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Objzctives. In a prospective, randomized study with an 8-week
follow-up period, we evaluated the efficacy of spinal cord stimu-
lation on exercise capacily and quality of Iife in patients with
(nmmhlz anglnn

in therapy for
Ischemic heart dlsusc lhm remaln patients with intractable
of angina, In Hled observations, several inves-
tigators have reported beneficial effects of spinal cord stimulation
as an additional therapy for patlents with angina pectoris.
Methods. Seveuteen patients were randomly assigned to the
treatment (Implantation within 2 weeks, eight patients) or control
(implantation after 8 weeks, nine patieuts) group, Assessment of
exercise capacity was performed by treadmill exercise testing.
Quality of life was evaluated by daily and social activity scores and
glyceryl intake and argina pectorts
attacks in a diary. After the 8-week study period, the control
group alse received the spinal cord stimulation device, and ot
patlents were followed up for 12 months.

Results. The treatment but not the control group demonstrated
& significant increase in exercise duration (p < 0,02}, rate.
pressure product (p < 0.03) and time to aagina (p < 0.04), with
a decrease in ST segment depression (p < 0.05). This was
associated with an increase In daily life (p < 0.008) and social
activity {p < 0.005) scores and a reduction in glyceryl trinitrate
intake (p < 0.004) ang episndes of angina pectoris (p < 0.003).
During the 1-year follow-up, improvement in all quality of life
variables was linear for the entire group compared with baseline.
The time to angina, exercise duration and ST segment depression
showed & second-order tread.

Conclusions. cord ti significantly imp
exercise capacity azd quality of life, Ollhebudsol‘nlmmln
exercise capacity and rafe-pressure product, the mechunism by
which spiaal cord stimulation acts may be related to improved
oxygen supply (o the beart combimed with sa analgesic effect,
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The theoretic background for treatment of pain with elec-
tricity is largely based on the classic *'gate control theory”
(1), which provided a model for the modulation of the
nociceptive input 1o the dorsal horn of the spinal cord.
Stimulation of large, iceptive A-fiber affe Te-
duces activity in small, naciceptive C-fiber afferents and
thereby reduces the transmission of **pain’’ impulses. On the
basis of this theory, Wall and Sweet (2) applied electrical
carrent for treatment of chronic cutaneous pain to the
SEnsory nerves or roots that supplied the painful area. Since
1987, spinal cord stlmulallon has been advoca(cd as an
dj therapy for con
angina {3-6), and all four studies reported an improvement ln
symptoms and an increase in exercise capacity with spinal
cord stimulation. In dddmon, two of the four studies re-
portedad in isch during testing. How-
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ever, these studies have serious limitations, largely velated
to their nonrandomized study desisa, the requisite to pro-
voke pasesthesias and the occurrence of artifacts on the
surface electrocardiogram (ECO) ~uring spinal cord stimu-
lation, making blinded therapy analysis impossible.

Therefore, we performed & rondomized study on the
efficacy of spinal cord stimulation in patients with otherwise
intractable angina with a parallel de¢sign and a follow-up
period of 8 wecks.

Methods

Study group. Patients considered for .pinal cord stimu-
lation were referred to our outpatient clinic by their cardiol-
ogists. They were included in the study if they were judged
10 have intractable angina, thereby fulfilling the following
criteria: 1) angiographically documented significant coronary
artery discase {maximuvm 6 months before inclusion) not
suitable for revascularization procedures, such as coronary
artery bypass grafting or percutancous transluminal coro-
nary angioplasty; 2) New York Heart Association functionat
class It or [V angina pectoris; 3) reversible ischemia docu-
mented at least by a symptom-limited treadmill ise test;
and 4) pharmacotogically optimal drug treatment for at least
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1 month. Optimal medical therapy included the maximal
talerated use of at least two of the foliowing antianginal
medications: long-acting nitrates, beta-adrenergic blocking
agents or calcium channe! antagonists. The patient’s medi-
cation was kept constant during the study.

Exclusion criteria were 1j inability to perform treadmill
exercise tests; 2) age >76 years; 3) myocardial infarction or
unstable angina during the last 3 months; and 4) somatic
disorders of the spine, leading to insurmountable techrical
probiems in treatment. In addition, patients were excluded if
significant valve abnormalities were demonstrated by a
prestudy echocardiographic examination. All patients pro-
vided written informed consent certified by the Hospital
Ethics Committee. Blinding of therapy was not possible
because our Hospital Ethics Committee judged it unethical
to implant an inactive device in patients unaware of the
nature of the treatment.

Study protoce). Randomized stidy pericd. Patients were
randomized by means of an independent telephone service
(7). Primarv end points of the study were exercise capacity,
as assessed by treadmill testing, and quality of life. as
measured by standardized questionnaires. At baseline and
after 6 to 8 weeks, twa exercise tests were performed at an
interval of at least | week.

The number of angina pectoris attacks and amount of
sublingual glyceryl trinitrate intake were regisiered in a diary
during 2 weeks to evaluate the quality of life, both at baseline
and during weeks 6 to 8. In addition, sconng of daily and
social activities was dbya ire at baseline
and at week 8.

The patients were randomized to two groups. In the
treatment group, the device was implanted and adjusted to
the active stimulation mode within 2 weeks after group
assignment. In the control group, the stimulator was im-
planted anly after the 8-week follow-up period.

Either a unipolar (n = 8) or bipolar (n = 9) device was
implanted in the patients. The pulse generator was pro-
grammed to standard settings, except for the pulse intensity,
which was tailored to the individual sensation of paresthe-
sias in the affected anginal pain area. Stimulation was
applied three times a day for 1 h at a 210-ms pulse width, 85
cycles/s, using continuous square wave pulses. In addition,
the patients were instructed in the elective use of the device
during anginal attacks. The stimulation threshold that pro-
voked paresthesias was redetermined (single blinded) at
regular intervals by means of a standardized protocol.

Follow-up period. After the randomized 8-week period,
the control group received spinal cord stimulation devices
under similar protocols, and all patients were followed up for
1 year. During this long-term follow-up period, treadmill
exercise tests, diaries and daily and social activity scores
were repeated at 14, 26 and 52 weeks of spinal cord stimu-
lation. Results were compared with baseline measurements.

Furthermore, at baseling and after 6 weeks of spinal cord
stimulation, left ventricular ejection fraction was assessed
by radionuclide angiography. At baseline and after 6 weeks
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of spinal cord stimulation, 24-h ambulatory ECG recordings
were performed for analysis of the average, minimal and
maximal heart rate, ischemia and aithythmias. Standard
laser equipraent was used for ST segment analysis. Ischemic
periods were considered significant when 1-mm ST depres-
sion was recorded during at least 1 min, separated by at least
a l-min interval (8).

Treadmill exercise test protocol. In a previous study (9) it
was demonstrated that exercise variables were not influ-
enced when intermittent spinal cord stimulation was with-
held during excreise testing. Thus, in addition to alternating
stimulation. all exercise tests in this study were performed
with active spinal core stimulation during exercise, as pre-
viously described (3). Except for short periods to record
ECGs. the patients used spinal cord stimulation while active,
according to a standardized rotocot (8). All treadmill exer-
cise tests were performed between 10:00 and 12:00 ay., The
exercise was performed on a Quintan Q55 treadmill ergome-
ter, with gradually i ing work loads, : ing to the
Weber-Janicki (19) (i.¢., Naughten modification) cardiopul-
monary exercise protocol for treadmill exercise. All exercise
lests were conducted by ealy one physician. At regular
intervals, ore of two well trained assistants measurad the
patient’s blood pressure with a sphygmomancmeter con-
nected through a cuff to the patient’s upper right arm. During
the treadnill exercise test, bandrail support was obligatory
for all participants (11). Patents were instructed 10 use a
subjective scale from 0 to 3 to indicate their anginal com-
plaints (0 = no angina; | = slight chest discomfort; 2 =
moderate pain; 3 = unbearable psinl. Onset of pain was
scored as a 1; at level 3 the ¢xercise test was stopped. End
points were anginal pain, fatigue, shortness of breath, onset
of threatening asthythmia or exertional hypotension. If the
patient did not experience anginal pain during the exercise,
total exercise duration was considered the time to angina.

Exercise test results were interpreted by two independent
physicians. In case of doubt, a third p:ysician was con-
sulted, giving a final judgmeat. Because spinal cord stimu-
lation induces artifacts on the ECG, a blinded analysis was
not possible.

Daily activity score. A standardized questionnaire was
used to score both physical exercise {daily activity} and
sovial acuvmcs and has been validated for exercise testing
and tcl ion and corresponds to the specific
activity scale (i2).

Surg*al implantation procedure, The I dard
implantation procedure has been descnbed else\vhere (13).
A unipolar [trell 1 or quadripolar Itrell 2 pulse generator
(Medtronic Inc.) was placed in the left subcostal retrofascial
pocket and connected to the epidural electrode (either a
unipolar Pisces Sigma or a quadripolar Quad electrode
{Medtronic Inc.])) through an extension lead after the epi-
dural space was punctured between the T, and Ts levels.
Under fluoroscopy an electrode was inserted into the epi-
dural space. The final position (usually T,, slightly left from
the midline} was determined by sensation of paresthesias in
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the thoracic area, sometimes also including the left arm,
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Table $. Baszfine Clinical Characteristics of the 17 Study
Patients*

carzesponding to the area of anginal pain, as indicated by
each patient.

Statistical apalysis. The randomized study period data
(baseline vs. § to 8 weeks} were analyzed for within- and
between-gro:p comparisons with the Student 7 test, to
compare the mean values of continvous variables, or the
Wilcoxon rank-sum or Mann-Whitney U test for skewed or
ordinal data aad the chi-square test with continuity correc-
tion, or, where appropriate, with the Fisher exact test for
discrete variables. In addition to the follow-up period, a
trend analysis was performed using a repeated measures
analysis of variance (SAS, PROC GLM, Version 6.08, SAS
Institute), based on orthogonal polynomials, to access lin-
ear, quadratic and higher order trends in the repcated
measures. All tests presented here are two-sided, and p <
0.05 was considered significant. The statistical analyses were
performed with the statistical package SPSS/PC+, Version
4.0 (SPSS Inc.) and the Confidence Interval Analysis, Ver-
sion 1.0 (BM)).

Results related to the treadmill exercise are represented
as mean values * SEM. For treadmill exercise tests, assess-
ment of therapy was performed by comparing the mean
value of exercise data for weeks 6 and 8 with that of the two
baseline tests. The follow-up exercise data for the entire
group were analyzed by comparing mean value of the total
group of the two baseline treadmill tests with those obtained

Treatment Group Control Group
(n=8) @=9
Age (1) 623226 82436
M/F mn L4}
CAD (v 9802 109= 10
AP (yr) 2502 28203
MI 8 0
PTCA 5 3
CABG 9 9
No. of native diseased vessels 23 15
{pex ptat last CAG)
LV ejestion fraction 02+ 119 %5134
Medicot
Ca-anisgonist & 9
Beta-bocker 7 6
Long-acting nitrates 8 9
Aspirin‘coumario 8 9

*No significant differences were observed between groups. Daia pre-
senied are mean values = SE or number of patients, AP = angina pectoris; Ca
= calcium; CABG = coronary artery bypass paf surgety; CAD = coroaary
artery disease; CAG = coronary sngiography; F = female; LV = kft
veotricular; M = male; PTCA = percutaneous transluminal coronary angio-
plasty; pt = pasient.

in rate-pressure product was mainly due to a significant
increase in svstolic blood pressure at maximal exercise.

at 6 and B weeks of spinal cord stimulation and aﬂer 14,26
and 52 weeks. Quality of life variables arc p d as the

A ,inthe mwpus@iﬁmtmcreasem
time to mﬂna {p < 9.04) and sigrificant reduction in ST

median values with 95% confidence mlervals. unless other-
wise indicuted.

Results

Earoliment. Beiween January 1, 1990 and March 1, 1992,
of 60 patients vwsith intraciable angina pectoris referred to our
hospital for spinal cord stimulation, 43 were excluded from
study. The remaining 17 patients were earolled in this study.

Clinical characteristics of the patients, The 17 patients (1S
men, 2 women, mean age 62.5 years) were randomly as-
signed to the treatment (8 patients) or the control (9 patients)
group. No statistically significunt differences in baseline
characteristics were observed between the groups (Table 1).
The majority of the 17 patients in this sludy had a long
hls(ory of anyna, muluplevvessel disease, previous my

a1 maxima} exercise (p < 0.05) were
cbserved. In the control group no significant changes in
exercise variables were observed. The differences in
changes in exercise variables beiween the groups were
statistically significant for exercise duration (p < 0.03), time
to angina (p < 0.05) and ST segment depression (p < 0.02).

Quality of life, The results of the quality of life scores are
shown in Table 2. A significant improvement in quality of life
was demicastrated by repeated comparison of daily (p <
0.008) and social (p < 0.005) activitics scorcs for the treat-
ment group. In the treatment group, the number of angina
attacks per week decreased (p < 0.003), with a concomitant
significant reduction in sublingual glyceryl trinitrate intake
{p < 0.004). In the control group, no significant change was
observed. In addition, a statistically significant improvement
in daily and social activity scores was observed in the

dialy P dures and left ventric-
ular impairment.

Treadmill exerchse test, Results of the exercise tests are
presented in Table 2. Because the patients were used to
exercising during pain, the relatively high level of
capacity is not surprising. The mean rate-

pared with the control group.

Longterm follow-up. Treadmill exercise testing and
quality of life. Al 17 patiemts cntered the long-term
{ollow-up phase. Of the 17 patients with ST szgment changes
during maximal exercise, 14 completed the 1.year follow-up
period. ln Ihesc 14 patients, the time to angina ami the

product of da
the treatment group differed significantly from that of the  polynomial trend (p = 0.02 and p = 0. 06. mspecuvely) (Fu;
control group at baseline (p < 0.62). However, for within-  1). The time trend for ST at
group i total duration and rat ise testing could be expressed most accurately by a
product at imal ise in the group were  sscond-order polynomial, although it was not significant
ignificantly i d compared with baseline. The i {p = 0.12). A linear increase was demonstrated for rate-
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Tabie 2. Quicomes of Primary Study End Points
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“wreatment Group (n = 8)

Control Group (n = 9)

Baseline 8w G Waks Baseline 610 8 Weeks
Exercise duration(s) 65% = 121 827 = 138%% 705 = 136 94 % 67
Rale-pressure product (beats/min™" x 129 2075 13.8 =13 14891 422138
mm Hg x 10%)
Time to angina {s) 520 % 138 591 = 174" 380« 78 w391
Heart rate,,,, (beatsrmin) 90.1 % 5.0 97T =81 979:72
SBP,,, (tmm Hg} 139.8 = 3.4 487263 1445 = 6.2
ST e i1V 0.09 = 0.01 0.13 = 0.03 031 = 002
ADL scors iy 124 1.25
(115167 11.65-2.28) (1.06-1.5} {1.1-1.70
BAS score 128 210t L3 139
0.99-1.6% (161-2.34) (0.6-2.00 {11165
Angina pectoris Iper week) 16.6 9.0t 165 13.6
(11.4-26.1) (4-142) 9-2.9 (2.7-20.8)
GTN (per week) 133 1.6t 83 85
(8.8-11.7} 0.3-6.9) 3.3-32.6) (2.8-27.1)

*p < 0.05 versus baseline. ¥p < 0.05 change in treatment group versus c..4nge in castral group. $p < 0.005 versus
baseline. Data related to treadmill exercise are prusented av mean values *+ SE. Data related to quality of life are
presented as median values * 95% coriidence inlervals. ADL = daily activity scone: GTN = glyceryi trinitrate intake
per week; Heart rate,,,, = heart rate ul maximal exercise: SAS = social activity score; SBP,,, = systolic blood
pressure at maximal exercise: 8T | .., = ST depression at maximal exercise.

pressure product (p = 0.02), systolic blood p:
0.03) and heart rate (p = 0.04). Quality of life variables
showed the statistically most signi linear imor
trends (p = 0.0001) throughout the 1-year follow-up period
(Fig. 2).

Lell venmcular ejection fraction, 24-h ECG dil

:ssure (p =

g and

stimulation and 47.1 =
stimulation).

Spinal cord stimulation also did aot influence the mean
values of average minimal or maximal heart rate during 24-h
ambulatory ECGs. In addition, ao influence of spinal cord

3.2% after 6 weeks of spinal cord

Left ventricul CJECLIOI\ f.ncnon. as
determined by radi fid i hy, was not i
by spinal cord stimulation (48.2 = 2.9% before spinal cord

Figure 1. Excrcise data of the patients who completed the 1-vear
tong-term follow-up period. The initial increase in exercise duration
(Ex dur) and time to angina pectoris (AP) during the study period
was maintained during follow-up. BP max = systolic blood pressure
at maxinal exercise (mm Hg): HR max = heart rate (beats/min) at
maximal exercise; RPP = rate-pressure product. Data presented are
mean values and SE (error bars). See text for details.

mm Hg,
beats

FamotoAp & RPPx 107 |
Lepma  Tase )
—b——p

on sup! icular and venlncular premature
beats or arthythmias couid be d: d by analysis of
the 24-h ECGs. According to the 24-h ECGs before spinat
cord stimulation, 7 of the 17 patieats demonstrated signifi-

Figure 2, Long-term follow-up resuits of quality of life variables in
the study patients. The initiat improvement in all quality of life
variables was mairtained during the 1-year foilow-up period.
ADL = daily activity score; AP = angina pectoris attacks; SAS =
social activity score; NTG = glyceryl trinitrate intake per week.
Data presented are median values and confidence intervals (error
bars).

ADL/ SAS
50 | £

———
P ADL # SAS ONTG © AP
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cant ST segment changes, but only 3 of the 17 patients
showed significaut ST segment changes after spinal cord
stimulation. Total ischemic burden was reduced from a
baseline of 48.0 = (2.0 t0 20.2 = 18.8 mm X min after spinal
cord stimulation. In addition, the duration of the ischemic
episodes and the aumber of episodes were reduced from
39.4 = 4.6 10 6.7 + 2.3 min with spinal cord stimulation and
from three to one episodes, respectively, The groups were
100 small for statistical analysis.

The stimulation vasiables at which p were

L,
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increase in rate-pressure product, time to angina and redug-
tion in ischemia at 6 to 8 weeks in the ireatment group
strongly implicates an improved oxygen supply to counter-
balance the increased myr:ardial oxygen demand.

In contrast to our findings, Mannheimer et al. (15) con-
cluded that the antianginal and anti-ischemic effects scem to
be dary to a d in my ial oxygen p
tion. However, in view of the mechanisms of action, pub-
hshed data a.nd those from our study support a combined

provoked did a0t change significantly during the 52-week
foilow-up period (median (£ SE} 3.95 = 0.50 V during the st
6 weeks and 4.55 £ 0.49 V after 52 weeks). In addition, the
total stimulation time per day was decreased slightly, from
3.1 + 0.9 h/day during the st 6 weeks after implantation to
2.8 = 1.2 h/day after 57 weeks.

Adverse events. No adverse events occurred during ei-
ther the operative procedure or the randomized study pe-
viod. During follow-up, two paticats had electrode dislodg-
ments requiring intervention. Three patients were not
included in the long-term follow-up period because of par-
oxysmal atcial fibrillation (one patient) and death {iwo
patients). The two deaths were unrelated to spinal cord
stimulation. One of the two patients died of graduall

) and anti-ischemic effect of spinal cord stim-
ulation.

After | year of foilow-up only the time to angina contin-
ued 10 be increased. The lack of a sustained improvement in
the other exercise variables might be related to the refatively
small sample size of patients (16). Further, our findings show
that 7 of the 17 patients had ST segment depression during
the 24-h ECG before spinal cord stimulation, whereas only
three patients demonstmed thess signs after stimulation.
More sophisticated ques will be required to elucid:
the anti-ischemic mechanism of spinal cord stimulation.

Flectroanalgesic modulation of pain. If the only result of
spinal cord sumuhxm was its analgeuc eﬂ‘ect whxch mxsht
mask the manife
inits would be y. However, spinal cord

y

deteriorating heart failure and she other during a nonrelated
surgical procedure,

Discussion
We feund significant impi in i iabl

d with a i i in quality of life
scores in this group of patients with intractable angina
pectoris when they were treated with spinal cord stimula-
tion, Our clinical observatlons rmsht be attributed to im-
p inleft i inmyo-
cardial perfusion, a modification in pam perception or a
combination of these factors.

Left ventricular function, No significant change in left
ventricular ejection fraction was found after 14 weeks. This
corroborates another study in which patients at rest before
and after spinal cord stimulation showed no significant
difference in e,lccnon fraction (14). However. these uweall—
gators reported an imp in left I

stimulation does not suppress angina completely; rather, it
makes Ji:. more bearable for the paticats. In additiun,
several siudies, including this randomized 1-year follow-up
study, have shawn jts beneficial effects on ~ardiac function
(3-6).

The newrs! and nevrochumoral mechanisms that may be
responsible for the analgesic #ffect of spinal cord stimulation
are not well understood. Linderoth 2t al. (17) have argued
that the occurrence of a supraspinal ncural mechanism is not
necessary to explain the pun-mhevm. eﬂ'ects Son:c inves-
tigators ider that
ble for the analgesic effect of spinal cord sumulauon (18 19),
but others could not demonstrate a relation between release
of stress hormones and pain intensity (20).

Because the effects of spinal cord stimulation lasted for
the entirc day after only three dally 1-h applications, it is
likely that a supraspinal circuit modulated by spinal cord
stimulation is invelved. This is also in accord with reduced

in adenosine-induced ischemic left ventricutar dysfunction

after spinal cord stimulation, The latter observation sug-

gested that the improvement in total exercise duration with

spmal cord sum\ﬁaunn appeared to be related to beiter left
ion during

Mymmn ischemia, Spinal cord

activity of spinothalamic tract celis by spinal cord stimula-
tion (21).

Quality of tife, Equally important for patients with intrac-
table angina, spinal cord stimulation produces a higher daily
sctivity scere, with fewer anginal attacks and reduced sub-
lingual glyceryl triniteate intake. It is well documented tiut
glyceryl trinil intake may be related to adverse effects,

the anginai pain threshold, cnabling the patient to prolong
the complam(-free period dunng exvrcnse Our findings of a

duciion in both sy b (l e time to angina)
and clinically izable signs of i ia {i.e., ST seg-
nent d during are in with
other uncontrolled observaum\s (3.9).

The improvement in duration witha

such as headache (10% to 90%), flushing and hypetension
(22). It is very possible that these adverse effects might
hamper exercise performance and quality of life. In our
study, the reduction in anginal attacks and glyceryl trinitrate
intake was not associated with an increased use of the spinal
cord stimulation device. On the contrary, the paticnts
adapted the use of the stimulator to their activities. The
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significant improvement in quality of life that we found in our
study seems to be the result of both analgesic and anti-
ischemic effects.

Long-term follow-up. During the |-year foilow-up perigd.
time to angina, exercise time and ST segment depression at
maximal exercise showed a second-order trend, whereas the
other ise variables d ated a linear trend. Ali
exercise variables remained improved compared with those
at basefine. All quality of life variables demonstrated linear
improvement. Tne initial improvement in exercise capacity
may be related to a frequently performed exercise. The
ensuing gradual decrease in variables associated with exer
cise capacity may be due to disease progression.

A placebo effect is unlikely because the effects lasted for
1 year (5). Although long-term randomized follow-up siudies
are needed of patients with angina treated by spinal cord
stimulation, cur data suggest that survival during a [-year
follow-up penod is not adversely affected.

This randomized study d ates that
spmal cord stimulation is an effective treatment for patients
with intractable angina refractory to standard therapy. Dur-
ing long-term follow-up of 1 year, both exercise and quality
of life variables remained improved compared with those at
baseline. Further investigations are underway to unravel the
mechanisms of action; however, before this therapy be-
comes widely available for angina, other studies, particularty
those addi mortality and morbidity. are needed.

Vv are indebted to Picler de Jonge, BSc, and Wisk van Gilst, PhD., for their
advice. We are gm:ful 10 the Netherlands Heast Foundation for providing
facilities to continue this study.
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