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Abstract
Objective-To investigate the effects of spinal

cord stimulation on myocardial lschaemla, coronary
blood flow, and myocardial oxygen consumption in
angina pectoris induced by atrial pacing.
Design-The heart was paced to angina during a

control phase and treatment with spinal cord stimu-
lation. Blood samples were drawn from a peripheral
artery and the coronary sinus.
Setting-Multidisciplinary pain centre, depart-

ment of medicine, C)stra Hospital, and Wallenberg
Research Laboratory, Sahlgrenska Hospital,
Gothenburg, Sweden.
Subjects-Twenty patients with intractable

angina pectoris, all with a spinal cord stimulator
implanted before the study.
Results-Spinal cord stimulation increased

patients' tolerance to pacing (p <0.001). At the
pacing rate comparable to that producing angina
during the control recording, myocardial lactate
production during control session turned into
extraction (p-0.003) and, on the electrocardiogram,
ST segment depression decreased, time to ST
depression increased, and time to recovery from ST
depression decreased (p-0.01; p<0*05, and p<005,
respectively). Spinal cord stimulation also reduced
coronary sinus blood flow (p-0.01) and myocardial
oxygen consumption (p-0.02). At the maximum
pacing rate during treatment, all patients experi-
enced anginal pain. Myocardial lactate extraction
reverted to production (p <0.01) and the magnitude
and duration of ST segment depression increased to
the same values as during control pacing, indicating
that myocardial ischaemia during treatment with
spinal cord stimulation gives rise to anginal pain.
Conclusions-Spinal cord stimulation has an anti-

anginal and anti-ischaemic effect in severe coronary
artery disease. These effects seem to be secondary
to a decrease in myocardial oxygen consumption.
Furthermore, myocardial ischaemia during treatment
gives rise to anginal pain. Thus, spinal cord stimula-
tion does not deprive the patient of a warning signal.

Introduction
Spinal cord stimulation has been used for several

years to relieve chronic neurogenic pain.'2 Since 1976
there have also been several reports on the pain
relieving effect of spinal cord stimulation in peripheral
vascular disease, associated with an increase in local
blood flow and promotion of the healing of ischaemic
ulcers.'
There are also reports on the antianginal effect of

spinal cord stimulation in coronary artery disease. The
exact mechanisms behind these effects are not yet
known, but there are indications that the antianginal
effect of the treatment is secondary to a decrease in
myocardial ischaemia.' 7

Atrial pacing is commonly used to study myocardial
ischaemia.' The heart is paced by means of a catheter in
the coronary sinus. The frequency is increased step by
step up to a level where the patient reports angina

because of the increased heart rate, which increases the
myocardial oxygen consumption. The method has
several advantages in the experimental situation' '-it
is possible to stress the heart without major changes in
the patients' condition and with a stable position of the
catheter in the coronary sinus.
The aim of this study was to investigate whether

spinal cord stimulation will decrease myocardial
ischaemia in angina pectoris induced by pacing and, if
so, whether the treatment will affect coronary blood
flow or myocardial oxygen consumption, or both.

Patients and methods
Twenty patients (15 men; mean age 65 years,

range 51-79 years) with severe angina pectoris (New
York Heart Association functional class III-IV) were
included in the study. The antianginal medication
being given was considered to be optimal. The patients
had previously had a spinal cord stimulator implanted
for anti-anginal treatment. Fifteen patients had
suffered myocardial infarction more than six months
before the study. All patients had chest pain and
ST segment depression of the anterior wall on
electrocardiographic examination during a maximum
symptom limiting bicycle ergometer test. Fifteen
patients had recurrent angina after a previous coronary
bypass operation and five patients were considered
unsuitable for bypass surgery.
One patient had a left main stem lesion (previously

operated on), 15 patients had three vessel disease, and
two patients had two vessel disease. Two patients had
been considered unsuitable for bypass surgery without
previous coronary arteriography.
No antianginal medication was given 12 hours

before the pacing procedures, and spinal cord stimula-
tion treatment was not permitted 48 hours before the
trials to avoid interference from possible long term
effects of the treatment. The patients were studied
in the morning in a non-sedated, fasting state. All
patients had had a spinal cord stimulator implanted by
the same surgeon, as described earlier.6 The time from
implantation to catheterisation varied from one month
to seven years.
The study was approved by the ethical committee of

the University of Gothenburg. Verbal and written
information was given to all patients.

CATHETERISATION

A thermodilution pacing catheter (Wilton-Webster
Laboratory, USA) was placed in or near the great
cardiac vein of the coronary sinus, as described
previously.10 A polyethylene catheter was inserted
into a peripheral artery. Blood samples were simul-
taneously drawn from the catheters in the artery and
the coronary sinus.

MEASUREMENTS

The electrocardiogram and blood pressure were
recorded continuously. The coronary sinus blood flow
was determined by means of the continuous infusion
thermodilution method as described previously."
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Lactic acid concentration was assayed with an enzy-
matic method (Lactate Analyzer 640, Roche Bio-
Electronics). The lactate analyses were made in
duplicate with a mean difference of 2 5%, which is in
accordance with previous results in our laboratory.
The figure summarises the design of the study.

Blood samples were drawn simultaneously from a
peripheral artery and the coronary sinus at rest during
steady state. Blood pressure and coronary sinus blood
flow were measured simultaneously. Atrial pacing was
then started at a frequency of 80 beats a minute or 10
beats above resting heart rate. The pacing rate was
increased by 10 beats a minute every minute, con-
tinuing until the patient experienced moderate anginal
pain (control rate). Measurements and blood sampling
were then repeated, after which pacing was stopped
and the patient was allowed to rest for 30 minutes.
Treatment with spinal cord stimulation was then
started and the patient was allowed to rest for another
20 minutes during stimulation. New baseline measure-
ments were made and blood samples were taken. The
pacing routine was then repeated. New recordings
were made at the pacing rate comparable to the control
rate (pacing rate 1). If the patient experienced no chest
pain at this level, the pacing rate was increased until the
patient considered the chest pain to be of the same
degree as during the control session (pacing rate 2). If
the patient did not experience any pain at a frequency
of 30 beats a minute above the control pacing rate, or
more pronounced ST depression appeared on the
electrocardiogram than at the control rate, the pacing
was stopped. The maximum pacing frequency was set
to 170 beats a minute.
The reason for choosing this design was the possi-

bility of showing an effect of spinal cord stimulation on
myocardial lactate metabolism, anginal threshold, and
toleration of pacing to a heart rate higher than control
pacing. Firstly, comparison of control pacing to pacing
to the rate at which angina was produced during the
control recording (comparable heart rate) during spinal
cord stimulation would allow us to detect a possible
improvement in myocardial lactate metabolism. This
assumption was based on the hypothesis that the
treatment, according to our clinical and experimental
experience of spinal cord stimulation in patients
with angina pectoris, would improve myocardial
metabolism of lactate. Secondly, an increase in angina
threshold and ability to tolerate a higher pacing
rate would allow us to show the clinical value of spinal
cord stimulation. Thirdly, if severe pain, definite
ST-T depression, and lactate production occurred
at the higher pacing rate it would allow us to differ-
entiate between pain relief and an anti-ischaemic
effect.

CALCULATIONS

The myocardial oxygen consumption (ml/min) was
calculated as the difference in oxygen measured
in samples taken from a peripheral artery and the
coronary sinus multiplied by coronary sinus blood
flow. The myocardial lactate extraction ratio was
expressed as a percentage: 100 times (arterial lactate
concentration minus the coronary sinus lactate concen-
tration) divided by the arterial lactate concentration.
Time to angina (seconds) and time to ST segment

depression (seconds) were calculated as the time from
the start of atrial pacing until the occurrence of pain
and to a 1 mm increase in ST segment depression,
respectively. Recovery time for angina (seconds) and
recovery time for ST segment depression (seconds)
were calculated as the time from stopping pacing
to disappearance of pain and disappearance of the
increase in ST segment depression, respectively.
The rate-pressure product was calculated by multi-

plying the heart rate by the systolic blood pressure.

STATISTICALMETHODS

When values during control pacing and pacing with
spinal cord stimulation were compared the difference
between the corresponding values was used. A non-
parametric test was applied to obtain accurate p values
regardless of the underlying distributions. Accuracy is
more critical when the p values are low. The test used,
Fisher's test for paired comparisons,'" is the non-
parametric test closest to the parametric t test for
paired differences. The test belongs to the class of
permutation tests." Unlike Wilcoxon's test, Fisher's
test is not based on ranks but on the original
differences. The advantage of using this test, rather
than Wilcoxon's test or the sign test, is that Fisher's
test has been shown to be the most powerful test when
the underlying distributions of differences are close to
normal.'4 Two tailed tests were used; means and
standard deviations are given.
Data were analysed by making the following com-

parisons (figure): firstly, at resting levels during control
conditions and spinal cord stimulation; secondly, at
the maximum rate of control pacing and the com-
parable pacing rate during spinal cord stimulation
(pacing rate 1); thirdly, at the maximum rates during
control pacing and spinal cord stimulation (pacing rate
2); finally, during spinal cord stimulation at the
comparable heart rate (pacing rate 1) and the maxi-
mum heart rate (pacing rate 2).

g- Spinal cord stmulaton-
Control Pacing rat

Baseline rat Baseline l 2
I-.-- - ---l --It- . 4.-- --- I

Resting-i
I- Pacing -

Blood samples x x

I acln I--

x

Haemodynamic x x x
meuurements
Comparisons L... I I

x x

x x

LivJ
Schedul, procedure and statistical comparisons. Roman numerals
refer to tests ofpaired comparisons.

Results
Tables I and II show the effects of spinal cord

stimulation. At rest heart rate increased significantly
during treatment with spinal cord stimulation
(p<0.00 1).

All patients experienced chest pain during control
pacing. Tolerance of pacing increased during treat-
ment with spinal cord stimulation (149 (SD 15)
beats/min v 128 (13) beats/min; p<0.001). Time
to angina increased and recovery time for angina
decreased during spinal cord stimulation (1038 (318) s
v 219 (156) s (p<0.001) and 72 (49) s v 321 (331) s
(p-0002), respectively.
During control pacing, there was a net myocardial

production of lactate, which reverted to extraction
during spinal cord stimulation at pacing rate 1
(8% (21%) v -8% (33%); p.0003). Furthermore,
during treatment with spinal cord stimulation com-
pared with control pacing; ST segment depression
decreased (-1*0 (0 6) mm v - 1 8 (0 9) mm; p-0 001);
time to ST segment depression increased (425 (213) s,
v 289 (196) s; p-0.02); and recovery time for ST
segment depression decreased (480 (320) s v 973 (676)
s; p- 0.03) (table II).
During treatment with spinal cord stimulation,

coronary sinus blood flow and myocardial oxygen
consumption decreased at pacing rate 1 in comparison
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TABLE I-Effects of spinal cord stimulation on resting heart rate, pacing tolerance, myocardial lactate extraction ratio, ST segment depression, coronary sinus blood flow, and
myocardial oxygen consumption

During pacing

At reot: control v stimulation Control v pacing 1 Control v pacing 2 Pacing 1 v pecing 2

During stimulation Mean 95% Mean 95% Mean 955/e Mean 95%
With Control (SD) Confidence (SD) Confidence (SD) Confidence (SD) Connldence

Control atimuladon roe Pacing I Pacing 2 dlthrence interval p Value difference interval p Value difference interval p Value difference interal p Value

Heararate(bpm) 67(13) 75(14) 128(13) 128(14) 149(15) -7(8) -1 to -4 <0001 0(1) -I toO NS -21 (7) -26to -18 <0-001 -22(7) -25to-18 <0.001
Myocrdl lactate extraction

redo 24(19) 22(13) -8(33) 8(21) -3(21) 2(18) -6to 10 NS -16(22) -26to -5 0003 -2(26) -15to1I NS 13(19) 4to23 001
STaegment dpfeulon (mmn) -0-2 (0t2) -0,1 (0 2) -1 8 (0,9) -1-0 (0 6) -1 8 (1 0) -0-1 (0 2) -0'2 to 0.1 NS -08(05) -[lto-05 0 001 -0 1 (0 4) -0'4 to 0 2 NS
Coronay sanus blood flow 0 9 (0'S) 0'S to 13 0 004

(m/min) 99(57) 95)(2) 136(65) 124(63) 145 (55) 4(31) _lltol9 NS 20(30) 5to35 001 -9(43) -34 to1 NS -30(31) -48to-12 0.003
Myocardlal oxypn conaumpdon

(ml/min) 13 (9) 14 (10) 19 (11) 16 (9) 19 (9) -I (8) -5 to 3 NS 4 (6) 1 to 7 0,02 0 (a) -S toS NS -4 (4) -7 to -2 0 002

NS.not aipificant

TABLE II-Effects of spinal cord stimulation on time (seconds) to and recovery time for angina and ST
segment depression. Values are means (SD)

Mean 95%
Spinal cord difference Confidence

Control stimulation (paired SD) interval p Value

Timetoangina 219(156) 1038(318) -819(340) -1015to-622 <0001
Recovery ime forangina 321 (331) 72 (49) 270 (321) 66 to 474 0 02
Time to ST segmnent depression 289 (196) 425 (213) -137 (138) - 243 to -30 0 02
Recovery time for ST segment depression 973 (676) 480 (320) 467 (393) 104 to 830 0 03

to control pacing (124 (63) ml/min v 136 (65) ml/min
(pm001) and 16 (9) ml/min v 19 (11) ml/min (p-0 02)
respectively) (table I).
At the maximum heart rate (pacing rate 2), the

net myocardial extraction reverted to production
(p.0 01), and ST segment depression increased to the
same extent as during control pacing (pm 0 004) (table
I). The degree of coronary sinus blood flow and
myocardial oxygen consumption during spinal cord
stimulation at the maximum heart rate increased to the
same degree as during control pacing (p-0 003 and
p-0'002, respectively) (table I).

Discussion
Atrial pacing is considered to be a valid and

reproducible method to assess myocardial ischaemia if
the heart rate is quickly increased to the anginal level
and the recovery period between control and treatment
sessions is at least 45 minutes."-" In the present study
the heart rate was increased by 10 beats a minute and
the recovery period was at least 50 minutes. The
present design may therefore be considered valid and
reproducible. As spinal cord stimulation may have
long term effects the treatment was always performed
as the second intervention in all patients so as to avoid
interference with control pacing.
The patients in this study produced lactate during

control pacing, and since only myocardial production
(that is, negative extraction ratio) can be considered
abnormal and an indicator of myocardial ischaemia it
can be concluded that the blood samples represent
ischaemic areas of the myocardium.'1
The findings from the present investigation accord

with earlier studies of transcutaneous electrical nerve
stimulation and spinal cord stimulation in angina
pectoris, in which increased pacing tolerance,
decreased ST segment depression, and improved myo-
cardial lactate metabolism have been shown.'7 102229
Possible mechanisms of the anti-ischaemic effect of
spinal cord stimulation are an increase in coronary
blood flow, a decrease in myocardial oxygen consump-
tidrn, or a direct, pain inhibiting effect which decreases
myocardial oxygen consumption secondarily.

POSSIBLE MECHANISMS
The coronary sinus blood flow decreased in response

to spinal cord stimulation. In an earlier study, spinal
cord stimulation proved to have beneficial effects,
measured as decreased anginal time and a decreased
duration and magnitude of ST segment depression
during exercise compared with control values, but

there were no significant changes in regional myo-
cardial perfusion, as measured by "K positron emis-
sion tomography during exercise."4 The results of three
haemodynamic studies of the effects of transcutaneous
electrical nerve stimulation in angina pectoris showed
that there was no increase in coronary sinus blood flow
during treatment, despite there having been an anti-
ischaemic effect in terms of improved myocardial
lactate metabolism."222' In addition, studies of the
effects of spinal cord stimulation on cerebral blood flow
and the effect of transcutaneous electrical nerve stimu-
lation of local blood flow in skin flaps after reconstruc-
tive surgery have shown an increase in flow."2' These
studies, however, dealt with changes in blood flow in
tissues supplied by normal arterial and arteriolar
vessels. The conditions will probably be quite different
in tissues with vessels which are severely damaged by
arteriosclerosis, as in coronary artery disease, where
the physiological prerequisites for vasodilatation are
limited. Thus, the results from the present and earlier
studies do not support the hypothesis that the anti-
ischaemic effect of electrostimulation in coronary
artery disease is secondary to a general increase in
blood flow.
With regard to a decrease in myocardial oxygen

consumption as the mechanism, it is well known that
coronary venous oxygen tension is relatively constant
during changes in myocardial oxygen consumption.
There is strong evidence that the coronary blood flow
depends largely on autoregulatory mechanisms.272
Furthermore, one animal study showed a linear
relation between myocardial oxygen consumption and
coronary blood flow.2" ,B Blockade gave rise to a
reduction in both oxygen consumption and blood flow
but did not affect the relation between these variables.
It has also been proposed that myocardial hypoxia
leads to an increase in the interstitial concentration of
adenosine, which produces arteriolar vasodilatation
and an increase in blood flow, thus compensating for
the decrease in myocardial oxygen tension.'0 Thus,
if spinal cord stimulation induces a decrease in myo-
cardial oxygen consumption, there will also be a
decrease in coronary blood flow, as in the present
investigation.
With respect to direct inhibition of pain, anginal

pain has been shown to induce an increase in sympa-
thetic activity, which is probably secondary to the
pain.' There is also reason to believe that spinal cord
stimulation has a direct pain inhibiting effect. For
example, in one animal study Foreman et al found that
spinal cord stimulation attenuated anginal pain by
reducing the activity of the spinal thalamic tract
neurones which transmit nociceptive somatic and
cardiac impulses.'" There are also other studies which
indicate that treatment which has a direct pain inhibit-
ing effect also decreases the activity in the cardiac
sympathetic nerves and thereby decreases the myo-
cardial oxygen consumption.""

CONCLUSION

The results of the present investigation showed
beneficial effects of spinal cord stimulation in terms of
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Clinical implications

* Many patients with coronary artery disease suffer from intractable angina
pectoris in spite of optimal medical and surgical therapy
* Spinal cord stimulation has proved to be an effective method to relieve
angina pectoris in these patients; the anti-anginal effect seems, from earlier
studies, to be associated with a reduction in myocardial ischaemia
* This study confirms that spinal cord stimulation has an anti-ischaemic
effect in angina pectoris that can be induced by atrial pacing-this effect is
probably mediated by a reduction in myocardial oxygen consumption.
* Myocardial ischaemia during treatment with spinal cord stimulation gives
rise to anginal pain-that is, the treatment does not conceal symptoms of
myocardial ischaemia
* Spinal cord stimulation seems to be a therapeutic possibility in patients
with angina pectoris when conventional strategies of management have been
exhausted

increased tolerance to atrial pacing, improved myo-
cardial lactate metabolism, and decreased magnitude
and duration of ST segment depression at comparable
pacing frequencies, suggesting antianginal and anti-
ischaemic effects of the treatment. These effects seem
to be related to a decrease in myocardial oxygen
consumption. At the maximum pacing rate all patients
experienced anginal pain, myocardial lactate extrac-
tion changed to production, and the magnitude of
ST segment depression and myocardial oxygen con-
sumption increased to the same values as during
control pacing, indicating that myocardial ischaemia
during treatment with spinal cord stimulation gives
rise to anginal pain. Thus, the treatment does not
deprive the patient of a warning signal during myo-
cardial ischaemia.

We thank our medical statistician, Anders Oden, for expert
professional advice and for careful and precise statistical
calculations and for guidance regarding their interpretation.
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Adverse drug reactions: who is
to know?

Martin Cook, R E Ferner

Adverse drug reactions can be difficult to detect, and
patients may be adamant that an event is due to drug
treatment when few experts would agree. None the
less, it is at least prudent to discover whether patients
believe that they have suffered from previous treat-
ment, and it can be imperative to do so if the patient is
not to be exposed to needless risk. Once a reaction has
been elicited it should be recorded.I
To study how effectively adverse reactions are

elicited in hospital we compared the number of
reactions recorded in routine medical notes and on

prescription charts with the numbers discovered using
a simple questionnaire. We also examined whether
doctors recorded reports on well established reactions
more often than unlikely ones.

Subjects, methods, and results
The subjects were 437 patients (254 men and 264

surgical patients) on the general medical, general
surgical, and orthopaedic wards who were sufficiently
awake and lucid to answer questions. An interpreter
helped when necessary. Each patient was asked: Have
any medicines or tablets ever disagreed with you or
caused an allergy? If so, what was the drug, and what
happened? Have you ever needed treatment by a
doctor or at a hospital for a reaction to a medicine or
tablet? If so, what was the drug, and what happened?
Are you able to take aspirin or penicillin? When a
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