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Thee coronary arteeries supply the
e heart musclee (myocardium
m) with oxygen and
nutrients. According to current scientific view
ws, low‐grade in
nflammation
causes lipid depossits in the artery wall, which may create plaaques. This
ndition, atherosclerosis, occu
urs predominan
ntly in larger arteries, includiing
con
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onary arteries.. The subseque
ent narrowing of the artery restricts
r
blood flow
to the myocardium
m, especially during
d
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uence, the heaart
r
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h oxygen (redu
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w
the demand
musscle does not receive
incrreases (mainly during exercisse).
a supply of oxygen
o
to cellss of the heart iss
Thiss imbalance in the demand and
kno
own as cardiac ischemia. Insu
ufficient oxygeen supply usually causes chesst
disccomfort (angin
na pectoris), which may beco
ome severely debilitating.
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Th
he
term
m ‘‘chronic refrractory anginaa pectoris’’ describes a form of
o angina pectoris
thatt cannot be ad
dequately treatted by a combination of med
dication, often
aim
med to reduce demand
d
of the
e myocardium, along with pro
ocedures to
incrrease blood flo
ow to the myoccardium, such as angioplastyy (percutaneou
us
coro
onary interven
ntion, or PCI) and coronary arrtery bypass su
urgery (CABS).
m cardiac disease have impro
oved through preventive
Survival rates from
meaasures, such ass smoking cesssation, advancces in medications, and the
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evascularizatio
on procedures. As a
con
nsequence of better
b
treatmen
nts leading to prolonged livees, more and more
m
peo
ople are living with
w refractoryy angina, sincee patients who survive coronaary
arteery disease lon
nger may become “refractoryy” over time to
o conventional
treaatments to relieve their angina.
ople with refracctory angina have an annual rate of myocaardial infarction
Peo
(heaart attack), re‐‐hospitalization, and mortalitty comparablee to that of
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Att least
revaascularization procedures.
100,,000 patients in the United States
S
and
100,,000 in Europee are considereed
unsu
uitable for treaatment with co
onventional
revaascularizationss.
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There are complexx cardiac and nervous
mecchanisms involved in the percception of
angina. Angina is most
m often feltt as a sense
a
discom
mfort on the
of sttrangling and anxious
chesst, resulting fro
om myocardial ischemia.
Obvvious myocardiial ischemia caan occur
with
hout symptoms of angina (sillent
ischemia). In contrrast, a specific group of
patients with appaarently normall coronary
arteries are sufferiing from typicaal exercise
n the presence of ECG
angina pectoris, in
nges (Syndrom
me X or small vessel
v
chan
disease).
here hope for relief
r
of angin
na in
Is th
patiients who can’t have angiop
plasty or
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onary artery bypass
b
surgery
y?
t
patientss for whom
For these
pharmacological treatments
t
aree exhausted
and who are unsuiitable for
revaascularizationss, alternative procedures
are available
a
that can improve th
heir quality
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of life without endangering their lives – examples include the application of laser
technology, angiogenesis, enhanced external counter pulsation (EECP) and
electrical neurostimulation. While the first two methods have been more or less
abandoned, one of the best adjunct therapies to consider is electrical
neurostimulation. Electrical examples include the application of laser technology,
angiogenesis, enhanced external counter pulsation (EECP) and electrical
neurostimulation. While the first two methods have been more or less abandoned,
one of the best adjunct therapies to consider is electrical neurostimulation.
Electrical neurostimulation can be done through the skin (transcutaneous
electrical nerve stimulation, or TENS), via the spinal cord (spinal cord stimulation,
or SCS) – or underneath the skin (subcutaneous electrical nerve stimulation, or
SENS) all of which are considered “neuromodulation”.
neurostimulation can be done through the skin (transcutaneous electrical nerve
stimulation, or TENS), via the spinal cord (spinal cord stimulation, or SCS) – or
underneath the skin (subcutaneous electrical nerve stimulation, or SENS) all of
which are considered “neuromodulation”.
Specifically, the SCS and TENS methods of the electrical nerve stimulation
technique have been used for many years in the treatment of chronic pain and, for
more than 25 years, predominantly in Europe, for the management of angina
pectoris. SCS is performed by surgically implanting an epidural lead with multiple
electrodes. These electrodes enable the device to deliver an electrical, low‐output,
impulse near the dorsal surface of the spinal cord. SCS modulates pain stimuli and
leaves the patient with pleasant tingling sensations instead of pain. Because SCS
defers the propagation of pain signals from the heart, instead of blocking these
signals, the patients feel their angina during an acute myocardial infarction, even
in the presence of active SCS. In brief, many observational studies have confirmed
that during a myocardial infarction SCS treatment does not exclude the heart from
receiving its “warning” angina signal. In addition to its anti‐angina effect, SCS does
make the myocardial cells more resistant to ischemic challenges, probably even in
the setting of an acute myocardial infarction.
How do we know neurostimulation works?
In several randomized studies and meta‐analysis the clinical efficacy of SCS in
patients with chronic stable angina is compared to ‘sham’ neurostimulation
(inactive SCS) and to CABS, laser therapy and EECP as active comparators. SCS
provided similar benefits in terms of angina control and quality of life
improvement. In a group of patients with a high operative CABS risk, SCS even
showed lower rates of mortality, cerebrovascular morbidity and re‐hospitalization.
In addition, SCS was shown to be comparable to the other active comparators.
Compared to the sham SCS, active SCS resulted in significant improvement in
quality of life, exercise capacity and reduction in cardiac ischemia. Much
investigational research has been carried out using experimental models to
understand the effects of SCS more precisely. From this work we know that the
extent of the ischemic border zone of an induced myocardial infarct is far less
when SCS is in use. In addition, SCS has been found to reduce the number of
ventricular arrhythmias and also may improve the pump function of the heart as
well.
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How does neuromodulation work?
The exact way in which electrical
neurostimulation or neuromodulation
improves ischemia of the heart is not fully
known but is attributed, at least in part, to
reduced oxygen demand, alterations in
coronary microcirculation, preconditioning
(increasing resistance heart muscle cells),
and redistribution of coronary blood flow.
SCS is also associated with normalizing the
heart’s own nervous system activity.
Is it possible that SCS might work by
enhancing a placebo effect?
Indeed all treatments for angina by their
very nature will induce a placebo effect.
The placebo effect has been observed to
decrease over time and is assumed to be
negligible after a few months. In contrast,
the beneficial effect of SCS lasts for years,
suggesting that other mechanisms are
involved. Also supporting the theory that
the decrease in symptoms is not a placebo
response is that once a neurostimulator’s
battery fails, patients may report a
recurrence of angina attacks and impaired
physical activity. Blinding a patient to an
active SCS treatment is difficult because it
is performed with stimulation intensity that
causes a tingling sensation in the chest
region. Stimulation below the sensory
threshold has been tested in patients
suffering from refractory angina. In a
randomized placebo‐controlled trial
improvement in functional status and in
quality of life was reported, as well as
reduction in angina frequency in the group
with sub‐threshold stimulation, when
compared to the “off‐stimulation” group.
What are the risks of neuromodulation?
The complications related to SCS include,
among others, infection, electrode
migration or rupture, and device failure.
These occur in about 1% of the patients and
usually do not lead to permanent
consequences since SCS is a reversible
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therapy. Furthermore, specific attention has to be paid to the SCS device when
other devices are also have been implanted, such as an artificial cardiac
pacemaker.
What is the long‐term cost and effect of neuromodulation?
From an economic point of view, SCS results in a 30% annual saving in medical
costs, mainly due to reduced invasive tests. Moreover, the cost of implanting an
SCS system can be recovered within three years. Overall, this translates into a
yearly saving per patient of more than $8,000 USD. This compares favorably to the
high cumulative costs of either CABS or PCI with stenting, which are greater than
$50,000 USD over five years. When compared to a standard surgical approach,
SCS is obviously less expensive.
In conclusion, SCS is a safe and effective therapeutic option and allows patients
with refractory angina to have significantly improved quality of life and less chest
discomfort. Moreover, it is patient‐controlled and reversible, has a low
complication rate and does not seem to conceal life‐threatening cardiac events,
graft material, or other concurrent chronic illness.

Please note: This information should not be used as a substitute for medical
treatment and advice. Always consult a medical professional about any health‐
related questions or concerns.
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