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QUESTION: How often do you see nonrevascularizable patients with
refractory angina today?

ANSWER: Refractory angina is defined as chronic angina that cannot
be controlled even with the use of optimal medical therapy and
where all revascularization options have failed.? It is a common
entity whose prevalence is on the rise due to the ageing of popu-
lation and the improved prognosis of ischemic heart disease. It is
estimated that between 5% and 10% of the patients with chronic
ischemic heart disease can develop refractory angina. Its annual
incidence rate is between 50 000 and 100 000 cases in the United
States and between 30 000 and 50 000 cases in Europe.'? On the
other hand, we know that around 10% of all coronary angiographies
performed indicate that it is not possible to give efficient options
of revascularization. According to the activity registry in interven-
tional cardiology in Spain from 2019,° this figure would be up to
15 000 patients each year, and it is reasonable to think that a
significant percentage can suffer refractory angina.

These patients often remain asymptomatic which negatively
impacts their quality of life and. Actually, to this day, we still do
not have effective therapeutic options to offer. Multidisciplinary
approach is crucial here (cardiology, family medicine, cardiac reha-
bilitation, psychology, pain management units, etc.). Also, we
should consider the use of non-pharmacological therapies like
spinal cord or subcutaneous stimulation, external counterpulsation
or use the coronary sinus reducer device as well as keep looking
into other alternatives like new drugs, cardiac shock wave therapy
or use of progenitor cells.*?

Q.: Please explain to us briefly the diagnostic approach used for
screening etiologies different from ischemia due to epicardial coro-
nary artery disease such as microvascular ischemia, vasospasm or
even noncardiac causes.
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A.: The diagnosis of refractory angina is mainly clinical, but it is
important to show that there is a correlation between symptoms
and ischemia. That is why it is essential to confirm the presence
of myocardial ischemia, if possible, through imaging modalities like
stress echocardiography, pharmacological stress echocardiography,
single-photon emission tomography or magnetic resonance imaging.
If no ischemia is seen on these imaging modalities, other possible
causes for the symptoms should be considered like esophageal
spasm or osteomuscular etiology. In the presence of ischemia, we
need to know the coronary anatomy preferably through a coronary
angiography before discussing any revascularization options. Infor-
mation should be analyzed by the heart team including experienced
interventional cardiologists and cardiac surgeons to determine the
possibilities of percutaneous or surgical revascularization.

There are 2 groups of patients without revascularization options:
the largest one, with advanced coronary disease (diffuse disease,
small-caliber distal beds, chronic total coronary occlusions non-el-
igible for percutaneous coronary intervention, coronary artery
bypass graft deterioration...); and that of patients with angina and
myocardial ischemia without obstructive coronary lesions. In these
patients it would be good to perform a functional study with
microvascular dysfunction and coronary spasm testing (coronary
reserve, index of microvascular resistance, absolute coronary flow,
acetylcholine test) to facilitate targeted therapies with better
symptom control.

Q.: What evidence do we have today on the Reducer device?

A.: It is a new option for patients with refractory angina with a
different mechanism of action over the cardiac venous system. This
mechanism developed over 60 years ago by Claude S. Beck4 is
based on creating coronary sinus (CS) stenosis to generate a pres-
sure gradient that is transmitted retrogradely to venules and
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capillaries, which translates into an improved subendocardial perfu-
sion, probably due to collateral recruitment through the venous
plexus and Thebesian veins.

The first experience with humans was reported back in 2007. In
2015 the COSIRA multicenter, randomized, double-blind, sham-con-
trolled clinical trial® was published. It included a total of 104
patients with refractory angina and functional class III or IV
according to the Canadian Cardiovascular Society (CCS) with isch-
emia seen on the dobutamine stress echocardiography and without
any revascularization options after assessment by the medical team
assessment. The primary endpoint was to reduce, at least, 2 CSS
functional class degrees of severity of angina at the 6-month
follow-up. The Reducer device was superior to the sham procedure
(35% vs 15%; P = .024), improved, at least, 1 CSS functional class
degree of angina in 71% of the patients vs 42%, and improved
parameters like duration of exercise or quality of life.

Also, there is evidence of the results of the REDUCE registry®—
similar to those reported by the COSIRA trial—in the routine
clinical practice on the improvement of, at least, 1 CSS functional
degree of angina in 81% of the patients, better parameters of quality
of life, greater distances covered in the six-minute walk test, and
lower the need for antianginal drugs. The REDUCER-1 registry
results of 195 patients presented at Euro-PCR 2019 showed that
clinical benefit remained at the 2-year follow-up.”

Overall, in all the studies published it was effective in up to 75%
of the patients.® The reasons why some patients remain unrespon-
sive to therapy are still not known, but they could be associated
with lack of device endothelization or with an alternative venous
drain through other territories.

An important conclusion we can draw from the accumulated expe-
rience is that the implantation of the Reducer device is viable and
safe”® with serious complications (like CS dissection or perforation
or device embolization) in less than 2% of the cases. The 10-plus-
year follow-up of the early patients has confirmed its patency and
lack of structural alterations in the long-term. No CS thrombosis
has ever been reported after implantation.

Magnetic resonance imaging study supports the hypothesis of an
increased subendocardial perfusion as the mechanism of action by
showing that in ischemic areas the correlation between the myocar-
dial perfusion reserve index and the endocardial reserve index—that
remains low at baseline—increases after implantation. Also,
myocardial perfusion improves when reducing the myocardial
ischemic burden, improving the longitudinal and circumferential
strain and systolic function without microstructural alterations or
effect on the diastolic function.’

With the accumulated evidence, the last clinical practice guidelines
on the management of chronic coronary occlusions of 2019 estab-
lished by the European Society of Cardiology (ESC) included, for
the very first time, the implantation of the Reducer device in
patients with refractory angina with the same level of recommen-
dation (IIb, level of evidence B) than other previous non-pharma-
cological options like external counterpulsation or spinal cord
stimulation.’”

Q.: How is the selection process of the most eligible candidates for
this technique?

A.: In my opinion, most patients with symptomatic refractory
angina are potential candidates despite the optimal medical therapy
without percutaneous or surgical revascularization options after
assessment by the heart team and with myocardial ischemia in the
left main coronary artery territory as seen on the imaging
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modalities.® Due to vein drain anatomy of the right coronary artery
territory through the middle and small cardiac veins that drain into
the CS very close to its ostium, this drainage would not be affected
by the implant. For this reason, the Reducer device would not be
the right option for patients with ischemia in the right coronary
artery territory only. Thanks to its mechanism of action, it may be
an interesting option for patients with ischemia due to microvas-
cular disease without lesions in the epicardial coronary arteries.
Although information is still limited in this context information, the
early data are positive.!!

One contraindication would be the presence of left ventricular pacing
electrodes through the CS for resynchronization purposes, which is
why its indication should be carefully studied in patients with
ventricular dysfunction who may be candidates to such therapy.

Patients with refractory angina can also be candidates to other
non-pharmacological therapies like external counterpulsation or
neurostimulation. Although they have been available for decades,
these techniques have been underused for different reasons like the
perception of the lack of efficacy or placebo effect or lack of solid
scientific evidence. Randomized clinical trials are needed to
compare these different techniques and establish the best way to
approach the management of these patients.

Q.: Can you please give us a brief technical description of this
procedure?

A.: The implantation of the Reducer device is easy on the technical
level'”! and successful in over 95% of the cases. The device is
implanted under local anesthesia via right jugular vein as the access
of choice and preferably under vascular ultrasound guidance. A
6-Fr introducer sheath is used followed by the advancement of a
multipurpose catheter until the right atrium while keeping the
mean pressure < 15 mmHg (with higher pressures the implantation
is ill-advised since the pressure of the CS is already high at the
baseline level). Afterwards, the CS undergoes selective catheteriza-
tion by carefully advancing the multipurpose catheter and avoiding
small-caliber branches like the left marginal ones or the vein of
Marshall. There are times that a highly developed or fenestrated
Thebesian valve can make selective catheterization difficult. A
venography of CS is performed through the multipurpose catheter
to see its size, the origin of lateral branches, and the presence of
valves (like Vieussens valve that can complicate the implant).

If the procedure is continued, heparin is administered, and the
guidewire is placed distal to the CS. Then, the introducer sheath is
changed for a 9-Fr sheath to advance the guide catheter and deliver
the device in the location previously indicated by the venography
(2-4 cm from the origin of CS avoiding the jailing of lateral branches).
The device consists of a stainless-steel balloon-expandable stent
whose balloon has the shape of a sand clock that leaves a central
waist of 3 mm. It is implanted through the inflation of a second
balloon for 30 to 60 seconds at 4 to 6 atm, adjusting its size to the
actual diameters of CS of 9.5 mm to 13 mm. During inflation
oversizing is attempted (10% to 20%) to reduce the risk of emboli-
zation and facilitate neointimal coverage. Once implanted, the
balloon is carefully removed until the guide catheter making sure
that the Reducer device remains stable. Lastly, a new venography
is performed to check the position of the device and lack of compli-
cations. The patient can be discharged early on after the procedure
and dual antiplatelet therapy is advised for, at least, a month. The
effect is evident with device endothelization, which creates a coro-
nary sinus (CS) stenosis, which is why it is necessary to wait
between 4 and 6 weeks to determine its efficacy.

In conclusion, the CS Reducer device is a new technique for the
management of refractory angina. It improves myocardial perfusion
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acting from the cardiac venous system. Clinical results confirm
its efficacy and safety profile, the technique is easy to use, and
its indication has already been established in the clinical practice
guidelines. Clinical evidence still needs to grow with more
patients, longer follow-up periods, comparisons to other therapies,
and further research on the mechanisms of nonrespondent
patients. Nonetheless, the Reducer device is a new tool in the
interventional cardiology armamentarium that can be an option
for patients with refractory angina without revascularization
options.
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