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Abstract
Background: The REDUCER-I study is a prospective (with a retrospective component), open-label, multi-
centre, international, post-market study, which collects long-term data of patients with refractory angina
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treated with the Reducer. Here we present the overall clinical outcomes of the first 228 patients enrolled.
Aims: The aim of this study is to examine the safety and efficacy of the coronary sinus (CS) Reducer in
improving angina severity and quality of life in patients suffering from angina pectoris, refractory to medi-
cal and interventional therapies.

Methods: REDUCER-I is a multicentre, non-randomised observational study. Enrolled patients had refrac-
tory angina pectoris Canadian Cardiovascular Society (CCS) class II-IV and were treated with Reducer
implantation.

Results: In the first 228 patients (81% male, 68.3£9.6 years), the procedural success rate was 99%, with
only one adjudicated possible procedural or device-related MACE. Mean CCS class decreased from 2.8+0.6
at baseline, to 1.8+0.7 at two years. Improvement in >1 CCS class was observed in 82%, and in >2 CCS
classes in 31% of patients at two years. At baseline, 70% of the cohort were reported to be in CCS class
III-1V; this portion was reduced to 15% at follow-up. Additional measured parameters of functional class
and quality of life were also improved.

Conclusions: Interim results from the ongoing REDUCER-I study confirm the high safety profile of this
therapy in patients suffering from refractory angina. The results also demonstrate sustained improvement in

angina severity and in quality of life up to two years.
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Abbreviations

CAD coronary artery disease

CCS Canadian Cardiovascular Society
CS coronary sinus

ED emergency department

ETT exercise tolerance test

MACE  major adverse cardiac events
Mi myocardial infarction

SAQ Seattle Angina Questionnaire
6MWT  six-minute walk test

Introduction

Chronic disabling angina, refractory to medical and interventional
therapies, is a common medical condition, and a major public health
problem!, It is common not only in patients who are not good candi-
dates for revascularisation, but also in patients following successful
revascularisation, and in patients with microvascular dysfunction.

Refractory angina correlates with increased healthcare resource
utilisation, reflected by increased use of anti-anginal drugs, fre-
quent re-hospitalisations and revascularisation attempts, and by
a higher amount of sick leave among patients who are still actively
working. In addition, refractory angina is associated with psycho-
logical morbidity and depression’.

The mortality rate in refractory angina patients is around 4% per
year®’. Considering the relatively favourable prognosis of these
patients, it is clear that the goal of therapy should be primarily to
target improving quality of life and angina symptoms, rather than
prolonging life.

The coronary sinus (CS) Reducer™ (Neovasc Medical, Inc.,
Richmond, BC, Canada) is a device-based therapy for the treat-
ment of refractory angina?. It is designed to improve quality of life
and functional capacity by reducing angina burden®'>.

The REDUCER-I study was planned to confirm the safety and
improvement in patients’ symptoms, functional status, and qual-
ity of life. It is a prospective (with a retrospective component),
open-label, multicentre, international, post-market study, which
collects long-term data on patients with refractory angina treated
with the Reducer. This study will enrol up to 400 patients, at up
to 40 centres. Here we present the overall clinical outcomes of the
first 228 patients enrolled at 20 medical centres with up to two-
year follow-up.

Editorial, see page 530

Methods

STUDY DESIGN AND POPULATION

REDUCER-I (NCT02710435) is a multicentre, international, non-
randomised, open-label, two-arm observational study conducted
at medical centres in Europe. Centres currently participating are
listed in Supplementary Table 1. A flow chart of subjects enrolled
into the study is shown in Supplementary Figure 1. Patients with
chronic angina, Canadian Cardiovascular Society (CCS) class
II-IV with no or limited revascularisation options undergo implan-

tation of a Reducer in the CS, in two enrolment arms:

Arm 1. Enrols patients prospectively. All patients show objec-
tive evidence of myocardial ischaemia at baseline and are fol-
lowed at 30 days, 6 and 12 months post implant, and annually up
to 5 years after treatment.

Arm 2. Patients who were previously treated with the Reducer
during the COSIRA study or under CE mark were invited to par-
ticipate in this long-term follow-up study. Data previously col-
lected in the COSIRA study (at baseline, procedure, 30 days and
6 months post implant) were included in this arm, as well as data
that have been collected prospectively annually up to 5 years post
implant.

Detailed inclusion and exclusion criteria are presented in
Supplementary Table 2.

The protocol and consent form were approved by an ethics
committee representing each investigational site. Signed, written,

informed consent was obtained prior to enrolment.

STUDY ENDPOINTS

The primary efficacy endpoint is the percentage of patients who
experience improvement in their angina symptoms defined as
a reduction in CCS grade at 6 months as compared to baseline.

The primary safety endpoints are the rate of occurrence of
device- and/or procedure-related periprocedural serious adverse
events (SAEs), and major adverse cardiac events (MACE), a com-
posite of cardiac death, major stroke, and myocardial infarction
(MI) up to 30 days post implant.

The secondary safety and efficacy endpoint is the percentage of
patients who experience a reduction in CCS grade and the rate of
MACE at 12 months and annually up to 5 years post implant as
compared to baseline.

Other observational methods included outcomes of exercise
tolerance test (ETT), six-minute walk test (6MWT), change in
Seattle Angina Questionnaire (SAQ)!® and EQ-5D-5LY, use of
anti-anginal medications, and number of emergency department
(ED) visits, as described in detail in Supplementary Appendix 1.

CLINICAL EVALUATIONS

Arm 1. Baseline evaluations performed within 30 days prior to
treatment included the following: medical history, physical exami-
nation, listing of documented ED visits due to angina within the
12-month period prior to enrolment, full listing of current car-
diac medications and dosages, CCS angina assessment, SAQ,
EQ-5D-5L, ETT, 6MWT, and resting electrocardiogram (ECG)
within 24 hours prior to procedure.

The 30-day (7 days) follow-up visit was conducted by phone
to review all protocol-defined adverse events (AEs). The 6- and
12-month follow-up evaluations consisted of a physical exam, full
listing of current cardiac medications and dosages, CCS angina
assessment, SAQ, EQ-5D-5L, ETT, 6MWT, a review of protocol-
defined AEs, and review of all documented ED visits in the past
12 months due to angina episodes (collected at the 12-month visit
only). Annual follow-ups included evaluation of CCS class, physi-
cal exam, EQ-5D-5L, SAQ and MACE.



Arm 2. Data available from the treatment arm of the COSIRA
study (at baseline, procedure, 30 days and 6 months post implant)
or data previously collected for patients treated with the Reducer
under CE mark, including baseline evaluation, procedural data
and clinical follow-ups, were included in this study. Prospective
annual follow-ups were similar to Arm 1.

DEVICE AND PROCEDURE

The device and the procedure have been described in detail
elsewhere®'2#1° and are presented in brief in Supplementary
Appendix 2 and Supplementary Appendix 3.

DATA COLLECTION AND MANAGEMENT, CLINICAL EVENTS
COMMITTEE

Data were collected using standardised case report forms (CRFs).
Ongoing periodic monitoring visits and data review ensure the
quality of clinical data across all subjects and sites. A clinical
events committee (CEC) is responsible for adjudicating endpoint-
related events reported during the study. CEC members are inde-
pendent of both the sponsor and the study investigators and meet

regularly according to a pre-determined schedule.

STATISTICAL ANALYSIS

Analyses were conducted separately for the Arm 1 (prospective)
cohort and the overall cohort. Demographics and outcomes were
summarised by means and standard deviations for continuous vari-
ables, and by counts and percentages for categorical variables.

To analyse changes from baseline, Bowker’s tests of symme-
try were used for CCS angina class. Paired t-tests were used to
analyse change from baseline in 6MWT distance, ETT parameters
including exercise duration and time-to-1 mm ST-segment depres-
sion, and SAQ domains.

EQ-5D-5L and the visual analogue scale (EQ-VAS) were only
collected from patients in Arm 1. Severity levels for each dimen-
sion were dichotomised as having no problems (“No problems™)
or slight to extreme problems (“Problems”). To analyse change
from baseline, McNemar’s tests were used for the EQ-5D-5L
dimensions and paired t-tests for EQ-VAS.

Outcomes were plotted over time as percentages or means with
95% confidence intervals. All tests were two-sided, and all statisti-
cal analyses were performed using SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA).

Results

STUDY POPULATION, PROCEDURAL SUCCESS AND SAFETY
ENDPOINTS

From March 2016 up to March 2020, a total of 228 patients
(68.3+9.6 years, 81% male) were enrolled, with 180 in the pro-
spective Arm 1, and 48 in Arm 2. Median follow-up time from
the date of procedure for Arm 1 was 666 days (range 0.0-1,386.0).
Overall, 158 patients have reached the 1-year and 111 the 2-year
follow-up visit (a detailed description of completion of follow-
up visits is presented in Supplementary Table 3). The study

Outcomes of patients in the REDUCER-I trial

population was characterised by high rates of cardiovascular risk
factors and coexisting comorbidities, as presented in Table 1.

The device was successfully implanted in 226 of the 228 patients
(99%). In two patients, Reducer implantation was not successful
for the following reasons: guiding catheter-induced CS dissection
with no clinical sequelae in one case, and inability to find the CS
ostium in the other case. In three other patients the first implan-
tation attempt failed due either to CS dissection without clinical
sequelae (one case), or to technical difficulty to engage the guid-
ing catheter into the CS (two cases). However, in all three patients
a successful implantation was accomplished in a second attempt.

MACE at long-term follow-up are presented in Table 2. Total
mortality was 5.7% (13 patients), cardiovascular death occurred in
6 patients (2.6%), and 16 patients experienced MI (7.0%). There
was one periprocedural MACE recorded (an MI event) occurring
less than 3 weeks post implant, adjudicated as unknown if device-
or procedure-related.

EFFICACY ENDPOINT

CHANGE IN CCS ANGINA CLASS

Baseline and follow-up information regarding CCS angina class
was available for 220 patients and is presented in Table 3. An
improvement of >1 CCS class was recorded in 74% of patients
(75% in Arm 1) at 1 year, and in 82% of patients (84% in Arm 1) at
2 years. An improvement of >2 CCS classes was reported in 31%
of patients (26% in Arm 1) at 2 years after Reducer implantation

Table 1. Clinical characteristics of Arm 1 and the overall study
population.

Arm 1 (prospective)| Overall

Characteristic

(N=180) (N=228)
Age, years 68.7+9.5 68.3+9.6
Male sex 82.2% 80.7%
Previous myocardial infarction 52.2% 51.3%
Previous CABG 79.4% 78.9%
Previous PCI 71.7% 70.6%
Hypercholesterolaemia 86.1% 87.3%
Diabetes mellitus 43.9% 44.7%
Hypertension 81.1% 82.0%
Current or previous smoking 62.8% 61.4%
CCS angina | 0.0% 0.9%
class I 32.2% 29.0%
] 62.8% 63.8%
v 5.0% 6.3%
No. of anginal | O 7.8% 8.8%
medications * 20.6% 21.7%
27.8% 27.6%
27.2% 25.3%
>3 16.7% 16.6%
Categorical data are presented as % and continuous data are presented as
mean+SD. *Including anti-anginal drugs, beta-blockers (beta-adrenergic
blocking agents), calcium channel blockers (CCB), vasodilators.

m
=
=
=
=
-
(1]
-
<
(1]
=
=
(=}
=
N
o
N
=
=
B
(3]
[=}]
—_
'
a1
2]
-]




Table 2. Major adverse cardiac events in the entire study population up to 24 months following Reducer implantation.

MACE - adjudicated (overall) — all patients

Patients with device-
related events n/N (%)

Patients with procedure-

0,
Events n/N (%) related events n/N (%)

Patients n/N (%)
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Cardiac death*

6/32 (18.8%)

6/228 (2.6%)

0/228 (0.0%)

0/228 (0.0%)

Major stroke

5/32 (15.6%)

4/228 (1.8%)

0/228 (0.0%)

0/228 (0.0%)

Myocardial infarction

21/32 (65.6%)

16/228 (7.0%)

1/228 (0.4%)**

1/228 (0.4%)**

Total

23/228 (10.1%)

17228 (0.4%)

1/228 (0.4%)

3 weeks post implant.

*Cardiac deaths: myocardial infarction; other (complication of surgical AVR and CABG); arrhythmia; heart failure; 2 deaths of unknown cause (sites
were unable to obtain source documents related to the event). **One M| was adjudicated as “unknown if related to the device and/or procedure”. At the
time of adjudication, the CEC did not have documentation available to determine relationship to procedure or device, and the event occurred less than

(Figure 1). The rate of non-responders (patients reporting no change
in CCS class) was 24% at 1 year and 17% at 2 years. Among
these, 2 patients reported a worsening in CCS class at 1 year.

100 80/98

] 126/181 1oy el

69.6%

30/98

44/181
24.3%

36/140
25.1%

Patients (%)

12 months 24 months

[l >1 grade [l 22 grades

6 months

Figure 1. Improvement in CCS class at 6, 12 and 24 months
following Reducer implantation.

Table 3. CCS class at baseline, 6, 12 and 24 months.

Study population ‘ CCS class ‘

Baseline ‘

Mean CCS class improved from 2.84+0.6 at baseline to 1.8+0.7
at 6 months, 1.7+£0.7 at 1 year, and 1.8+0.7 at 2 years for the
whole cohort and, similarly, from 2.7+0.5 to 1.8+0.7 at 6 months,
1.8+0.8 at 1 year and 1.8+0.7 at 2 years for Arm 1 (p<0.0001, for
all) (Table 3, Figure 2A, Figure 2B).

At baseline, 70% of patients suffered from severe disabling
angina (CCS class III-IV). The rate of patients with disabling
angina was reduced to 15% at 1 and 2 years after treatment. This
represents a 79% reduction at 1 and 2 years in the severity of
angina in the subgroup of patients with the most severe angina
(Figure 3). There was no change in the use of anti-anginal medi-
cations over time (3.1+1.3 at baseline and 3.0+1.3 and 3.0+1.5
at 1 (n=117) and 2 years (n=71), respectively, p>0.1 for both)
(Supplementary Table 4).

SIX-MINUTE WALK TEST AND EXERCISE TOLERANCE TEST
The results of the 6MWT and ETT are presented in Supplementary
Table 5. For the entire cohort, GSMWT improved following Reducer

6 months ‘ 12 months ‘ 24 months

Arm 1

0.0% (0/179)

36.3% (53/146)

41.2% (47/114)

36.2% (25/69)

(180 patients)

32.4% (58/179)

44.5% (65/146)

43.0% (49/114)

46.4% (32/69)

62.6% (112/179)

18.5% (27/146)

14.0% (16/114)

17.4% (12/69)

v 5.0% (9/179) 0.7% (1/146) 1.8% (2/114) 0.0% (0/69)
Mean CCS class 27+0.5(179) | 1.8:0.7(146) | 1.8:0.8(114) 1.8+0.7 (69)
g"aesaerl‘lﬁgiggtfn;’; gglf']tc'gzlsrgf ) ~0.9+0.8 (146) | -1.0+0.7 (114) | -1.140.6 (69)
p-value <0.0001 <0.0001 <0.0001

Overall | 0.9% (2/220) | 37.2% (68/183) | 43.4% (63/145) | 39.0% (41/105)

(228 patients) I 29.1% (64/220) | 45.9% (84/183) | 41.4% (60/145) | 45.7% (48/105)
I 63.6% (140/220) | 15.8% (29/183) | 13.8% (20/145) | 15.2% (16/105)
v 6.4% (14/220) | 1.1% (2/183) 1.4% (2/145) 0.0% (0/105)

Mean CCS class

2.8+0.6 (220)

1.8+0.7 (183)

1.7+0.7 (145)

1.8+0.7 (105)

Mean change in CCS class (from
baseline to time point, paired data)

—-0.9+0.8 (181)

—-1.0+0.8 (140)

-1.1+0.7 (98)

p-value

<0.0001

<0.0001

<0.0001

time points.

Categorical data are presented as % (n/N) and continuous data are presented as mean+SD (N). P-values were calculated using Bowker's tests of
symmetry. Some Arm 2 subjects may not have had visits at all study-specified visit intervals during the time period between the end of the COSIRA
study, or after their CE mark implant, and the time they were enrolled into the REDUCER-I study. Therefore, retrospective data are not available at all
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Figure 2. CCS class over time for the overall study population (4) and for Arm 1 (B).
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Figure 3. Percentage of patients with severe angina (CCS class III-1V) over time.
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implantation (from 327.5£118.4 m at baseline to 378.5+100.4 m
and 364.3+110.9 m at 6 and 12 months, respectively; p<0.0001 for
6 months and 0.0004 for 12 months). Exercise duration increased
from 359.9+165.1 seconds at baseline to 383.1+157.5 seconds at
6 months and to 409.4+165.0 seconds at 12 months (p=0.025 and
p=0.0011, respectively). There was no change in time to ST seg-
ment depression at ETT.

SEATTLE ANGINA QUESTIONNAIRE, EQ-5D-5L SCORE

The results of quality-of-life assessment by the EQ-5D-5L
score are available only for patients enrolled in Arm 1 and are
reported in Supplementary Table 6. The percentage of patients
who reported having problems in mobility and usual activities
decreased at 6 and 12 months following treatment, as well as the
percentage of patients reporting having anxiety and pain. EQ-VAS
improved from 57.5+£19.5 at baseline to 67.7+17.4 at 6 months and
to 67.5+17.3 at 12 months, p<0.0001 for both.

SAQ results are presented in Supplementary Table 7. In the
prospective arm, as well as in the overall study cohort, there was
an improvement in all 5 domains of the questionnaire at 6 and
12 months following treatment (p<<0.0001 for all). Improvement in

4 of 5 domains was sustained at 24 months.

NUMBER OF DOCUMENTED ED VISITS DUE TO ANGINA

A total of 113 patients, all enrolled in Arm 1, had documented
information regarding the number of ED visits due to angina dur-
ing the year prior to Reducer implantation, and during the year
following treatment. Forty-seven patients (41.6%) had at least one
ED visit with a total of 78 visits during the year preceding Reducer
implantation, resulting in an average of 0.69+1.06 ED visits per
patient (range 0-5 visits). Following treatment, only 15 patients
(13.3%) had at least one ED visit with a total of 22 ED visits.
The average number of visits per patient decreased in the year
following Reducer implantation to 0.19+0.60 (range: 0-4 visits)
(p<0.0001).

Discussion

This is the largest cohort of patients with refractory angina
treated with CS narrowing. The ongoing single-arm open-label
REDUCER-I study has been collecting long-term data of patients
with angina undergoing Reducer implantation. The overall clini-
cal outcomes of the first 228 patients enrolled are presented here,
including the results of the prospective arm (n=180).

The main findings are the following. 1) Procedural success was
very high (99%) with only one case of periprocedural MI pos-
sibly related to the device/procedure, confirming the feasibility
and safety of this therapy. 2) The majority of patients experienced
improvement in angina symptoms. 3) The proportion of patients
with angina in minimal effort and at rest (CCS class III-IV)
decreased from 70% at baseline to 15% at 1 and 2 years following
treatment. 4) Angina symptoms and quality of life, as evaluated
by SAQ and EQ-5D-DL scores, improved. 5) Functional capacity,
as evaluated by 6MWT and exercise duration in ETT, improved.

6) The number of documented ED visits due to angina episodes
decreased following Reducer implantation, while there was no
change in the number of prescribed anti-anginal medications.

A large number of patients with stable coronary artery disease
(CAD) continue to experience severe angina despite medical and
interventional therapies'*. Angina persists after successful revas-
cularisation procedures in as many as 20-40% of patients during
short- to medium-term follow-up, and in up to 45% after 3 years®.
Because many patients with refractory angina are disabled in their
daily activities, with poor quality of life, and no further treatment
options, we decided to report interim results revealing the safety
of a new available therapy.

CS narrowing using the Reducer has emerged as an effec-
tive therapy for patients suffering from disabling angina. In the
COSIRA double-blind, sham-controlled, multicentre clinical trial,
Reducer implantation was associated with significantly greater
angina relief and improved quality of life compared with a sham
procedure, despite a high rate of placebo effect's. The safety and
efficacy of this treatment have been demonstrated in numerous
clinical observational studies®!*2!-%.

The results of the first 228 patients of the REDUCER-I study
presented here show a high procedural success rate with a high
safety profile, reflecting the relative simplicity of the procedure.
The net clinical benefit in the majority of treated patients is repre-
sented by improvement in CCS class, 6MWT, exercise duration,
all domains of SAQ and EQ-5D-DL scores, and the number of ED
visits due to angina.

Importantly, the results presented here for the prospective arm
are not different from those of the retrospective arm of the study
and are similar to the results of the randomised, sham-controlled
COSIRA trial and other smaller, non-randomised and obser-
vational studies, further supporting the validity of the Reducer
as a safe and effective therapy for patients who, until recently,
were labelled as “no option” patients. Unlike the COSIRA ran-
domised trial that enrolled only patients in CCS class III-IV, in
the REDUCER-I study, patients in CCS class II were also eligible,
since we encounter patients with stable angina who do not wish to
be at all limited in their daily physical activities and therefore seek
a medical solution.

We report a decrease in the number of ED visits following the
procedure but no reduction in the prescription of anti-anginal med-
ications. As medical treatment during follow-up was left to the
discretion of the treating physicians, we can speculate that many
physicians were reluctant to change existing medical therapy, even
when patients became less symptomatic.

The presumed anti-ischaemic mechanism of CS pressure eleva-
tion has been described previously'>?. It is described briefly in
Supplementary Appendix 4.

Limitations

First, we report the results of only the first 228 patients enrolled
in a study that is continuing to enrol up to 400 patients. Second,
patients included in Arm 2 were enrolled retrospectively and



therefore certain bias cannot be excluded. However, we show that
the outcomes in the overall cohort are similar to those of Arm 1.
Third, this is an open-label unblinded study with no control group,
and technicians performing the tests were not blinded to treatment.
Therefore, a certain bias due to the nature of this design cannot
be excluded. Furthermore, it is possible that our results were aug-
mented by a placebo effect that has been previously recognised
following treatment in patients suffering from refractory angina.
Fourth, the first clinical evaluation was performed 6 months fol-
lowing the procedure, and therefore we do not have data regard-
ing efficacy outcomes at 1 and 3 months. In addition, as the study
is designed to enrol patients in many different European coun-
tries, with different medical-economic systems and costs, we were
unable to estimate the possible reduction of medical costs follow-
ing the procedure. However, we do report outcomes that affect
costs (medical treatment and ED visits).

Conclusions

Based on the current interim results of this largest-to-date, open-
label clinical study, Reducer implantation in patients suffering
from stable refractory angina is feasible and safe. Improvement
in symptoms, quality of life and functional capacity was also
observed. Given the safety of the device, large, sham-controlled,
confirmatory studies with objective endpoints are required to
establish the efficacy of this therapy further.

Impact on daily practice

Refractory angina is a disabling condition which affects
patients’ quality of life and has a significant impact on health-
care resources. Patients suffering from refractory angina are
often labelled as “no option” patients. The REDUCER-I trial
is the largest-to-date prospective cohort of patients undergoing
Reducer implantation for the treatment of refractory angina.
Interim results of this study confirm the good safety profile of
this therapy along with solid evidence of improvement in angina
symptoms, physical performance, and quality of life.
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Supplementary data
Supplementary Appendix 1. Observational methods included in the study

1. The change in ETT parameters at 6 and 12 months post implant as compared to baseline: total exercise
duration (min); time-to-1 mm ST segment depression (min).

2. Change in walking distance as determined by a 6-minute walk test (6MWT) at 6 and 12 months post
implant as compared to baseline.

3. Improvement in Seattle Angina Questionnaire (SAQ) score at 6 and 12 months, and annually up to 5 years
post implant as compared to baseline.

4. Improvement in EQ-5D-5L score at 6 and 12 months, and annually up to 5 years post implant as
compared to baseline.

5. Reduction in documented emergency department (ED) visits due to angina episodes at 12 months post

implant as compared to 12 months prior to implantation of the Reducer.

Supplementary Appendix 2. The device

The Reducer is a stainless steel mesh pre-mounted on a catheter with a customised hourglass-shaped
balloon. It is designed to create a focal narrowing in the lumen of the CS to generate a pressure gradient
across it. When inflated, the expanded balloon gives the metal mesh its final hourglass configuration. The 3
mm narrowing within the CS, and the pressure gradient across the device, are established 4—6 weeks after

implantation, when the metal mesh should be covered by tissue ingrowth.

Supplementary Appendix 3. The procedure

The Reducer is introduced into the CS from the right (or left) internal jugular vein through a 9 Fr guiding
catheter. When proper location is confirmed, the guiding catheter is withdrawn, exposing the Reducer. The
balloon is inflated to 4-6 atm to achieve 10-20% oversizing of the Reducer. Oversizing is important to
achieve two goals, first, to anchor into the elastic vessel wall to help prevent migration, and second, to

trigger a process of injury-induced tissue proliferation.



Supplementary Appendix 4. The mechanism of action of the Reducer

The focal narrowing in the lumen of the CS created by the Reducer leads to increased backwards pressure
that causes slight dilatation and a consequent reduction in the resistance to flow in the coronary
microcirculation of the ischaemic subendocardium. This subsequently causes a redistribution of blood from
the less ischaemic subepicardium to the more ischaemic subendocardium. The enhancement of blood flow
within the ischaemic subendocardium reduces ischaemia and leads to symptom relief and improved quality
of life. As the Reducer location within the CS is in most cases distal to the insertion point of the vein which
drains the RCA territory, it was believed that this treatment would be effective only in patients with
ischaemia in LAD/CIRX (circumflex) territories. However, recently published data demonstrated the
efficacy of this treatment also in patients with ischaemia related to the RCA. Therefore, currently, all

patients with angina and ischaemia are treated with Reducer regardless of coronary anatomy.

This presumed mechanism of action, supported by previous reports showing reduction of ischaemic burden
and improvement in diastolic function, may suggest a potential clinical benefit not only in patients with

angina in the presence of obstructive CAD, but also in patients with angina due to microvascular disease.
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Supplementary Figure 1. Flow chart of subjects enrolled into the study.



Supplementary Table 1. List of centres currently enrolling.

Site name and country

ZNA Middelheim (BE)

University Hospital Basel (CH)

Ziekenhuis Oost Limburg Hospital (BE)

UMC Utrecht (NL)

San Raffaele Hospital (IT)

University Fribourg (CH)

Elisabeth-Krankenhaus Essen (DE)

University Heart Center Freiburg (DE)

St. Antonius Ziekenhuis (NL)

Bolognini Hospital (IT)

King's College Hospital (UK)

Kerckhoff-Klinik (DE)

Dresden University (DE)

Royal Infirmary of Edinburgh (UK)

University of Giessen (DE)

Bradford Royal Infirmary (UK)

Royal Brompton Hospital (UK)

University Heart Center Hamburg (DE)

St. Thomas’ Hospital (UK)

Fondazione Cardiocentro Ticino (CH)

Landshut-Achdorf (DE)

Schwarzwald-Baar Klinikum Villingen-Schwenningen (DE)




Supplementary Table 2. Study inclusion and exclusion criteria.

Arm 1:
Inclusion e Symptomatic CAD with chronic refractory angina pectoris classified as CCS
criteria grade I1, 111 or 1V despite attempted optimal medical therapy
e Subject has limited treatment options for revascularisation by CABG or by PCI
e Evidence of reversible myocardial ischaemia in at least one of the following
objective clinical tests performed up to 6 months prior to consent:

o Thallium/methoxyisobutyl isonitrile (MIBI), single photon emission
computed tomography (SPECT), dobutamine stress echo (DSE),
perfusion magnetic resonance imaging (MRI), exercise tolerance testing
(ETT)

e Left ventricular ejection fraction (LVEF) greater than or equal to 30%
e Male or non-pregnant female (if required by institutional procedures, females of
childbearing potential must have a negative pregnancy test)
Arm 2:
e Subjects previously implanted in the Reducer (treatment) arm of the COSIRA
study
e Subjects in whom the Reducer was implanted under CE mark (unrelated to
the COSIRA study), prior to enrolment in the REDUCER-I study
All arms:
e Subject has been informed about the study and provides written informed consent
prior to enrolment
e Subject is willing to comply with specified follow-up evaluations and can be
contacted by telephone
_ Arm 1:
Exclusion e Recent (within three months) acute coronary syndrome
criteria o

Recent (within six months) PCI or CABG

Unstable angina (recent onset angina, crescendo angina, or rest angina with
electrocardiogram [ECG] changes) during the 30 days prior to baseline
Decompensated congestive heart failure (CHF) or hospitalisation due to CHF
during the three months prior to baseline

Life-threatening rhythm disorders or any rhythm disorders that would require
placement of an internal defibrillator and/or pacemaker

Severe chronic obstructive pulmonary disease (COPD) as indicated by a forced
expiratory volume in one second that is less than 55% of the predicted value
Subject cannot undergo exercise tolerance test or 6-minute walk test for reasons
other than refractory angina

Severe valvular heart disease

Subject with pacemaker or defibrillator electrode in the right atrium (RA), right
ventricle (RV), or CS

Subject having undergone tricuspid valve replacement or repair

Chronic renal failure (serum creatinine >2 mg/dL), including subjects on chronic
haemodialysis

Moribund subjects, or subjects with comorbidities limiting life expectancy to less
than one year

Contraindication to required medications that cannot be adequately controlled
with pre-medication

Known allergy to stainless steel or nickel

Currently enrolled in another device or drug trial that has not completed the
primary endpoint or that clinically interferes with the current study endpoints

Angiographic exclusion




Mean right atrial pressure greater than or equal to 15 mmHg

Subject with anomalous or abnormal CS as demonstrated by angiogram.
Abnormality defined as: abnormal CS anatomy (e.g., tortuosity, aberrant branch,
persistent left superior vena cava [SVC])

CS diameter at the site of planned Reducer implantation less than 9.5 mm or
greater than 13 mm




Supplementary Table 3. Description of follow-up visits completed.

Arm1

ST Visits - overall C_o_mpleted Arm 24
N Expected* visits? N

N N (%) 3
Procedure 228 180 180 (100.0%) 48
Hospital discharge 226 179 178 (99.4%) 48
30-day follow-up 211 174 172 (98.9%) 39
6-month visit 195 150 147 (98.0%) 48
12-month visit 158 122 115 (94.3%) 43
24-month visit 111 76 70 (92.1%) 41

! Expected = the number of subject visits expected for a given time interval based on the end of the visit
window.

2 Complete visits = the number of subject visits that have been reported for the given time interval in the
database as of 12 March 2020.

3% = number of actual visits divided by the expected visits; there may be visits that have not yet been
entered in the database.

4 There may be differences in numerators at various time points as some Arm 2 subjects may not have had
visits at all study-specified visit intervals during the time period between the end of the COSIRA study,
or after their CE mark implant, and the time they were enrolled into the REDUCER-I study. Therefore,
retrospective data are not available at all time points.



Supplementary Table 4. Change in anti-anginal medications over time - ARM 1 (paired data).

6 months 12 months 24 months
Il

Measure Overf':l Baseline |6 months|Baseline 1z Baseline 2

baseline months months
Number of anti-anginal 3.1+1.3 |3.1£1.3 |3.0+£1.3 [3.0+1.2 [3.0£1.3 |3.3x1.3 (3.0+1.5
medications! (180) (150) (150) (117) (117) (71) (71)
Mean change in number of -0.1+1.1 -0.0£1.0 -0.3+1.2
medications (150) (117) (71)
p-value 0.3349 0.8897 0.0994

Continuous data are presented as meanSD (N).
P-values were calculated using Wilcoxon signed-rank tests.
YIncluding only anti-anginal drugs, beta-blockers (beta-adrenergic blocking agents), calcium channel

blockers (CCB) and vasodilators.




Supplementary Table 5. Results of BMWT and ETT at 6 and 12 months following Reducer
implantation (Arm 1 data only).

Arm Measure Baseline 6 months 12 months

Six-minute walk test

Arm 1 Walking distance, m 332.5£115.3 (178) 381.6+99.0 (136) |367.2+111.2 (107)
p-value <0.0001 0.0019

Overall  |Walking distance, m 327.5+118.4 (188) 378.5+100.4 (148)|364.3£110.9 (120)
p-value <0.0001 0.0004

Exercise tolerance test

Arm 1 Exercise duration (seconds) |370.0+£165.5 (165) 385.6+160.9 (111)|415.7+£168.7 (87)

360.0 [27.0, 1,062.0] |370.0 [28.0, 400.0 [91.0, 967.0]
901.0]

p-value 0.0993 0.0016
Time-to-1 mm ST segment |72.2+173.7 (126) 84.2+173.2 (81) |99.4+178.3 (60)
depression 0.0[0.0, 994.0] 0.0[0.0,892.0] |0.0]0.0, 767.0]
p-value 0.4522 0.2141

Overall  |Exercise duration (seconds)

359.9+165.1 (187)

383.1+157.5 (127)

409.4+165.0 (94)

360.0[0.0,1,062.0] |367.0[28.0, 384.5[91.0, 967.0]
901.0]
p-value 0.0254 0.0011

Time-to-1 mm ST segment
depression

74.3+174.6 (136)
0.0 [0.0, 994.0]

85.6+176.1 (86)
0.0 [0.0, 892.0]

94.7+175.3 (63)
0.0 [0.0, 767.0]

p-value

0.4329

0.2140

Data are presented as mean£SD (N) median [min max].
P-values were calculated using paired t-tests.




Supplementary Table 6. Results of EQ-5D-5L questionnaire - Arm 1 (paired data).

6 months 12 months 24 months
. p- . 12 ) Baselin |24 )
Arm 1 Baseline |6 months value Baseline months pvaluee months p-value
No
20.8%  |45.4% 28.2%  |43.6% 27.3% [25.8%
_ |problem 1 i1a1y \earaty %P0 |31110) asr10) (209 |(1sses) a7ies) 08084
Mobility |S
Problem|70.2%  |54.6% 71.8%  [56.4% 72.7% [74.2%
s (99/141) |(77/141) (79/110) |(62/110) (48/66) |(49/66)
No
70.2%  |79.4% 68.2%  |77.3% 65.2% |65.2%
problem | g9/141y |(112/141) 0% |(75/110) |(85/110) [>0%° |(43/66) |(43/66) |*0O%°
Self-care |S
Problem|29.8%  |20.6% 31.8%  [22.7% 34.8% [34.8%
s (42/141) |(29/141) (35/110) |(25/110) (23/66) |(23/66)
Nr%blem 220% |404%  |<0.00020.0%  |48.29% |<0.000 [91% (348% |, 10
Ustal E (31/141) |(57/141) |1 (22/110) |(53/110) |1 (6/66) |(23/66) |
activities 78.0%
Problem| ;7o/r g [59.6% 80.0%  |51.8% 90.9% |65.2%
s ) (84/141) (88/110) |(57/110) (60/66) |(43/66)
No
17.0%  |31.9% 16.4%  |36.4% 76% [31.8%
 |problemio 11y |asany (%09 |asni0) |00y 0% |siee) |21y |O00%°
Pain/disc |S
omfort 0
Problem ?131'3//;41 68.1% 83.6%  |63.6% 92.4% |68.2%
s \ (96/141) (92/110) |(70/110) (61/66) |(45/66)
No
49.6% [61.7% 473%  |62.7% 40.9% [51.5%
Anxiety/d Emb'em 70141y [87141) |09 [s21110) |69r110) |00 |(27/66) |(3are6) |°1082
epression
P Problem|50.4%  [38.3% 52.7%  |37.3% 59.1% |48.5%
s (71/141) |(54/141) (58/110) |(41/110) (39/66) |(32/66)
4.7+21
EQ-VAS 56.7+19. |67.7+17.4|<0.000 |57.5+20.0 |67.52+17. |<0.000 53 66.2+19. |<0.000
4(141) |(141) Q1 (110) |3 (110) |1 e 069 |

Categorical data are presented as % (n/N) and continuous data are presented as mean+SD (N).
P-values were calculated using McNemar tests for EQ-5D-5L dimensions and paired t-tests for EQ-VAS.




Supplementary Table 7. Results of SAQ assessment.

Arm Domain Baseline |6 months |p-value |12 months [p-value Zr:ronths p-value
Arm 1 :m;‘;z'ns ?;17.(;?24.2 ?173";-“25'4 <0.0001 ?17(';?24'6 <0.0001 5(3(?2'())127'1 0.0563
Qggiilri‘f‘; ?11;(‘);-’23'5 ?fﬁ;:%'l <0.0001 ?171';-’27'1 <0.0001 ?61;)3122'8 0.0122
ﬁgg&gi'cy (51158:27'3 312413:27-3 <0.0001 lel'zg—%'g <0.0001 ?g’é?ﬂg'g <0.0001
el T
Ici?f‘éa"ty of ?17;(‘);522'6 ?1242;:25'6 <0.0001 ?fl'(;;-%'o <0.0001 ?gé;ﬂ&l <0.0001
Overall Em;t;?c:ns ?1252?24.1 ffg%f%'l 00001 ?161.2?25.3 00001 5(377555127.9 0126
Q;‘giilri‘f‘; ?20(%23'4 ?féi;:%s <0.0001 ?172'57;526'6 <0.0001 ?55123'7 0.0024
ﬁ;‘g&g";‘]‘cy ?20671;:27'5 zlléj;:zm <0.0001 2112'77;:26'7 <0.0001 ?ggﬂg'l <0.0001
Tt R0 51153 | (SS9 i 1577 o
Icigfuealityof ?263(.)?[;;22.3 ((3106.%:25.3 00001 ?{12.27;;26.7 00001 ?826\;3127.9 00001

Continuous data are presented as mean£SD (N).
P-values were calculated using paired t-tests.
For change from baseline results, only subjects with both baseline and follow-up data were included.

There may be differences in numerators at various time points as some Arm 2 subjects may not have had
visits at all study-specified visit intervals during the time period between the end of the COSIRA study, or
after their CE mark implant, and the time they were enrolled into the REDUCER-I study. Therefore,
retrospective data are not available at all time points. Additionally, the REDUCER-I protocol recognises
that, due to the retrospective nature of data collection for Arm 2 subjects prior to consent, existing data
would be collected if available. The difference in numerators may reflect the data not available
retrospectively.




