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Interventional treatment of pain in refractory angina. A review
Milos Dobiasa, Pavel Michaleka, Petr Neuzilb, Martin Striteskya, Paul Johnstonc

Background. Refractory angina is characterized by repeated attacks of chest pain in patients on maximal anti-anginal 
pharmacotherapy, with a professional conscensus that further surgical or radiological revascularization would be futile. 
Refractory angina is a serious but relatively uncommon health problem, with a reported incidence of approximately 
30 patients per million people/year. In this condition simply treating the associated pain alone is important as this can 
improve exercise tolerance and quality of life.
Methods. An extensive literature search using five different medical databases was performed and from this, eighty-
three papers were considered appropriate to include within this review.
Results and Conclusion. Available literature highlights several methods of interventional pain treatment, including 
spinal cord stimulation and video-assisted upper thoracic sympathectomy which can provide good analgesia whilst 
improving physical activities and quality of life. The positive effect of spinal cord stimulation on the intensity of pain and 
quality of life has been confirmed in nine randomized controlled trials. Other potential treatment methods include stel-
late ganglion blocks, insertion of thoracic epidural or spinal catheters and transcutaneous electrical nerve stimulation. 
These approaches however appear more useful for diagnostic purposes and perhaps as short-term treatment measures.
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INTRODUCTION

Refractory angina pectoris (RAP) is defined as a 
“chronic condition caused by clinically established re-
versible myocardial ischaemia in the presence of coro-
nary artery disease (CAD) which cannot be adequately 
controlled by a combination of medical therapy, angio-
plasty or coronary artery bypass graft“ (ref.1). There are 
other clinical syndromes which cause chronic cardiac and 
non cardiac chest pain - these are summarized in Table 1 
(ref.2,3).

It is estimated that refractory angina affects 600,000 - 
1 800,000 people in the United States with approximately 
50,000 new patients every year4,5. The estimated incidence 
of new cases per year in continental Europe is 30-50,000 
(ref.6), with an estimated prevalence of refractory angina 
of 100,000 people in Europe7.

RAP usually significantly restricts the physical activi-
ties of patients and decreases the overall quality of their 
lives. Treatment of the RAP should be multidisciplinary 
and include pharmacotherapy, physiotherapy, psycho-
therapy, counselling, pain management and treatment of 
depression if present5,6.

Interventional pain management techniques may also 
play a very important role in the management of RAP in 
appropriately selected patients. This can involve spinal 
cord stimulation (SCS) (ref.8) and other neuromodula-
tion techniques, subcutaneous electrical nerve stimula-
tion (SENS), transcutaneous electrical nerve stimulation 

(TENS) (ref.9), blockade of sympathetic structures10 and 
neuraxial blocks11.

Other methods, not commonly seen in the pain cli-
nic, are described as having a positive effect in the ma-
nagement of the RAP, which include enhanced external 
counterpulsation (EECP) (ref.12), extracorporal shockwa-
ve myocardial revascularization (ESMR) (ref.13), percuta-
neous myocardial laser revascularization (PMLR), gene 
angiogenesis and, theoretically, also heart transplantati-
on. Pharmacological agents currently discussed in the 
management of RAP include allopurinol, ranolazine, 
trimetazidine, nicorandil and ivabradine. However these 
techniques and drugs will not be included in the review.

This review article is focused on interventional meth-
ods employed in treatment of chest pain associated with 
refractory angina.

METHODOLOGY

An extensive search was performed using the following 
medical databases – PubMED, Web of Science, Science 
Direct, Google Scholar and SCOPUS. The following were 
used as search parameters: “refractory angina“, “angina 
pectoris“, “pain management“ AND “stellate ganglion 
block“, “thoracic sympathectomy/thoracic sympathe-
tic block“, “radiofrequency“, “spinal cord stimulation“, 
“nerve stimulation“, “paravertebral block“, “spinal/epidu-
ral block“. Selected languages were English, German, 
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Spanish and French. In total, 595 articles were identified, 
of these 205 articles were studied, after careful selection, 
for the purpose of this review. This literature search of 205 
peer review articles identified several interventional man-
agement techniques which will each be reviewed. In total, 
analysis of eighty-three articles is included in this review.

INTERVENTIONAL TECHNIQUES OF PAIN 
MANAGEMENT IN RAP SYNDROME

Sympathetic nerve blocks
When considering RAP, a diagnostic blockade of the 

lower cervical sympathetic structures or the upper tho-
racic sympathetic ganglia could be performed if there is 
a suspected contribution of the sympathetic (vegetative) 
nervous system in ischaemic myocardial pain14.

The sympathetic nervous system is thought to play a 
significant role during myocardial ischaemia with both 
sympathetic activation pathways, humoral and neuro-
genic, being involved. Humoral activation is associated 
with increased serum catecholamine concentrations while 
neurogenic activation causes high concentrations of nore-
phinephrine in the heart.

Sympathetic blockade targeted at the innervation of 
the heart may interrupt both branches (afferent and effer-
ent) of the Malliani‘s brain and spinal reflexes. The result 
of this is an abolition of painful stimulus and supression 
of sympathetic neurogenic activation15.

Various techniques of sympathetic blockade, tempo-
rary and permanent, have been used in the clinical setting 
as discussed below.

Stellate ganglion block – this technique is based upon 
the application of local anaesthetic solution close to the 
medial cervical sympathetic ganglion or to the cervico-
thoracic (stellate) sympathetic ganglion16. The original 
techniques of block, use puncture between the carotid 
artery and cricoid cartilage at the level of C6 – however 
they may be associated with vertebral artery application, 
oesophageal puncture or retropharyngeal haematoma17. 
Ultrasound guided puncture allows safe placement of the 
needle tip under the anterior fascia of the longus colli 
muscle where the cervical sympathetic chain is normally 
located18. Stellate ganglion block may provide temporary 
relief from angina symptoms lasting usually for one to 
four weeks19,20. One study describes RF ablations to the 
stellate ganglion with a long-term effect. However the risk 
of permanent Horner syndrome should be taken into the 
account21. Stellate ganglion diagnostic block provides use-
ful information prior to thoracic sympathectomy.

A study of Moore et al. evaluated the effect of stellate 
ganglion blocks on RAP and compared it with thoracic 
paravertebral blockade. Forty-six patients with RAP un-
derwent left stellate ganglion blocks with bupivacaine. In 
total 227 blocks was performed. Thirty-one patients (75%) 
experienced complete pain relief with a mean pain relief 
period of 3.48 weeks (SD 3.38) (ref.19). Rarely, stellate 
ganglion blockade may provide long-term effect lasting 
for months to years20.

Thoracic paravertebral block – local anaesthetic solu-
tion administered into the left paravertebral space at the 
T2, T3 or T4 levels provides sensory and sympathetic 
blocks to the segments adjacent to the site of puncture 
and therefore may provide temporary blockade of sym-
pathetic innervation to the heart. This block has been 
used in subjects with angina pain since 1925 (F. Mandl). 
The effect of thoracic paravertebral block on the ECG in 
12 patients with angina was studied by Braun. The study 
showed reversal of ischaemic changes in 66% after the 
block. These ECG changes did not always correspond 
with pain relief22. The aforementioned study of Moore et 
al. has shown reduced efficacy of the paravertebral block 
compared with the left stellate ganglion blocks (52% vs 
75%, mean duration of effect 2.80 weeks versus 3.48 
weeks) (ref.19). Currently, thoracic paravertebral block 
has been replaced in this indication by more targeted 
sympathetic blocks.

Video-assisted upper thoracic sympathectomy (VATSY) 
– this procedure is often performed to treat hyperhidrosis 
or Raynaud‘s syndrome. The upper thoracic sympathetic 
chain is relatively easy located during video-thoracoscopy. 
The excision of the sympathetic chain can then cause 
immediate effects, which include decreased heart rate 
and systemic blood pressure, decreased sweating and in-
creased temperature and perfusion of the upper limb23.

Surgical operations on the sympathetic structures 
innervating the heart have been performed for over a 
century (cervical sympathectomy - Alexander, 1889 and 
cervico-thoracic sympathectomy - Jonnesco, 1920). In 
1951, Kux published his experience with thoracoscopic 
sympathectomy and splanchnicectomy in angina and 
other indications such as duodenal ulcer, hypertension 
and diabetes24.

In total, six articles exploring the effect of the video-
assisted thoracic sympathectomy in patients with angina 
have been published. Tygesen et al. studied the effect of 
video-assisted thoracic sympathectomy on the variability 
of heart rate in 57 patients with severe angina pectoris and 
showed increased heart rate variability after the procedure 
which implies a shift of the cardiac autonomic innervation 
towards parasympathetic dominance25. Claes prospective-
ly evaluated the effect of VATS sympathectomy on angina 
pain in 43 patients and reported that 19 patients (44%) 
achieved complete pain relief, 22 (51%) improved signifi-
cantly while only two patients (5%) did not respond26. 
Another case series reported pain relief in most patients, 
with concurrent significant reduction in VAS scores and 
improvement in CCS after VATS sympathectomy27. The 
procedure also provided complete pain relief in four out 
of five patients with a vasospastic angina refractory to 
pharmacotherapy28. Furthermore ST-segment elevations 
decreased after the procedure. RAP may therefore be an-
other indication for VATSY where bilateral or unilateral 
left-sided procedures could be performed.

The procedure may be associated with acute complica-
tions such as pneumothorax, haemothorax, chylothorax, 
oesophageal or lung injury24,26. Delayed complications 
may involve compensatory lower extremity hyperhidrosis, 
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intrathoracic infection or neuropathic pain due to inter-
costal nerve trauma.

Radiofrequency (RF) upper thoracic sympathectomy – 
is a minimally invasive percutaneous procedure. An X-ray 
or CT guidance is employed to navigate an RF probe close 
to the upper thoracic sympathetic structures at the levels 
of T2 and T3 on the left side and following stimulation 
test, radiofrequency energy is applied on the sympathe-
tic nerves and ganglia causing their thermodestruction. 
Use of this method in the treatment of refractory angina, 
Prinzmetal‘s angina or syndrome X has been documented 
only in small case series29,30. The current main indications 
for this procedure are hyperhidrosis, complex regional 
pain syndrome or ischaemic conditions of the upper ex-
tremity31,32.

Spinal cord stimulation (SCS)
Spinal cord stimulation is a neuromodulation tech-

nique causing an interruption in the perception of painful 
stimuli from the myocardium. The method of action is 
not explicitly understood but several theories have been 
postulated. These theories include a gate-control theory, 
theories of direct release of beta-endorphines and homog-
enization of myocardial perfusion via an adenosine acti-
vation and reduction in “steal phenomenon“33-35. Initial 
studies regarding SCS in refractory angina were published 
in the 1980s36,37.

Based on the results of clinical and experimental stud-
ies it may be postulated that:
•	 SCS has an antiischaemic effect which is caused by a 

modulation of the sympathetic nervous system.
•	 SCS increases the threshold for an angina pain due to 

a redistribution of a coronary blood flow in the heart.
•	 SCS causes the release of endogenous neuromedia-

tors and substances with neuromodulation properties 
– mainly endorphines and enkephalines.

•	 SCS can relieve the symptoms of refractory angina and 
improve the overall quality of life.
Thus SCS provides a combination of analgesic and 

antiischaemic effects. In addition, stimulation causes a 
sensation of vibration which may be pleasant for some 
patients35.

The total number of patients treated worldwide with 
the SCS for RAP is estimated to be as high as 3500. This 
method is widely used mainly in Sweden, Netherlands, 
Denmark, Switzerland and Italy. It is not commonly used 
in the United Kingdom or the United States for this in-
dication. The National Institute for Clinical Excellence 
(NICE) in the UK concludes that SCS may have some 
positive role in the management of chronic cardiac 
ischaemic pain but should be performed only in highly 
specialized centres and as a “last resort“ option. In the 
United States the FDA approves SCS use in chronic pain 
but not specifically in the RAP.

Spinal cord stimulation has been used in the Czech 
Republic for the management of refractory angina since 
2000. As of (date) a total 35 patients have been implant-
ed.
Results of randomized controlled trials

In total, nine RCTs have investigated the effect of SCS 
on patients with refractory angina (Table 2). Studies com-
paring SCS with placebo or with SCS-off mode showed a 
decreased incidence of angina attacks, reduced consump-
tion of short-acting nitrates, improved quality of life and 
increased physical activity in patients treated with active 
SCS (ref.38-41).

A recent multicenter study compared three modes of 
SCS in 25 patients with the RAP. Paraesthetic SCS was 
compared with a subliminal SCS and a sham. Paraesthetic 

Table 1. Causes of chronic chest pain of cardiac and non-cardiac origin. 

Cardiac chest pain Non-cardiac chest pain

Acute coronary syndrome 
– Acute myocardial infarction 
– Unstable angina 

Stable angina 
Prinzmetal angina, epicardial  
coronary vasospasm 
Cocaine-induced vasospasm 
Nocturnal angina 
Decubitus angina 
Atypical angina 
Chronic refractory angina 
Pericarditis 
Aortic stenosis 
Mitral valve prolapse 
Congenital cardiac anomalies 
Cardiac tamponade 

Pulmonary origin (pneumonia, pulmonary embolism, 
pleuritis, pneumothorax, asthma/COPD, acute bronchitis, 
lung abscess) 

Musculosceletal (costochondritis, trauma, muscle pain, 
post-sternotomy, post-thoracotomy pain, referred pain 
from spine, cancer pain-rib, sternum)

Mediastinal (aortic dissection, mediastinitis) 

Gastrointestinal (oesophagitis, gastritis, peptic ulcer, 
Boerhaave syndrome, oesophageal spasm, cholecystitis, 
pancreatitis) 

Other (herpes zoster, postherpetic neuralgia, necrotizing 
fascitis)

Psychogenic (panic attacks, anxious state, somatization)

source: Fritz, Chronic cardiac chest pain, Contin Educ Anaesth Crit Care Pain 2012;12:302-6 and Verdon, 
Chest pain in daily practice:occurrence, causes and management, Swiss Med Wkly 2008;138, 340-7.
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Table 2. Randomized controlled trials evaluating interventional methods in the management of refractory angina pain. 

Study Design Patients 
(control)

Primary outcome Follow-up Main findings

SCS 
DeJongste, 
1994

RCT (SCS  
vs. control)

8 (9) Exercise capacity 
(treadmill test)

8 weeks SCS group – higher exercise capacity, better 
QOL, reduction in anti-anginal medication 

Mannheimer, 
1998 
(ESBY trial)

RCT (SCS  
vs. CABG)

53 (51) Exercise tolerance 
(workload), number of 
angina attacks

6 months Adequate relief of symptoms in both groups, 
better exercise tolerance in CABG group, 
lower mortality and cerebrovascular morbid-
ity in SCS group.

Hautvast, 1998 RCT (SCS  
vs. control)

13 (12) Exercise capacity,  
number of angina 
attacks

1,5 months Increased exercise duration, time to angina 
attack, decreased number and duration of an-
gina attacks, decreased nitrate use improved 
QOL in SCS group. 

Jessurun, 1999 RCT (SCS-on 
vs. SCS-off)

12 (12) Number of angina  
attacks, nitrate use

2 months No presence of myocardial ischaemia or 
increased angina attacks following withhold-
ing spinal cord stimulation.

DiPede, 2001 RCT (SCS-on 
vs. SCS-off)

15 (15) Number and duration 
of ischaemic episodes, 
ischaemic burden

48 hours Decreased number and duration of ischaemic 
periods in SCS-on group, Decreased 
ischaemic burden in SCS-on group.

McNab, 2006 
(SPiRiT trial)

RCT (SCS  
vs. PMR)

30 (30) Exercise tolerance 
(treadmill test)

12 months No difference between the groups in exercise 
tolerance, QOL, CCS class.

Eddicks, 2007 RCT (SCS-on 
vs. SCS-off)

12 (12) 
Crossover

Functional status, 
QOL, CCS, nitrate use

4 weeks Improved functional status, QOL, CCS, de-
creased nitrate use in SCS and sub-treshold 
SCS compared with placebo.

Lanza, 2011 
(SCS-ITA trial)

RCT (SCS vs 
sublimin.  
SCS vs sham)

10 (7,8) Number of angina 
episodes

3 months Decreased number of angina attacks and 
reduced nitrate use in SCS group at 1 m, 
decreased incidence in angina attacks in SCS 
group at 3m.

Zipes, 2012 
(STARTSTIM 
trial)

RCT (SCS-on 
vs. SCS low 
energy)

32 (36) Incidence of major 
cardiac adverse events

6 months Decreased incidence of angina attacks and 
improved exercise tolerance in both groups, 
no difference between the groups

VATSY: No RCT

TENS: 
Jessurun, 1998

RCT (TENS 
vs. control)

10 (8) Diameter of coronary 
arteries, coronary 
volumetric flow

N/A Dilation of healthy coronary arteries and de-
crease in diameter in stenotic artery in TENS 
group, no changes in control group.

Börjesson, 1997 RCT (TENS 
vs. placebo)

23 (18) Forearm blood flow N/A Increase in the forearm blood flow following 
TENS in healthy controls but not in patients 
with RAP

Hallén, 2010 RCT (TENS 
in RAP pa-
tients  
vs. healthy)

14 (16) ST changes on ECG, 
elevation in cardiac 
enzymes

24 hours Lower incidence of ST changes in TENS 
group, no difference in duration of ischaemic 
event or rise in cardiac enzymes

SCS – spinal cord stimulation, TENS – transcutaneous electrical stimulation, RAP – refractory angina pectoris, QOL – quality of life, CCS – 
Canadian Cardiovascular Society Scale

SCS was associated with a significant decrease in angi-
na attacks at 3 months when compared with the other 
groups42. STARTSTIM study compared low stimulation 
mode with SCS actively delivered by patients and found 
no difference between the groups in terms of major ad-

verse cardiac events. However, patients in both groups 
experienced reduction in the incidence of angina attacks 
and reported improved exercise tolerance. This study was 
terminated early due to difficulties with enrollment and 
also was underpowered for the primary outcome43.
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Table 3. Recommended management of refractory angina pain according to the Guidelines of selected cardiology societies1,80-82.

Society/Guidelines SCS VATSY SGB TENS Others 

ECS Guidelines (2013) may be considered 
(IIb, Level B)

not assessed not assessed may be considered  
(IIb, Level B)

EECP (IIa, Level B)
TMLR not recomm.

CCS/CPS Joint  
Guidelines (2012) 

may be considered 
(WR, MQE)

unable to 
evaluate 

unable to 
evaluate 

not assessed EECP (WR,LQE)
TMLR not recomm.
PMLR (WR,MQE)

Czech Society of Cardiology 
Guidelines (2010)

may be considered may be  
considered 

not assessed not assessed TMLR not recomm.

ACC/AHA Guidelines  
(2002) 

may be considered 
(IIb, Level B)

not assessed not assessed not assessed TMLR (IIa, Level A)
EECP (IIb, Level B)

ECS – European Society of Cardiology, CCS – Canadian Cardiovascular Society, CPS – Canadian Pain Society, ACC – American College of 
Cardiology, AHA – American Heart Association, SCS – spinal cord stimulation, VATSY – video-assisted thoracic sympathectomy, SGB – stellate 
ganglion block, TENS – transcutaneous electrical nerve stimulation, EECP – enhanced external counterpulsation, TMLR – transmyocardial 
laser revascularization, PMLR – percutaneous myocardial laser revascularization. SR – strong recommendation, WR – weak recommendation, 
NR – not recommended, SQE – strong-quality evidence, MQE – moderate-quality evidence, LQE – low-quality evidence.

Two studies compared SCS with another active treat-
ment modality. The ESBY trial compared SCS with 
CABG in 104 patients (53 pts in the SCS group, 51 pts in 
the CABG group) with severe angina pectoris for one year 
period44. Both modalities showed similar symptom relief. 
Patients in CABG group had better exercise capacity and 
lesser ischaemic changes on ECG during exercise while 
those in the SCS group experienced lower mortality and 
cerebrovascular morbidity. The SPiRiT trial compared 
SCS with the percutaneous myocardial laser revascular-
ization (PMLR) in 68 patients with refractory angina45. 
The authors did not demonstrate any difference in terms 
of exercise tolerance or overall quality of life between the 
groups. A meta-analysis of published studies has reported 
reduced angina attacks in SCS patients from 5.5 to 2.2 
within 48 hours35.

The ongoing multicenter RASCAL study aims to 
compare the efficacy and cost-effectiveness of SCS ver-
sus standard care in patients with the refractory angina46.

Results of non-randomized trials
Several other studies confirm positive effects of SCS 

in refractory angina. Greco et al. studied the total inci-
dence of angina attacks in 23 patients with an implanted 
SCS. Patients experienced in total 4.2 episodes weekly at 
1 year after procedure whilst the pre-implant incidence 
was 9.2 episodes per week (P < 0.01) (ref.47). De Jongste 
et al. reported a significantly decreased incidence of an-
gina attacks and reduction in total number of ischaemic 
episodes within 48 hours in patients treated with SCS 
(ref.48). Murray concluded that the patients with SCS have 
a significantly lower incidence of hospital admissions be-
cause of cardiac pain than the control group49. 

A multi-centre cohort study evaluated the mortality 
rate during study period (128 months) in 517 patients 
treated in 21 centres. One-year cardiac mortality was 3.5-
5% while total mortality reached 7-8% (ref.50). 

A register based, non-randomized study compared 
hospital utilization and total spendings between patients 
treated with SCS and enhanced external counterpulsation 

(EECP) (ref.51). Both methods improved quality of life, 
decreased number of hospital admissions and saved costs 
of treatment. EECP was significantly cheaper than SCS 
(P < 0.001). Result of this study suggests that EECP, as a 
less invasive method, might replace SCS in treatment of 
refractory angina pain. 

The EARL (European Angina Registry Link) study 
assessed the long-term effect of SCS on angina attacks, 
exercise tolerance and overall quality of life7. In total, 235 
patients were enrolled (121 pts had SCS implanted while 
114 pts were treated conservatively) and followed-up for 
a period of 12.1 months. Patients in the SCS group re-
ported a significantly lower incidence of angina attacks 
(P < 0.0001), decreased consumption of short-acting ni-
trates (P < 0.0001) and improvement in the Canadian 
Cardiovascular Society (CCS) class (P < 0.0001). This 
study assessed also the effect of SCS on the quality of life 
using Short Form 36 (SF-36) and Seattle Angina (SAQ) 
questionnaires and showed improved quality of life in 
patients treated with SCS. Implantation of spinal cord 
stimulator also decreased the total cost for treatment and 
hospital stay in patients with the RAP (ref.52).

SCS may influence function of vital organs, positron-
-emiting tomography (PET) showed increased perfusion 
of nociceptive brain areas53 and homogenization of myo-
cardial perfusion (“inverse steal phenomenon“) in pati-
ents with RAP who had spinal cord stimulator inserted54. 
Norssell et al. reported decreased turnover and re-uptake 
of norepinephrine in patients treated with SCS which may 
support the hypothesis of total reduction in an adrenergic 
activity due to SCS (ref.55). 

A significant improvement of ischaemic symptoms 
following a spinal cord stimulator implantation and in-
creased exercise tolerance have been shown also in pa-
tients with cardiac syndrome X (angina attacks without 
coronary artery stenosis) (ref.56). 

Some authors have challenged the fact that SCS may 
be potentially dangerous because of masking the symp-
toms of myocardial ischaemia and may therefore cause 
unrecognized life-threatening cardiac events. This theory 
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was refuted by the studies of Andréll and Andersen. Their 
results imply that the incidence of acute myocardial in-
farction and sudden cardiac death are not significantly 
higher in patients with implanted SCS compared to the 
control group7,57. 

Complications
Complications associated with spinal cord stimula-

tion are quite frequent, may reach up to 20% of overall 
implantations and include electrode migration, electrode 
displacement or breakage, infections of epidural space or 
subcutaneous tissues7,58,59. Severe complications including 
spinal canal haematoma are extremely rare. 

Contraindications to SCS implantation include bleed-
ing disorders, tumours of the spinal canal, serious auto-
immune disorder and failure to obtain patient consent. 
Another potential limitation of the routine use of SCS 
is its cost (20-30 000 Euro per patient). However, recent 
trial has shown that, in the long-term horizon, spinal cord 
stimulation is cost effective in refractory angina pain when 
compared with conventional medical management60. 

Subcutaneous electrical stimulation (SENS)
This technique was originally used as an additive to 

spinal cord stimulation. In refractory angina pain it may 
be used to supplement pain relief provided by epidural 
electrode or alone in patients where implantation of epi-
dural lead is not feasible. A classical lead (4 or 8 elec-
trodes) is implanted to the subcutaneous tissue usually 
parallel to the sternum. The region affected by chest pain 
should be completely covered during stimulation. SENS 
(or peripheral subcutaneous field stimulation – PSFS) 
is a technically simple method, which is not associated 
with the potentially serious complications associated with 
SCS but this technique requires further evaluation61,62. The 
method has been more extensively studied in patients with 
low back pain and several mechanisms of action have 
been proposed. These include antinociceptive effect on 
the periphery, local vasodilation effect and inhibition of 
neurotransmitter release or re-uptake at the level of pe-
ripheral nervous system63. 

Only two case series reported improved quality of life 
and decreased angina attacks following SENS implanta-
tion. Buiten et al. report seven patients with SENS de-
creasing their frequency of angina attacks (by 82%), as 
well as the use of glyceroltrinitrate. Patients also expe-
rienced improved quality of life and increased exercise 
tolerance61. 

Another case report describes a series of five patients 
in whom SENS/PSFS provided good pain relief, improve-
ment of symptoms and reduction in pharmacotherapy62. 
Two of these patients had analgesic effect with subcutane-
ous stimulation where previous SCS had failed. 

Transcutaneous electrical nerve stimulation (TENS) 
Transcutaneous electrical nerve stimulation is based 

on the application of the low intensity electrical current 
through the skin. Postulated theories of action involve 
segmental mechanisms (reduction in activity of the cen-

tral nociceptive cells due to an induced stimulation of 
the peripheral Aδ fibers) and extrasegmental mechanis-
ms causing the activation of periaqueductal grey in the 
midbrain, rostral ventromedial medulla together with an 
inhibition of descending pathways facilitating pain tran-
smission. Feelings of pain are replaced by vibrations. 
Some of the positive effects of TENS may be due to a 
“placebo effect“. Swedish researchers pioneered TENS 
in therapy of refractory angina more than 30 years ago 
(Table 2) and reported relatively good efficacy associated 
with minimal invasivity9,64,65. The main downfalls include a 
gradual increase of skin resistance at the site of electrode 
placement with a decrease in TENS effect, skin irritation 
due to long-term electrode placement, patient discomfort 
related to the use of the system (external electrodes, wires, 
stimulating box, bulkiness). TENS is still used in some 
countries as a test method before SCS implantation65. 

Jessurun et al. studied the effect of TENS on coronary 
blood flow dynamics in 10 patients with NYHA class III 
angina, while another eight patients were in the control 
group66. The authors did not prove any effect of TENS 
on the total volumetric flow of the coronary vessels or 
haemodynamic parameters. Mannheimer et al. studied 
the effect of TENS on pain relief in patients with refrac-
tory angina9. The authors showed improved work capacity, 
reduced incidence of angina attacks and decreased con-
sumption of short-acting nitrates following TENS treat-
ment. Another small case study showed improved quality 
of life and exercise tolerance in ten patients with refrac-
tory angina treated with TENS (ref.67). Several studies 
showed decrease in systemic vascular resistance (afterload 
of the left heart) in patients with angina and syndrome X 
treated with TENS (ref.9,68-70). Decreased vascular resis-
tance may reduce myocardial oxygen consumption and 
therefore improves oxygen demand/consumption balance. 
Interesting findings were published by Hallén et al. – in 
their study TENS caused vasodilation only in healthy con-
trol patients but not in those with the refractory angina71. 

Other interventional methods
Epidural application of local anaesthetics/opioids - tho-

racic epidural anaesthesia at the upper and mid-thoracic 
levels provides blockade of sympathetic innervation of the 
heart72. The blockade may be employed for cardiothoracic 
procedures helping to maintain perioperative haemody-
namic stability and providing excellent postoperative pain 
relief. Continuous or intermittent epidural analgesia has 
been considered a palliative technique in selected patients 
with refractory cardiac pain. Initial report described sev-
en patients who had epidural port system implanted in 
thoracic region and received intermittent applications 
of morphine73. Patients were followed-up for a period of 
3-11 months and reported almost complete pain relief. 
Blomberg reported a cohort of twenty patients with severe 
coronary artery disease who underwent long-term analge-
sic epidural therapy with bupivacaine74. Catheters were in 
situ for a mean period of 6 months and decreased both 
the incidence and intensity of attacks in most patients. 
Another case series described the use of high thoracic 
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epidural catheter in 10 patients with the refractory angina. 
Three patients had their catheter inserted for more than 
90 days. All patients reported improved symptoms of an-
gina but seven of them (70%) still required intravenous 
nitroglycerin75.

The incidence of angina attacks and overall quality of 
life were evaluated in 37 patients with the RAP treated 
with a self-application of diluted bupivacaine into tun-
neled epidural catheter10. 

Patients were followed up for 1–3 year period. The 
incidence of angina attacks, nitrate use and CCS class 
improved during the follow-up period. The authors did not 
mention any serious adverse effects of treatment except of 
catheter displacement. Long-term effect of home thoracic 
epidural analgesia, with a follow-up between one and nine 
years, was evaluated recently in a cohort of 152 patients 
with refractory angina76. Almost 95% of subjects reported 
improved quality of life, reduction in the incidence of an-
gina attacks, better exercise tolerance and lower nitrate 
consumption. Furthermore, CCS class dropped from 4.0 
to 2.0. Main complications were misplacement of epidural 
catheter in one third of subjects and one case of epidural 
haematoma. 

Andersen and Hole explored the effect of previous 
long-term epidural catheter on the performance of subse-
quently inserted spinal cord stimulator using a non-ran-
domized prospective design on 53 patients77. They did 
not find any difference in electrode migration, amplitude 
of stimulation thresholds or overal effect of SCS between 
patients treated with previous epidural and control group.

Intrathecal catheters – strong opioids administered in-
trathecally may modulate refractory angina pain via their 
effect on spinal cord opioid receptors. Two case series 
have described this rare method. Segal implanted an in-
trathecal programmable pump in a patient with frequent 
attacks of unstable angina pectoris78. The patient experi-
enced excellent pain relief and significant improvement 
of exercise tolerance. Intrathecal morphine application 
did not mask the symptoms of acute myocardial infartion 
which occured six months after implantation. Another 
case series evaluated the effect of long-term epidural or 
intrathecal morphine (fentanyl) application in seven pa-
tients with persistent cardiac pain refractory to pharma-
cological treatment79. Long-term efficacy of the treatment 
was good with a slight opioid dosage increase over time 
during an observation period lasting from 2 to 7 years. 
Most patients however developed unpleasant side effects 
such as drowsiness, sleep disturbances, urinary retention 
and sweating. Potential serious complications of intra-
thecal opioid administration include risk of spinal canal 
infection or haematoma, meningism and risk of opioid 
toxicity. 

Statement of cardiology societies on the interventional 
management of refractory angina

A recent ESC guidelines on stable coronary artery 
disease, published in 2013, recommended some interven-
tional and other methods of pain management for relief 
of RAP (ref.1). They suggest that TENS and SCS may 
be considered to ameliorate the symptoms of refractory 

angina. Regarding other methods, the use of EECP is also 
supported by a relatively strong evidence whilst surgical 
transmyocardial revascularization should not be used due 
to risk of possible complications (Table 3) (ref.1). Joint 
guidelines from the Canadian Cardiovascular Society and 
Canadian Pain Society also offer specific advice for the 
treatment of patients suffering from refractory angina80. 
They suggest that SCS and TENS may be considered as 
they increase exercise capacity and they are also associat-
ed with an improvement in quality of life in addition to the 
management of pain symptoms. The authors concluded 
that the evidence for other interventional pain methods 
such as VATSY, epidural analgesia or stellate ganglion 
block is not robust enough to make any positive or nega-
tive recommendations towards their use (Table 3). 

Joint American College of Cardiology and American 
Heart Association (ACC/AHA) guidelines from 2002 dis-
cuss only the use of SCS and EECP as promising methods 
in relieving refractory angina symptoms81. These are over a 
decade old and therefore are not based upon the most up 
to date information. They also recommended performing 
surgical transmyocardial laser revascularization (TMLR) 
(Table 3). However, according to the most recent guide-
lines this method should be avoided due to a high-risk of 
serious complications. Guidelines of the Czech Society 
of Cardiology in addition recommend a multidisciplinary 
approach for the management of RAP including psycho-
therapy and depression treatment82. Spinal cord stimula-
tion and thoracic sympathectomy are mentioned in the 
guidelines. The use of EECP is supported whilst TMLR 
is not felt to be indicated (Table 3). 

CONCLUSIONS

Various methods of interventional pain management 
can play a signifant role in the complex care of patients 
with the refractory angina. They must be a part of multi-
disciplinary treatment plan involving effective pharmaco-
therapy, physiotherapy, cognitive-behavioral therapy and 
pain interventions. There is a clear evidence supporting 
the use of spinal cord stimulation in patients with chronic 
pain of cardiac origin including refractory angina35,80,83. 
Treatment modalities involving the interruption of up-
per thoracic sympathetic chain or subcutaneous target 
field stimulation are promising but need further confir-
mation in the setting of a randomized controlled trial 
(Table 2). TENS, repeated stellate ganglion blocks or 
neuraxial techniques may provide temporary pain relief 
in patients contraindicated for the SCS or other interven-
tional techniques.
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