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The coronary sinus reducer represents an emerging therapeutic option for patients suffering from chronic refractory angina. Current 
data indicate that the population suffering from angina symptoms despite maximal medical therapy and maximal achievable 
revascularisation – surgical or percutaneous – is constantly increasing. Also, the clinical outcome for these patients is strongly 

affected by the lack of adequate treatment, the occurrence of adverse events and the need for repeated hospitalisation. Growing evidence 
supports the clinical benefits of the coronary sinus reducer in relieving angina symptoms in this specific population, with emerging evidence 
of reduction in myocardial ischaemia following the implantation of the coronary sinus reducer. In this review, we provide an up-to-date 
description of the role of this relatively new device in the treatment of refractory angina, focusing not only on symptom relief but also on the 
increasing data that supports objective improvements in myocardial ischaemia.
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Refractory angina pectoris is a chronic disabling condition affecting an increasing number of 

patients (10–15%) with severe ischaemic heart disease.1 It is generally defined as the presence 

of debilitating angina due to severe and/or diffuse coronary artery disease (CAD), despite optimal 

medical therapy and with no option for further percutaneous or surgical revascularisation 

procedures. As shown in previous studies, refractory angina has a significant impact on a patient’s 

quality of life, with a high incidence of hospitalisations, frequent episodes of depression and 

anxiety due to the symptoms, and a higher fatality rate compared with patients who successfully 

undergo revascularisation procedures for chronic ischaemic heart disease.2–5 Of note, the only 

treatment option reserved for these relatively young patients (60–65 years) is limited to classical 

anti-ischaemic drugs.6

For physicians, this ‘no-option’-labelled population represents a therapeutic challenge due to their 

high complexity and heterogeneity.7,8 Most are not good candidates for revascularisation – surgical 

or percutaneous – because of the technically high complexity of such interventions, which is 

often due to extreme evolution of atherosclerotic involvement of the coronary arteries (including 

chronic total occlusions or diffuse disease) or even because of repeated failure of previous 

revascularisation interventions. Some patients even remain symptomatic for angina despite 

successful revascularisation procedures; this is referred to as ‘residual’ or ‘persistent’ angina and 

affects 25% of patients after 1 year and 45% after 3 years following revascularisation.9 In addition, 

an emerging group of refractory angina patients are affected by ‘micro-vascular angina’ with no 

revascularisation options at all, considering the absence of significant epicardial coronary stenosis.7 

The various clinical conditions, the specific presentations and the pathophysiological basis of this 

clinical entity are the foundation of the difficulties in finding an efficient therapeutic strategy to suit all 

these patients.10–12 Moreover, the healthcare costs associated with refractory angina are consistently 

increasing, which supports the need for expanding strategies in the treatment of this condition.12 

Currently, this is mainly limited to traditional anti-anginal medications and lifestyle changes.13–15

A novel therapeutic option for these patients is represented by the coronary sinus reducer 

(CSR). This device received CE approval in November 2011.16 The first basis of this technique 

comes from the experience of heart surgeons, Beck and colleagues, in the early 1950s.17,18 They 

performed surgical narrowing of the main cardiac vein to cause redistribution of myocardial 

blood flow into ischaemic territories and the results at the time were gratifying. Despite these 

promising results, the approach was largely abandoned due to the rapid development of surgical 

and percutaneous revascularisation procedures. However, interest was renewed in recent 

years as the number of complex patients suffering from refractory angina (undergoing multiple 

revascularisation procedures, with multiple comorbidities and complex lesions) started to increase.  
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Consequently, the CSR has been designed and introduced into clinical 

practice as an alternative treatment for such patients.19,20 

Device and procedural characteristics
The CSR consists of a stainless-steel mesh pre-mounted on an  

hourglass-shaped balloon catheter, intended to be percutaneously 

implanted into the coronary sinus (CS) to generate a focal narrowing and to 

increase coronary venous pressure (Figure 1). It is available in a single size, 

which is adaptable to the tapered anatomy of the CS by the balloon inflation 

pressure (diameter 3 mm in the mid-portion and 7–13 mm at both ends). 

The implantation procedure is performed percutaneously via the right 

jugular vein. At first, a 6 French (F) diagnostic catheter is used to reach 

the right atrium (where invasive central venous pressure is recorded) and 

to selectively engage the CS, where contrast is injected to assess the 

vessel anatomy. Then, a 9F guiding catheter is exchanged over the wire to 

be positioned distally in the CS, and the CSR is advanced to the targeted 

implantation site. Once the CSR reaches the implantation site, the guiding 

catheter is retracted to expose the device, allowing the balloon to inflate 

and the CSR to expand. After deflation, the balloon catheter is retrieved and 

a final angiogram evaluates the positioning, confirms the narrowing and 

excludes any complications such as perforation or migration (Figure 2). 

Dual antiplatelet therapy with aspirin and clopidogrel is generally 

recommended for 1 month after the implantation.21

Insights on the mechanism of action 
The first descriptions of the possible mechanisms of action of the CSR 

device were reported by Camici and Fillipo7 and later by Banai and 

colleagues.19 In normal conditions, when the heart is exposed to exercise, 

the sympathetic-mediated vasoconstriction of the sub-epicardial vessels 

leads to increased blood flow to the sub-endocardial layers.22 This 

mechanism becomes impaired in the presence of obstructive CAD.23 

Moreover, the high left ventricular end-diastolic pressure commonly 

associated with ischaemic heart disease directly affects the myocardial 

wall kinetics, resulting in a substantial increase in coronary flow 

resistance and sub-endocardial ischaemia.

A focal narrowing of the CS in the setting of ischaemic myocardium 

raises the pressure in the venous drainage system, inducing dilatation 

of arterial capillaries and reduction of flow resistances; this eventually 

leads to a redistribution of blood from the less ischaemic sub-epicardium 

to the more ischaemic sub-endocardium.24,25 Promising results were first 

described in animal models.26–30 In humans, the beneficial effects of the 

CSR start once the endothelialisation of the device has reached a certain 

level, which is approximately 1–3 months after implantation.19,24 

Patient selection and contraindications
Similar to all invasive procedures, adequate patient selection is essential 

to obtain clinical benefits and avoid unnecessary interventions followed 

by treatment failure. The clinical characteristics of good candidates for 

CSR implantations are: 

• the presence of angina (Canadian Cardiovascular Society [CCS]  

class II–IV); 

• documented myocardial ischaemia with non-invasive modalities 

involving the left coronary artery territory; 

• optimal antianginal medications; and

• a lack of alternatives for surgical or percutaneous revascularisation, 

which must be decided by the heart team.21 

Patients without documented myocardial ischaemia, or ischaemia limited 

to the right coronary artery (RCA) territory, have been shown to be less 

than ideal candidates.21 Of note, venous drainage of the RCA generally 

comes from the middle cardiac vein and drains into the proximal CS 

(close to the ostium). The device is not recommended in patients 

with advanced heart failure and systolic dysfunction (ejection fraction 

<30–35%), where alternative therapies (e.g. cardiac resynchronisation 

therapy) should be considered, nor in patients with mean right atrium 

pressure >15 mmHg, or those who have recently (within <3 months) had 

percutaneous coronary intervention or a coronary artery bypass graft, 

where the benefits of the revascularisation procedures are awaited.21

The non-responders – new evidence 
Clinical benefits, in terms of symptom relief, have been consistently 

observed across studies in approximately 70–80% of patients receiving 

the CSR;21 however, the reason for the lack of efficacy in the remaining 

percentage is still under investigation. As discussed, elements such as 

angina related to ischaemia on the right coronary territory, coexisting 

heart failure or chest pain in the absence of documented ischaemia may 

play a role in these cases.21,31

More recently, physiological investigations also have been conducted 

to further explore possible explanations for the lack of efficacy of the 

CSR. One of these investigations is based on the possible presence of 

a well-developed alternative coronary venous drainage system.32 More 

specifically, the investigators measured the pressure distally to the CSR 

implantation site at the moment of device inflation – a coronary sinus 

wedging pressure. In ideal conditions, a ‘ventricularisation’ of the pressure 

wave is observed, supporting the lack of alternative venous drainage 

systems and, as such, is associated with significant clinical benefits. 

According to the authors, absence of this change in pressure-wave 

shape may be associated with lack of clinical improvements. As the 

authors suggest, measuring the CS wedge pressure during balloon 

inflation could help to detect non-responders. A recent report from 

our group also hypothesised that incomplete endothelialisation of the 

device, even several months after implantation, could be responsible for 

a lack of pressure gradient across the CSR itself, resulting in an absence 

of clinical benefits that were otherwise expected.33 

Procedural complications 
Very low rates of procedural complications have been reported so far 

during CSR implantation.26,39 Consequently, this is considered a very safe 

Figure 1: The coronary sinus reducer device
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intervention;21 however, possible complications may include CS dissection 

during catheter or wire manipulation and direct or late device migration.

In a recent report, the authors described for the first time a perforation of 

the CS, which occurred during CSR implantation.34 After the implantation 

of the device and balloon retrieval, the control angiogram showed 

contrast extravasation reaching the left atrium. The patient remained 

haemodynamically stable throughout the procedure; protamine 

sulphate was administered and a semi-compliant balloon inflated at the 

perforation site for 5 minutes, resulting in sealing of the perforation. No 

pericardial effusion was evident at echocardiographic control and the 

patient was discharged 2 days later.34 

A multicentre international collaboration to assess the incidence of 

procedural complications, their management and clinical implications 

in a large study population (>500 patients) – the RESOURCE study – is 

ongoing, headed up from the San Raffaele Hospital, Milan, Italy.

Efficacy and performance in clinical studies 
After the first pre-clinical experiments in swine models supporting  the 

safety and feasibility of CSR implantation,21,27,35 further studies in humans 

investigated the efficacy of this device in improving  quality of life and 

myocardial ischaemia in patients with refractory angina (Table 1).19,24,36–43 

CSR implantation was investigated for the first time in a non-randomised 

prospective study in 15 patients.19 Procedural success was complete 

and complications were absent. At clinical follow-up, a significant 

reduction in CCS class was registered in the majority of the cases 

(85%). Additional investigation for myocardial ischaemia, as assessed 

with dobutamine stress-echocardiography at 6 months, disclosed 

a significant reduction of extent and severity in 8 out of 13 patients. 

Other objective improvements were also documented with thallium 

single-photon emission computed tomography.19 Similar clinical 

improvements were observed in 85% of the subjects enrolled at two 

sites in Antwerp, Belguim and Tel Aviv, Israel. Significant improvements 

in CCS class were documented across the study population (mean 

CCS score reduced from 3.3 ± 0.6 at baseline to 2.0 ± 1.0 at 6 months, 

p<0.01).44 The authors also reported significant improvements in the 

wall motion severity index during stress, as assessed by dobutamine 

echocardiography at the 6-month follow-up. In addition, improvements 

in other scores of myocardial perfusion during thallium stress scans 

indicated an overall improvement in the extent and severity of the 

ischaemic segments after CSR implantation.44 

The cornerstone of the clinical evidence supporting the adoption of 

CSR is represented by the Coronary Sinus Reducer for Treatment of 

Refractory Angina (COSIRA) trial.24 In this double-blind, randomised, 

sham-controlled trial, 11 clinical centres were involved. A total of  

104 patients were randomised in a 1:1 ratio to undergo either  

implantation of the study device or a sham procedure. The primary 

endpoint of the study was the reduction in angina symptoms evaluated 

by CCS score: this was observed in 71% (37/52) of patients in the 

treatment and 42% (22/52) of the control group (p=0.003). Furthermore, an 

improvement of two or more CCS classes was registered in 35% (18/52) of 

the patients in the treatment group versus 15% (8/52) of the control group 

(p=0.02). These significant benefits were also confirmed in the quality of 

life assessment as provided by the Seattle Angina Questionnaire (SAQ).24 

Subsequently, multiple prospective and retrospective registries were 

carried out to further confirm the clinical benefits observed in the 

COSIRA trial – all with consistent results.36–38 The largest of these 

was the multi-centre REDUCE clinical registry.39 This observational 

registry included data from 141 consecutive patients undergoing CSR 

implantation at three centres (Antwerp Cardiovascular Center, Belgium; 

San Raffaele Hospital, Milan, Italy; and Tel-Aviv Medical Center, Israel). 

Patients suffering from chronic angina (defined as CCS classes II–IV) 

with documented CAD, no option for further revascularisation and with 

evidence of myocardial ischaemia by non-invasive tests received the 

study device. No peri-procedural complications occurred; consistent with 

the results of the COSIRA trial, significant improvements in mean CCS 

class and all SAQ items were observed. The number of anti-ischaemic 

drugs prescribed was significantly reduced during a median follow-up 

of 14 months. Of special interest, in a sub-group of patients undergoing 

ischaemia evaluation with non-invasive imaging techniques before and 

after CSR implantation, the authors were also able to show a significant 

reduction in the extent of both ischaemia and inducible ischaemia, which 

were evaluated with myocardial scintigraphy and dobutamine stress 

echocardiography, respectively.39

At present, only observational registries have reported data about 

objective reduction of myocardial ischaemia following CSR implantation; 

however, the body of evidence in this regard is increasing.39-41

Figure 2: Illustrative case of implantation of the coronary sinus reducer
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A. Basal angiography of the coronary sinus; B. Implantation of the coronary sinus reducer in the desired target; C. Final angiographic control with the device in place. 
F = French.
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In a single-centre Italian study,40 15 patients undergoing CSR implantation 

were investigated with cardiac magnetic resonance (CMR) before 

the procedure and 4 months after. Symptom relief was observed in  

13 patients (87%). As a main finding, analysis of the CMR images 

showed that median per-patient ischaemic burden reduced from 13% 

to 11% (p=0.0092) and the number of segments with inducible perfusion 

defect from 6 (interquartile range [IQR] 2–9) to 5 (IQR 2–6; p=0.0138).  

The overall number of segments with inducible perfusion defect 

reduced from 92/240 (38%) to 69/240 (29%; p<0.001, by logistic  

mixed-effects model). Reducer implantation led to a significant increase 

in the transmural myocardial perfusion reserve index (MPRI; p<0.001), 

driven by the ischaemic segments (predicted ΔMPRI=0.355 in segments 

with baseline MPRI<1.3 and =-0.036 in segments with baseline MPRI≥1.3; 

p<0.001). This first systematic assessment of myocardial perfusion 

with CMR provided deep insights into the physiological basis of the 

CSR mechanisms of action, supporting not only the clinical benefits 

described so far, but also an objective reduction in myocardial ischaemia. 

Improvements in myocardial perfusion as investigated with CMR were 

also shown by Konigstein et al. in a study involving 15 patients undergoing 

CSR implantation.21

Consistent with these results, objective improvements after CSR 

implantation were investigated by Zivelonghi et al. by means of 

cardiopulmonary exercise test (CPET).41 In this multicentre experience, a 

total of 37 patients were enrolled in this study, all of which performed 

a CPET before CSR implantation and at the 6-month follow-up. In fact, 

significant improvements in objective parameters were observed, with 

increased effort tolerance (workload: + 12.9 [+ 34%]; 68 ± 28 W versus  

81 ± 49 W; p=0.05) and oxygen kinetics as expressed by maximal oxygen 

uptake (+ 0.97 mL/kg/min [+ 11.3%], 12.2 ± 3.6 mL/kg/min at baseline  

versus 13.2 ± 3.7 mL/kg/min; p=0.026) and maximal oxygen uptake at 

anaerobic threshold (9.84 ± 3.4 mL/kg/min versus 10.74 ± 3.05 mL/kg/min; 

p=0.06). These results demonstrated objective reduction in myocardial 

ischaemia after CRS implantation, providing a strong physiological 

base underlying its clinical efficacy, with potential impact on long-term  

clinical outcomes.

So far, the evidence supporting the use of this device is limited to 

one phase II randomised clinical study and multiple registries. Further 

studies are now ongoing to evaluate the benefits of this device 

in larger sample sizes. A multi-centre observational clinical study 

(REDUCER-I; ClinicalTrials.gov identifier: NCT02710435) will include  

400 patients from 40 centres in Europe with a 5-year extended follow-up;  

a phase III multi-centre, randomised, double blinded, sham-controlled 

clinical trial (COSIRA II) will enrol 380 patients from more than 30 centres 

across North America.

Coronary sinus reducer efficacy in  
special settings
Treatment of refractory angina due to microvascular dysfunction 

by implantation of a CSR received some recent attention. The first 

available and preliminary data came from Milan where 8 patients with 

refractory angina and a lack of significant coronary stenosis underwent 

CSR implantation for the treatment of microvascular angina.42 At early  

follow-up, improvement in CCS class was observed in 7 patients. At  

the 1-year follow-up, this benefit was maintained in 3 of the 5 patients 

assessed. In these 3 patients, dipyridamole CMR with MPRI calculation 

were found to have an increased MPRI of the ischaemic segments 

Table 1: Clinical improvements after coronary sinus reducer implantation in currently available clinical studies

Authors Type of study Patients  

(n)

Endpoint CCS score 

improvement

Other findings

Banai et al. 200719 First-in-man 15 Safety–feasibility Mean reduction:

-1.4

Reduction in ischaemia during dobutamine echocardiography 

and thallium single-photon emission computed tomography

Verheye et al. 201524 Double-blind 

randomised  

sham-control trial

104 CCS class 

improvement  

(≥2 points)

Mean reduction: 

-1.1

Primary endpoint occurred in 35% of patients in the  

CRS-treated group versus 15% of the control group (p=0.02); 

CCS improvement of ≥1 class occurred in 71% versus 42% 

respectively (p=0.003). Significant improvement in SAQ score

Abawi et al. 201636 Single-centre 

registry

23 Procedural safety Any reduction in CCS 

class observed in 74% 

of patients

–

Giannini et al. 201837 Single-centre 

registry

50 Safety/efficacy Mean reduction: 

-1.3

Significant improvement in SAQ score and 6-minute walking 

test

Konigstein et al. 201838 Single-centre 

registry

48 Clinical Improvement Mean reduction: 

-1.4

Significant improvements in exercise capacity, 6-minute 

walking test distance, left ventricle ejection fraction under 

stress and wall motion score index

Giannini et al. 201839 

(REDUCE study)

Multi-centre 

registry

141 CCS class and SAQ 

score improvement

Mean reduction:

-1.4

Significant improvement in SAQ score and significant 

reduction in anti-angina drugs prescribed

Giannini et al. 201940 Single-centre  

study

15 Perfusion parameters 

at CMR imaging

Any reduction in CCS 

class observed in 87% 

of patients

Significant improvement of myocardial perfusion parameters 

as investigated with CMR imaging

Zivelonghi et al. 202041 Multi-centre 

registry

37 Oxygen kinetics at 

CPET

Mean reduction:

-1.6

Significant improvement in effort tolerance (workload + 34%) 

and maximal oxygen uptake in cardiopulmonary exercise test

Giannini et al. 201742 Multi-centre 

registry

8 CCS class and SAQ 

score improvement

Mean reduction:

-1.5

Significant improvement in CCS class and SAQ score in 

patients with microvascular angina

Zivelonghi et al. 202043 Multi-centre 

registry

205 CCS class 

improvement

Mean reduction: 

-1.2

Significantly greater CCS class improvement in patients with 

chronic total occlusions 

CCS = Canadian Cardiovascular Society; CMR = cardiac magnetic resonance; CPET = cardiopulmonary exercise test; SAQ = Seattle Angina Questionnaire. 
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and an increased mean MPRI of the whole ventricle after intervention.  

Despite the very limited number of patients enrolled in this analysis, 

these results suggest that even patients suffering from microvascular 

refractory angina may benefit from improved myocardial perfusion, with 

a pattern similar to those with documented CAD and no options for 

further revascularisation. To the authors’ knowledge, additional studies 

are now ongoing to further investigate the benefits of this device in this 

specific context.

Another setting of growing interest currently is represented by 

refractory angina in patients with non-revascularised chronic total 

occlusion (CTO) lesions. In a recently published multi-centre study, 

Zivelonghi et al.43 retrospectively investigated the clinical benefits 

observed in patients with documented CTO lesions undergoing 

CSR implantation. In more than 200 patients treated with the CSR, 

nearly 50% had a documented non-revascularised CTO lesion at 

coronary angiogram (excluding CTOs with a patent graft connected 

to the CTO vessel distally to the occlusion). The main finding was 

that a significantly greater improvement in CCS class 6 months after 

implantation was observed in the CTO group compared with the  

non-CTO group (81% versus 66%, respectively; p=0.03). In the original 

animal experiments by Fedele et al. and Toggart et al., treatment 

success (reduction of myocardial ischaemia) by CS obstruction 

was dictated by the presence or absence of coronary collateral 

circulation.45,46 In fact, in the absence of collateral circulation, CS 

obstruction had no effect on the reduction of ischaemia. In contrast, 

the higher the degree of collateral circulation, the higher the reduction 

of ischaemia by CS obstruction.45,46 As commonly observed in clinical 

practice, CTO lesions are generally associated with extensive 

neoangiogenesis and collateral channels. We hypothesise that this 

side-phenomenon of atherosclerosis could also enhance the flow 

and pressure redistribution in the coronary epicardial and endocardial 

vascular bed caused by the CSR implantation.

Conclusions
Refractory angina represents a constantly increasing clinical entity, 

considering the improvements in survival of patients with ischaemic 

heart disease and the ageing of the population. Refractory angina has 

a relevant impact on the quality of life of the affected patients and is 

associated with significant healthcare costs. From this perspective, the 

growing and consistent evidence supporting the benefits of the CSR in 

this population suggests that this device significantly relieves angina 

symptoms, may significantly reduce myocardial ischaemia and has 

an excellent safety profile. It is for these reasons that the CSR should 

always be considered in this setting, after accurate patient selection 

according to the appropriate indications.24 
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