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Summary 

Brirk~qiniml  iiiirl Iiypot/ie.~is: Treatment of patients with 
refractory chest pain remains a challenge. I n  this study, the 
long-tern1 clinical effects of spinal cord electrical stimulation 
were evaluated in 10 consecutive male patients (mean age 
53.7 years) with chronic chest pain in a prospective observa- 
tional study. 

A4rthod.s: After placement of the electrode in an epidural 
position and before implantation of the device, patients were 
subjected to clinical evaluation, including atrial pacing, in or- 
der to document significant antianginal effects. 

Rcsdrs; Spinal cord electrical stimulation abolished or im- 
proved pacing time to angina by more than 50% in seven of the 
patients who subsequently had the device implanted. In three 
of these patients, the system was ineffective after a period of 
3-9 months despite paresthesia in the area of anginal pain with 
electrical stimulation. The effects of treatment remained satis- 
factory in the remaining patients (40%) after a mean follow-up 
of 60 (45-72) months. Thus, a long-lasting clinical response 
was able to be predicted in 57% ofthe patients. 

Cordusio/i: Spinal cord electrical stimulation is one of the 
few therapeutic options in inoperable patients with refractory 
chest pain. 
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Introduction 
Spinal cord electrical stimulation (SCES) has been report- 

ed to be effective in intractable angina pectoris in patients 
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with and without coronary artery disease; however, very 
few reports exist on long-term results.3 Due to possible place- 
bo effects with electrical stimulation, we decided to implant 
the device only after extensive preprocedural evaluation. 
After the electrode was placed in the epidural position we 
sought an optimal stimulation modus over the next days. 
Thereafter, anginal pain was provoked in the patients with re- 
peated atrial pacing with and without SCES. The device was 
implanted only in patients with significant antianginal etfects 
of SCES during pacing. We report on follow-up of these pa- 
tients with this treatment for up to 6 years. 

Material and Methods 

Ten consecutive males (mean age 53.7, range 4 7 4 8  years) 
in New York Heart Association class 111-IV due to angina pec- 
toris were subjected to SCES in the period 1989-1 993 after in- 
formed consent had been obtained. Seven had coronary artery 
disease (two had previous myocardial infarction, three had 
coronary artery bypass grafts, and one had coronary artery bal- 
loon angioplasty). One patient had coronary artery vasospasm 
of the left circumflex artery in addition to diffuse coronary 
artery disease. These patients were not considered suitable for 
revascularization procedures when entering this treatmen(, 
Three other patients had severe chest pain on exertion without 
significant coronary artery disease or extracardiac reasons for 
the pain. All were treated with maximal doses of antianginnl 
medication (beta blockers, calcium antagonists, and short- and 
long-acting nitrates). 

The spinal electrode (unipolar in the first and quadripolar in  
the otherpatients) was inserted into the midline of the epidural 
space caudal to the expected stimulation level by means of 
percutaneous technique and under local anesthesia. In one pa- 
tient who had previously undergone a back operation. a snitill 
laminectomy was necessary to gain access to the epidural 
space. The electrode tip was placed in the mid-thoracic region 
in order to produce paresthesia in the area of anginal pain (Fig. 
I ) .  The electrode lead was then connected to an extension lead 
that was tunneled subcutaneously to the anterior subcostal 
area and connected to an external stimulator. During the next 
days, an optimal stimulation modus was obtained and, it'ncc- 
essary, the continuous concordance between regions of stini- 
ulation and anginal pain was secured by changing the leaid po- 
sition (unipolar lead) or by changing the stimulation levcl 
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FIG. 2 The patients were paced until intolerable angina pectoris 
(Pacel) occurred. After an interval of45 min. an individudly identi- 
cal pacing test (Pace2) was performed during spinal cord electrical 
stirnulation (SCES). 

Results 

FIG. 1 Illustration of the electrode lead placed in the epidural space, 
the connector, and the subcutaneous extension lead connecting the 
p u l e  generator placed in the subcostal region. 

when multipolar leads were employed. Prophylactic antibi- 
otics were administered until implantation of the stimulator or 
removal of the lead. Optimal and tolerable stimulation ampli- 
tudes and frequencies were obtained as well. Finally, the 
patients were stressed by atrial pacing in the supine position 
after a night of fasting (Fig. 2). To prevent atrioventricular 
block, 0.25 mg of atropine was given intravenously just be- 
fore start of pacing. Electrocardiographic lead VS was moni- 
tored continuously during the procedure. We aimed to pace at 
a rate of 1 SO beats/min until intolerable angina occurred or for 
at least 10 min. Pacing time to start of angina and maximal 
pacing time were registered. After an interval of 45 min, the 
pacing stress was repeated during SCES with the same pacing 
rate and pacing time in the individual patient. We have previ- 
ously reported reproducible pacing time to angina pectoris 
and degree of cardiac ischemia with that pacing protocol." A 
pulsc generator was implanted only if SCES abolished or de- 
layed the occurrence of intolerable chest pain during atrial 
pacing by >SO%. 

Thc pulse generators were programmed to have pulse 
widths from 21 0 to 400 ps, frequencies from 50 to 100 Hz, 
and amplitudes from 1 .S to 4 V. All patients were started on 
cycling stimulation (stimulation periods lasting s/min alter- 
nating with stimulation-free intervals) and only changed to 
continuous function if necessary. All parameters were initial- 
ly set to the lowest effective mode to save battery power and 
to cause the least discomfort for the patients. The implanted 
pulse generators can be turned on and off with an external 
magnet. The patients were examined and questioned during 
regular clinical follow-up. They were seen initially within the 
first month and thereafter every 3 to 6 months in the outpa- 
tient clinic. Patients with reprogramming attempts were seen 
at shorter intervals. The evaluations were in accordance with 
the Declaration of Helsinki. The Wilcoxon test was used for 
paired comparisons. Values are shown as mean values and 
ranges in brackets. 

The patients were paced twice at a mean heart rate of 145 
( I  22-150) beats/min and for a mean duration of 446 ( I 50-  
8 10) s. Spinal cord electrical stimulation improved pacing 
time to start of angina pectoris by 78% from a mean value of 
196 (45-810) s at control pacing to 348 (30-8 10) s during 
SCES (p < 0.05) in the 10 patients. The SCES had no effect o n  
pacing-induced angina pectoris in three patients, but i t  abol- 
ished (n  = 4) or improved pacing time to angina by 120-480 s 
(n = 3) in the remaining seven patients ( of whom six had 
ischemic heart disease) (Fig. 3). These patients had a pulse 
generator implanted (Itrel 1, Medtronic, n = 1; ltrel 11, n = 5 ;  
or Neuromed, Siemens, n = 1). In this group of patients, 
SCES tended to improve postpacing ST-segment depression, 
0.07 ( 0 . 0 3 )  mV at control versus 0.04 ((M.02) mV during 
SCES (NS). The three patients with no effect of SCES during 
atrial pacing had the epidural electrode removed. None devel- 
oped postoperative wound infections. 

The SCES system was considered ineffective in three pa- 
tients (43%) with coronary artery disease, including the patient 
with coronary vasospasms after a period of 3-0 months de- 
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FIG. 3 Mean pacing time until start of angina (white area of bars) 
and from start of angina to intolerable pain (black area of bars) at 
control (C) and during spinal cord electrical stimulation (SCES) i n  
seven patients who subsequently had a pulse generator implanted, 
and in three patients who had the electrode explanted (one of these 
tolerated pacing for 10 rnin at control vs. only 7 min during SCES). 



288 Clin. Cardiol. Vol 

spite paresthesia in the angina region on stimulation. After re- 
peated reprogrrunnling attempts (this comprised increments of 
pulse width, frequency, and/or amplitude to an extent that was 
tolerable for the patients), the system was removed on demand 
ofthe patients after a mean period of 26 (20-33) months. In the 
remaining four patients (57%), the treatment effect was satis- 
factory (improvement of 1-2 NY HA grades) after a mean fol- 
low-up of 60 (45-72) months (including the only patient who 
died after 48 months of treatment). 

Discussion 

In most studies, selection criteria for SCES treatment are 
based on patient As considerable placebo ef- 
fects are to be expected with a therapy causing constant or in- 
tennittent paresthesia in the area of chest pain, we decided to 
implant the device only after several days of adjustments of 
the system via an external stimulator and finally after docu- 
menting antianginal effects with an atrial pacing protocol: AS 
a consequence, we did not implant the device in three patients 
without initial clinical benefits. Despite our strict demands of 
clinical effect of SCES before implantation of the generator, 
this treatment failed in 43%J of the patients after a period of 
time that could be considered equivalent to a placebo effect. 

We did not perform a randomized study with the inclusion 
of a control group of patients with refractory angina pectoris 
due to the considerable need for treatment in these patients.s 
Inslead, we included the patients consecutively and performed 
iin observational study. The control/SCES sequences in re- 
sponse to atrial pacing were not randomized because of the 
possibility ofcarryover effects of SCES on clinical variables. 
Furtheirnore, it would be impossible to perform identical peri- 
ods of atrial pacing if pain was alleviated by SCES during the 
first pacing session. We have found, however, a reproducible 
clinical outconie with the present pacing protocol in angina 
patients.4 Also, attempts to blind this form of therapy to pa- 
tients and observers are irrelevant due to paresthesia and elec- 
trocardiogram (ECG) artifacts, respectively, during the stimu- 
lation periods. Anti-ischemic effects have been reported with 
SCES in patients with end-stage coronary artery d i~ease .~  The 
main mechanisms by which SCES elicits antianginal effects 
may be related to decreased overall sympathetic activity re- 
sulting in reduced cardiac oxygen demands6 or to redistribu- 
tion of myocardial blood flow between nonischemic and is- 
chemic regions.' Furthermore, high-frequency stimulation 
transmitted to spinothalamic tract may block the effect of oth- 
er incoming impulses, resulting in lessened pain perception.* 
A predominantly analgesic effect of SCES has been consid- 
ered a potential risk in patients with ischemic heart disease as 
it may conceal the severity of ischemic attacks. This therapy 
did not, however, mask pain in patients with acute myocardial 
infarction." 

Long-tern1 intermittent urokinase infusions and transmy- 
ocardial laser revascularization are among other therapies re- 
poized in fairly large numbers of patients with refractory angi- 
na pectoris due to end-stage coronary artery disease? The 
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efficacy of these two approaches is thought to be based main- 
ly on improved myocardial blood flow via the genuine vessels 
and by formation of collaterals, respectively.5 No large-scale 
controlled studies with SCES have been reported so far. On 
the other hand, patients subjected to SCES treatment havc 
been followed for a longer period of time than patients who 
were treated with the other therapies. Thus, 57% of patients in 
the present study remained in a higher NYHA class after 60 
months of SCES. Consistent with this finding, Sanderson (it 
al. reported a mean improvement of one NYHA grade after 
45 months of this treatmenL3 The rare complications with 
SCES-lead displacement or fracture, wound infections, and 
the possibility of spinal cord infection-are no worse than 
episodes of bleeding during the administration of urokiiiase 
and the perioperative mortality reported with transmyocardial 
laser therapy.s Further studies on treatment in patients with 
refractory end-stage ischemic heart disease seen1 wairanted. 
especially since such patients are expected to increase in nuni- 
ber.s A randomized comparison of SCES with either uroki- 
nase therapy or transmyocardial laser treatment with respect 
to clinical efficacy and survival may be a feasible apprrxich. 

Conclusion 

We foundbeneficial long-tenn clinical effects in 57%) of pa- 
tients with chronic chest pain selected for spinal cord electrical 
stimulation in this small prospective sludy. 
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