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A Focused Review

Spinal Cord Stimulation for refraCtory angina peCtoriS 
and peripheral VaSCular diSeaSe

Neuromodulation can be defined 
as the electrical or chemical modifica-
tion of the nervous system that chang-
es the actual or perceived neurotrans-
mission and response to a stimulus or 
condition. The first clinical use of these 
modes of treatment came in the 1960s 
when spinal electrodes were placed to 
treat patients who had failed lumbar 
surgery. These early devices were rudi-
mentary and had a high failure rate be-
cause of the lack of programming op-
tions and the poor understanding of 
patient selection. Tremendous advanc-
es in these therapies have been made in 
the last decade. Current systems allow 
for multiple electrode selection, expo-
nential programming options, and re-
chargeable batteries that allow for cost-
effectiveness. Another significant ad-
vance in the past few years has been 
the developing of a better understand-
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the heart. The decrease in blood sup-
ply to the heart is usually the result of 
vessel occlusion or vasospasm. An an-
ginal attack is triggered by an increased 
demand for oxygen caused by physi-
cal activity, or other stresses. Heart dis-
ease remains the leading cause of death 
in the United States, and contributes ex-
tensively to healthcare costs to society.

The most common groups of pa-
tients with refractory angina pecto-
ris have coronary artery disease that is 
not corrected by bypass grafting, stent 
placement, or aggressive medical man-
agement. Another group of refractory 
patients demonstrate normal coronar-
ies on angiography but have significant 
intermittent anginal discomfort. This 
condition is sometimes referred to as 
“micro vascular angina” or “small ves-
sel disease.” On exercise electrocardio-
gram (EKG) the patients have typical 
exercise-triggered angina with ST seg-
ment depression. Since they generally 
fail to respond to conventional anti-an-
ginal therapy, they remain a treatment 
dilemma. Some of the theories as to the 
cause of this syndrome include endo-
thelial dysfunction, abnormal distribu-
tion and function of adenosine recep-
tors, and estrogen deficiency (2). Both 
of these groups are treatment dilemmas 
for the cardiac treatment team. 

Spinal cord stimulation has been used 
in clinical practice for more than three de-
cades. The primary use of this therapy has 
been in spine-related disorders. In recent 
years, the therapy has been used more ex-
tensively in diseases of the vascular sys-

tem. Increasingly, interest has piqued in 
using this mode of treatment for refracto-
ry angina and ischemic pain secondary to 
peripheral vascular disease. In this publi-
cation, we review the current literature on 

these two indications and present case ex-
amples of both therapies.
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ing of patient selection in regard to dis-
ease management and treatment. Es-
tablished indications now include pe-
ripheral neuropathy, complex regional 
pain syndromes, post-herpetic neural-
gia, and traumatic nerve injury. New in-
terest has developed in pelvic pain, pe-
ripheral nerve entrapment syndromes 
and chronic abdominal pain of visceral 
origin. Impressive results have also been 
reported with the treatment of ischemic 
pain secondary to vascular disease and 
angina pectoris. In this review, we will 
discuss the efficacy mechanisms of ac-
tion and indications for stimulation for 
these indications

AnginA

In refractory angina pectoris, the 
goal of Spinal Cord Stimulation (SCS) 
is the reduction in both frequency and 
severity of anginal attacks with an im-
provement in quality of life, and func-
tional ability. 

In 1999 the American Heart Asso-
ciation defined angina pectoris as a clin-
ical syndrome characterized by discom-
fort in the chest, jaw, shoulder, back, or 
arm, typically aggravated by exertion 
or emotional stress (1). The syndrome 
is caused by an imbalance between the 
demand and the supply of oxygen to 
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Conventional Therapy For Coronary 
Artery Disease

Conventional therapy for coronary 
artery disease (CAD) is divided into in-
vasive and non-invasive methods. Inva-
sive methods employed when drug ther-
apy fails include percutaneous translu-
minal intervention (PTI) and coronary 
artery bypass grafting (CABG). These 
therapies in patients with significant 
stenosis may result in increased surviv-
al and decreased cardiac morbidity. 

Non-invasive or drug therapy in-
volves treating the disease processes 
at different locations in a multi-pur-
pose effect. To decrease the oxygen de-
mand, beta-blockers and calcium chan-
nel blockers are prescribed. To increase 
the oxygen supply, nitrates and calcium 
channel blockers are employed. To im-
prove endothelial function, statins and 
ACE inhibitors are used. Coumadin 
and anti-platelet drugs are used to avoid 
clotting in the coronaries. 

Defining Refractory Angina Pectoris
Despite employing all of the 

above therapies, in a number of pa-
tients the goal of controlling angina is 
not achieved. Reducing anginal pain is 
helpful in improving function and qual-
ity of life, but it is also important since 
the increased sympathetic tone caused 
by pain may lead to a worsening of 
myocardial ischemia. 

Refractory angina pectoris is des-
ignated to identify patients in whom 
anginal pain is not controlled by both 
anti-anginal medication and revascu-
larization procedures (3, 4). Patients 
usually have a long history of coronary 
artery disease, were previously treated 
with multiple CABG and PTI proce-
dures, have a mean age of 63 years, and 
have a reduced left ventricular ejection 
fraction. It is estimated that 100,000 pa-
tients in the United States and Europe 
meet this criteria. These patients have 
a poor quality of life and require nu-
merous hospital admissions to control 
pain.

Pain Pathways Involved In Angina 
Pectoris

Pain transmitted from the heart 
during an episode of angina begins in 
the adventitia of the coronary arteries 
and the myocardium. These pain af-
ferents, along with sympathetic nerve 
branches, transmit to the upper four 
thoracic parasympathetic ganglia. The 
pain afferents continue until they reach 
the segments in the spinal cord. During 
angina, the activated fibers activate the 
sympathetic afferent fibers that enter 
the T1-T6 spinal cord segments.

Effects Of Neuromodulation On An-
gina And Ishemia 

Randomized studies on SCS have 
demonstrated a reduction in anginal 
complaints, decreased use of short-act-
ing nitrates, and a perceived improve-
ment in quality of life, along with an in-
creased exercise capacity. The beneficial 
effects last for at least 1 year in 80% of 
patients, with the increased exercise ca-
pacity and improved quality of life be-
ing reported in 60% of patients for up 
to 5 years.

A reduction in ischemia occurs 
during the anti-anginal effects. This is 
demonstrated on both exercise stress 
testing and ambulatory EKG monitor-
ing. Chauhan demonstrated an increase 
in coronary flow velocity during Neu-
romodulation(5). There is a decrease in 
myocardial oxygen consumption with 
a possible redistribution to tissue with 
impaired blood flow (6, 7, 8).

The issue of SCS depriving the pa-
tient of anginal “warning signals” has 
always been a concern. Even though 
SCS elevates the anginal threshold, pa-
tients report reductions of perceived 
pain experiences, but data suggests they 
can still feel significant cardiac events. 
There remains an intact pain percep-
tion during an acute myocardial infarc-
tion. In a retrospective study of 517 pa-
tients, no increase in mortality was not-
ed, and patients were aware of signifi-
cant ischemic events determined by 
Holter monitoring (9).

Mannheimer and colleagues com-
pared SCS with coronary bypass surgery 
in patients who only experienced symp-
tomatic relief from bypass surgery (10). 
At 6 months, no statistical difference 
in symptom relief between bypass and 
SCS was evident. In the SCS population, 
there was a lower mortality and cere-
brovascular morbidity. SSCS is obvious-
ly more cost-effective and at 5-year fol-
low-up, there was no difference in mor-
tality (11).

SCS does not appear to influence 
heart rate variability. It is thought to sta-
bilize intracardiac neuronal function, 
help prevent the occurrence of reperfu-
sion arrhythmias, and possibly prevent 
sudden cardiac death. No studies have 
ever reported an influence on left ven-
tricular function by SCS in either a pos-
itive or negative effect. 

Mechanism Of Action 
Many theories have been intro-

duced to explain how SCS raises the an-
ginal threshold. SCS initially was be-
lieved to work through the autonom-
ic nervous system. The evidence for 
this theory was lacking, when results 
showed that SCS had no effect on heart 
rate or on epinephrine metabolism. The 
current theory is that SCS affects the 
balance between myocardial oxygen 
supply and demand. Theories as to how 
SCS accomplishes this include recruit-
ment of collaterals, angiogenesis, or a 
complex preconditioning to reduce the 
effects of ischemia. Mannheimer and 
colleagues randomized patients with re-
fractory angina to normal controls or as 
a group stressed with right atrial pacing 
(6). The SCS patients achieved angina at 
a higher threshold, but all patients ulti-
mately reported angina. SCS activates 
efferent and afferent neural projections 
at the cardiac level. This activation re-
leases various endogenous chemicals 
(endorphins, norepinephrine, and neu-
rokinins). The net effect of this release 
is stabilization of the myocardium dur-
ing an ischemic episode. These benefits 
develop no tolerance to the stimulation 
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and as a result the benefits are main-
tained for years, based on the studies 
noted above. 

Possible explanations for the anti-
anginal, decreased ischemic effect in-
clude an increased coronary flow, a di-
rect pain blocking effect, and a reduced 
oxygen consumption. Studies have 
shown that afferent stimulation with 
SCS gave rise to a reduction in oxygen 
consumption during ischemia (6). SCS 
also improves myocardial lactate pro-
duction. The final pathways for the ef-
fects of SCS are the intracardiac neu-
rons. Foreman showed that SCS mod-
ulates the firing of these neurons (12). 
Other research has shown that even 
during coronary occlusion, SCS contin-
ued to suppress the activity of intracar-
diac neurons (13).

In the studies reviewed, the most 
common complications included infec-
tion, lead migration, and device failure. 
Each of these complications occurred 
in less than one percent of the partici-
pants and no permanent sequelae were 
recorded. 

It is clear from the above discus-
sion that SCS is an effective therapy in 
patients with refractory angina. It is pa-
tient-controlled and reversible. It has 
a low complication rate and does not 
mask a serious cardiac event. The mech-
anism of action is complicated and SCS 
acts at numerous sites.

PeriPherAl VAsculAr DiseAse

Ischemia
When blood flow to tissue drops 

below an acceptable level, the metabo-
lism of that tissue switches from aero-
bic to anaerobic. If the level continues 
to drop, cell death may ensue. If necro-
sis occurs, then the patient experienc-
es the pain of ischemia or claudication. 
Critical limb ischemia in non-diabetic 
patients is defined as pain at rest or the 
presence of tissue necrosis. It is impor-
tant to identify a therapy that can treat 
the pain of limb ischemia so amputation 
can be avoided. SCS has shown promise 
to be an ideal therapy to improve out-

comes, including limb salvage, in this 
group of patients. 

Pain secondary to critical limb 
ischemia is most likely a combination 
of nociceptive and neuropathic pain. In 
many patients opioids do not improve 
the neuropathic component of this isch-
emic event. SCS may be effective for the 
neuropathic component of ischemic 
pain. With tissue breakdown and ne-
crosis, nerve endings are exposed with 
the patient experiencing symptoms of 
neuropathy. The exact effects of SCS 
on the pathology and pain associated 
with ischemia are still not known. Some 
of the proposed theories are anti-no-
ciception, A-delta and C fiber modu-
lation, or an anti-ischemic effect relat-
ed to the sympathetic nervous system. 
The purpose of all therapy with regard 
to peripheral vascular disease is de-
creased pain and limb salvage. Patients 
with ischemic ulcers of 3 centimeters 
or more have a poor limb salvage rate 
regardless of therapeutic modality (14, 
15). A large number of patients under-
go amputation within three months of 
being diagnosed with critical limb isch-
emia.

The first reports of potential ben-
efits of SCS in this patient popula-
tion were more than two decades ago 
when Cook reported that SCS result-
ed in autonomic changes and warm-
ing in the extremity. The mechanism 
of action was theorized to be improved 
blood flow.16 The mechanisms under-
lying the effects of SCS on pain due to 
ischemia in the extremities, whether re-
sulting from occlusive vascular disease 
or vasospasm, are different from those 
acting in neuropathic pain. A relief of 
the net ischemia by rebalancing oxy-
gen need and supply is the most likely 
mechanism. SCS induces vasodilatation 
in a situation involving low sympathetic 
vasoconstrictor tone occurring with an-
tidromic activation and stimulation-in-
duced sympathetic inhibition that may 
occur in a limb with high levels of sym-
pathetic activation. Thus there is a dual 
mechanism creating an overall effect 
that leads to improved perfusion and 
reduced pain. 

Controlled Studies:
In 1994, the first randomized con-

trolled study was performed in Bel-
gium on 38 patients with ischemic rest 
pain and found there was no statistical-
ly significant difference regarding am-
putation (17). SCS provided pain relief, 
an increased ability to walk, improved 
function, and an improved quality of life 
(18). Jivegard reported on the effects of 
SCS in 51 patients with inoperable se-
vere lower limb ischemia. He followed 
the patients for 18 months and report-
ed on the amputation-free survival. SCS 
was superior to the control group 62% 
vs. 45%, which was statistically signifi-
cant (p>0.05) (19).

Claeys and Horsch studied 86 pa-
tients randomized to maximum medi-
cal management versus SCS. Forty-five 
patients received SCS and 41 had opti-
mal medical therapy. Limb survival at 
one year was 68% in the SCS patients 
and 65% of patients in optimal medical 
therapy resulting in no statistical differ-
ence (20). 

In a 1999 Dutch study, 120 pa-
tients were evaluated over a 5-year peri-
od. Forty (67%) of 60 SCS patients and 
41 of 60 (68%) standard treatment pa-
tients were living at the end of the study. 
Limb survival after 2 years was 60% in 
the SCS group and 46% in the conser-
vative therapy group, which was statis-
tically significant (p>0.05) (21). 

Experimental Data
It has been suggested that SCS may 

have a beneficial effect on microcircu-
lation in certain patients and that tissue 
capillary oxygen pressure (TcpO2) can 
be used to distinguish responders from 
non-responders. Early data found that 
SCS increased TcpO2 following 9 +/- 4 
days of SCS. Patients who experienced a 
20% or more increase in Tcp02 had ex-
cellent responses to both pain reduction 
and limb salvage (22).

Kumar treated patients with severe 
ischemia, who showed no significant 
improvement after 6 months of conser-
vative therapy. Excellent (>75%) pain re-
lief and a substantial increase in TcpO2 
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after trial stimulation showed a signif-
icant positive correlation with long-
term success. Patients with a TcpO2 of 
less than 10mmHg following stimula-
tion, tended to undergo an amputation 
within the first 3 months. The best re-
sults were in patients with severe clau-
dication and rest pain without trophic 
changes in the foot (23).

Based on available literature, SCS 
reduces ischemic limb pain and the 
need for medication for analgesia. The 
mechanism of action is believed to be 
a modulation of sympathetic and para-
sympathetic balance although this has 
not been determined conclusively. The 
selection criteria of a baseline TcpO2 
>20mmHg and ischemic ulcers of less 
than 3 cms in measurement seems to 
be the most important prognostic fac-
tors. In patients meeting these criteria, 
some have suggested that prolonged tri-
aling is not necessary and can be done 
at the time of the permanent implant. 

In patients with diseases related to vaso-
spasm, the mechanism of action is un-
clear and no definitive evidence studies 
have been performed. 

cAse PresentAtion

Angina
A 58-year-old white male present-

ed with anginal pain at rest despite pre-
vious surgical revascularization. Repeat 
radioisotope stress testing showed per-
sistent myocardium at risk. Angiogra-
phy showed no lesions amenable to re-
peat surgery or cardiac stenting. The pa-
tient was treated with maximum medi-
cal therapies by a board-certified car-
diologist, but was still unable to walk 
more than 20 feet or complete one stan-
dard flight of steps. 

Spinal cord stimulation trialing 
was performed with one octrode lead at 
C7-T1 at midline, and a second octrode 

lead at T1-T2 5mm left of midline (Fig. 
1). Hand-held computer programming 
resulted in excellent stimulation in the 
distribution of the angina. The patient 
had marked improvement in symp-
toms at 48 hours and an internal pro-
grammable generator was permanently 
implanted (Genesis, Advanced Neuro-
modulation Systems, Plano, Texas). In 
the following 6 months, the patient was 
able to reduce his nitrate consumption 
by 60%, participate in cardiac rehabil-
itation, and improve his exercise toler-
ance to one mile by continuous tread-
mill endurance testing. The patient was 
using the simple program of a guarded 
cathode at electrodes 4, 5 and 6 on the 
left-sided lead and a guarded cathode at 
electrodes 3, 4, 5 on the midline lead. 
Preferred frequency was 80hzs, and am-
plitudes were less than 3 mAmps. The 
patient found that he achieved the best 
outcome by using the system in a con-
tinuous fashion

Fig. 1 Trialing was performed with one octrode lead at C7-T1 at midline, and a second octrode 
lead at T1-T2 5 mm left off  midline.
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cAse two

 Peripheral Vascular Disease
A 46-year-old white female pre-

sented with a history of small vessel dis-
ease of the upper and lower extremi-
ties. Rheumatologic work-up suggested 
an atypical form of lupus. On vascular 
studies she had evidence of small vessel 
disease that was not amenable to surgi-
cal correction. The patient was treated 
with anti-platelet medications, and cou-
madin without success. She developed 
small ischemic lesions on both of her 
second, third and fourth upper phalan-
ges (less that 0.5 cms). She also devel-
oped rest pain of her feet, which wors-
ened with activity. A surgical digital 
sympathectomy of her upper extrem-
ities was attempted without success. 
Sympathetic nerve blocks of the stellate 
ganglion and lumbar plexus produced 
no improvement. Dual octrode leads 
were placed at C3, 4 and 5 in a staggered 
array just off midline. (Fig. 2) 

Excellent stimulation was obtained 
using a simple cathode (electrode 5) 
and anode (electrode 7) pattern on both 
leads. Within 48 hours of initiating the 
trial, the patient had improved capillary 
refill, improved surface temperatures (2 
degrees Celsius), and markedly reduced 
pain. The system was permanently im-
planted on Day 7 and stimulation was 
satisfactory. (Eon, Advanced Neuro-
modulation Systems, Plano, Texas). A 
trial was performed for the lower ex-
tremity ischemia 2 weeks later using oc-
trode leads at T11 and T12. (Fig. 3) 

Excellent stimulation was obtained 
at low amplitudes resulting in decreased 
pain and improved exercise tolerance. 
A permanent system was implanted 
without adverse events (Eon, Advanced 
Neuromodulation Systems, Plano, Tex-
as). Over the next 3 months, all lesions 
healed, all evidence of ischemic dis-
ease resolved on exam, and the patient 
markedly reduced her oral opioids. The 
patient found a need to use continuous 
stimulation. On a few occasions, the 
patient turned the system off for more 
that 3 hours and experienced a return of 
her ischemia. This suggests an ongoing 

Fig.2. Dual electrode leads were placed at C3, 4, and 5 in a staggered 
array just off  midline

Fig.3. A trial was performed for the lower extremity ischemia 2 weeks 
later using octrode leads at T11 and T12.
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mechanism of action with no change in 
the overall disease state in this case.

 

conclusions 

Spinal cord stimulation is an excit-
ing area of medicine that allows many 
patients to have improved quality-of-
life and reduced pain. The use of these 
devices in diseases of the cardiovas-
cular system is an appropriate therapy 
and should be considered more often in 
these patients. 
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