4 INROAD
Tebaldi et

al.
2024 Jan 24

Research
support

52

5

The impact of
coronary sinus
narrowing on

diastolic function
in patients with

refractory angina

Szekely
et al.

2019 Sept 24
Observational

study
50

6

The impact of the
coronary sinus

reducer upon left
ventricular
function in

patients with
refractory angina

pectoris

Tzanis et
al.

2020 May 19
Observational

study
51

7

Segmental
redistribution of
myocardial blood

flow after
coronary sinus

reducer
implantation

demonstrated by
quantitative
perfusion

cardiovascular
magnetic
resonance

Cheng et
al.

2025
Summer

16
Observational

study
28

8

A budget impact
model and a
cost–utility
analysis of

reducer device
(Neovasc) in
patients with

refractory angina

Fortunato
et al.

2024 Mar None

Health
economic
modelling

study

56

RESULTS

EFFECTIVENESS OF THE CORONARY SINUS REDUCER IN RANDOMISED TRIALS IN
PATIENTS WITH OBSTRUCTIVE CAD

The  phase  II  COSIRA  trial  randomised  104  patients  with  refractory  angina  (CCS  class  III–IV)  despite  optimal
pharmacological treatment, objective evidence of reversible ischaemia, and no further revascularisation options to
Reducer implantation or a sham procedure. After 6 months, 35% of patients who received CSR improved by at least 2
CCS classes versus 15% in the control group (p=0.02). Additionally, at least 1 CCS class improvement was achieved
in 71% of the reducer group versus 42% in the control group (p=0.003). Quality of Life (QoL), assessed using the
Seattle Angina Questionnaire, improved in patients with the device (mean change in the QoL domain: +17.6 vs.
+7.6; p=0.03). Changes in exercise duration and dobutamine stress echocardiography wall-motion index did not
differ significantly between groups [16]. A post hoc reanalysis by Jolicoeur et al. of the COSIRA trial confirmed that
Reducer  implantation  improved symptoms and health-related  quality  of  life  compared with  the  sham procedure
group. While the original COSIRA trial showed a non-significant improvement in exercise duration in the CSR group,
the reanalysis demonstrated a mean improvement of 27.2% with 96.2% probability of superiority compared to sham
intervention [17].

The ORBITA-COSMIC proof-of-concept  trial  enrolled  51 patients  with  CCS class  II–IV  refractory  angina,  without
further  treatment  options  (medication,  PCI,  or  CABG),  and  with  confirmed  epicardial  CAD  on  adenosine-stress
perfusion CMR. Researchers randomised them 1:1 to Coronary Sinus Reducer implantation or sham intervention. 182
days  after  implantation,  the  primary  symptom endpoint  showed  a  significant  reduction  in  daily  angina  burden
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compared with placebo, with an OR of 1.40 (95% CI 1.08–1.83). Other clinically meaningful improvements were
associated with the SAQ angina frequency (Benefit probability with coronary sinus reducer versus placebo 99.7%) as
well as the MacNew Heart Disease Health-Related Quality of Life questionnaire (Benefit probability with coronary
sinus reducer versus placebo 99.4%). The remaining questionnaires show no difference between the two groups.
Treadmill duration exercise duration did not differ between groups [18,19].

In a sham-controlled, randomized clinical trial conducted at a single centre in Slovenia, Mrak et al. randomized 25
patients and evaluated them 6 months after CSR implantation. However, in contrast to previous studies, there were
no significant differences in either CCS class improvement or any SAQ domain, although exercise parameters differed.
Exercise  capacity,  measured  by  peak  oxygen  consumption,  increased  by  2.46  mL/kg/min  in  the  reducer  group
compared with a decrease of 0.52 mL/kg/min in the control group (p = 0.03) [38].

EFFECTIVENESS OF THE CORONARY SINUS REDUCER IN PATIENTS WITH ANOCA

A single-arm, phase II trial by Tryon D et al. enrolled 30 patients with angina and no obstructive coronary artery
disease  (ANOCA)  with  invasively  confirmed  coronary  microvascular  dysfunction  (CMD),  and  CCS  class  III–IV
symptoms despite medical therapy. At the 120-day mark, Coronary Sinus Reducer implantation led to significant
improvement in invasive indices of microvascular function. In patients with reduced baseline coronary flow reserve
(CFR), median CFR increased from about 2.1 to 2.7 (p=0.0011). Those with abnormal coronary blood flow (CBF)
responses to acetylcholine shifted from a negative to a positive hyperaemic response (p=0.042). Clinically, median
CCS angina class improved from 4.0 to 2.0 (p<0.001), and all domains of the Seattle Angina Questionnaire increased
significantly (p<0.006 for all), indicating better symptom control and quality of life [20].

The subsequent observational study conducted by Giannini et al. on 287 patients suffering from refractory angina
without or with CAD confirmed that the CCS class improvement 12 months after CSR implantation does not differ
significantly among these groups of patients (-1.4 vs -1.3; p=0.67) [47].

EFFECTIVENESS OF THE CORONARY SINUS REDUCER IN OBSERVATIONAL REAL-WORLD
STUDIES

In  RESOURCE  multicentre,  retrospective  observational  study,  658  patients  with  refractory  angina  after  CSR
implantation were observed in median 502 days follow-up. Improvement by at least 2 classes of CCS score (primary
endpoint) was obtained by 39.7% followed by improvement by at least 1 class by 76% of patients (baseline vs follow-
up CCS score p<0.0001) [54].

In the REDUCER-I multicentre, non-randomised, open-label study, 400 patients with CCS class II–IV angina despite
optimal medical therapy, confirmed reversible ischemia, and no further revascularisation options underwent Reducer
implantation. At 6-month follow-up, the mean CCS class decreased from 2.8 to 1.8 (mean CCS change = -0.9; n =
344; p < 0.0001), 69.8% of patients experienced an improvement of ≥1 CCS class, while 24.1% improved by ≥2
classes. The number of patients with severe angina (CCS III/IV) fell from about 72% to 18%. Improvements in
angina burden translated into better functional capacity and quality of life exhibited by an increase in six-minute walk
distance  (325.2  vs  359.0  meters;  p<0.0001),  longer  exercise  duration  (355.7  vs  387.0  seconds;  p<0.0001),
significant gains in SAQ (p<0.0001 for all domains) and EQ-5D-5L (overall p<0.0001) (6). Also, the EuroIntervention
2021 interim REDUCER-I showed a reduction in emergency department (ED) visits for angina compared with the year
before Reducer implantation (0.69 vs 0.19 visits per patient-year; p<0.0001) [21]. The researchers confirmed that
the benefits were sustained at 1, 2, and 3-year intervals, with reductions in the number of CCS III/IV class patients
and improvements in QOL [21,22].

In a large Italian multicentre,  single-arm registry,  D’Amico et  al.  evaluated 187 patients with chronic  refractory
angina (CCS class II–IV) despite maximal tolerated pharmacological therapy, who were considered unsuitable for
further PCI or CABG. Enrolled patients underwent CSR implantation. Over a median follow-up of 18.4 months, 82.8%
of individuals experienced improvement in CCS by at least 1 class, with 49% improving by at least 2 classes. The
mean CCS class decreased from 3.2 at baseline to 1.8 at follow-up (p<0.001). These symptomatic benefits were
accompanied by significant gains in quality of life, as assessed by the SAQ (p<0.001 for all domains), and a reduction
in the average number of anti-anginal drugs from 2.77 to 2.00 per patient (p<0.001) [23].

A  prospective  registry  conducted  at  a  single  centre  in  Poland,  Włodarczak  et  al.  evaluated  67  individuals  with
refractory angina (CCS class II–IV) who were not eligible for further revascularisation and had either obstructive
(n=61) or nonobstructive (n=6) coronary artery disease. All participants received a coronary sinus Reducer and were
evaluated at multiple time points up to 1 year. After 12 months, 86.6% of patients showed an improvement of at
least one CCS class relative to baseline (P<0.001). Additionally, substantial  improvements were seen in patient-
reported outcomes - SAQ-7 scores (rising from 39.9 to 54.6) and SF-36 scores (increasing from 98.4 to 112.7) (both
p<0.001).  Six-minute walking distance improved from 234.9 m at baseline to a peak of  310.6 m at 3 months
(p<0.001) and remained significantly higher than baseline at 12 months (265.9 m; p=0.03). Anti-anginal medication
burden did not change substantially (4 versus 3.9; p=0.88) [24,36,37].
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In a prospective, single-centre observational study, Giannini et al. treated 50 patients with chronic refractory angina
and objective  evidence  of  myocardial  ischaemia  who were  deemed unsuitable  for  further  revascularisation  with
coronary sinus Reducer implantation. At 4-month follow-up, the mean CCS angina class decreased from 2.98 to 1.67;
80% of patients experienced improvement of ≥1 CCS class, and 40% of patients experienced improvement of ≥2
CCS classes (p<0.001). Symptomatic improvement was accompanied by New York Heart Association (NYHA) class
reduction from 1.68 to 1.35 (p<0.001), significant gains in SAQ (p<0.001 for all domains) and a marked increase in
six-minute walk distance (287.0 vs 388.6 meters; p=0.004), as well as a reduction in anti-anginal medication use in
approximately one-third of patients (3 (IQR: 2-3) vs 3 (IQR: 2-4);p=0.001). The clinical efficacy and improvements
in quality of life documented at the 4-month interval were sustained at the subsequent 1-year follow-up [25]. In a
later two-year assessment of the identical cohort, Ponticelli et al. confirmed the persistence of these effects: CCS
class improved by ≥1 class in 75.6% and by ≥2 classes in 35.6% of patients, with mean CCS decreasing from 2.98 at
baseline to 1.74 (p<0.001), and four of five Seattle Angina Questionnaire domains remained significantly improved
(p<0.001 in all domains but angina stability which showed p=0.08). Only the enhancement in NYHA classification was
ultimately forfeited by the two-year follow-up assessment (1.68 vs 1.67; p=1) [26].

In the observational study conducted by Konigstein et al. 262 patients suffering from refractory angina and (131
patients) with or without (also 131) chronic total occlusion (CTO) underwent CSR implantation. 77% of patients
showed at least 1 CCS class improvement and 42% at least 2 classes with similar results for patients with and
without CTO. Only change in 6MWT was significantly lower in the CTO group (median 16 vs 50 meters; p=0.009)
[42]. In another study patients with CTO LAD groups and CTO RCA were compared and exhibited no difference
between groups in CCS class improvement (P=0.35) [45].

In an observational,  multicentre study by Vescovo et al.,  219 patients were included, of  whom 116 (53%) had
diabetes mellitus, and all  underwent CSR implantation. Over a median follow-up of 393 days, the overall  cohort
showed a significant improvement in CCS class (p<0.0001), with no significant difference between patients with and
without diabetes (72% vs 80%, respectively, achieved a ≥1-class reduction in CCS; p = 0.28) [40].

In  a  multicentre  prospective  single-arm  pre–post  study  conducted  by  Zivelonghi  et  al.  37  patients  underwent
cardiopulmonary  exercise  testing  (CPET)  followed  by  CSR  implantation.  Then  at  6  months  follow-up  CPET  was
repeated showing significant improvement in VO2 max (12.2 vs 13.2 ml/kg/min; p=0.026) and workload (68 vs 81
W; p=0.05) after treatment which exhibited an objective increase in exercise capacity [55].

SAFETY OF THE CORONARY SINUS REDUCER

In the COSIRA trial, the control group experienced 1 death and 3 myocardial infarctions (MIs), while the Reducer
group had 1 periprocedural MI and no deaths. Overall, 34 serious adverse events were documented, with 10 cases
occurring in the Reducer group and 24 in the control group. The analysis revealed 76 adverse events in the Reducer
group, compared with 93 in the control group [16,17]

In the ORBITA-COSMIC trial, no deaths, myocardial infarctions, strokes or major haemorrhages occurred during the
6-month follow-up. Device embolisation occurred in 2 out of 25 patients in the CSR arm (8%) [18,19].

In the study by Tryon et  al.,  device implantation was successful  in 94% of attempts.  Two patients experienced
coronary sinus perforation (~7%), both occurring early in the centre’s experience. There were no periprocedural
deaths or myocardial infarctions [20].

In the RESOURCE study,  658 patients  underwent  663 CSR implantations of  which 641 were successful.  A total
number of 42 complications were recorded. These complications did not lead to periprocedural death, myocardial
infarction or require bailout surgery. Kaplan–Meier analysis showed no significant differences in long-term outcomes
between patients with procedural complications and those without, for MACE (p = 0.24) or all-cause mortality (p =
0.60) [54].

In the REDUCER-I study, despite patients' complex medical history (the majority with extensive CAD, prior PCI or
CABG, and other comorbidities), procedural success was high (97.1% of 382 procedures). Within the first 30 days
following implantation, 7 patients (1.6%) experienced Major Adverse Cardiac Events (MACE). Device- or procedure-
related serious adverse events (SAEs) occurred in 4 patients (1.1%) and included one case of pericardial tamponade,
as well as three myocardial infarctions. Also, three device migrations were reported (0.8% of patients), but without
the need for intervention. There were no periprocedural deaths or strokes [21,22].

In the study conducted by D’Amico et al., technical and procedural success rates were 98% and 95%, respectively,
with an in-hospital device- or procedure-related complication rate of 4.3%. Complications included one coronary sinus
dissection,  two perforations,  one  embolisation,  and four  device  migrations,  all  managed percutaneously  without
cardiac  surgery,  and no  periprocedural  deaths  or  myocardial  infarctions  were  observed.  All-cause  mortality  and
myocardial infarction rates during follow-up were 7.9% each, but there is a lack of a control group to compare the
data with [23].
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In  the  study  conducted  by  Włodarczak  et  al.,  CSR  deployment  was  successful  in  all  patients;  periprocedural
complications were infrequent, limited mainly to six access-site haematomas and a single case of device migration
into the pulmonary artery, which was managed percutaneously with immediate successful re-implantation. Whereas
rehospitalisation  for  CAD  progression  occurred  in  8  patients  (11.9%),  4  of  whom (5.9%)  needed  further  PCI
[24,36,37].

In the study by Gallone et al., procedural success was achieved in 98.1% of patients, with one device migration
without clinical complications. No additional intra-procedural or subsequent adverse events linked to the implantation
of the Reducer were reported. During the median of 15-month follow-up interval, there were reported 15 non-fatal
MIs, and 21 deaths, 10 of them were due to cardiovascular origin [27].

In the study by Palmisano et al., the procedure was successful in all cases, without device-related complications [28].

In the study by Giannini et al., procedural success was achieved in all implantations, and no device-related adverse
events occurred during the procedure or follow-up [25]. In the Ponticelli et al. study, 2-year follow-up of Giannini et
al. study, 10 patients (22%) underwent PCI, 3 after MI. 5 patients died, 1 of whom died due to cardiac arrest [26].

In the study by Konigstein et al. at median follow-up of 3.9 years all-cause mortality was 15.1% which is comparable
to earlier observations in patients with stable ischemic heart disease [57].

In addition to the studies presented above, several other studies have reported consistent signals of effectiveness of
the coronary sinus reducer, including a meaningful decrease in CCS class and improvements across SAQ domains,
with infrequent device-related serious adverse events without new outcomes [39,41,43,44,48,49,53]. However, the
certainty of these findings is limited by small sample sizes and potential selection bias; nevertheless, they support the
role of CSR as a therapeutic option for refractory angina.

MECHANISTIC IMAGING STUDIES

In an observational single-centre study by Chen et al., the authors investigated changes in left ventricular global
longitudinal strain (LV-GLS) as a predictor of functional improvement after CSR implantation. A lack of increase in LV-
GLS (i.e., no improvement in LV-GLS after the procedure) was associated with a substantially lower likelihood of
improvement in 6MWT (p = 0.029) [46].

In a single-centre, prospective, single-arm CMR study, Palmisano et al. evaluated the mechanistic impact of CSR
implantation on myocardial function and microstructure in 20 patients with refractory angina (CCS ≥ II) and inducible
ischaemia  on  baseline  stress  CMR  who  were  not  qualified  for  further  revascularisation.  All  patients  underwent
multiparametric stress CMR and clinical evaluation at baseline and 4 months after CSR implantation. CSR therapy
caused a significant improvement in global left ventricle systolic function, with median LVEF change from 61% to 67%
(p=0.0079) and the restoration of normal global longitudinal and circumferential strain (GLS from −16% to −19%;
p=0.0192, GCS from −18% to −21%; p=0.0017). Myocardial perfusion also improved, as reflected by a reduction in
ischaemic burden (13% to 11% of LV mass; p=0.0135) and an increase in myocardial perfusion reserve index (MPRi)
(1.10 vs 1.30; p=0.0085). Furthermore, the endocardial-to-epicardial ratio of the myocardial perfusion reserve index
increased significantly in segments with subendocardial (0.80 vs 0.87; p=0.0173) and transmural defects (0.67 vs
0.96; p=0.0107), but did not change in segments without ischemia (0.90 vs 0.91; p=0.0773). Importantly, native
T1,  extracellular  volume, matrix and cellular  volumes,  and scarring fibrosis  remained unchanged, suggesting no
adverse microstructural remodelling or diastolic impairment [27]. Previous studies conducted by Konigstein et al. in
Israel confirm the beneficial effect of CSR on LVEF during the dobutamine test (51 vs 56.5%; p=0.004) and WSMI
(1.58 vs 1.37; p=0.004) [43]. Other studies included in this review also suggest potential beneficial effects of CSR on
left ventricular function without new outcomes [50,51].

Following multicentre research support study conducted by Tebaldi et al. evaluated coronary flow reserve (CFR) of 21
patients who underwent CSR implantation. IMR values decreased from index to 4-month assessments (33.35 to
15.42; P<0.001), while coronary flow reserve increased from 2.46 to 4.20 (P=0.007) [52].

In the ORBITA-COSMIC trial, the primary endpoint related to mechanism of action - change in stress myocardial blood
flow (MBF) in ischaemic segments (not transmurally infarcted) after 6 months - showed no significant difference
between groups (0.06 mL/min/g; 95% CI -0.09 to 0.20). One of the secondary endpoints - the ratio of endocardial-
to-epicardial MBF during stress increased in ischaemic segments compared to non-ischaemic ones in the CSR group
(0.10; 95% CI 0.02 to 0.19), indicating preferential improvement in subendocardial perfusion [18,19].

In a single-centre, retrospective observational cohort study, Cheng et al. investigated the effects of CSR implantation
on quantitative myocardial perfusion using fully automated perfusion mapping CMR in 16 patients with refractory
angina undergoing Reducer implantation. Rest and adenosine stress perfusion CMR were performed before and at a
median  of  5  months  after  the  procedure.  A  high  proportion  of  myocardial  segments  was  visually  assessed  as
ischaemic at baseline (208/254, 81.9%), which significantly decreased after CSR implantation (175/254, 68.9%; P =
0.001). Despite this, there were no significant changes in global myocardial blood flow (MBF), global strain values, or
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myocardial perfusion reserve (MPR). However, after segments were divided into two groups according to baseline
MPR above or below 1.88 (the threshold used in previous studies to identify CAD evaluated with pressure-wire), the
MPR  increased  significantly  in  ischemic  segments  compared  to  non-ischemic  ones  (+0.44  vs  -0.19;  p<0.001).
Analogous patterns were discerned within both the left and right coronary artery regions [28].

HEALTH-ECONOMIC EVIDENCE

In addition to the clinical evidence, the economic impact of CSR therapy has been evaluated in a large, multicentre
observational study by Gallone et al., which included 215 consecutive patients with refractory angina who underwent
Reducer implantation in Belgium, the Netherlands, and Italy. Using a pre–post design, angina-related healthcare
resource use and quality-of-life data were compared between a standard-of-care period (from diagnosis of refractory
angina  to  CSR  implantation)  and  the  post-implantation  “Reducer  period”.  CSR  therapy  was  associated  with  a
significant reduction in overall ambulatory visits for angina (2.1 vs 0.7; p<0.001), angina-driven hospitalisations (1.3
vs 0.2; p<0.001), coronary angiograms (1.0 vs 0.2; p<0.001) and PCI procedures (0.3 vs 0.1; p=0.029) per patient-
year,  which translated into  lower  healthcare costs.  Only  the reduction in  emergency department  admissions for
angina per patient-year didn’t show a relevant change (0.2 vs 0.1; p=0.751). When costs and utilities over one year
of standard care were compared with those over one year after CSR implantation, the Reducer yielded higher QALYs
(0.665 vs 0.580; P<0.001) at incremental costs, resulting in ICERs of 53,197, 34,948 and 63,146 €/QALY gained in
Belgium, the Netherlands and Italy, respectively. Under modelled assumptions of a 2–3-year duration of CSR efficacy
with 30% annual  waning,  ICERs ranged from 1,977 to 20,796 €/QALY,  well  below the Dutch willingness-to-pay
threshold (50,000 €/QALY) [29].

Fortunato  et  al.  conducted  a  budget  impact  model  suggesting  that  CSR  implantation  may  become  cost-saving
compared with standard of care by year 3 (−€59,772.44). The estimated savings increased further in years 4 and 5
(−€360,120.16 and −€669,464.86, respectively) [56].

DISCUSSION
This narrative review addressed predefined research objectives related to the clinical efficacy, safety, mechanisms of
action,  and  economic  value  of  the  Coronary  Sinus  Reducer  in  patients  with  refractory  angina  without  further
revascularisation options.

Regarding the first objective, evidence from randomised sham controlled trials demonstrates a consistent reduction in
angina severity and a clinically meaningful improvement in health related quality of life following Coronary Sinus
Reducer  implantation  [16–19,38].  These  effects  are  supported  by  improvements  in  patient  reported  outcome
measures, whereas results for exercise capacity are heterogeneous and less consistent across studies [16–19,38].
This suggests that symptomatic relief represents the most robust efficacy endpoint, while functional performance
outcomes require confirmation in larger trials.

The second objective was addressed through the analysis of observational registries and real world clinical studies.
Large  multicentre  and  single  centre  cohorts  consistently  report  sustained  reductions  in  CCS  angina  class  and
improvements in quality of life over follow-up periods of up to three years [21–26,36-37,39-45,47-49,51,53-55].
These findings indicate durability of clinical benefit and reproducibility across different healthcare settings, although
the non randomised design of these studies introduces potential selection and reporting biases.

In  relation to  safety,  the reviewed studies  demonstrate  high technical  and procedural  success  rates  with  a  low
incidence of device or procedure related serious adverse events [16–26,36-45,47-49,51,53-55]. Most complications
were  infrequent  and  manageable,  even  in  populations  characterised  by  advanced  coronary  artery  disease  and
multiple comorbidities. However, the lack of long term controlled safety data limits definitive conclusions regarding
rare or delayed adverse outcomes.

Mechanistic studies using cardiac magnetic resonance imaging partially clarify the mode of action of the device. The
available evidence indicates that symptom relief is primarily associated with redistribution of myocardial blood flow
toward  ischaemic  subendocardial  regions  rather  than  an  increase  in  global  myocardial  perfusion
[18,19,28,29,46,50,52].  This  mechanistic  consistency  supports  the  biological  plausibility  of  the  observed clinical
effects.

Finally,  health  economic  analyses  suggest  that  Coronary  Sinus  Reducer  therapy  may represent  a  cost  effective
intervention within commonly accepted European willingness to pay thresholds, particularly if clinical benefits persist
beyond one year [27,56]. Nevertheless, economic evidence is limited to observational analyses and remains sensitive
to assumptions regarding durability of effect.

LIMITATIONS OF THE STUDY

The evidence base reviewed in this article has several fundamental limitations that directly arise from the analysed
sources. Randomised evidence is limited to three sham controlled trials and one single arm phase protocol, which
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restricts statistical power and does not allow a reliable assessment of the impact of the intervention on hard clinical
endpoints [16–20,38]. The majority of clinical data are derived from non randomised real world registries that differ
in study design, inclusion criteria, endpoint structure, and duration of follow-up, increasing the risk of selection bias
and complicating direct comparison of results [21–26,36-37,39-45,47-49,51,53-55].

Mechanistic conclusions are based on a limited number of cardiac magnetic resonance studies with small sample sizes
and a predominant use of surrogate imaging markers, without direct validation of their association with long term
clinical outcomes [18,19,28,29,46,50,52]. Health economic evaluation relies on a single observational analysis with
model  based  assumptions  regarding  the  durability  of  clinical  benefit,  which  reduces  the  reliability  of  result
extrapolation [27,56].

The absence of direct comparative studies with other non pharmacological treatments for refractory angina, such as
enhanced  external  counterpulsation  and  spinal  cord  stimulation,  substantially  limits  precise  positioning  of  the
Coronary  Sinus  Reducer  within  therapeutic  algorithms  and  precludes  well  founded  conclusions  regarding  its
comparative clinical and economic effectiveness [12,33,35].

CONCLUSIONS
The available evidence indicates that Coronary Sinus Reducer implantation is associated with clinically meaningful
reductions in angina severity and improvements in health related quality of life in patients with refractory angina who
have no further revascularisation options. These effects are consistently observed across randomised trials and real
world registries and appear to be sustained for follow-up periods of up to one to three years, although durability
beyond this timeframe remains insufficiently documented.

Symptomatic benefits have been reported both in patients with obstructive coronary artery disease and in selected
patients with microvascular dysfunction. Procedural success rates are high, and serious device or procedure related
complications are uncommon in observational cohorts, even in elderly patients with advanced disease and multiple
comorbidities. However, the current safety profile is derived predominantly from non randomised data and limited
duration of follow-up.

Mechanistic  studies  support  the  concept  that  the  clinical  effect  of  the  Coronary  Sinus  Reducer  is  mediated  by
redistribution of myocardial blood flow toward ischaemic regions rather than by an increase in global myocardial
perfusion, providing biological plausibility for the observed symptom relief. Nevertheless, these conclusions are based
on small imaging studies using surrogate endpoints.

Economic evaluations suggest that Coronary Sinus Reducer therapy may be cost effective within commonly accepted
European  willingness  to  pay  thresholds  if  clinical  benefits  persist  beyond  one  year.  This  conclusion  remains
conditional, as it relies on observational data and modelling assumptions.

Taken  together,  the  current  evidence  supports  the  Coronary  Sinus  Reducer  as  a  potentially  useful  adjunctive
treatment for carefully selected patients with refractory angina who are not candidates for further revascularisation.
At the same time, the limited number of randomised trials, the predominance of observational data, and the absence
of direct comparisons with alternative non pharmacological therapies underscore the need for further adequately
powered studies to more precisely define its clinical role.
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