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by Konigstein

a B S t r a c t
Background: Clinical efficacy of coronary sinus reducer (CSR) in refractory angina (RA) patients with 
ischemia due to the chronic total occlusion (CTO) of the right coronary artery (RCA) remains unknown.

Aims: To evaluate the efficacy of CSR implantation in RA patients with CTO RCA and compare them 
to CSR recipients with left coronary artery (LCA) ischemia.

Methods: Consecutive patients with CTO RCA from 2 centers were prospectively included and 
compared to patients with LCA ischemia. All patients underwent evaluation of angina severity and 
quality of life (QoL) at baseline and after 12 months. In a subgroup of CTO RCA patients, stress cardiac 
magnetic resonance (CMR) imaging was also performed.

Results: Twenty-two patients with CTO RCA and predominant inferior and/or inferoseptal wall 
ischemia (the CTO RCA group) were compared to 24 patients with predominant anterior, lateral, 
and/or anteroseptal wall ischemia (the LCA group). While the Canadian Cardiovascular Society (CCS) 
angina score mean (SD) improved in the CTO RCA group from 2.73 (0.46) to 1.82 (0.73) (P <0.001) 
and in the LCA group from 2.67 (0.57) to 1.92 (0.72) (P <0.001), there was no intergroup difference 
(P = 0.350). Significant improvement in all domains of the Seattle Angina Questionnaire was observed. 
Stress CMR did not show a significant reduction of ischemic inferior and/or inferoseptal segments, 
however, improvements in the transmurality index (P = 0.03) and the myocardial perfusion reserve 
index in segments with inducible ischemia (P = 0.03) were observed in the CTO RCA group.

Conclusions: In CTO RCA patients, CSR implantation alleviated angina symptoms and improved 
QoL. The extent of improvement was comparable to that observed in patients with LCA ischemia.
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INTRODUCTION
Coronary sinus reducer (CSR) implantation is 
a treatment option for patients with disabling 
refractory angina (RA). Procedural safety and 
long-term efficacy of CSR have been demon-
strated in patients with obstructive coronary 

artery disease (CAD), non-obstructive CAD, 
and microvascular dysfunction [1–6]. Howev-
er, as CSR is implanted in the coronary sinus 
distal to the venous drainage of the right 
coronary artery (RCA) territory (the middle 
cardiac vein), this treatment is thought to be 
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W H a t ’ S  n e W ?
coronary sinus reducer (cSr) implantation is a novel treatment option for patients with angina pectoris refractory to optimal 
medical therapy. Patients with angina due to obstructive disease of the right coronary artery (rca) were excluded from pre-
vious cSr studies. the results of our study are the first to show that cSr implantation in patients with chronic total occlusion 
(ctO) of the rca and predominant inferior and inferoseptal wall ischemia improves angina symptoms and quality of life. the 
symptomatic improvement is comparable to that observed in patients with obstructive disease of the left coronary artery.

ineffective in patients with predominant ischemia in the 
inferior and/or inferoseptal left ventricular wall (LVW) [7]. 

Patients with chronic total occlusion (CTO) of the RCA 
differ from patients with non-occlusive RCA disease by 
the presence of a developed collateral network, mostly 
originating from the left anterior descending (LAD) and 
circumflex (LCX) coronary arteries [8]. Several studies have 
shown that coronary venous pressure elevation following 
coronary sinus obstruction augments collateral flow and 
enhances local myocardial perfusion by normalizing the 
ratio between sub-epicardial and sub-endocardial blood 
flow [9–11]. Therefore, it is reasonable to speculate that 
symptomatic benefit from CSR implantation could be 
achieved even in RA patients with predominantly CTO 
RCA-related ischemia.

This study aimed to evaluate the clinical benefit of the 
CSR in RA patients with CTO RCA and compare them to 
patients with angina caused by obstructive CAD of the left 
coronary artery (LCA).

METHODS

Study design and patient selection
Consecutive RA patients with CTO RCA and predominant 
inferior and/or inferoseptal LVW ischemia from 2 centers 
were included in this prospective observational study be-
tween June 2016 and November 2019. CTO was defined as 
a complete occlusion of the coronary artery with Throm-
bolysis in Myocardial Infarction grade 0 (no flow) present 
for at least 3 months. In the case of concomitant coronary 
artery bypass grafting, occluded RCA with no patent graft 
to the distal vessel was determined as CTO RCA. 

Inclusion criteria for CSR implantation were age 
>18 years, RA with the Canadian Cardiovascular Society 
(CCS) angina score 2–4 despite at least 3-months optimal 
medical therapy at maximally tolerated doses, obstructive 
CAD without further revascularization options, and objective 
evidence of reversible ischemia as assessed by single-photon 
emission computed tomography (SPECT) or stress cardiac 
magnetic resonance (CMR) imaging. The antianginal therapy 
was considered optimal if the patient was receiving first-
line therapy and at least one second-line antianginal agent 
(long-acting nitrate, ranolazine, or ivabradine). Patients with 
acute coronary syndrome in the last 3 months, successful 
percutaneous coronary intervention, or coronary artery 
bypass grafting in the last 6 months were excluded. 

Patients with CTO RCA and predominant inferior and/or 
inferoseptal LVW ischemia were compared to a control 
group of consecutive patients with obstructive CAD and 
predominant anterior, lateral, and/or anteroseptal LVW 
ischemia, who received CSR in the same time frame. All 
patients underwent a baseline and follow-up clinical evalua-
tion after 12 months. Angina severity and quality of life (QoL) 
were assessed in all patients, while in a subgroup of CTO RCA 
patients stress CMR imaging was also performed. Medical 
therapy had to remain unchanged during the follow-up. 

The study was conducted in compliance with the pro-
visions of the Declaration of Helsinki. All patients provided 
informed consent before implantation, and the study was 
approved by the local ethics committee.

Implantation procedure
The implantation procedure of the CSR device (Neovasc 
Reducer, Neovasc Inc., Richmond, Canada) was previously 
described [7, 12]. All procedures were performed through 
right jugular venous access. All patients received dual 
antiplatelet therapy for at least 1 month. Predefined proce-
dural complications included procedural death, myocardial 
infarction, coronary sinus perforation, cardiac tamponade, 
and jugular venous access site complications.

Angina severity and quality of life assessment
Angina severity and QoL were assessed by the CCS score 
and the Seattle Angina Questionnaire (SAQ). Clinical evalu-
ation and the CCS grading were performed during out-pa-
tient visits by physicians not involved in patient selection 
or implantation procedure, while SAQ was completed by 
each patient alone. The CCS class was graded on a scale of 
1 to 4 depending on the clinical information provided by 
the patient while the SAQ score was calculated for each of 
the five domains separately (physical limitation, angina sta-
bility, angina frequency, treatment satisfaction, and QoL).

Stress cardiac magnetic resonance imaging 
protocol
Stress CMR imaging using a 1.5T CMR scanner (Philips In-
genia, Best, The Netherlands) equipped with a 32-channel 
body coil was performed before and 4 months after CSR 
implantation in the subgroup of CTO RCA patients. Phar-
macological stress was induced by dipyridamole infusion. 
Intravenous aminophylline was administered to neutralize 
the stressor after first-pass perfusion imaging acquisition, 
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followed by rest perfusion imaging 10 minutes later. All CMR 
analyses were performed by 2 experienced readers. Blinding 
was not possible because CSR is visible on CMR.

For myocardial perfusion analysis the American Heart 
Association 16-segment left ventricular (LV) model was 
used with segments 4, 10, and 15 representing the infe-
rior LVW and segments 3 and 9 in the inferoseptal LVW. 
Several parameters were used for myocardial perfusion 
analysis. Standard visual analysis of inducible perfusion 
defects, defined as myocardial areas with visible hypo-en-
hancement persisting for at least 3 frames after the LV cavity 
peak enhancement, was done [13]. Transmural extension 
of inducible ischemia in each myocardial segment was pre-
sented as the “transmurality index” — 0: absent ischemia; 
1: ischemia ≤50% wall thickness; 2: ischemia >50% wall 
thickness. The total myocardial ischemic burden was de-
fined as the percentage of LV mass affected by inducible 
ischemia divided by the total LV mass. The myocardial 
perfusion reserve index (MPRI), a novel semiquantitative 
parameter of myocardial perfusion, was also used. The MPRI 
may supplement visual analysis and is used in both research 
and clinical diagnostic work-up of patients with CAD. It 
was defined as the stress to rest ratio of myocardial signal 
intensity upslopes normalized to LV input, with higher MPRI 
values indicating better perfusion reserve (formula [myo-

cardial upslope stress/LV cavity upslope stress]/[myocardial 
upslope rest/LV cavity upslope rest]) [12–14].

Statistical analysis
Categorical variables are represented as frequencies and 
percentages and were compared using chi-square and 
Fisher exact tests as appropriate. Continuous variables are 
presented as mean (standard deviation [SD]) or as median 
(interquartile range [IQR]). The normality of distribution 
was tested by the Kolmogorov-Smirnov test. Intra- and 
intergroup differences were compared with the use of the 
independent or paired-sample Student t-test, the Wilcoxon 
rank-sum test, the Wilcoxon signed-rank test, and the Mc-
Nemar test as appropriate. A two-sided P-value of 0.05 was 
considered statistically significant. Statistical analysis was 
performed in IBM SPSS Statistics for Windows, version 
22.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Baseline characteristics
Twenty-two consecutive patients with CTO RCA and 
predominant inferior and/or inferoseptal LVW ischemia 
(the CTO RCA group) were compared to 24 patients 
with obstructive CAD and predominant anterior, later-

Table 1. Baseline characteristics of the study population

LCA (n = 24) CTO RCA (n = 22) Isolated CTO RCA (n = 12) P-valuea P-valueb

Age, years, mean (SD) 73.6 (6.6) 71.5 (8.2) 70.8 (9.2) 0.33 0.12

Male sex, n (%) 21 (87.5) 21 (95.5) 11 (91.7) 0.61 1.0

Hypertension, n (%) 21 (87.5) 21 (95.5) 11 (91.7) 0.61 1.0

Hyperlipidemia, n (%) 23 (95.8) 19 (86.4) 10 (83.3) 0.34 0.25

Diabetes mellitus, n (%) 11 (45.8) 7 (31.8) 4 (33.3) 0.33 0.47

Previous myocardial infarction, n (%) 17 (70.8) 13 (59.1) 7 (58.3) 0.41 0.48

Previous percutaneous coronary intervention, n (%) 16 (66.7) 16 (72.7) 9 (75) 0.65 0.71

Previous coronary bypass graft, n (%) 20 (83.3) 14 (63.6) 4 (33.3) 0.13 <0.01

Ischemia territory

Anterior, n (%) 9 (37.5) 4 (18) 0 0.15 0.02

Inferior, n (%) 2 (8.3) 22 (100) 12 (100) <0.01 <0.01

Lateral, n (%) 18 (75.0) 3 (13.4) 0 <0.01 <0.01

Septal, n (%) 5 (20.8) 12 (54.5) 3 (25.0) 0.02 1.0

Apical, n (%) 5 (20.8) 0 0 0.05 0.15

Rentrop grade

Grade 0, n (%) n/a 0 0

Grade 1, n (%) n/a 3 (13.6) 0

Grade 2, n (%) n/a 15 (68.2) 8 (66.7)

Grade 3, n (%) n/a 4 (18.2) 4 (33.3)

Medical therapy

Acetylsalicylic acid, n (%) 21 (87.5) 21 (95.5) 11 (91.7) 0.61 1.0

Dual antiplatelet therapy, n (%) 9 (37.5) 11 (50) 3 (25) 0.39 0.71

β-blockers, n (%) 19 (79.2) 17 (77.3) 8 (66.7) 1.0 0.44

Calcium channel inhibitors, n (%) 5 (20.8) 9 (40.9) 3 (25) 0.14 1.0

Nitrates, n (%) 7 (29.2) 9 (40.9) 3 (25.0) 0.40 1.0

Ranolazine, n (%) 19 (79.2) 15 (68.2) 9 (75) 0.40 1.0

Ivabradine, n (%) 4 (16.7) 4 (18.2) 1 (8.3) 1.0 0.65

Number of anti-ischemic drugs, median (IQR) 3 (3–4) 3 (2–3) 3 (2–3) 0.24 0.14

aThe CTO RCA group compared to the LCA group; bThe isolated CTO RCA group compared to the LCA group

Abbreviations: CTO, chronic total occlusion; IQR, interquartile range; LCA, left coronary artery; RCA, right coronary artery; SD, standard deviation
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al, and/or anteroseptal LVW ischemia (the LCA group). 
Baseline characteristics of both groups are presented in 
Table 1. The percutaneous coronary intervention of CTO 
RCA was previously attempted in 16 (72.7%) patients, for 
the remaining patients, optimal medical therapy was rec-
ommended by the heart team. In CTO RCA patients, SPECT 
or stress CMR imaging showed predominant inferior and 
inferoseptal LVW ischemia while LCA patients had more 
diffuse ischemic areas with predominant involvement of 
the anterior and lateral LVW. Twelve patients in the CTO RCA 
group had single vessel disease and thus isolated inferior 
and inferoseptal LVW ischemia. All patients in the CTO RCA 
group had angiographically visible collateral vessels from 
LAD and/or LCX to the distal RCA. All patients were receiv-
ing optimal medical therapy, which did not significantly 
differ between the two groups (P = 0.24) (Table 1). Five 
patients in each group were not receiving beta blockers 
due to bradycardia or intolerance. All but 2 patients in the 
LCA and 3 in CTO RCA groups were receiving at least one 
second-line anti-ischemic drug.

CSR implantation and follow-up evaluation
CSR implantation was successful in all patients. Coronary si-
nus venography was performed routinely at the beginning 
of all procedures. CSR was implanted 1.5 to 3 cm distally 
from the ostium of the coronary sinus with caution not to 
obstruct any major coronary sinus tributaries. Although the 
follow-up time varied, there was no intergroup difference in 
mean (standard deviation [SD]) follow-up time — 12.7 (3.3) 
months in the CTO RCA group vs 13.6 (6.3) months in the 
LCA group (P = 0.53). There were 2 venous access-related 
complications. One patient died in the CTO RCA group 
due to an acute myocardial infarction 7 months following 
CSR implantation. One LCA patient underwent additional 

percutaneous coronary revascularization due to a de-no-
vo lesion of the LCX, not previously registered during 
the baseline coronary angiography. Additional coronary 
angiography due to persistent angina was performed in 
3 (12.5%) LCA and 2 (9.1%) CTO RCA patients. These were 
performed by attending physicians who were unaware of 
the study protocol or previous CSR implantation, and did 
not result in additional percutaneous interventions.

Angina severity and quality of life assessment
The CTO RCA and LCA groups did not differ in baseline CCS 
class distribution (P = 0.69) while analysis of SAQ domains 
at baseline demonstrated a trend towards worse QoL in 
the CTO RCA group (P = 0.056).

At follow-up, the CCS class improved significantly in 
both groups (Figure 1). In CTO RCA and in LCA groups, 
the mean (SD) CCS class improved from 2.73 (0.46) to 
1.82 (0.73) (P <0.001) and from 2.67 (0.57) to 1.92 (0.72) 
(P <0.001), respectively. There was no intergroup difference 
in CCS class improvement (P = 0.35). Improvement for at 
least one CCS class was noted in 17 (77.2%) CTO RCA and 
17 (70.2%) LCA patients (P = 0.62). While all 5 SAQ domains 
improved in all groups (Figure 2), physical limitations and 
QoL improved significantly more in the CTO RCA group 
(P = 0.001 for both domains).

A subgroup of 12 patients with isolated CTO RCA mean 
(SD) CCS class improved from 2.83 (0.39) to 2.17 (0.58) 
(P = 0.001), which was comparable to CCS score improve-
ment in the LCA group (P = 0.65). Improvement for at least 
one CCS class was noted in 8 (66.7%) patients. Analysis 
of SAQ demonstrated improvement in all domains, but 
physical limitations and QoL improved more than in LCA 
patients (P = 0.01 and 0.03, respectively).
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Stress cardiac magnetic resonance imaging
Ten patients in the CTO RCA group (all male, mean [SD] 
age 72 [7] years) completed baseline and follow-up CMR 
imaging protocol (Table 2). Baseline CMR showed inducible 
ischemia in 51% of all LV myocardial segments. Inducible 
ischemia was demonstrated in 43 of 50 (86%) or a median 

(IQR) of 4.5 (3.75–5) inferior and inferoseptal myocardial 
segments. 

CMR imaging 4 months after CSR implantation 
demonstrated improvement in global LV myocardial per-
fusion as the overall number of segments with inducible 
ischemia decreased from 82 (51%) to 70 (43%) (P = 0.02) 

A

B

C
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Table 2. Stress CMR analysis in a subgroup of 10 patients with CTO RCA

Left ventricular function Baseline 4-months P-value

Left ventricular ejection fraction, %, mean (SD) 63.2 (17.2) 65.6 (11.9) 0.44

Left ventricular end-diastolic volume, ml, mean (SD) 130.5 (33.6) 133.5 (45.6) 0.87

Left ventricular end-systolic volume, ml, mean (SD) 51.4 (27.7) 49.4 (31.1) 0.84

Qualitative analysis

Global ischemic segments, n (%) 82/160 (51) 70/160 (43) 0.02

Global transmurality index, median (IQR) 1 (0–1) 0 (0–1) <0.01

Ischemic burden, g, mean (SD) 14.6 (6.5) 11.2 (7.2) 0.14

Ischemic burden, %, mean (SD) 20.2 (7) 16 (10.2) 0.28

Late Gadolinium Enhancement, %, median (IQR) 7 (3.25-8) 7 (3.25-8) 0.50

RCA ischemic segments, n (%) 43/50 (86) 39/50 (78) 0.29

RCA segments transmurality index, median (IQR) 1 (1–2) 1 (0–1) 0.03

Semiquantitative analysis

Global MPRI, mean (SD) 1.04 (0.43) 1.17 (0.44) <0.01

Global MPRI of ischemic segments, mean (SD) 0.91 (0.40) 1.05 (0.37) 0.01

MPRI of all RCA segments, mean (SD) 0.90 (0.44) 1.06 (0.40) 0.07

MPRI of ischemic RCA segments, mean (SD) 0.87 (0.43) 1.03 (0.42) 0.03

Ischemic segments refer to myocardial segments with inducible ischemia at baseline CMR using the AHA 16-segments LV model. Inferior and inferoseptal segments corre-
spond to segments 3, 4, 9, 10, 15 of the AHA LV model

Abbreviations: AHA, American Heart Association; CMR, cardiac magnetic resonance; LV, left ventricular; MPRI, myocardial perfusion reserve index; other — see Table 1

Figure 3. Qualitative analysis of myocardial ischemia by stress CMR before and after CSR implantation in 10 patients with CTO RCA related 
ischemia. Each sector represents a single myocardial segment of the 16-segment AHA LV model, with colored sectors representing seg-
ments 3, 4, 9, 10, and 15 of the inferior and inferoseptal LV wall and greyscale sectors representing remaining LV segments. Each myocardial 
segment is further divided as a stacked bar chart, showing the relative proportion of patients in which either absent ischemia (green or light 
grey), partial ischemia with <50% wall thickness (yellow or mid-grey), or transmural ischemia with ≥50% of the wall was involved (red or dark 
grey). The median transmurality index improved significantly both globally and also in inferior and/or inferoseptal segments (P <0.01 and 
P = 0.045, respectively) 

Abbreviations: AHA, American Heart Association; CMR, cardiac magnetic resonance; CSR, coronary sinus reducer; LAD, left anterior descend-
ing; LCX, left circumflex; LV, left ventricular; other — see Figure 1

(Table 2 and Figure 3). The reduction of segments with 
inducible ischemia observed in the inferior and inferosep-
tal LVW was not significant (43 vs. 39 segments, P = 0.29). 
There was, however, a significant improvement in both 
the transmurality index and the MPRI. The transmurality 
index decreased from a baseline median (IQR) of 1 (1–2) 
to a median of 1 (IQR, 0–1) at follow-up (P = 0.03). In 
segments with inducible ischemia mean (SD), the MPRI 
improved from 0.87 (0.43) at baseline to 1.03 (0.42) at 
follow-up (P = 0.03).

DISCUSSION
The results of our study are the first to show that CSR im-
plantation in RA patients with CTO RCA and predominant 
inferior and inferoseptal LVW ischemia improves angina 
symptoms and QoL. The extent of symptomatic improve-
ment is comparable to that observed in patients with 
obstructive CAD and predominant anterior, lateral, and/or 
anteroseptal LVW ischemia.

Before CSR implantation, patients were receiving op-
timized medical therapy that was in line with other CSR 

Follow-upBaseline
Global LV wall P <0.01

RCA territories P = 0.045

No. 1–16: LV segment 10% population

LCA territories

No ischemia 
<50% wall involved
≥50% wall involved

RCA territories

No ischemia
<50% wall involved
≥50% wall involved
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studies [3, 15]. Improvement of angina severity in at least 
one CCS class following CSR implantation was observed 
in 77% of CTO RCA patients, which is comparable to 
a 70% improvement in the LCA group. A similar degree 
of improvement was reported in previous CSR studies, 
including the only randomized, sham-controlled COSIRA 
study where at least one CCS class reduction was noted in 
71% of treated patients [2, 3, 15]. The observed reduction in 
the CCS class was reflected in improvement across all SAQ 
domains including QoL. When compared to the LCA group, 
patients with isolated CTO RCA had lower baseline QoL and 
treatment satisfaction. More pronounced symptoms at 
baseline might have influenced symptomatic improvement 
at follow-up. While CSR effects on non-dominant ischemia 
could partially explain the subjective improvements in the 
CTO RCA group, this phenomenon could not be the cause 
of the improvement observed in patients with isolated 
CTO RCA and thus isolated inferior and inferoseptal LVW 
ischemia. However, due to the small number of patients 
with isolated CTO RCA, the evidence of improvement in 
this subgroup should be interpreted with caution.

Patients with predominant inferior and inferoseptal 
LVW ischemia were traditionally excluded from CSR studies 
[2]. Furthermore, only one study evaluated CSR efficacy 
in CTO patients, showing even greater symptomatic im-
provement compared to patients with non-occlusive CAD 
[16]. In line with our results, 70% of patients with CTO RCA 
improved in at least one CCS class. However, those findings 
cannot be directly translated to patients with predominant 
inferior and inferoseptal LVW ischemia, as only 19% of CTO 
patients in the latter study presented with a single vessel 
disease. Due to the multifactorial etiology of myocardial 
ischemia, which can be present in the absence of overt 
coronary artery disease (e.g. in microvascular dysfunc-
tion), and possible mismatch between coronary lesions 
and ischemia location, we performed objective ischemia 
imaging before inclusion [17]. All our CTO RCA patients 
had SPECT or stress CMR confirmed predominant inferior 
and/or inferoseptal LVW ischemia. Twelve (55%) patients 
had single vessel disease and thus isolated ischemia of 
these segments.

The observed improvement in angina severity and QoL 
was further complemented by indirect signs of improved 
myocardial perfusion as assessed by stress CMR. Imaging 
evidence of CSR efficacy is limited. A recent study in CSR 
recipients with obstructive CAD and predominant anterior, 
lateral, and/or anteroseptal LVW ischemia demonstrated 
improvement in myocardial perfusion, assessed by both 
standard visual analysis of the number of ischemic seg-
ments and novel parameters such as the transmurality 
index and the MPRI [9]. In our study, the overall number 
of ischemic segments following CSR implantation was 
reduced, but we were unable to demonstrate a significant 
reduction of these segments in the inferior and inferoseptal 
LVW. However, a significant reduction in the transmurality 

index and increase in the MPRI in inferior and inferoseptal 
LVW segments was noted. Although our CMR sub-study 
should be regarded as exploratory due to the small num-
ber of patients and the use of novel CMR parameters, the 
presented results provide additional objective evidence on 
the possible role of CSR implantation in RA patients with 
CTO RCA related ischemia.

The rationale for excluding these patients from the 
previous studies is the cardiac venous anatomy. The infe-
rior and inferoseptal LVW usually drains to the proximal 
coronary sinus and is therefore not directly amenable 
to CSR treatment because the device is implanted more 
distally. CTOs differ from non-occlusive lesions by the 
collateral network providing supplementary perfusion to 
its ischemic territory. Several collateral patterns have been 
described in CTO RCA patients, originating mainly from 
LAD and LCX [8]. All patients in our CTO RCA group had 
had decent collateral circulation (majority at least Rentrop 
grade 2). Due to the venous anatomy, there is probably no 
direct local effect of the increased coronary sinus pressure 
on the ischemia of the inferior and/or inferoseptal LVW. 
However, a CSR-induced increase of backward pressure in 
the non-ischemic region may augment coronary collateral 
flow and thus improve perfusion of the ischemic region ex-
posed to lower tissue perfusion pressure [10, 18]. As already 
hypothesized [16], this mechanism might be responsible 
for the subjective and objective improvement of the CTO 
RCA group observed in our study. 

Study limitations
We acknowledge certain limitations of our study. The 
study group was relatively small and thus the conclusions 
should be interpreted with caution. The main limitation 
is the observational nature of the study with the lack of 
proper blinding and a sham control group. Physicians 
evaluating CCS scores were not blinded to the procedure, 
leading to potential bias. However, SAQ scores, which 
account for multiple aspects of angina, were evaluated by 
the patients themselves and correlated with the improve-
ment measured by the CCS score. Patients with CTO RCA 
were compared to patients with obstructive, albeit more 
heterogeneous lesions of the left coronary system, which 
could have led to potential bias. We acknowledge that the 
placebo effect may have influenced the outcome in some 
of the patients. Patients in the sham control group of the 
COSIRA study demonstrated a 40% improvement for at 
least one CCS class, which is comparable to the placebo 
effect observed in the previous studies enrolling angina 
pectoris patients [2, 19]. The magnitude of CCS improve-
ment observed in our study was significantly greater than 
what would be expected solely by the placebo effect and 
was similar to the improvement seen in the CSR group of 
the COSIRA study. Furthermore, to minimize the placebo 
effect, CRS efficacy in CTO RCA patients was compared 
to a control group of LCA patients who also received the 
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same device therapy. Lastly, although only exploratory, 
we provide objective evidence of improved myocardial 
perfusion by stress CMR imaging.

CONCLUSIONS
Coronary sinus reducer could be beneficial in patients 
with CTO RCA-related inferior and/or inferoseptal LVW 
ischemia with the observed reduction in angina severity 
and improved QoL. The alleviation of angina and QoL im-
provement were comparable to that observed in patients 
with obstructive CAD and predominant anterior and lat-
eral LVW ischemia. Further larger prospective studies are 
warranted to address the potential clinical benefit of CSR 
in this group of patients.
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