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The coronary sinus reducer: a validate option for “no-option” 
labeled patients. Clinical evidences and new perspectives

Reductor del seno coronario: una opción de validación para pacientes 
etiquetados de "no opción". Evidencias clínicas y nuevas perspectivas.
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ABSTRACT
Refractory angina pectoris is a condition characterized by the presence of debilita-
ting angina symptoms despite optimal medical therapy due to severe and/or diffu-
se coronary artery disease not amenable for revascularization either by percutaneous 
or surgical approach.
The coronary sinus Reducer is a percutaneous device designed to increase coronary 
sinus pressure to achieve a redistribution of the arterial coronary blood flow from the 
sub-epicardial layers towards the ischemic sub-endocardium in patients with refrac-
tory angina. The aim of this review is to provide a description of the Reducer, to re-
port results from clinical studies available up to date and to discuss about future em-
ployment and perspectives.
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RESUMEN
La angina de pecho refractaria es una condición caracterizada por la presencia de sín-
tomas anginosos a pesar de la terapia médica óptima debido a enfermedad coronaria 
severa y/o difusa, que no es susceptible de revascularización tanto por vía percutánea 
como por cirugía de revascularización miocárdica.
El reductor del seno coronario es un dispositivo percutáneo diseñado para aumen-
tar la presión venosa coronaria para lograr una redistribución del flujo sanguíneo co-
ronario arterial desde capas subepicárdicas hacia el subendocardio isquémico en pa-
cientes con angina de pecho refractaria. El objetivo de esta revisión es proporcionar 
una descripción del reductor del seno coronario, sobre los resultados de estudios clí-
nicos disponibles hasta la fecha y discutir sobre su uso en el futuro y sus perspectivas.
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INTRODUCTION

Refractory angina pectoris is a chronic disabling condition 
affecting a growing number of patients (10-15%) with severe is-
chemic heart disease1. It can be defined as the presence of de-
bilitating angina despite optimal medical therapy due to severe 
and/or diffuse coronary artery disease (CAD) not amenable for 
revascularization either by percutaneous or surgical approach.
Life expectancy for these patients doesn’t differ significantly 
from other patients with chronic ischemic heart disease2,3, but 
their quality of life is poorer, their incidence of re-hospitaliza-
tion is higher4, and they frequently experience depression and 
anxiety because of their disease5. Moreover, patients with re-
fractory angina should be managed with many anti-ischemic 
drugs and are relatively young (60-65 years)6.
This “no-option” labeled population represents a complex and 
heterogeneous group7,8. Most of them are not good candidates 
for revascularization due to several technical implications, such 
as the presence of complex coronary total occlusions, highly di-
ffuse coronary artery disease, recurrent coronary restenosis af-
ter percutaneous coronary revascularization (PCI) or occlu-
ded bypass after coronary artery bypass graft surgery (CABG). 
Other patients continue complaining about disabling angina 
despite successful revascularization: this is called “residual” or 
“persistent” angina and is supposed to affect 25% of patients af-

ter one year and 45% after 3 years following revascularization9. 
Furthermore, another group of patients suffer from micro-vas-
cular angina in the absence of significant epicardial coronary 
stenosis7.
This wide range of clinical entities may explain the difficulties 
in assessing the effectiveness of various proposed therapeutic al-
ternatives10-12. The impact of refractory angina in terms of heal-
thcare costs indicates the need for expanding strategies for the 
treatment of these patients12 which has been currently limited 
mainly to traditional anti-anginal therapy and lifestyle chan-
ges in the past few years13,14. In fact, several novel anti-ischemic 
drugs such as ivabradine or ranolazine, and alternative thera-
pies like transmyocardial laser revascularization, extracorporeal 
shockwave therapy, spinal cord stimulation, gene therapy or cell 
therapy brought only limited benefits in this population11,15.
The coronary sinus reducer (CSR) is a novel percutaneous im-
plantable device designed to narrow the coronary sinus (CS) in 
order to reduce angina burden in patients experiencing refrac-
tory angina; and received CE approval in November 2011. The 
concept of narrowing the coronary sinus comes from Beck’s and 
others heart surgeons interventions16,17, who started performing a 
surgical restriction of the main cardiac vein to obtain redistribu-
tion of myocardial blood flow into ischemic territories, with en-
couraging results. This promising technique was then almost for-
gotten due to the rapid development of surgical and percutaneous 
revascularization procedures, but recently the increasing number 
of patients with refractory angina called back this idea. Therefo-
re, the CS Reducer has been developed and introduced in clini-
cal practice as a new device for the treatment of these patients18,19.

DEVICE AND IMPLANTATION PROCEDURE

The CSR is a stainless steel mesh pre-mounted on an hour-
glass shaped balloon catheter, intended to be percutaneous-
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ly implanted to create a controlled narrowing into the CS, 
to finally increase coronary venous pressure (Figure 1).The 
device is provided in a single size suitable for CS diameters 
ranging from 9 to 14 mm.
Through a percutaneous approach from the right-jugular 
vein, a 6 french (Fr) diagnostic catheter (Multipurpose or 
Amplatz left) is advanced to measure right atrial pressure 
(RAP) and to selectively gain the CS, which is injected to as-
sess the anatomy. RAP over 15 mmHg represents a contrain-
dication to the implantation, to avoid treating patients with 
uncontrolled heart failure.Then, the 6 Fr diagnostic cathe-
ter is exchanged with a 9 Fr guiding catheter, which is po-
sitioned distally into the CS, allowing to advance the redu-
cer up to the place chosen for the implant. The 9 Fr guiding 
catheter is then retracted and the reducer balloon is inflated 
by the help of contrast injection to guide correct implanta-
tion. After deflation and retrieval of the balloon, a final an-
giogram evaluates the positioning and excludes any compli-
cations such as perforations (Figure 2). After the procedure, 
a short period of dual antiplatelet therapy with aspirin and 
clopidogrel is recommended (usually one month).

INSIGHT THE MECHANISM OF ACTION

The potential benefit in reducing coronary sinus diameter in 
ischemic heart disease is based on the findings first described 
by Camici et al.7, later by Banai et al.18. In a normal heart, du-
ring exercise, the sympathetic-mediated vasoconstriction of 
the sub-epicardial vessels leads to an increase of blood flow 
to the sub-endocardial layers20: in patients with obstructive 
CAD this mechanism is dysfunctional21. In addition, in is-
chemic heart disease, the high left ventricular end-diastolic 
pressure worsen the sub-endocardial ischemia increasing co-
ronary flow resistance. A controlled narrowing of the CS in 
ischemic myocardium raises the pressure in the venous drai-
nage system, inducing arterial capillaries dilatation and re-
ducing flow resistances, leading to a redistribution of blood 
from the less ischemic sub-epicardium to the more ischemic 
sub-endocardium22,23. This beneficial effect was first observed 
pre-clinical experiments in animals24-27. The effect of the redu-
cer starts once the endothelialization of the device has com-
pleted, so it takes a few months after implantation18,22.

Another potential mechanism of action is linked to the pos-
sible angiogenic effect of the device28. This theory is still de-
bated, and comes from histological findings of myocardial 
neo-angiogenesis after the introduction of a small balloon 
pump into the CS designed to reduce acute ischemic injury 
after myocardial infarction in the early nineties27.

PATIENT SELECTION 
AND CONTRAINDICATIONS

The best candidate for reducer implantation is a patient 
with all these features: 1) stable angina with Canadian Car-
diovascular Society (CCS) class II-IV; 2) objective eviden-
ce of myocardial ischemia in the left coronary artery dis-
tribution; 3) optimized antianginal medical therapy; 4) 
no further options for coronary surgical or percutaneous 
revascularization29

Not good candidates are patients with no objective evidence 
of myocardial ischemia or limited ischemia on the right co-
ronary artery (RCA) territory: the venous drainage from the 
RCA is usually ensured by the middle cardiac vein (MCV), 
inserting next to the CS ostium, distally from the Redu-
cer implantation site. However, an atypical implantation of 
the Reducer in the MCV in a patient with RCA related-is-
chemia has recently been reported without peri-procedural 
complications (30), suggesting the possibility of an off-la-
bel procedure in such patients when CS anatomy is unfavo-
rable and MCV is of suitable size. Reducer is furthermore 
not advisable in cases of heart failure with severe systolic im-
pairment (ejection fraction <30%) which could benefit from 
cardiac resynchronization therapy, in patients with mean 
RAP >15 mmHg or in recent (< 3 months) PCI or CABG29.

THE NON-RESPONDERS: NEW EVIDENCES

CSR implantation results in an improvement in symptoms 
in about 70-80% of patients29; the reason why the remaining 
percentage does not benefit is still matter of debate. Factors 
such as angina related to ischemia on the right coronary te-
rritory, coexisting heart failure related symptoms or non-an-
gina chest pain are proposed29.
However, the most physiological supported hypothesis to 
date is that an inadequate pressure gradient across the Re-
ducer could significantly influence the device’s efficacy. This 
is more likely to happen in patients with a well-developed al-
ternative coronary venous drainage system, as recently sug-
gested by San Raffaele’s interventionalists31. Therefore, me-
asuring the difference between right atrial pressure (corres-
ponding to CS pressure) at the baseline and the CS systo-
lic wedge pressure after reducer implantation could help de-
tecting non-responders: such patients might have scarce CS 
pressure increment as compared to responders. Excluding 
coronary artery disease progression at follow-up or malpo-
sition/thrombosis of the device by CT scan is otherwise im-
portant in case of non-responding31.

PROCEDURAL COMPLICATIONS

CSR implantation has shown to be a safe procedure with a 
very low rate of peri-operative complications29; however se-
veral troubles as CS dissection during catheter or wire mani-
pulation, direct or late device migration, pericardial tampo-
nade due to CS rupture may theoretically occur. In the CO-

Figure 1. The Reducer device. Above: expanded device (note the three different 
diameters determining the hourglass shape). Below: expanded device moun-
ted on the delivery balloon with their hourglass shape.
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SIRA trial22 only one case of peri-procedural myocardial in-
farction was registered in the treatment group, with no evi-
dence of device migration or occlusion at CT angiography.
The first systematically described managed case of CS per-
foration was recently reported by Bernardo Cortese et al.32: 
after implantation of the device and balloon retrieval, they 
noticed free extravasation of contrast in the left atrium due 
to CS rupture. No hemodynamic impairment occurred: the 
patient was successfully treated with protamine sulfate ad-
ministration and a semi-compliant balloon inflation for 5 
minutes was performed. No pericardial effusion was detec-
ted at echo and the patient was discharged two days later. 
Thus, in this case, a potential life-threatening complication 
was successfully managed without serious implications.

EFFICACY PERFORMANCES IN CLINICAL 
STUDIES

The feasibility, safety and efficacy of the reducer implanta-
tion were first evaluated in pre-clinical experiments in swine 
models, showing a reduction in extent and severity of myo-
cardial ischemia29,33. Then, further studies in men assessed 
the role of the device in improving quality of life and para-
meters of ischemia in patients with refractory angina.
The first-in-man study was a multicenter, non-randomized 
prospective study18 involving 15 patients with refractory an-
gina treated with the Reducer at 3 medical centers. All pro-
cedures were completed with no adverse events. Most of the 
patients (85%) reported a reduction in CCS angina class; 
clinical improvement started a few weeks after the procedu-
re. The extent and severity of myocardial ischemia assessed 
by dobutamine echocardiography and by thallium SPECT 
studies were significantly reduced in 8 out of 13 patients and 
4 out of 10 patients respectively at 6 months follow-up18.
Data about 21 patients treated with the reducer in two cen-
ters (Antwerp Cardiovascular Center, Belgium, and Tel 
Aviv Medical Center, Israel) were published in Eurointer-
vention in 201434. Patients with refractory angina not sus-
ceptible for surgical or percutaneous coronary revasculari-
zation, with objective evidence of myocardial ischemia and 
ejection fraction ≥25% were included. The implant of the re-
ducer was associated with a significant improvement in an-
gina class in 85% of the cases; medium CCS class values de-
creased significantly at six months follow-up from an ave-
rage of 3.3±0.6 to 2.0±1.0. Clinical improvement started 
a few weeks after the procedure and was maintained at fo-

llow-up. In addition, wall motion severity index (WMSI) at 
stress assessed by dobutamine echocardiography at 6 mon-
ths follow-up improved significantly; summed stress score 
(SSS) and summed difference score (SDS) at thallium stress 
scans were significantly reduced, demonstrating an improve-
ment in the extent and severity of the ischemic segments af-
ter CSR implantation34.
To date, the only randomized sham-controlled trial evalua-
ting the efficacy of CS reducer as a treatment for refractory 
angina is the COSIRA trial (COronary SInus Reducer for 
treatment of refractory Angina)22. The study involved 11 cli-
nical centers; a total of 104 patients were randomized. Parti-
cipants were randomly assigned in a 1:1 ratio to undergo ei-
ther implantation of the Reducer (treatment group, 52 pa-
tients) or the sham procedure (control group, 52 patients). 
The study was double-blinded: neither the patients nor car-
diologists evaluating the clinical status at baseline and fo-
llow-up were aware of the treatment arm. The primary en-
dpoint of the study was the reduction in angina symp-
toms evaluated by CCS score: 18 out of 52 patients (35%) 
in the treatment group versus 8 out of 52 (15%) in the con-
trol group had an improvement of at least two CCS classes. 
This improvement was significant (p = 0.02)22. An improve-
ment of at least one CCS class was registered in 71% of pa-
tients in the treatment group (37 of 52 patients) compared 
to 42% (22 of 52) in the control group (p = 0.003). In addi-
tion, quality of life assessed with the Seattle Angina Ques-
tionnaire (SAQ) was significantly improved in the Redu-
cer group as compared to the control group. No significant 
between-groups differences were found in improvement in 
exercise time during ergometry or in the extent of ischemia 
evaluated by stress echocardiography or myocardial scinti-
graphy at 6 months follow-up22.
Data from a retrospective registry in Utrecht about 23 pa-
tients treated with the Reducer were published in 2016 by 
Abawi et al.35 Patients with refractory angina despite opti-
mal medical therapy (CCS class 2-4) with CAD not suitable 
for revascularization and documented inducible myocardial 
ischemia underwent Reducer implantation. Unlike the CO-
SIRA22, which included only patients with a positive dobu-
tamine stress echocardiography at the baseline, in this regis-
try all forms of proven inducible ischemia were admitted. 
In line with previous studies18,22,34 the CSR implantation in 
these patients was proven to be safe with no procedural-rela-
ted complications. The efficacy endpoint (any reduction in 
CCS class and revascularization free survival) was reached 

Figure 2. Angiographic image of the coronary sinus (A) Deployment of the Reducer in the coronary sinus (B) Final angiographic control after Reducer implanta-
tion (C).
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in most of the patients (74%, 17 patients) few weeks after the 
procedure35.
Recently, new data from real-world experiences with Re-
ducer implantation have been published. Giannini and 
others from San Raffaele Scientific Institute in Milan repor-
ted their results coming from 50 consecutive patients trea-
ted with Reducer between March 2016 and August 2018.36 
They demonstrated an improvement of at least one CCS an-
gina class in 80% of patients and of two CCS angina class in 
40% of patients at 4 months follow-up, with a preserved re-
sult at 1 year. They also reported an improvement in quality 
of life assessed by Seattle Angina Questionnaire (SAQ) and 
6-min walking test distance, without any device-related ad-
verse event during the procedure or at follow-up. Reducing 
in antianginal drugs was possible for 19% of the patients at 
follow-up. No data regarding reduction in objective myocar-
dial ischemia assessed by imaging techniques were reported.
Results from another single-center experience in Tel-Aviv 
were published by Konigstein and others in Eurointerven-
tion on July 201837. 48 patients underwent reducer implan-
tation and then were evaluated at 6 months and 1-year fo-
llow-up. No peri-procedural or long-term adverse events 
were recorded. The main findings of the study can be sum-
marized in 3 points. First, reducer implantation was associa-
ted with significant reduction of angina severity and impro-
vement in quality of life, as reflected by the SAQ. Second, 
exercise duration evaluated by Treadmill exercise test and 6 
minute-walking test distance increased. Third, but not less 
important, ejection fraction at stress increased and wall mo-
tion severity index (WMSI) improved significantly when 
evaluated by means of dobutamine echocardiography at 
six-months follow-up37.
In the multi-center “reduce” clinical registry38 data from one 
hundred forty one consecutive patients who underwent re-
ducer implantation at 3 high volume medical centers (San 
Raffaele Hospital in Milan, Tel-Aviv medical center and An-
twerp Cardiovascular center) were collected and analyzed. 
Patients with obstructive CAD with no-option for further 
revascularization, suffering from chronic disabling angina 
(CCS class 2-4) and with pre-implant objective demonstra-
tion of myocardial ischemia by physical or pharmacological 
stress tests were treated with Reducer. No peri-procedural or 
long-term complications occurred; mean CCS class and all 
SAQ items improved significantly; the number of anti-ische-
mic drugs prescribed was significantly reduced during a me-
dian follow-up of 14 months. The choice to perform a fur-
ther ischemia testing during follow-up was left to treating 
physician, thus data regarding objective ischemia reduction 
after Reducer implantation were not complete and consis-
tent. However authors reported a significant reduction in is-
chemia extent assessed by myocardial scintigraphy (available 
in 37 patients) and a significant reduction in inducible ische-
mia evaluated by dobutamine stress echocardiography (avai-
lable in 42 patients)38.
To date, data regarding the improvement in objective para-
meters of ischemia following Reducer implantation are sti-
ll limited to restricted non-randomized cohorts. In the last 
few years cardiac magnetic resonance became the gold stan-
dard imaging technique to evaluate myocardial viability and 
its use will spread more and more to assess myocardial per-

fusion and ischemia. What we need now is to evaluate the 
role of dipyridamole stress cardiac magnetic resonance with 
myocardial perfusion reserve index (MPRI) calculation 
to objectively measure the effect of Reducer implantation. 
Available data in this setting come from Giannini’s expe-
rience in Milan in patients with refractory angina without 
obstructive coronary artery disease treated with reducer39. 
Eight patients underwent CS Reducer implantation for the 
treatment of microvascular angina: all 3 patients that un-
derwent dipyridamole CMR with MPRI calculation in this 
group were found to have an increasing MPRI of the ische-
mic segments and an increasing mean MPRI of the whole 
ventricle after intervention. CMR with MPRI was also em-
ployed by Konigstein and others in 15 patients undergoing 
CS Reducer implantation with a demonstration of an in-
creasing global MPRI from baseline to 4 months follow-up 
(1.46±0.40 to 1.80±0.78)29. Larger studies with longer fo-
llow-up are now required in this setting to objectively assess 
the reduction in ischemia burden with this accurate techni-
que in patients treated with reducer.
Further ongoing studies will evaluate the impact of CSR on 
refractory angina in larger number of patients. A multi-cen-
ter observational clinical study (Reducer-I - NCT02710435) 
will include 400 patients from 40 centers in Europe with a 5 
years extended follow-up; a phase III multi-center, randomi-
zed, double blinded, sham-controlled clinical trial will en-
roll 380 patients from more than 30 centers across North 
America (COSIRA II).

FUTURE PERSPECTIVES

The prevalence of refractory angina is still increasing in re-
lation to the increase in survival of patients with ischemic 
heart disease and the aging of the population. CS Reducer 
should be always considered in this setting, where appro-
priate indications exist, because of the safety of its implant, 
the proven efficacy in reducing anginal symptoms and in im-
proving the quality of life of these patients22.
The use of CS Reducer is now diffusing in Europe due to 
previously cited promising clinical findings and experien-
ces, but remains still under adopted. Future perspectives 
and broadening of its indications will be matter of upco-
ming literature. Reducer implantation in patients suffe-
ring from microvascular angina without obstructive CAD 
as already be tested in small series39, enlightening promi-
sing results. What should be attempted now is to go be-
yond the purpose for which Reducer is currently approved: 
hence to demonstrate a possible role of this device in ter-
ms of increased survival in patients with highly diffuse co-
ronary artery disease not eligible for revascularization re-
gardless of symptoms, as recently proposed by Lozano et 
al.(40). The mortality rate in this group still remains very 
high, and positive results in decreasing the ischemia bur-
den after Reducer implantation29,37,39 may be a solid start 
point to test in a clinical study the employment of CS Re-
ducer in this population. However, evaluating the impact 
on myocardial ischemia with advanced techniques such as 
stress cardiac magnetic resonance in larger groups of pa-
tients treated with Reducer will be the first step to start ex-
ploring this new exciting perspective41.
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