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Abstract

Whole-body periodic acceleration (WBPA) has been developed as a passive exercise device
capable of improving endothelial function by applying pulsatile shear stress to vascular
endothelium. We hypothesized that treatment with WBPA improves exercise capacity,
myocardial ischemia and left ventricular (LV) function as a result of increased coronary and
peripheral vasodilatory reserves in angina patients. Twenty-six angina patients who were not
indicated for percutaneous coronary intervention and/or coronary artery bypass grafting were
randomly assigned to remain sedentary (Sedentary group) or to undergo 20 sessions of WBPA
with the motion platform for 4 weeks (WBPA group) in addition to conventional medical
treatment. WBPA was applied at 2 to 3 Hz and approximately +2.2 m/sec? for 45 min. We
repeated the symptom-limited treadmill exercise test and adenosine sestamibi myocardial
scintigraphy. In the WBPA group, the exercise time until 0.1 mV ST depression increased by
53% (p<.01), and the double product at 0.1 mV ST depression by 23% (p<.001). The
severity score of myocardial scintigraphy during adenosine infusion decreased from 20£10 to
14+8 (p<.001), and resting severity score also decreased from 13+10 to 8+10 (p<.01). In
resting scintigraphic images, LV end-diastolic volume index decreased by 18% (p<.01) with
an augmentation of LV ejection fraction from 50+£16% to 55+16% (p<.01). In contrast, all
aforementioned parameters remained unchanged in the sedentary group. In conclusion,
treatment with WBPA for angina patients ameliorates exercise capacity, myocardial ischemia

and LV function.
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Introduction

Recently, Sackner et al." 2 invented whole-body periodic acceleration (WBPA), a new
therapeutic device capable of improving endothelial function by applying pulsatile shear
stress to vascular endothelium, presumably owing to the production and release of vasoactive
substances such as nitric oxide.> * Heparin possesses several functions besides an
anticoagulant effect. Heparin potentiates and accelerates coronary collateral growth
resulting from interaction with angiogenic growth factors.> Heparin also increases the
bioavailability of nitric oxide by liberating vessel-immobilized myeloperoxidase.® We
designed the present study to test the impact of repeated WBPA therapy with heparin
pretreatment on exercise capacity, myocardial ischemia, and left ventricular (LV) function in
patients with angina pectoris and mild LV dysfunction.
Methods

We investigated 26 patients (19 men, 7 women) aged between 45 and 86 years (mean 68 +
10 years) with chronic effort angina and mild LV dysfunction with an ejection fraction (EF)
below 55% (mean 51 = 10 %). All had angiographically proven significant coronary
narrowing (> 75%) involving one or more major coronary arteries and developed > 0.1 mV
ST-segment depression during treadmill exercise testing. None had acute exacerbation of
symptoms in the preceding 6 months. Patients were randomized to remain sedentary
(Sedentary group, n = 13) or to undergo heparin WBPA therapy (WBPA group, n = 13). All

patients underwent conventional medical therapy throughout the study. WBPA was applied



with a gurney-like motion platform device (Acceleration Therapeutics AT101; Non-Invasive
Monitoring Systems; North Bay Village, FL) at a frequency of 2-3 Hz and approximately +
2.2 m/sec? for 45 minutes."? A single intravenous dose of heparin (5,000 1U) was given 10
to 20 min before each WBPA. The procedure was repeated 20 times over 4 weeks.
Primary endpoints of the present study were improvements in exercise capacity, myocardial
ischemia and LV size and function. The study protocol complied with the Declaration of
Helsinki was approved by the ethics committee of Kitano Hospital, and all patients gave
written informed consent for the study.

Before performing the baseline exercise test, all patients carried out preliminary treadmill
exercise several times to habituate themselves to the test. All anti-angina medications were
withdrawn at least 2 days before the study. Sublingual nitroglycerin was allowed for angina
symptom relief. Symptom-limited graded treadmill exercise testing was performed with a
standard Bruce protocol in a fasting state, and a post-treatment treadmill exercise test was
repeated at the same time of day as the baseline test.” A 12-lead electrocardiogram was
recorded at rest and 1-minute intervals until the onset of limiting chest pain, leg fatigue or >
0.2 mV ST-segment depression. Blood pressure was measured with a sphygmomanometer
during each minute of exercise and recovery. Time to 0.1 mV ST-segment depression was
defined as the elapsed time from initiation of exercise to the occurrence of horizontal or
down-sloping 0.1-mV ST-segment depression measured at 80 ms after the J point. In this

study, the heart rate and systolic blood pressure at the onset of 0.1 mV ST-segment depression



were measured to determine the ischemic threshold. All exercise tests and ST-segment
evaluations were performed by investigators blinded to the results of coronary angiograms
and treatment status.

Adenosine myocardial perfusion single photon emission computed tomography was
performed as described previously.® Adenosine was infused at 140 pg/kg/min for 5 minutes.
At the end of the second minute, Tc-99m sestamibi (25-40 mCi) was injected, and myocardial
perfusion single photon emission computed tomography acquisition was started
approximately 60 minutes later. We used software developed at Cedars-Sinai Medical

Center, called quantitative gated single photon emission computed tomography,® *°

capable of
providing simultaneous assessment of LV perfusion, global function (either systolic and
diastolic) and regional wall thickening and motion. Visual interpretation of myocardial
perfusion single photon emission computed tomography images was based on short-axis and
vertical long-axis tomograms divided into 17 segments.** Each segment was scored by 2
expert observers blinded to the treatment group using a 5-point scoring system (0, normal; 1,
mildly abnormal; 2, moderately abnormal; 3, severely abnormal; and 4, absence of segmental
uptake). Subsequently, summed stress and rest scores were calculated by summing of
respective segmental scores.’?  The maximal score was therefore 68 (17 segments x score 4).
When visual scoring was different between the 2 observers, they assessed again the

myocardial perfusion images and reached a consensus. Quantitative measurements of LVEF

using gated perfusion single photon emission computed tomography were usually



volume-based rather than count-based methods. In particular, the time-volume curve

derived from 16-frame gating allowed the end-diastolic volume (EDV) and end-systolic

volume (ESV) of the LV cavity to be identified, from which the LVEF was calculated as

follows: %LVEF = (LVEDV- LVESV)/ LVEDV x 100.

Data are expressed as the mean = SD. A two-way analysis of variance using

Bonferroni’s method was carried out to investigate differences in the treadmill exercise test

and adenosine myocardial perfusion scintigraphy. Significance was designated at the

probability value of p < 0.05.

Results

All 26 patients completed the protocol without any complications or adverse effects. No

hemorrhagic tendency was noted in any of the patients treated with heparin. Weekly

urinalysis and stool occult blood tests revealed negative results.

The baseline characteristics of the study patients are listed in Table 1. There were no

significant differences in age, gender, risk factors and disease complications between the 2

groups. The distribution of the ischemia-related artery was similar in the 2 groups. The

number of involved vessels was also comparable between the 2 groups. Similarly, there

were no significant differences in medication between the 2 groups.

Exercise time and hemodynamic parameters at rest and at 0.1 mV ST depression during

the treadmill exercise test are summarized in Table 2. There were no significant differences

in resting hemodynamic parameters at baseline and after treatment between the 2 groups. In



the sedentary group, the exercise time to 0.1 mV ST depression remained unchanged before

and after the conventional treatment. In contrast, in the WBPA group, WBPA with heparin

pretreatment significantly increased the exercise time to 0.1 mV ST depression. In the

sedentary group, the double product at 0.1 mV ST depression remained unchanged before and

after conventional treatment. In contrast, in the WBPA group it was significantly (p < .001)

increased.

Figure 1 shows 2 representative cases in each group. In a patient of the sedentary group,

in the LV short-axial and horizontal long-axial view, posterolateral hypoperfusion or defect

and LV size remained unchanged as determined by both stress and at rest imaging after

conventional treatment (Figure 1; left panels). In a patient of the WBPA group, in the LV

short-axial and horizontal long-axial view, posterolateral hypoperfusion or defect clearly

improved as determined by both stress and at rest imaging after heparin WBPA treatment. In

addition, LV size remarkably decreased as determined by both stress and at rest imaging after

treatment (Figure 1; right panels). At baseline, the summed stress and rest scores of

adenosine myocardial perfusion scintigrams were comparable between the 2 groups. The

summed stress and rest scores remained unchanged in the sedentary group. In contrast, in

the WBPA group after treatment with heparin WBPA therapy, the summed stress and rest

scores significantly decreased (Figure 2). Changes in global LV parameters (EDVI, ESVI,

EF) are summarized in Figure 3. At baseline, the LVEDVI, LVESVI and LVEF were similar

between the 2 groups. In the sedentary group, all global LV parameters remained unchanged



after conventional treatment (Figure 3; left panels). In the WBPA group, we found
significantly smaller LVEDVI and LVESVI after treatment. In addition, LVEF significantly
increased (Figure 3; right panels).
Discussion

The present study has demonstrated that repeated WBPA with a motion platform
combined with heparin pretreatment attenuates stress-induced myocardial ischemia and
improves resting LV systolic function with a reversal of LV remodeling in patients with
angina pectoris and mild LV dysfunction. This is the first clinical report to show that
heparin WBPA treatment is effective in alleviating exercise-induced myocardial ischemia and
improving cardiac morphology and performance in patients with advanced coronary artery
disease.

In our treated patients, the rate-pressure product at 0.1 mV ST depression increased by
23% with heparin WBPA treatment. This implies an increase in blood flow supply to the

potentially ischemic area,” ***

which was confirmed by myocardial perfusion scintigraphy
during adenosine infusion. These findings suggest that coronary flow reserve to the
potentially ischemic area was augmented by the treatment. There are 3 possible mechanisms
of the increased flow reserve. First, increased pulsatile shear stress resulting from WBPA
treatment activates production and release of angiogenic growth factors and leads to

15

arteriogenesis.> Second, WBPA increases the release from the endothelium of

vasodilatory molecules such as nitric oxide, adrenomedullin, prostacyclin, and others.®



These substances may contribute to arteriogenesis and/or angiogengesis.'® **  Third,
endothelial dysfunction plays an important role in the pathogenesis of decreased coronary
flow reserve.® Improvement of coronary endothelial function, which is speculated from the
improved endothelial function in the peripheral circulation with WBPA,™ % enhances
coronary flow reserve in the area supplied with severely narrowed coronary artery and/or
collateral vessels.”* Indeed, we have recently documented that WBPA improves coronary
flow reserve in healthy subjects and patients with coronary artery disease.??

In our treated patients, the rate-pressure product at the same exercise time was
significantly decreased (data not shown). This implies that heparin WBPA treatment may
provide a peripheral effect via nitric oxide production, which is the case in exercise
rehabilitation in patients with coronary artery disease.”® Thus, the increased exercise
capacity after the treatment may, at least in part, be attributed to a training effect.
Alternatively, cardiac protection may have been achieved as a result of WBPA. WBPA has
also been shown to upregulate eNOS in the heart.* Cardiac preconditioning is a polygenic
process resulting in de novo synthesis of cardioprotective proteins.? The
preconditioning-mimetic actions of nitroglycerin have been demonstrated in an elegant study
by Leesar et al..*® The preconditioning effect of WBPA was also documented in an animal
study.®®  Thus, cardiac preconditioning potentially suppresses myocardial oxygen
consumption during exercise with a resultant improvement of exercise capacity.

In our patients with heparin WBPA treatment, scintigraphically evaluated resting LV
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function significantly improved. It is well known that “hibernating” myocardium recovers
contractile force soon after revascularization procedures such as percutaneous coronary
intervention and coronary artery bypass grafting.?’” A reduction in “hibernating”
myocardium in our treated patients was shown by the fact that the defect score of myocardial
perfusion scintigraphy at rest was significantly decreased after treatment.  Another
explanation of LV functional recovery is an unloading effect resulting from decreased
peripheral vascular resistance as a result of improved endothelial function in peripheral
circulation.

Heparin was administered as a pretreatment of WBPA for two reasons. First, we have
previously developed heparin exercise treatment for patients with chronic effort angina.’®
The efficacy of heparin on coronary collateral growth has been confirmed by several clinical
studies.® It is important that heparin does not initiate but rather potentiates arteriogenesis in
combination with exercise. Therefore, the presence of angiogenic growth factors is
indispensable for the effect of heparin. Indeed, in angina patients treated with heparin alone
the total treadmill exercise time remained unchanged (414 + 126 versus 408 + 66 (SD) sec).?
This is also a reason why heparin was not administrated in the control group. Second,
heparin has been reported to increase the bioavailability of nitric oxide by liberating
vessel-immobilized myeloperoxidase.® Thus, we expected that the beneficial effect of
WBPA on endothelial function would be potentiated by heparin pretreatment.

It is tempting to compare the effect of heparin WBPA treatment with other therapeutic
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modalities. In this study, the treadmill exercise time to 0.1 mV ST depression was
significantly increased from 261 + 123 to 400 + 164 (SD) sec, which was comparable with the
effect of heparin exercise treatment.’®* In angina patients enrolled in the multicenter study of
enhanced external counterpulsation (MUST-EECP), the exercise time to 0.1 mV ST
depression was increased significantly from 337 + 18 to 379 + 18 (SEM) sec.  Six week
treatment (diltiazem, 360 mg/day) for patients with effort angina significantly increased the
exercise time to 0.1 mV ST depression from 198 + 24 to 324 + 36 (SEM) sec.*® Although
direct comparison among these studies may be limited because of the differences in the
patient population, medications and protocols in the treadmill exercise test, heparin WBPA
treatment appears to be a promising therapeutic modality.

One limitation of the present study is the lack of a group of patients with WBPA without
heparin.  Since the present study was designed to document the efficacy of a new therapeutic
modality for angina patients who are not indicated for percutaneous coronary intervention
and/or coronary artery bypass grafting, we expected maximal effects of the treatment by
combining WBPA with heparin. In future studies, it should be examined whether WBPA
alone is also efficacious for relieving effort angina and improving LV dysfunction. Further
investigations are needed to elucidate more precise mechanisms underlying the efficacy of the
treatment. Prospective, randomized trials comprised of a large number of patients are also

needed to confirm the effectiveness of this treatment.



-12-

Sackner MA, Gummels E, Adams JA. Nitric oxide is released into circulation with
whole-body, periodic acceleration. Chest 2005;127:30-39.

Sackner MA, Gummels E, Adams JA. Effect of moderate-intensity exercise,
whole-body periodic acceleration, and passive cycling on nitric oxide release into
circulation. Chest 2005;128:2794-2803.

Adams JA, Bassuk J, Wu D, Grana M, Kurlansky P, Sackner MA. Periodic
acceleration: effects on vasoactive, fibrinolytic, and coagulation factors. J Appl Physiol
2005;98:1083-1090.

Adams JA, Wu H, Bassuk JA, Arias J, Uryash A, Kurlansky P. Periodic acceleration
(pGz) acutely increases endothelial and neuronal nitric oxide synthase expression in
endomyocardium of normal swine. Peptides 2009;30:373-377.

Fujita M. Heparin and angiogenic therapy. Eur Heart J 2000;21:270-274.

Baldus S, Rudolph V, Roiss M, Ito WD, Rudolph TK, Eiserich JP, Sydow K, Lau D,
Szocs K, Klinke A, Kubala L, Berglund L, Schrepfer S, Deuse T, Haddad M, Risius T,
Klemm H, Reichenspurner HC, Meinertz T, Heitzer T. Heparins increase endothelial
nitric oxide bioavailability by liberating vessel-immobilized myeloperoxidase.
Circulation 2006;113:1871-1878.

Quyyumi AA, Panza JA, Diodati JG, Lakatos E, Epstein SE. Circadian variation in
ischemic threshold. A mechanism underlying the circadian variation in ischemic events.

Circulation 1992:86:22-28.



8.

10.

11.

12.

13.

14.

13-

Amanullah AM, Kiat H, Friedman JD, Berman DS. Adenosine technetium-99m

sestamibi myocardial perfusion SPECT in women: diagnostic efficacy in detection of

coronary artery disease. J Am Coll Cardiol 1996;27:803-8009.

Germano G, Kiat H, Kavanagh PB, Moriel M, Mazzanti M, Su HT, Van Train KF,

Berman DS. Autonomic acquisition of ejection fraction from gated myocardial

perfusion SPECT. J Nucl Med 1995;36:2138-2147.

Abidov A, Germano G, Hachamovitch R, Berman DS. Gated SPECT in assessment of

regional and global left ventricular function: Major tool of modern nuclear imaging. J

Nucl Cardiol 2006;13:261-279.

Berman DS, Kiat H, Friedman JD, Wang FP, van Train K, Matzer L, Maddahi J, Germano

G.  Separate acquisition rest thallium-201/stress technetium-99m sestamibi dual-isotope

myocardial perfusion single-photon emission computed tomography: a clinical validation

study. JAm Coll Cardiol 1993;22:1455-1464.

Hachamovitch R, Berman DS, Kiat H, Bairey-Merz N, Cohen I, Cabico JA, Friedman JD,

Germano G, Van Train KF, Diamond GA. Gender-related differences in clinical

management after exercise nuclear testing. J Am Coll Cardiol 1995;26:1457-1464.

Fujita M, Sasayama S, Asanoi H, Nakajima H, Sakai O, Ohno A. Improvement of

treadmill capacity and collateral circulation as a result of exercise with heparin

pretreatment in patients with effort angina.  Circulation 1988;77:1022-1029.

Ohno A, Fujita M, Miwa K, Ejiri M, Asanoi H, Sasayama S. Importance of coronary



15.

16.

17.

18.

19.

20.

-14-

collateral circulation for increased treadmill exercise capacity by nitrates in patients with

stable effort angina pectoris. Cardiology 1991;78:323-328.

Fujita M, Sasayama S. Coronary collateral growth and its therapeutic application to

coronary artery disease. Circ J 2010;74:1283-1289.

Hamid SA, Baxter GF. Adrenomedullin: regulator of systemic and cardiac homeostasis

in acute myocardial infarction. Pharmacol Ther 2005;105:95-112.

Iwata H, Nakamura K, Sumi M, Ninomiya M, Sakai Y, Hirata Y, Akaike M, Igarashi T,

Takamoto S, Nagai R, Sata M. Local delivery of synthetic prostacycline agonist

augments collateral growth and improves cardiac function in a swine chronic cardiac

ischemia model. Life Sci 2009;85:255-261.

Ludmer PL, Selwyn AP, Shook TL, Wayne RR, Mudge GH, Alexander RW, Ganz P.

Paradoxical vasoconstriction induced by acetylcholine in atherosclerotic coronary arteries.

N Engl J Med 1986;315:1046-1051.

Matsuo S, Matsumoto T, Takashima H, Ohira N, Yamane T, Yasuda Y, Tarutani Y, Horie

M. The relationship between flow-mediated brachial artery vasodilation and coronary

vasomotor responses to bradykinin: comparison with those to acetylcholine. J

Cardiovasc Pharmacol 2004;44:164-170.

Matsumoto T, Fujita M, Tarutani Y, Yamane T, Takashima H, Nakae I, Horie M.

Whole-body periodic acceleration enhances brachial endothelial function. Circ J

2008;72:139-143.



21.

22.

23.

24,

25.

26.

217.

-15-

Hambrecht R, Wolf A, Gielen S, Linke A, Hofer J, Erbs S, Schoene N, Schuler G.  Effect

of exercise on coronary endothelial function in patients with coronary artery disease. N

Engl J Med 2000;342:454-460.

Fukuda S, Shimada K, Kawasaki T, Kono Y, Jissho S, Taguchi H, Maeda K, Yoshiyama

M, Fujita M, Yoshikawa J. “Passive exercise” whole body periodic acceleration: effects

on coronary microcirculation. Am Heart J 2010;159:620-626.

Hambrecht R, Adams V, Erbs S, Linke A, Krankel N, Shu Y, Baither Y, Gielen S, Thiele

H, Gummert JF, Mohr FW, Schuler G. Regular physical activity improves endothelial

function in patients with coronary artery disease by increasing phosphorylation of

endothelial nitric oxide synthase. Circulation 2003;107:3152-3158.

Bolli R.  The late phase of preconditioning. Circ Res 2000;87:972-983.

Leesar MA, Stoddard MF, Dawn B, Jasti VG Masden R, Bolli R. Delayed

preconditioning-mimetic action of nitroglycerin in patients undergoing coronary

angioplasty. Circulation 2001;103:2935-2941.

Adams JA, Wu H, Bassuk JA, Arias J, Uryash A, Jorapur V, Lamas GA, Kurlansky P.

Periodic acceleration (pGz) prior to whole body ischemia reperfusion injury provides

early cardioprotective preconditioning. Life Sci 2010;86:707-715.

Ceconi C, La Canna G, Alfieri O, Cargnoni A, Coletti G, Curello S, Zogno M, Parrinello

G, Rahimtoola SH, Ferrari R. Revascularization of hibernating myocardium: rate of

metabolic and functional recovery and occurrence of oxidative stress. Eur Heart J



28.

29.

30.

-16-

2002;23:1877-1885.

Fujita M, Yamanishi K, Hirai T, Ohno A, Miwa K, Sasayama S. Comparative effect of

heparin treatment with and without strenuous exercise on treadmill capacity in patients

with stable effort angina. Am Heart J 1991;122:453-457.

Arora RR, Chou TM, Jain D, Fleishman B, Crawford L, McKiernan T, Nesto RW. The

multicenter study of enhanced external counterpulsation (MUST-EECP): effect of EECP

on exercise-induced myocardial ischemia and anginal episodes. J Am Coll Cardiol

1999;33:1833-1840.

Khurmi NS, Bowles MJ, O'Hara MJ, Bala Subramanian V, Raftery EB. Long-term

efficacy of diltiazem assessed with multistage graded exercise tests in patients with

chronic stable angina pectoris. Am J Cardiol 1984;54:738-743.



17-

Figure legends

Figure 1. Myocardial scintigrams in representative cases. Changes in myocardial
perfusion scintigrams during adenosine infusion in representative cases (A), and changes in
myocardial perfusion scintigrams at rest in the same representative cases as in A (B). Upper

panels, short axial images; lower panels, horizontal long-axial images.

Figure 2. Summary data on myocardial scintigrams. Changes in summed stress score in
myocardial scintigrams during adenosine infusion (A), and changes in summed rest score in

myocardial scintigrams at rest (B). Bars indicate the mean £ SD.

Figure 3. Summary data on global LV function. Changes in the LVEDVI index (A),
LVESVI (B) and LVEF (C). Bars indicate the mean £ SD. LV = left ventricular; LVEDVI
= left ventricular end-diastolic volume index; LVEF = left ventricular ejection fraction;

LVESVI = left ventricular end-systolic volume index.



Table 1

Table 1 Baseline patient characteristics

Variable Sede(?]tir{ :g)roup WI(BnP,j % ;()Jup
Age (years) 66 + 10 69 + 10
Men/women 10/3 9/4
Hypertension 10 (77%) 10 (77%)
Diabetes mellitus 7 (54%) 7 (54%)
Hypercholesterolemia 10 (77%) 8 (62%)
Cigarette smoker 6 (46%) 4 (31%)
Body mass index (kg/m?) 22.6+3.4 235+3.1
Renal failure 5 (38%) 5 (38%)
Number of involved coronary arteries 2.3+0.8 25+0.7
Ischemia-related coronary artery
Right 4 (31%) 3 (23%)
Left anterior descending 7 (54%) 8 (62%)
Left circumflex 2 (15%) 2 (15%)
Healed myocardial infarction 5 (38%) 7 (54%)
Prior percutaneous coronary intervention 6 (46%) 6 (46%)
Prior coronary artery bypass grafting 5 (38%) 5 (38%)
Arteriosclerosis obliterans 1 (8%) 4 (31%)
Prior cerebral infarction 3 (23%) 0 (0%)
Canadian Cardiovascular Society of classification of effort angina
Class Il 11 (85%) 10 (77%)
Class Il 2 (15%) 3 (23%)
Class IV 0 (0%) 0 (0%)
Medication
Aspirin 13 (100%) 13 (100%)
Angiotensin converting enzyme inhibitor 3 (23%) 1 (8%)
Angiotensin Il receptor blocker 6 (46%) 7 (54%)
Beta-blocker 8 (62%) 10 (77%)
Calcium-blocker 5 (38%) 6 (46%)
Statin 10 (77%) 6 (46%)
Pioglitazone 0 (0%) 1 (8%)
Diuretic 5 (38%) 6 (46%)

Values are the mean + SD.
Sedentary group, patients with conventional medical therapy alone; WBPA group, patients with
whole-body periodic acceleration therapy with heparin pretreatment plus conventional medical
therapy.



Table 2

Table 2 Changes in treadmill exercise time and hemodynamic parameters

at rest and 0.1 mV ST depression

Sedentary group WBPA group
Variable _ After _ After
Baseline treatment Baseline treatment
Exercise time (sec) 269 + 186 244 + 159 261 £123 400 £ 164*F
Heart rate (beats/min)
resting 70+8 69+9 68 + 6 68 + 8
ischemia 111 £ 15 107 £ 17 112+ 10 115+ 9
Systolic blood pressure (mmHQ)
resting 122 +12 125+ 11 121 £ 12 119+ 12
ischemia 138 £ 19 134+ 21 136+ 24 163 + 29*F
Rate-pressure product x 10 % (mmHg x beats/min)
resting 86 + 15 86 + 14 82+10 81+10
ischemia 154 + 37 145 + 41 154 + 35 189 + 39*}

Data are presented as the mean value + SD.

Sedentary group, patients with conventional medical therapy alone; WBPA group, patients
with whole-body periodic acceleration therapy with heparin pretreatment plus conventional

medical therapy. *p < 0.01 vs. baseline values; fp < 0.01 vs. Sedentary group.

WBPA = whole-body periodic acceleration.
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