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Abstract

Despite sophisticated conventional medical treatment and the continued development
and improvement of coronary revascularization modalities in recent years, a significant
number of patients still suffer from refractory angina pectoris and cannot be successfully
managed. Advances in therapeutic options have led to an increase in the average of life
expectancy even in such no-option patients. Management of these patients is a challeng-
ing problem because most of them have already undergone multiple coronary interven-
tions or surgeries and therefore are not suitable candidates for further procedures. In this
situation, cardiologists who frequently face the patients are limited in their decision mak-
ing when all therapeutic methods have been exhausted. The aim of this review article was
to draw attention to the novel therapeutic strategies currently available for this condition,
including nonconventional medical treatment, improving myocardial perfusion, neuro-
modulation, new vessel formation and eventually heart transplantation. Unfortunately,
these therapies have only a complementary role because of inadequate experience. There-
fore, maximal conventional treatment along with these options should be used on an indi-

vidual basis.
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Refractory angina pectoris definition

Patients must have three criteria before label-
ing with refractory angina :

1. They should have class 3 or 4 angina,
based on Canadian Cardiovascular Society
(CCS) functional class, despite optimal tolera-
ble medical treatments, traditional percuta-
neous coronary interventions (PCIs) or coro-
nary bypass surgery (CABG) and life-style
modifications.

2. Duration of angina should be more than
three months[1].

3. There must be objective evidence of my-
ocardial ischemia on exercise tolerance test, ra-

dionuclide myocardial perfusion scan, stress
echocardiography or PET scan.

Most of these patients could not be good can-
didate for further revascularization procedures,
because of one of the following: unsuitable
coronary anatomy such as diffuse disease or
distal lesions, several prior PCIs or CABG:s,
lack of appropriate vascular conduit for CABG,
severe left ventricular dysfunction, concomi-
tant diseases that increase surgical morbidity
and mortality, and aging which often associated
with other factors [1].

Ten characteristics of patients with chronic
refractory angina pectoris are 70 years old, pre-
dominantly male, long term (+10 years) coro-
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nary artery disease, three vessel disease, previ-
ous myocardial infarction, previous revascular-
ization procedure, maintenance of left ventricu-
lar function, no serious arrhythmias, 5% annual
cardiac mortality and raised fibrinogen level
[2].

Prevalence of angina pectoris increases with
age in both genders. It has been estimated that
2-4% of the adult European population is af-
fected by angina pectoris [3]. This number is
likely to increase further since life expectancy
continues to improve worldwide. As many as
15% of the patients suffer from refractory angi-
na [1]. The estimated annual incidence of pa-
tients with the refractory angina is around
30,000-50,000 in Europe [1] and 100,000 in the
USAT4].

Patients with refractory angina have severely
restricted lives and frequent hospital admis-
sions due to acute coronary syndrome, in-
tractable angina or pulmonary edema. Al-
though adjunctive therapy have been suggested
to have primary effect on pain and there is no
obvious evidence that any of these treatments
reduces cardiac mortality, but reduction of
angina attacks in these patients not only im-
prove their quality of life but will also amelio-
rate their psychological status. We review these
nontraditional techniques in four section; non-
conventional medical treatment, improving
myocardial perfusion, neuromodulation, new
vessel formation and eventually heart trans-
plantation.

A.Nonconventional medical treatment

1. Ranolazine: It is a metabolic agent and has
recently been shown to work by first inhibiting
fatty acid oxidation that maximize glucose uti-
lization of oxygen versus fatty acid oxidation
which is more efficient and second inhibition of
the slow sodium channel in myocytes that re-
duces sodium-dependent calcium entry into the
cytosol which decreases diastolic stiffness,
thereby improving diastolic blood flow and im-
provement of ischemia [5]. CARISA trial has
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shown benefits in treated patients with or with-
out other antianginal drugs, including reduction
of anginal attacks and functional capacity im-
provement [6]. Trimetazine and Perhexiline are
also metabolic antianginal drugs which used in
refractory angina.

2. Nicorandil: 1t is a nicotinamide ester and
ATP-dependent potassium channel activator
which dilates peripheral and coronary resist-
ance vessels. It reduces preload and afterload
and results in an increase in coronary blood
flow. It has been shown to reduce major coro-
nary events in [ONA trial [7].

3. Ivabradine: 1tis a specific and selective in-
hibitor of the If channel, the principle determi-
nant of the sinoatrial node pacemaker current to
cause heart rate reduction without negative in-
otropic effect [8]. It gives a dose-dependent ex-
ercise tolerance improvement in BEAUTIFUL
trial [9].

4. Fasudil: Tt is an orally available inhibitor
of rho kinase, an intracellular signaling mole-
cule that participates in vascular smooth muscle
contraction [10].

5. Corticosteroids: It may be considered as a
choice treatment of refractory chest pain in pa-
tients with vasospastic angina, particularly
when the patient has an allergic tendency such
as bronchial asthma [11].

6. Urokinase: Long term intermittent therapy
with urokinase may be an option. Urokinase ata
dose 0f' 500,000 IU intravenously 3 times/week
over a period of 12 weeks could reduce angina
episodes and the need for sublingual nitrates.
Mannheimer et al. proposed that the therapeutic
effectiveness of urokinase is at least in part me-
diated by the improved rheological properties
of the blood with consequent increase in blood
flow in the myocardial microcirculation and re-
duced thrombus formation on atherosclerotic
plaques in stenotic vessels [1].

B. Improving myocardial perfusion:
-Noninvasive procedures:
1. Enhanced external counterpulsation (EECP):
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It is a non-invasive counterpulsation technique
which uses three sets of pneumatic cuffs
wrapped around the lower exterimities. The
cuffs are inflated at the onset of diastole and are
deflated at the onset of systole. Diastolic infla-
tion produces aortic counter pulsation, diastolic
augmentation, increased venous return and im-
proved cardiac output. Systolic deflation of
cuffs lead to decrement of systolic pressure.

EECP is generally administered as 35 1-hour
treatments over 7 weeks [13]. The mechanisms
underlying the effects of EECP on cardiovascu-
lar system are poorly understood. The immedi-
ate benefits are similar to those provided by in-
tra-aortic balloon pumping (IABP) namely in-
creased diastolic coronary blood flow and de-
creased afterload during systole [14]. Indeed
increament of transmyocardial pressure proba-
bly lead to open collaterals. EECP has been
shown to be more efficient than IABP in in-
creasing venous return and enhancing cardiac
output [15] In contrastto [ABP, EECP provides
long-lasting increase in coronary blood flow
[14]. Long term effects of EECP treatment are
thought to be mediated through shear stress on
the vascular endothelium, which in turn trig-
gers angiogenesis and improves vascular en-
dothelial function due to modulated release of
vasoactive substances [16] such as endothelin
[17], nitric oxide [17] and vascular endothelial
growth factor [18].

MUST-EECP trial has evaluated the efficacy
of EECP in patients with refractory angina and
showed improved functional capacity and my-
ocardial perfusion in these groups [19].

2. Cardiac rehabilitation: In the recent up-
dated American Heart Association (AHA) rec-
ommendations for exercise and training is rec-
ommended for patients with ongoing angina,
previous history of CABG, PTCA, myocardial
infarction and patients with existing cardiomy-
opathy in order to promote a reduction in my-
ocardial ischemia at rest and during submaxi-
mal exercise [20].

-Invasive:

1. Transmyocardial laser revascularization
(TMLR): Laser revascularization creates chan-
nels through muscle to the purpose of directly
revascularizing ischemic myocardium. The de-
velopment of laser revascularization dates back
to 1993, when Wearn et al. hypothesized the im-
portance of epicardial conductance vessels and
extracardiac and ventriculocoronary anasto-
moses (sinusoidal network) in myocardial per-
fusion [4]. Although all channels are closed by
24 hours, possibly within the first hour, and di-
rect measurement of channel-supplied myocar-
dial blood flow suggests that the increase in
myocardial blood flow is minimal [21]. Thus,
the mechanism of the observed clinical benefit
following TMLR remains uncertain. A number
of possibilities have been proposed to explain
these results: myocardial angiogenesis, my-
ocardial sympathetic denervation and myocar-
dial fibrosis that promote favorable remodeling
[22]. TMLR is the only Food and Drug Admin-
istration-approved device used for the treat-
ment of refractory angina pectoris.

a) Surgical (TMR): TMR is done via a left an-
terior thoracotomy to drill holes on the heart
muscle using a high energy carbon dioxide
laser beam, with the aim of enabling blood flow
from the heart chambers into the heart muscle,
to relieve myocardial ischemia and reduce
chest pain. The epicardial channel opening usu-
ally closes spontaneously or after brief manual
compression and the entire procedure can be
performed within 2 to 3 hour. There is no need
for cardiopulmonary bypass or cardioplegia.
The National Institute for Health and Clinical
Excellence (NICE) is announced that current
evidence of TLMR shows no efficacy, based on
objective measurements of myocardial func-
tion or survival but seems to be effective on
quality of life [23].

b) Percutaneous (PMR): Some trials have
shown symptomatic benefit in TMR with sig-
nificant peri-operative mortality and morbidity.
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But in this context, PMR, in which channels are
created from the endocardium partially through
the myocardium, is an attractive alternative as
the peri-procedural complication rate is signifi-
cantly lower. For PMR, biplane ventriculogra-
phy is performed to provide landmarks for laser
tip placement. A 9F Axcis guiding catheter is
used to position the optical fiber attached to a
Holmium: YAG laser, which can channel ener-
gy through flexible fibers, unloke the CO2
laser, creating channels in the presence of
blood. Each position is checked in two radi-
ographic views to ensure placement of channels
at least 1 cm apart and 9-12 channels is created
[24].

2. Percutaneous in situ coronary venous ar-
terialization (PICVA): It is an interventional
procedure which redirects arterial blood flow
from the occluded, offending artery into an ad-
jacent coronary vein, thereby arterializing the
vein and providing retroperfusion to ischemic
myocardium. Access is from the internal jugu-
lar vein. The procedure requires that the occlud-
ed artery and corresponding great vein be im-
aged. A needle is advanced proximal to the oc-
clusion in the artery and into the adjacent vein
under ultrasound guidance [25]. After delivery,
the body of the stent is expanded to fit securely
within the coronary sinus. The leading end of
the stent is positioned in the left ventricle, and
the trailing end is positioned in the right atrium
[26]. And thereafter venous retroperfusion may
occur without significant left to right shunt.

3. Percutaneous in situ coronary artery by-
pass (PICAB): 1t is also an advancing technolo-
gy for these patients in whom arterial blood
flow is redirected form diseased artery to an ad-
jacent coronary vein, and then rerouted back to
the artery after the lesion. Thus coronary vein
acts as an in situ coronary bypass conduit rather
than as a means of retroperfusion. This technol-
ogy requires that two arteriovenous fistula be
created, one on either side of the artery block-
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age, and that the vein be blocked both distally
and proximally[27].

4. Coronary sinus reducer stenting: In the
setting of coronary arteries obstruction, in-
creased coronary sinus (CS) pressure can re-
duce myocardial ischemia by redistribution of
collateral blood flow from nonischemic to is-
chemic myocardium [28]. The coronary sinus
reducer is a percutaneous implantable device
designed to establish CS narrowing and to ele-
vate CS pressure. The diameter at its mid por-
tion is 3 mm, and it can reach a diameter of 7-13
mm at both ends using inflation pressure of 2-4
bars. The reducer is introduced into the CS
through the right internal jugular vein. In pre-
clinical experiments, implantation of the reduc-
er was safe and was associated with improved
ischemic parameters [29]. The subendocardi-
um is more vulnerable to ischemic damage than
the other part of myocardium. Epicardial coro-
nary stenosis are associated with reduction in
the subendocardial to subepicardial flow ratio.
This reducer, by increasing backpressure into
the precapillary arteriolar system, will facilitate
dilatation of the constricted subendocardial
capillaries. Any change in the diameter of these
vessels will be more pronounced than the
changes taking place in the already-dilated ves-
sels in the epicardial territory, thereby facilitat-
ing the directional changes in flow toward the
subendocardial segments [29].

C.Neuromodulation:

Patients with refractory angina often exhaust
conventional treatment, therefore they usually
need opioids and still have angina pectoris de-
spite prior PCI or CABG and full dose medical
treatment. In these cases, neuromodulation
techniques often are successful.

1. Transcutaneous electrical nerve stimula-
tion (TENS):

Based on the gate control theory, high fre-
quency stimulation of large non-nociceptive
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myelinated type A fibers inhibits the impulse
through smaller, unmyelinated type C fibers,
thereby reducing the activation of central pain
receptors. In addition, there is a reduction in
sympathetic discharge, leading to decrease in
cardiac work and myocardial oxygen demand.
Mannheimer et al. first described the beneficial
effects of TENS in the early 1980s [30]. In this
procedure, two electrodes are applied to the
chest, one in the dermatome with highest inten-
sity of projected pain and other in the contralat-
eral dermatome. The stimulus intensity is ad-
justed to just below the individual's pain thresh-
old [4]. Covering the pain area with electrically
induced paraesthesia leads to reduction in angi-
na incidence, better functional capacity and
better quality of life. Side effects included skin
irritation and limited physical activity during
treatment. Today, TENS is primarily used as a
test method for planned implantation of spinal
cord stimulator [1].

2. Spinal cord stimulation (scs):

It is an under-utilized but well-established
modality for the treatment of intractable angi-
na. After a period of TENS, these patients are
usually treated with implantation of a single
electrode SCS-system. Spinal cord stimulation
has been claimed as a valuable therapeutic op-
tion for this difficult population of patients. The
SCS device implantation was performed in two
sessions, one for the lead insertion and one to
implant the permanent pulse generator.

Under local anesthesia a lead is inserted into
the epidural space at the level of T6, through a
needle. The tip of the lead is positioned often at
the C6-T2 level in order to cover pain area.
Usually one month later, the lead is connected
to an extension wire which is tunneled subcuta-
neously below the left costal arch and connect-
ed to a permanent pulse generator placed in a
subcutaneous packet in the lateral abdominal
region. The neurostimulator is set to give a con-
tinuous paresthetic stimulation at the minimal
level perceived by the patient [31].

100

Two large studies, the Electrical Stimulation
versus Coronary Bypass Surgery (ESBY) trial
(32) and Greco's study [33] evaluating SCS
have shown more convincing evidence, but
both modalities improve functional capacity
and ischemia.

3. Videothoracoscopic sympathectomy (VT-
SY):

An anti-ischemic effect of thoracic sympa-
thetic blockage is clearly recorded in several
studies, and antiarrhythmic and positive influ-
ences on ischemic myocardium were demon-
strated in several other studies. Thoracic sym-
pathectomy in these patients has high mortality
and morbidity but the use of minimally invasive
surgical techniques spread the range of effec-
tive treatments even in the high risk patients
[31]. The goal of this method is to increase oxy-
gen supply to a diseased myocardium and to re-
lieve angina. The procedure is carried out under
general anesthesia or combined anesthesia with
selective single-lung ventilation. Three or four
ports is inserted for VTSY and a rigid 30° endo-
scope is used for visualization. The usual site
for optical port is the 3rd intercostal space later-
al to pectoralis major muscle and instrumental
ports is in 5th intercostals spaces in posterior
axillary line. Bilateral gangliectomy at the lev-
els th2-th4 or transaction of interganglia fibers
are done. Few studies have shown a decrease in
the frequency of angina and an increase in exer-
cise tolerance [34].

D. New vessel formation

1. Stem cell injection:

Recently, cell therapy has evolved as an op-
tion for the treatment of ischemic heart disease.
Several cell types including skeletal myoblasts,
bone marrow stem cells, endothelial progeni-
tors, mesenchymal stem cells, resident cardiac
stem cells and embryonic stem cells are under
pre-clinical and clinical investigations [35].

Within those different cell types, autologous
BMSCs have raised the interest of many re-
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search and clinical investigators. So far, clinical
data suggest that autologous BMSCs seem to
have the potential to improve myocardial perfu-
sion and contractile performance in patients
suffering from myocardial infarction, severe is-
chemic heart disease and chronic heart failure.
Unselected autologous BMSCs have been in-
jected into the myocardium during open-chest
surgical procedures [36] or via percutaneous in-
tervention using injection catheters [37]. Most
of the patients undergoing surgery together
with the cell injection had received a coronary
artery bypass graft (CABG). The choice of the
bone marrow-derived cell type and even the
cell isolation procedure will ultimately depend
greatly on the cardiac injury to be treated. High-
ly selected haematopoietic progenitor cells
might have angiogenic potential only, whereas
mesenchymal stem cells were shown to repre-
sent subsets with cardiomyogenic and angio-
genic potential. Also critical is the stem cell
dose that can be obtained from bone marrow us-
ing various techniques. Recent investigations
suggest that there may be a dose-response rela-
tionship, which it has not been possible to test in
clinical trials so far because of the limited num-
ber of stem cells isolated from autologous bone
marrow using current available technology. In-
creasing evidence from cardiac surgery studies
suggests that therapy with certain bone mar-
row-derived stem and progenitor cells im-
proves myocardial perfusion and LVEF [38].
Endothelial stem cells have been identified
in the adult and shown to participate in new
blood vessel formation in normal and patholog-
ical states [38]. Therefore, several groups are
investigating the potential of selected progeni-
tor cell fractions from bone marrow for cellular
therapy in cardiac diseases. Defined surface
markers such as CD3415 and CD13316-18 are
used for immunomagnetic selection of progeni-
tor cells under good manufacturing practice
(GMP) conditions. While the majority of pa-
tients within Stamm et al studies have received
the selected stem cells in addition to revascular-
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isation by CABG [39] substantial improvement
of cardiac function was also found in patients
who received CD133-selected cells as sole
therapy [40].

In order to improve the efficacy of CABG
and stem cell therapy, Klein et al have been us-
ing transmyocardial laser revascularization
(TMLR) for many years. The intention is to re-
store tissue viability by taking advantage of the
synergistic angiogenic effects of TMLR and
stem cell injection. The local inflammatory re-
action induced by TMLR should serve as an in-
formational platform for stem cells and may
trigger their angiogenic differentiation [41].

2. Gene therapy:

One of its potential roles is treating refracto-
ry angina. Losordo et al. showed the safety of
intramyocardial delivery of VEGF plasmid in
humans with myocardial ischemia. Using a left
anterior thoracotomy, the plasmid VEGF-DNA
is directly injected into myocardium. [42] The
true efficacy of gene therapy cannot be defini-
tively evaluated because there is a lack of ran-
domized, placebo-controlled trial [4].

3. Shock wave therapy:

Low intensity shockwaves have been proven
in animal studies to induce local growth of new
blood vessels from existing ones. Shockwave
therapy hypothesis is that it could improve the
symptoms of patients with refractory angina
not amenable to revascularization with angio-
plasty or bypass surgery [43].

Low intensity shockwaves (1/10 the ones
used in Lithotripsy) are delivered to myocardial
ischemic tissue. Shockwaves are created by a
special generator and are focused using a
shockwave applicator device. The treatment is
guided by standard echocardiography equip-
ment. The shockwaves are delivered in syn-
chronization with Patient R-wave to avoid ar-
rhythmias. The treatment is painless. At first,
the patient undergoes stress- SPECT testing to
identify the ischemic areas. Following that, the
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same area is localized by the ultra-sound device
and the shockwaves are focused to the ischemic
area. Several treatments are required for opti-
mal results [44].

E. Heart transplantation

For patients who have disabling angina an in
whom all conventional and alternative treat-
ments have failed, heart transplantation should
be considered.
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