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ABSTRACT

Refractory angina (RA) is defined by intractable cardiac chest pain despite standard medical therapy and revascularisation. Symptoms are associated with significant morbidity and compromised quality of life (QoL). Various methods of interventional pain
management can be considered for the complex care of these cohorts. This review explores postulated mechanisms and evidence
base underpinning therapeutic strategies such as cognitive behavioural therapy (CBT), cardiac rehabilitation, stellate ganglion blockade (SGB), enhanced external counterpulsation (EECP) and coronary sinus reducer (CSR) implantation. Use of these modalities is
dependent on the local provision, but suitability is best assessed by specialist RA services using an individualised, multidisciplinary
framework.
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Abbreviations

RA: Refractory Angina; EECP: Enhanced External Counterpulsation; CBT: Cognitive Behavioural Therapy; CSR: Coronary Sinus
Reducer; SGB: Stellate Ganglion Blockade; OMT: Optimal Medical Therapy; CAD: Coronary Artery Disease; QoL: Quality of
Life; ESC: European Society of Cardiology; GTN: Glyceryl Tri-nitrate; HCN: Hyperpolarisation-activated Cyclic Nucleotide-gated;
PCI: Percutaneous Coronary Intervention; CABG: Coronary Artery Bypass Grafting; RCTs: Randomised-Controlled Trials; CPRS:
Complex Regional Pain Syndrome; LA: Local Anaesthetic; IABP: Intra-Aortic Balloon Pump; VEGF: Vascular Endothelial Growth
Factor; TNF-α: Tumour Necrosis Factor-α; VCAM-1: Vascular Cell Adhesion Molecule-1; SCS: Spinal Cord Stimulation; TENS:
Transcutaneous Electrical Neural Stimulation; ESMR: Extra Corporeal Shockwave Myocardial Revasculariusation; RIPC: Remote
Ischemic Preconditioning.
INTRODUCTION

R

efractory angina (RA) is a chronic condition characterised by
persistent anginal symptoms despite optimal medical therapy
(OMT) and revascularisation.1 In order to fulfil the conventional
definition of this disorder, arterial insufficiency in the setting of
coronary artery disease (CAD) needs to be demonstrated, and reversible myocardial ischaemia should be clinically established as the
cause of the symptoms.1
Although, definitive data pertaining to the prevalence of
RA is scarce, there is a general recognition that it is a growing problem, and one that results in significant public health burden.2 The

debilitating nature of the symptoms associated with RA can result
in a marked detriment to quality of life (QoL), with sufferers often
requiring recurrent hospital admissions. Moreover, patients may
develop a maladaptive psychological response to their disorder,
with heightened and dysregulated perception of their symptoms.
This often results in increased utilization of services in the secondary care setting.3 In 2013, a prospective analysis of 1200 patients
was published which demonstrated the long-term mortality associated with RA to be lower than previously reported.4 As such, in
recent years the focus of treatment has shifted towards alleviation
of symptoms and improved QoL. However, achieving these aims
can be challenging due to the complex interplay between physical and psychological factors in RA. This review summarises the
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therapeutic options available for the treatment of RA, with a focus
on the non-pharmacological interventions that are used by specialists.
MEDICAL THERAPY AND REVASCULARISATION

Pharmacotherapy and revascularisation remain the cornerstone
initial treatments for patients with RA, as they do for patients
with stable angina. The current European Society of Cardiology
(ESC) guidelines for management of stable CAD recommend that
all patients should be treated with low-dose aspirin and a statin
for the purpose of event prevention.5 Vasodilating drugs such as
sublingual glyceryl trinitrate (GTN), and rate-limiting agents such
as beta-blockers or non-dihydropyridine calcium channel blockers,
should also be prescribed as first line antianginal agents. If symptoms persist despite these measures, additional vasodilators such as
long-acting nitrates or nicorandil can be used.5 More novel agents
are also available, including ivabradine and ranolazine. Ivabradine
specifically inhibits hyperpolarisation-activated cyclic nucleotidegated (HCN) channels, thereby decreasing the ‘funny’ pacemaker
current (If) within the sinoatrial node.6 The effect is an antianginal
action via reduction in HR, but with no effect on inotropy, vascular
resistance or blood pressure. Meanwhile, ranolazine achieves its
effects on myocytes via inhibition of the late phase of the inward
sodium current (INa) during Phase 0 of action potentials.7 This is
thought to reduce ventricular stiffness during diastole and hence
improve coronary perfusion.8
Revascularisation, either via percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG), may
also provide effective symptom control in certain patients. The
ESC suggests consideration of revascularisation in patients who
have significant CAD, demonstrate >10% ischaemic myocardium
on functional testing and remain symptomatic despite OMT.5 In
the context of stable angina, revascularisation is mainly undertaken
for symptomatic rather than prognostic reasons. The exception to
this is amongst patients who have significant left main stem/proximal left anterior descending artery disease or multi-vessel disease
with impaired left ventricular systolic dysfunction, where revascularisation is thought to provide mortality benefit.9

fective self-management of this chronic condition.
Previous studies assessing the benefits of psychotherapy
have been encouraging. A meta-analysis of randomised-controlled
trials (RCTs) examining self-management programmes for chronic
angina, including RA, suggested that intervention resulted in approximately three fewer episodes of angina per week. This was
accompanied by a reduction in usage of glyceryltrinitrate (GTN)
spray, a vasodilator commonly prescribed as a sublingual preparation for prophylaxis and treatment of anginal symptoms.10 Furthermore, our group has also published data demonstrating that
CBT has a sustainable impact on improving QoL for patients with
RA.11 Nonetheless, CBT is not yet widely accessible and usually
necessitates formal referral and subsequent review by a specialist
RA service.
Novel research has also explored the possibility that RA
ought to be conceptualised as a chronic pain disorder, with integration of physical, psychological and educational treatment modalities.12 Consistent with this notion, it has been postulated that
the maladaptive cognitive responses to pain may be ameliorated
through mindfulness meditation. A standardised program has been
shown to have a positive impact on pain management and clinical
sequelae in patients with chronic pain, but its role in the context of
RA is yet to be established.13
CARDIAC REHABILITATION

Rehabilitation strategies reduce psychological symptom burden,
particularly anxiety and depression, in the context of ischaemic
heart disease. They are also designed to enhance functional capacity and aerobic conditioning. However, its role has been less extensively explored in the context of RA and this may relate to concerns regarding adverse events in patients with inherently high risk.
A pilot study has shown that a 2-month outpatient rehabilitation
program improved exercise tolerance without significant deterioration (albeit no improvement) in anginal symptoms.14 The study
was flawed in its design and under-powered. Further validation is
therefore required before it can be considered for incorporation
into clinical practice, and currently, the concept is not specifically
addressed in management guidelines.

COGNITIVE BEHAVIOURAL THERAPY

Due to the profound psychological effect of RA on patients,
cognitive-behavioural therapy (CBT) is often used to help patients
manage their symptoms more effectively. It is usually delivered by
clinical nurse specialists and clinical psychologists, and the focus of
sessions are to help patients develop more effective coping strategies, primarily based on a greater understanding of what angina is,
and by dealing with associated misconceptions. Patients are educated on the concept that management isn’t solely limited to pharmacotherapy and revascularisation, but also involves a fundamental
alteration in thought processes involved with symptom recognition
and interpretation. Particular emphasis is placed on lifestyle alterations including setting of realistic goals, relaxation exercises, energy conservation and sleep quality enhancement. Sessions are run
in small groups, providing an informal forum to share and engage
with experiences of others to achieve a collective goal of more ef2

STELLATE GANGLION BLOCKADE

Afferent sympathetic fibres have been implicated in the pathophysiology of various conditions, including complex regional pain
syndrome (CPRS).15 A neuronal blockade is postulated to interrupt adrenergic hypersensitivity and positive feedback circuits that
ordinarily augment central excitability. The notion of treating cardiac chest pain by modulation of sympathetic afferents was first
postulated by Frank in 1899. During the next few decades, various
approaches were explored that were associated with effective alleviation of symptoms but limited by irreversible sequelae.16
It was subsequently hypothesised that application of local
anaesthetic (LA) in the region of the middle cervical sympathetic
ganglion or the cervicothoracic (stellate) sympathetic ganglion may
provide a more effective strategy for autonomic modulation.17 This
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concept is now conventionally termed ‘stellate ganglion blockade’
(SGB). Initial techniques involved a puncture between the carotid
artery and the cricoid cartilage (C6 level), which was associated
with high rates of complications such as retropharyngeal haematoma and oesophageal rupture.18 These procedural risks have
been largely circumvented by use of ultrasound guidance to enable
appropriate needle tip placement. The type of LA used can vary
depending on required duration of effect and indication, with examples including alcohol and bupivacaine. A successful outcome
is traditionally defined by the development of transient Horner’s
syndrome, a classic triad of miosis (constricted pupil), partial ptosis (eyelid drooping) and ipsilateral anhidrosis (hemifacial loss
of sweating). It is typically associated with concomitant increase
in blood flow, skin temperature and loss of the galvanic skin response.
The first clinical trial on angina sufferers was in 1966,
where SGB was shown to be superior to placebo in reducing exertional symptoms.19 A more recent single-centre prospective study
has shown SGB to be both safe and efficacious in the management
of RA, with a mean pain relief duration of 3.5 weeks.20 Mild, fully
reversible procedural complications occurred only in a small minority (3%). However, the long-term benefits of temporary sympathectomy are not well characterised. A case report has described
benefits of SGB in a patient with end-stage CAD and RA that
lasted months to years, but this may be associated with adverse
sequelae including permanent Horner’s syndrome.21
Overall, SBG can be considered as an alternative interventional strategy in patients who have intractable anginal symptoms. However, the evidence base for this procedure is lacking and
further RCTs are warranted to establish whether it should be incorporated into routine clinical practice.
ENHANCED EXTERNAL COUNTERPULSATION (EECP)

Whilst a number of non-pharmacological therapeutic options have

been used in the management of RA, the current ESC guidelines
for the management of stable CAD highlighted Enhanced External Counterpulsation (EECP) as the modality with the best evidence base (Table 1).5 EECP is a technique that works on the principle of using aortic counterpulsation in order to augment diastolic
blood flow. Pressure cuffs are wrapped around the lower limbs of
patients and inflated at the onset of diastole. The resulting increase
indiastolic blood pressure has the effect of improving coronary
perfusion pressure during diastole. The rapid deflation of the cuffs
at the onset of systole also serves to reduce vascular resistance,
causing a reduction in cardiac workload.22 The combined effect is
analogous to that of an intra-aortic balloon pump (IABP), albeit in
a non-invasive fashion.
Clinical trials utilising EECP in patients with RA have
been encouraging. The MUST-EECP study was an RCT that
showed EECP to be associated with a significant decrease in angina frequency amongst patients with RA, as well as an improvement in time to ST-segment depression on stress testing.23 Subsequently, a number of studies have corroborated these findings,
with meta-analyses demonstrating that use of EECP is associated
with improvements in anginal symptom burden24,25 and myocardial
perfusion.26 In addition to the multitude of studies demonstrating
the symptomatic benefit of EECP, the technique is also of proven
effectiveness in reducing hospital expenditure.27 Data collected
from phase II of the International EECP Patient Registry (IEPRII) demonstrated a significant reduction in the rate of hospitalisation following EECP, resulting in an annual cost saving of $17,074
per patient. Based upon this body of evidence, EECP has become
established as a treatment for RA in North America, China, Russia,
India and the Middle East.
Whilst a significant body of evidence exists in support
of EECP, there remains uncertainty regarding the underpinning
mechanisms. A number of theories have been postulated, which
predominantly pertain to two closely intertwined concepts; improved endothelial function and augmented angiogenesis.22 The

Table 1. List of Recommendations from the ESC5 and ACCF/AHA/ACP/AATS/PCNA/SCAI/STS53 Guidelines Regarding Non-pharmacological Treatments in Refractory Angina
Treatment modality

ESC guidelines (2013)

ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guidelines (2012)

Level of recommendation

Level of evidence

Level of recommendation

Level of evidence

2a

B

2b

B

TENS

2b

C

SCS

2b

B

2b

C

ESMR

3

A

2b

B

CBT
SGB
EECP
CSR

RIPC
Level of recommendation 2a = should be considered
Level of recommendation 2b = may be considered
Level of recommendation 3 = is not recommended
Level of evidence A = Data derived from multiple randomised clinical trials or meta-analyses.
Level of evidence B = Data derived from a single randomised clinical trial or large non-randomised studies.
Level of evidence C = Consensus of opinion of the experts and/or small studies, retrospective studies, registries.
(CBT = cognitive behavioural therapy; SGB = stellate ganglion blockade; EECP = enhanced external counterpulsation; CSR = coronary sinus reducer; TENS = transcutaneous
electrical neural stimulation; SCS = spinal cord stimulation; ESMR = Extracorporeal shockwave myocardial revascularisation; RIPC = remote ischaemic preconditioning)
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raised diastolic pressure resultant from EECP has been demonstrated to be associated with increased shear stress, which can stimulate pro-angiogenic factors such as the potent vasodilator nitric
oxide (NO) and vascular endothelial growth factor (VEGF).28,29
The subsequent increase in angiogenesis is hypothesised to be responsible for increased collateral formation within the coronary
circulation. EECP has also been shown to improve indices of
endothelial dysfunction, with studies demonstrating EECP to be
associated with significant improvements in reactive hyperaemiaperipheral arterial tonometry30 and flow-mediated vasodilatation.31
Furthermore, following EECP, patients with CAD have been noted to have a significant increase in plasma NO concentrations and
a concomitant decrease in plasma concentrations of the vasoconstrictor endothelin-1.32 Finally, EECP is associated with reductions
in pro-inflammatory cytokines such as tumour necrosis factor-α
(TNF-α) and vascular cell adhesion molecule-1 (VCAM-1), which
are known to have deleterious effects on endothelial function.
Taken together, these mechanisms provide a potential explanation
for observed improvements in perfusion scan ischaemia associated
with EECP,33 and thus may also explain the consistent symptomatic improvements seen amongst patients in clinical trials as well as
real-world cohorts.
CORONARY SINUS REDUCER (CSR) IMPLANTATION

A promising, relatively recent development in the field of RA is the
use of coronary sinus reducer (CSR) implantation for patients who
have no further revascularisation options but demonstrate inducible ischaemia on functional testing. A CSR in an hour-glass shaped,
balloon-expandable, stainless-steel device which is percutaneously
implanted into the coronary sinus. It produces a local narrowing
of venous drainage which results in increased upstream pressure
within the sinus. This is postulated to redistribute collateral flow
from the non-ischaemic myocardium to underperfused, ischaemic
regions. COSIRA, a multi-centre, prospective, randomised, double-blinded trial, was a landmark study which assessed the safety
and efficacy of the CSR.34 Patients were included if they had RA
and reversible ischaemia in the anterior or lateral wall of the left
ventricle. In comparison with a sham procedure, CSR implantation
was associated with improved anginal symptom burden and QoL
at 6-month follow-up.
Whilst the use of CSR as a treatment for RA is relatively novel, the underlying concept is not; improvement in anginal
symptoms and functional status associated with partial occlusion
of the coronary sinus was described as far back as 1954 by Beck
and Leighninger following surgical ligation.35-39 The physiological
basis for improvement in anginal symptoms via narrowing of the
coronary sinus remains incompletely understood. It is thought that
patients with CAD develop dysfunction of a sympathetically-mediated vasoconstrictive response in sub-epicardial vessels, which
would otherwise serve to increase blood flow to sub-endocardial
capillaries during periods of heightened myocardial oxygen demand.40 It is postulated that the resulting sub-endocardial ischaemia is contributory to the pathogenesis of RA.41 Canine studies
have demonstrated that increasing coronary venous pressure by
sinus occlusion assists in redistributing blood from the less ischaemic epicardium to endocardium, thus reducing myocardial isch4

aemia.42 Subsequently, clinical trials in human subjects have shown
a significant reduction in inducible ischaemia following CSR implantation.43,44 The technique is now being carried out in a number
of centres worldwide, and results from the ongoing REDUCER-I
registry are anticipated to provide further evidence with which to
assess its efficacy in a real-world population.45
OTHER TREATMENT OPTIONS

Wall and Melzack’s ‘gate-control’ pain theory, published in 1965,
has proven to be one of the most seminal pieces of work in the
field of chronic pain management. It proposed that pain signals,
which are mediated via small nociceptive fibres, can be inhibited
by activation of large, non-nociceptive afferent neurones.46 This
discovery has led to the development of techniques such as spinal cord stimulation (SCS) and transcutaneous electrical neural
stimulation (TENS), both of which have been used in the management of RA. SCS uses electrodes implanted within the spinal
cord, whereas TENS uses pads placed on the skin. In both cases,
low voltage electric current is used to modulate nociceptive signalling and replace pain with paraesthesia. The ESC recommends that
both modalities may be considered for the treatment of RA (Table
1).5 There have been encouraging results from trials using SCS,
with improvements noted in symptom burden and QoL.48-50 There
is less evidence supporting TENS as an effective treatment for RA,
although case series have described its use to be associated with a
reduction in anginal symptoms.51
Extra corporeal shockwave myocardial revascularisation
(ESMR) has also been used in the treatment of RA. Low-intensity
shockwaves are targeted at ischaemic myocardium under echocardiographic guidance, and it is thought that the cavitation effect
induces local shear stress, promoting expression of pro-angiogenic
factors such as VEGF and NO. The net result is increased capillary
density and regional myocardial blood flow.52 A number of small
trials have demonstrated improved symptoms in patients with RA
treated with ESMR, although current ESC guidelines do not advocate its use (Table 1).5
Remote ischemic preconditioning (RIPC) is a technique
which has been studied in animal models, and is now being investigated in humans. The concept is that an organ or tissue can be
protected against infarction by use of repetitive, short episodes of
ischemia at a remote site. The discovery was made following the
observation that in a canine model, short periods of ischemia and
reperfusion in the circumflex coronary artery preconditioned myocardium outside of the occluded vasculature.53 RIPC has not been
extensively studied in RA, but patients are currently being recruited
to an RCT which plans to examine its effect.54 Patients randomised
to the intervention arm of the trial will receive twice daily episodes
of upper limb ischaemia/reperfusion delivered by a blood pressure
cuff on each arm for a period of 30 days.
CONCLUSIONS

RA is a chronic disease associated with debilitating morbidity and
compromised QoL. Whilst medical therapy with antianginal agents
remain the cornerstone of treatment, it is often insufficient. As
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such, non-pharmacological interventions are required. In the last
few decades, a number of modalities have been developed including pragmatic rehabilitation via CBT, modulation of pain pathways
via stellate ganglion blockade and anti-ischaemic therapies such as
EECP and CSR implantation. It is being increasingly recognised
that the best results are achieved via combination therapy with
more than one of these modalities. Dedicated specialist RA services employing a multidisciplinary approach have been developed,
and preliminary data suggest that such an approach may improve
QoL and clinical outcomes for RA patients.55
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