
Background: Several animal studies support the contention that thoracic spinal 
cord stimulation (SCS) might decrease arterial blood pressure. 

Objective: To determine if electrical stimulation of the dorsal spinal cord in humans 
will lower mean arterial pressure (MAP) and heart rate (HR). 

Design: Case Series

Methods: Ten normotensive subjects that were clinically indicated for SCS testing 
were studied. Two of the 10 patients who underwent testing were excluded from the 
analysis because they did not respond to the Cold Pressor Test (CPT). Systolic blood 
pressure, diastolic blood pressure, and heart rate were measured continuously at the 
wrist (using the Vasotrac device). SCS was administered with quadripolar leads im-
planted into the epidural space under fluoroscopic guidance. SCS was randomly per-
formed either in the T1-T2 or T5-T6 region of the spinal cord during normal condi-
tions as well as during transient stress induced by CPT. The CPT was conducted by 
immersing the non-dominant hand in ice-cold water for 2 minutes. 

Results: There were moderate decreases in MAP and HR during SCS at the T5-T6 
region compared to baseline that did not reach statistical significance. However, SCS 
at the T1-T2 region tended to increase MAP and HR compared to baseline but the 
change did not reach statistical significance. Arterial blood pressure was transiently 
elevated by 9.4 ± 3.8 mmHg using CPT during the control period with SCS turned off 
and also during SCS at either the T1-T2 region or T5-T6 region of the spinal cord (by 
9.2 ± 5 mmHg and 10.7 ± 8.4 mmHg, respectively). During SCS at T5-T6, the CPT sig-
nificantly increased MAP by 5.9±7.1 mmHg compared to control CPT (SCS off). 

Conclusion: This study demonstrated that SCS at either the T1-T2 or T5-T6 region 
did not significantly alter MAP or HR compared to baseline (no SCS). However, during 
transcient stress (elevated sympathetic tone) induced by CPT, there was a significant 
increase in MAP and moderate decrease in HR during SCS at T5-T6 region, which is 
not consistent with previous data in the literature. Acute SCS did not result in adverse 
cardiovascular responses and proved to be safe.
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The use of spinal cord stimulation (SCS) was first 
described in 1967 (1) and has since been used 
for the treatment of diverse conditions such 

as neuropathic pain and peripheral vascular disease.  
Recently, SCS has emerged as a treatment option 
for patients with refractory angina pectoris, despite 
maximally tolerated conventional medical treatment 
(2,3). Several animal studies support the contention 
that SCS might decrease blood pressure. Tanaka et 
al (4) examined the effects of SCS on blood flow at 
intensities below motor threshold in anesthetized 
rats with stimulus parameters used clinically, i.e. 50 
Hz, 0.2 ms and stimulus intensities at 30%, 60% or 
90% of motor threshold. They observed SCS-induced 
vasodilation that was mediated by peripheral release 
of Calcitonin Gene Related Peptide (CGRP) via 
antidromic activation of sensory fibers. Olgin et al (5) 
demonstrated that SCS at the T1-T2 spinal region in 
canines modulates autonomic activity by enhancing 
parasympathetic activity or sympathetic withdrawal. 
A recent study by Issa et al (6) showed that thoracic 
SCS at the T1-T2 spinal region in a canine model of 
heart failure resulted in a significant decrease in 
systolic blood pressure. These results suggested that 
autonomic modulation might reduce blood pressure. 
Additionally, animal studies conducted by Linderoth et 
al 1994 (7), Croom et al 1997 (8), and Tanaka et al 2004 
(9) further demonstrated that SCS produces a sustained 
cutaneous vasodilatory effect. However, in the clinical 
setting multiple mechanisms may be involved in 
altering blood pressure during SCS and therefore, 
the relationship between these mechanisms needs 
to be understood. Since there is no previous human 
data regarding SCS and its effect on blood pressure, 
we conducted this study in subjects without any 
documented cardiac conditions such as hypertension, 
angina, myocardial infarction, or heart failure. The 
present study tested the hypothesis that SCS at the T5-
T6 region will lower mean arterial pressure and heart 
rate during transient stress.

Methods

Subject Selection and Experimental Protocol 
Ten patients were investigated and 8 patients, (5 

female and 3 male), aged 21– 66 years, were ultimate-
ly chosen for data analysis (Table 1). All patients had 
been previously diagnosed as suffering from neuro-
pathic back and/or limb pain. SCS testing has applica-
tion where implantation of a permanent neurostimu-

lation system is indicated, and is intended for patients 
with chronic neuropathic pain. Data collection in this 
study took place during SCS testing. All equipment 
used, including the temporary leads, the system de-
livering the electrical impulses, and the instruments 
used to collect data, are market released and were 
used in accordance with their labeling. Prior to initia-
tion of this study, the Western IRB-approved informed 
consent form was signed by each patient. All patients 
were scheduled to receive SCS therapy for neuropathic 
pain and were screened to ensure they met all of the 
inclusion criteria and none of the exclusion criteria. 

Patients met the following inclusion criteria for 
enrollment in this study: 
1. Patients were at least 18 years of age. 
2. Patients were selected to receive SCS therapy for 

neuropathic pain.
3. Patients were willing and able to give informed 

consent. 
The exclusion criteria were: 

1. Patients with stable or unstable angina. 
2. Patients with a history of myocardial infarction.
3. Patients not willing or able to complete 3 CPTs. 

On the study day, subjects were instrumented 
with a surface electrocardiogram (ECG) and a non-
invasive continuous arterial blood pressure monitor 
(VasotracTM, St. Paul, MN). The SCS lead implantation 
was performed under light sedation (2 mg Midazolam 
and 100µg Fentanyl, intravenously). A local anesthetic 
agent (1% buffered Lidocaine) was administered to 
numb the area where the leads were inserted. Two SCS 
leads (Pisces Quad Lead, model # 3487A-45, Medtronic 
Inc, MN) were implanted into the epidural space un-
der fluoroscopic guidance. 

Lead Implantation Procedure 
Under fluoroscopic guidance and using the loss of 

resistance technique, the epidural space at the T12-L1 
level was entered with Touhy needles. Two Medtronic 
model 3487A Pisces-Quad leads with inter-electrode 
spacing of 1 cm were used. Each lead was introduced 
through the Touhy needle slightly to the left and right 
region of the midline and advanced until the tips were 
at the level of spinal cord randomization (T1-T2 or T5-
T6 region). Figure 1 illustrates the fluoroscopic view of 
typical electrode placements. The distal electrode was 
the cathode and the proximal electrode was the an-
ode. Ideally, the 2 electrode arrays are located to the 
left and right of midline within the dorsal portion of 
the epidural space. The intensity of the stimulus was 



www.painphysicianjournal.com  679

Acute Cardiovascular Effects of Epidural SCS

Fig.1. Fluoroscopic images of  lead placement in the T1-T2 region (left) and the T5-T6 region (right) of  the spinal cord.  

Patient Id First Randomization Age Gender Weight (Lbs) Indication For SCS

01-MVA T5-T6 38 female 154 Neuropathic pain

02-TMS T5-T6 21 male 130 Neuropathic pain

03-SRM T1-T2 41 female 120 Neuropathic pain

04-JAU T1-T2 46 female 260 Neuropathic pain

05-LAL T1-T2 65 female 159 Neuropathic pain

06-JMW T5-T6 48 male 240 Neuropathic pain

07-HWA T1-T2 66 male 195 Neuropathic pain

08-JMJ T5-T6 45 female 150 Neuropathic pain

Table 1. Patient characteristics.

adjusted by feedback from the patient to determine the 
intensity that would be used in each patient to investi-
gate changes in MAP and HR. The SCS intensity (used in 
bipolar mode) was increased to the level tolerated by 
the patient. The threshold was chosen as the output re-
quired that was comfortable to the patient and was as-
sessed by gradually increasing the stimulus voltage with 
pulse width (0.2 ms) and stimulus frequency (50 Hz) held 
constant. Transient paresthesia or a sensation of tingling 
occurred during SCS when the stimulation voltage was 
increased beyond a threshold value (usually 6–8 volts). 
This sensation disappeared after the SCS was turned off. 

The subjects perceived the tingling sensation during 
the SCS procedure. In one subject we were not able 
to position the SCS leads in the T1-T2 region. The 
same subject did not respond to the CPT and was 
excluded from the analysis.

The Cold Pressor Test (CPT)
The CPT is a cardiocirculatory challenge conven-

tionally performed by immersing one hand in ice 
cold water for 2 minutes (or as tolerated) to acutely 
raise the blood pressure, thus imposing resistance 
to ejection of blood from the left ventricle into 
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the systemic arterial system and consequently acutely 
increasing afterload (afterload = increased left ven-
tricular wall stress). Sympathetic activation increases 
immediately during the CPT. After 2 minutes, a very 
consistent elevation in blood pressure is achieved 
(10,11). The CPT has frequently been validated for ac-
tivation of the sympathetic nervous system. 

Arterial Blood Pressure Measurement 
The Vasotrac non-invasive blood pressure measur-

ing system was used that provided continual blood 
pressure measurement with accuracy comparable 
to an indwelling radial artery catheter (12). The BP 
measurement and waveforms are displayed in ap-
proximately 15 seconds, with continual updates 4 to 
6 times a minute. Several clinical studies comparing 
the accuracy of the Vasotrac system to arterial lines 
have been conducted. The data shows that there is 
a 0.97 correlation coefficient compared to measure-
ments taken by a well managed indwelling radial ar-
tery catheter. The Vasotrac system uses a wrist module 
and a monitor/display that are connected by a cable. 
The wrist sensor is placed where the radial artery 
passes over the flat portion of the radius bone (the 
distal edge of the radius). This position allows the sen-
sor to measure the amplitude of the radial pulse as 
pressure is increased against the artery. Analysis of the 
wave shape, form, and other characteristics are used 
to calculate the patient’s systolic blood pressure (SBP), 
diastolic blood pressure (DBP), mean arterial pressure, 
and heart rate. 

Experimental Protocol 
Following placement of both the leads and base-

line recording, each subject was moved into the con-
trol arm of the study (Fig. 2). During the control arm, 
the Cold Pressor Test (CPT) was administered for 2 min-
utes in the absence of SCS. Following the CPT, blood 
pressure data was collected during a recovery period 
of approximately 5 minutes. Following the control 
arm, subjects were randomized to receive SCS in the 
T1-T2 or T5-T6 segment of the spinal cord. SCS was 
turned on in the region of the spinal cord that was 
randomly selected for initial treatment. A second CPT 
was administered for 2 minutes starting approximate-
ly 3 minutes after the onset of SCS. SCS was turned 
off 3 minutes after CPT completion and blood pres-
sure data monitored for a recovery period of approxi-
mately 5 minutes. The SCS lead was then moved to the 
second region and stimulation turned on. A third CPT 
was administered for 2 minutes starting approximate-
ly 3 minutes after the onset of SCS. SCS was turned 
off 3 minutes after CPT completion and blood pressure 
monitored for an additional 5 minutes. SCS crossover 
and a control arm were included in this study design so 
that subjects served as their own control. SCS locations 
were consistent across subjects and the data was sum-
marized to identify consistent responses across sub-
jects. The subjects were asked to rate their pain levels 
using a numeric pain rating, the Visual Analogue Score 
(VAS; a scale of 1 = no pain to scale 10 = excruciating 
pain). Pain levels were rated during baseline (shortly 
after the 2 leads were implanted) and also during SCS 
at the T1-T2 and T5-T6 regions (Fig. 2).

Vasotrac

BL1 BL2 BL3Control

CPT 

SCS

Randomized (T1-T2 or T5-T6)

SCS BL4

SCS OFF

SC lead implantation

* * *CPT CPT 

Fig. 2. Experimental Protocol: BL=Baseline recording (5 min); CPT=Cold Pressor Test (2 min); *=Visual Analogue Pain 
Score.
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Data Analysis
Two patients did not appropriately respond to 

the CPT and were excluded from the data analysis 
because they were not able to continuously immerse 
their hand in ice cold water for the 2 minutes dura-
tion. A total of 4 baseline values were obtained during 
the protocol. The first baseline (BL1) was measured 
shortly after the 2 leads were implanted either in the 
T1-T2 or T5-T6 region as randomized and immediately 
prior to the initiation of the control CPT (SCS turned 
off). The second baseline (BL2) was measured prior to 
beginning the SCS at the first randomized spinal cord 
region; the third baseline (BL3) was measured prior to 
beginning the second randomized spinal cord region, 
and the fourth baseline (BL4) was measured after the 
SCS was turned off for approximately 5 minutes. The 
MAP and HR baseline values were obtained by mea-
suring the mean over approximately a 2-minute pe-
riod immediately prior to an intervention (CPT, SCS, or 
SCS+CPT). Similarly, the MAP and HR values during the 
CPT period of 2 minutes or SCS over the last 2 minute 
time period were averaged and used for comparisons 
and to calculate the percent change over baseline. The 
data was analyzed using a One Way Repeated Mea-
sures ANOVA, paired t-test or Wilcoxon signed rank 
test. A P value of < 0.05 was considered significant. 
All statistical analyses were performed using the Sig-
maStat version 3.1 (Systat Software Inc., Richmond, 
California).

Results

Effect of Control CPT on Hemodynamics and 
HR

The systolic and diastolic pressures increased sig-
nificantly during the control CPT compared to baseline. 
SBP and DBP increased by 12.5±5.4 mmHg (P <0.001) 
and 7±4.3 mm Hg (P=0.002), respectively compared to 
baseline. The heart rate also increased significantly by 
3.1±2.6 beats per minute (P =0.01) compared to base-
line (Table 2). Fig. 3 shows changes in MAP at baseline 
and during the two minute CPT in the absence of SCS. 
Sympathetic activation by CPT increased MAP from a 
baseline value of 106 ±4.3 mmHg to 115.4±2.9 mmHg 
(P <0.001) in the absence of SCS. 

Table 2. Changes in systolic, diastolic, mean arterial pressure, and heart rate during only SCS and during SCS+ CPT. Values are 
mean±SD from 8 subjects. 

PROTOCOL Mean 
Systolic Pressure

Mean
Diastolic Pressure

Mean
Arterial Pressure

Mean
Heart Rate

BL1 141.9 ± 6.2 84.2 ± 4.6 106.0 ± 4.3 78.4 ± 12.5

CONTROL CPT 154.4 ± 4.2 91.3 ± 1.5 115.4 ± 2.9 81.5 ± 10.9

BL2 144.3 ± 8 85.3 ± 7.4 108.2 ± 7.5 76.0 ± 9.7

SCS @ T1/T2 148.6 ± 10.5 86.9 ± 7.3 110.2 ± 8.1 77.0 ± 9.8

SCS @ T1-T2+ CPT 156.6 ± 8.4 93.4 ± 6.8 117.4 ± 6.4 80.5 ± 13.3

BL3 148.6 ± 9.4 87.4 ± 7.2 110.7 ± 7.8 77.4 ± 13

SCS @ T5-T6 144.8 ± 10.7 84.0 ± 4.8 107.6 ± 7.4 74.7 ± 10.4

SCS @ T5-T6 + CPT 160.6 ± 10.9 95.8 ± 8 121.4 ± 9.2 78.9 ± 12

BL4 143.1 ± 9.8 83.1 ± 5.2 106.3 ± 6.4 77.6 ± 11.2

BL= baseline. 

Fig.3. Mean Arterial Pressure at baseline and during the 2 
-minute Cold Pressor Test in the absence of  SCS. Data are 
mean ± SD.
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Effect of SCS at T1-T2 Region on Hemodynam-
ics and HR:

Fig. 4 shows the effect of SCS at T1-T2 region 
on MAP and HR in 8 patients. Five out of 8 patients 
showed an increase in MAP and 6 out of 8 patients 
showed an increase in HR during SCS at T1-T2 region. 
Compared to baseline, SCS at the T1-T2 region signifi-
cantly increased SBP by 4.3±5.1 mmHg (P<0.05; Table 
2). However, DBP increased by only 1.5±3.3 mmHg 
(P=0.23; Table 2). SCS at this region resulted in a mod-
erate insignificant increase in MAP by 2±3.8 mmHg 
and mean HR by 1±2.5 beats per minute (Figs. 4A & 
4C; Table 2) compared to baseline. SCS at T1-T2 region 
during CPT also caused a slight increase in MAP by 
2±6.6 mmHg and a drop in HR by 1±3.8 beats per min-
ute respectively (Figs. 4B and 4D; Table 2) compared to 
control CPT (SCS turned off). None of these changes 
were significant.

Effect of SCS at T5-T6 Region on Hemodynam-
ics and HR:

Compared to baseline, SCS at T5-T6 region de-
creased SBP and DBP by 3.8±9.8 mmHg (P =0.03) 
and 3.5±6.3 mmHg (P =0.16), respectively (Table 2). 
The effect of SCS at T5-T6 region on MAP and HR in 
8 patients is shown in Fig. 5. Five out of 8 patients 
showed a decrease in MAP and in HR during SCS at 
T5-T6 region. SCS at the T5-T6 region resulted in an 
insignificant decrease in both MAP by 3.1±7.7 mmHg 
and mean HR by 2.7±4.3 beats per minute (Figs. 5A & 
5C; Table 2), compared to baseline. SCS at the T5-T6 
region during the CPT caused a significant increase in 
MAP by 5.9±7.1 mmHg (P<0.05) and a marginally sig-
nificant (P =0.07) reduction in HR by 2.6±3.4 beats per 
minute, respectively (Figs. 5B and 5D; Table 2) com-
pared to the control CPT (SCS turned off). 

Fig. 4. Changes in MAP and HR in 8 patients during SCS at T1-T2 region (A) and (C) and during CPT+SCS at T1-T2 
region (B) and (D) respectively. Data are mean ± SD.
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discussion

This study demonstrated that brief periods (8 – 10 
minutes) of SCS at either the T1-T2 or T5-T6 region 
did not significantly alter the MAP or HR. However, 
SCS at the T1-T2 region caused a slight increase in HR 
and MAP, which is not consistent with previous data in 
the literature. Sympathetic fibers innervate the heart 
from the level of the superior cervical ganglion from 
spinal levels T1 through T4 while T5-T6 spinal regions 
provide sympathetic fibers to blood vessels (13). Sev-
eral studies have shown that the peripheral resistance 
of the vasculature decreases with SCS (4,7), in turn 
decreasing the afterload the ventricles must pump 
against. Thoracic SCS has been shown to decrease fir-
ing of neurons of the spinothalamic tract and suppress 
the excitatory capacity of intrinsic cardiac neurons (3). 

Fig. 5. Changes in MAP and HR in 8 patients during SCS at T5-T6 region (A) and (C) and during CPT+SCS at T5-T6 
region (B) and (D) respectively. Data are mean ± SD.

Thoracic SCS has also been shown to activate sensory 
afferent fibers (3) and it is likely that the stimulation 
intensity used in our study would induce activation of 
the dorsal column. Thoracic SCS (in the region where 
sensory afferents project) may produce excitatory 
stimulation to higher centers in the brain stem and 
hypothalamus, mimicking sympathetic activation. This 
then would produce a reflex parasympathetic outflow 
to the heart. 

Issa et al (6) have recently demonstrated in canines 
that 15 minutes of thoracic SCS significantly decreased 
sinus rate by 7.5 bpm, increased the PR interval by 11 
ms, and reduced systolic blood pressure by 9.8 mmHg. 
These findings may be due to autonomic modulation 
as the findings from this study are consistent with en-
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hancement of vagal tone and/or withdrawal of sympa-
thetic tone with SCS. Although the exact mechanism 
by which thoracic SCS exerts its effects are not known, 
preliminary evidence suggests that SCS results in a 
decreased sympathetic tone. The results we obtained 
during stimulation of the T1-T2 spinal cord region, 
however, do not support this contention. Levin and 
Hubschmann (14) studied the effect of SCS for 20 min-
utes in a patient with multiple sclerosis and showed 
that there was a moderate decrease in blood pressure 
during SCS at the T5-T6 region.

Foreman et al. (3) proposed that intrinsic cardiac 
neuron activity is modulated by SCS, most specifically 
the input of intrathoracic sympathetic nerves to the 
heart and showed that SCS suppressed activity gener-
ated by intrinsic afferent sensory cardiac neurons. Sev-
eral previous studies have shown that SCS modulates 
the autonomic nervous system. Olgin et al (5) showed 
that, in a canine model, SCS slowed the sinus rate and 
prolonged conduction time through the AV node, and 
that effect appeared to be mediated by the vagus 
nerve. Our study showed that SCS appears to enhance 
parasympathetic activity or decrease sympathetic tone 
in the T5-T6 region compared to the T1-T2 region of 
the spinal cord. Although only SCS at T5-T6 region re-
sulted in a moderate drop in MAP by 3.1±7.7 mmHg, 
SCS at the T5-T6 region during concomitant CPT in-
creased MAP significantly by 5.9±7.1 mm Hg compared 
to the control CPT (SCS off). This increase in MAP could 
have stimulated the baroreceptors in the carotid sinus. 
Afferent baroreceptor activity at the Nucleus Tractus 
Solitarius (NTS) region in the brain stem is known to 
influence the vasomotor center which regulates the 
sympathetic nervous system. Thus an active NTS dur-
ing CPT+SCS at the T5-T6 region could have inhibited 
the sympathetic outflow and stimulated the parasym-
pathetic outflow resulting in a modest drop of HR by 
2.6±3.4 beats per minute. Cui et al (19) studied baro-
receptor modulation of muscle sympathetic nerve ac-
tivity (MSNA) and HR in 10 normal subjects during the 
CPT and showed that baroreceptors were capable of 
modulating MSNA and HR during the CPT. 

During epidural SCS, the current may spread into 
the lateral columns of the spinal cord and inhibit sym-
pathetic outflow. It is possible that the observed trend 
in reduction of MAP and HR during the stimulation 
of the T5-T6 spinal region may be due to inhibition 
of the sympathetic activity. SCS in the T5-T6 region 

may reduce sympathetic outflow by attenuating ef-
ferent sympathetic activity and inducing vasodilation 
of the peripheral microcirculation. Thoracic SCS has 
also been shown to cause peripheral vascular vasodila-
tion mediated by nitric oxide (15) and release of the 
vasodilator calcitonin gene-related peptide-CGRP (8). 
The slight rise in heart rate evoked by SCS at the T1-
T2 region could have been due to a direct stimulation 
of sympathetic preganglionic efferent fibers that exit 
the cord in the ventral roots. However, we consider 
this possibility unlikely since the stimulus voltage was 
below the threshold for efferent motor neuron stimu-
lation, and probably also below the threshold for ef-
ferent sympathetic stimulation, since these fibers are 
usually less excitable than the large motor neurons in 
the ventral roots. 

Preliminary studies indicate that SCS has a posi-
tive effect on myocardial ischemia. Several studies 
performed during acute pain showed that treatment 
with SCS reduced ST-segment depression and promot-
ed increased exercise tolerance, decreased the need 
for nitrates and increased perfusion of myocardial tis-
sue. Studies in patients with refractory angina pectoris 
have also reported reduction of objective signs of myo-
cardial ischemia, including exercise-induced ST-seg-
ment depression and spontaneous transient ischemic 
episodes on Holter monitoring with SCS (2,16-18). SCS 
has also been reported to exert long-term anti-isch-
emic effects (18). Sanderson et al (20) assessed severe 
angina pectoris patients with right atrial pacing dur-
ing SCS. Pacing was started at a rate of 100 bpm and 
increased in increments of 10 bpm. BP was measured 
during pacing, with SCS first turned off, then on and 
off again, with a 30 minute interval. The systolic BP de-
creased from 135 mmHg (SCS off) to 124 mm Hg (SCS 
on) at maximum heart rate (150 bpm).

This study has several important limitations. The 
interventions were not totally randomized. Not all 
patients were able to keep their hand in ice water 
for 2 minutes. SCS was applied for short duration of 
about 8 – 10 minutes, while in most clinical studies it 
is maintained for much longer time periods. All pa-
tients received light sedation during the implantation 
procedure. This could have altered their MAP and HR. 
All patients were having neuropathic pain at the time 
of study and this could have influenced the results as 
well. Another limitation is the lack of power due to 
the small sample size.
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conclusion

This study demonstrated that SCS at either the T1-
T2 or T5-T6 region did not significantly alter MAP or 
HR compared to baseline. At the T5-T6 region, only SCS 
reduced the mean arterial blood pressure to a mod-
erate extent, consistent with the previously known 
antisympathetic effect of SCS in animals. However, 
during an elevated sympathetic tone induced by CPT, 
SCS at the T5-T6 region increased MAP significantly. 
The T1-T2 spinal region is targeted routinely in drug 

refractory angina pectoris patients and the results of 
this study raise the possibility that the relief of angina 
due to stimulation at the T1-T2 might be unrelated 
to changes in HR or MAP induced by SCS. The rise in 
HR and MAP in response to SCS at T1-T2 region is not 
consistent with previous data in experimental animals. 
Acute SCS did not result in adverse cardiovascular re-
sponses and proved to be safe.
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