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Summary

Background: Enhanced external counterpulsation (EECP)
has been shown to improve treadmill times and myocardial
perfusion. However, improvement in perfusion defects has
been demonstrated only in patients exercised to the same car-
diac workload on the post-EECP as the pre-EECP stress test.

Hypothesis: This study was to determine the effect of EECP
on exercise capacity and myocardial perfusion by comparing
results of maximal exercise radionuclide testing pre- and post-
EECP treatment.

Methods: This prospective study included 25 patients with
angina who had performed maximal symptom-limited exer-
cise tolerance tests (ETT) with Bruce protocol and radionu-
clide perfusion single-photon emission computed tomography
(SPECT) study prior to and at completion of EECP treatment.

Results: After 35 h of EECP, 23 patients (93%) improved
by at least one functional angina class. There is a significant
improvement in their total treadmill times (357 + 93 to 449 +
97 s, p<0.001). There was a significant change in their peak
double products, from 18,891 + 3,939 pre-EECP t0 20,464 +
4,305 post-EECP ETT (p <0.03). Pre EECP, 16 patients had
ST-segment depression on their initial ETT. After EECP, 13 of
these patients (80%) either no longer had ST depression or had
a significant increase in their time to ST depression (229 + 52
to 315 = 60 s, p<0.001). The radionuclide perfusion scores
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also showed a significant reduction in ischemic segments
(16.36+10.52t0 14+ 10.9, p<0.05).

Conclusions: Patients treated with EECP demonstrated are-
duction in angina symptoms, improvement in exercise capaci-
ty, increase in time to ST-segment depression, and decrease in
perfusion defects despite performing at a higher workload.

Key words: external counterpulsation, angina, radionuclide
perfusion, ST depression

Introduction

Enhanced external counterpulsation (EECP) is a noninva-
sive treatment for angina pectoris that employs the sequential
inflation of lower extremity pneumatic cuffs to reduce left ven-
tricular overload, increase venous return to the heart, and aug-
ment diastolic aortic pressure, which, in turn, increases cor-
onary flow. Although the technique has been in use for more
than 30 years, a new improved model (Vasomedical, Inc.,
Westbury, N.Y., USA) has only been available since 1995.1
After 35 consecutive hours of EECP treatment with this de-
vice, improved exercise tolerance and sustained improve-
ments in exercise-induced reversible defects have been report-
ed in the majority of patients.% 3 The mechanism of action is
presumably that of development of collateral channels and/or
enhanced collateral flow.* It has also been reported to reduce
psychological distress and to improve quality of life.56 A re-
cent multicenter placebo-controlled double-blinded study
showed a significant increase in the time to ST-segment de-
pression;’ however, this study did not include radionuclide
perfusion scanning. In earlier published studies, patients un-
derwent radionuclide perfusion scanning in conjunction with
exercise stress test (ETT) exercise to the same heart rate X
blood pressure product (same double product), introducing the
possibility that improvement in peripheral muscle function
and reduced myocardial oxygen demands, rather than in-
creased collateral flow, might be the principal mechanism of
reduction in the exercise-induced reversible defects. Our ap-
proach was to perform a symptom-limited maximal ETT with
radionuclide perfusion before and after treatment to determine
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whether perfusion defects can be improved with EECP despite
performing at a higher workload.

Materials and Methods

We prospectively studied 25 patients from two centers, with
angiographically proven coronary artery disease, defined as
> 70% diameter stenosis in one or more major coronary arter-
ies or having undergone coronary artery bypass graft (CABG).
These patients were not candidates for percutaneous translu-
minal coronary angioplasty (PTCA)/stent or CABG surgery,
or refused CABG (two patients). All patients had Canadian
Cardiovascular Society (CCS) class I or higher angina pec-
toris, and were able to perform ETT according to the Bruce
protocol. Patient cardiovascular profiles are shown in Table I
All patients were on adequate medical therapy for angina.
Sixteen patients (64%) had had prior CABG, and 8 (34%) had
had prior PTCA. Patients were excluded if they were unable to
exercise on treadmill, had a myocardial infarction within prior
6 weeks, or had unstable angina, uncontrolled hypertension,
severe valvular heart disease, or malignant ventricular arrhyth-
mia. All medications were continued during both pre- and
post-EECP stress tests. The protocol was reviewed by the in-

TaBLE I  Patient baseline clinical and angiographic characteristics

Number of patients 25
Age (years) 68+9
Male gender (%) 23(92)
Race
Caucasian (%) 22(88)
Black (%) 2(8)
Hispanic (%) 1(4)
Hypertension (%) 10 (40)
Diabetes (%) 5020
Smoker (%) 14(56)
EF ’ 49+7.5
Coronary arteries with > 70% stenosis
Single-vessel (%) 3(12)
Double-vessel (%) 1@
Triple-vessel (%) 21 (84)
Prior CABG (%) 16 (64)
Prior PTCA (%) 8(32)
CV medication
Nitrates (%) 22(88)
Betablockers (%) 20(80)
Calcium-channel (%) 13(52)
Aspirin (%) 24 (96)
Coumadin (%) 3(12)
Lipid-lowering agents (%) 24 (96)
Canadian Cardiovascular Society class
ClassII (%) 10(40)
Class ITI (%) 14.(56)
Class IV (%) 1@

Abbreviations: EF = ejection fraction, CABG = coronary artery by-
pass graft, PTCA = percutaneous transluminal coronary angioplasty,
CV =cardiovascular.

stitutional review board in accordance with the Declaration of
Helsinki. Written informed consent was obtained from each
patient. All 25 patients completed the protocol without serious
adverse effects. Angina was assessed on site by CCS classifi-
cation prior to and at the completion of the protocol. A signifi-
cant change on the electrocardiogram was considered 1 mm of
ST-segment depression or greater horizontal or downsloping
for >0.8 mm from the J point for at least three consecutive
beats, as interpreted by two cardiologists blinded to the pa-
tient’s identity and protocol sequence. The patients exercised
until they stopped due to angina, dyspnea, or fatigue.

Single-photon emission computed tomography (SPECT)
acquisition began 60 to 90 min after injection of the radio-
pharmaceutical. All images were acquired using a standard
dual- or single-headed SPECT camera equipped with a low-
energy, high-resolution collimator. All centers used tech-
netium-99m (9°™Tc)-sestamibi; 9 to 15.7 mCi was injected for
the same-day protocol and 22 to 30 mCi for the separate-day
protocol. Twenty-five sections/projections for rest and stress
images were obtained over a 180° semicircular arc. All im-
ages were stored in a 64 X 64 X 16 matrix. Filtered back pro-
jection was performed using alow pass Butterworth filter with
a frequency cutoff of 0.66 cycles/pixel and order of 5 for re-
construction of the transit axial slices to a thickness of 6.6 mm.
No preprocessing filtration or attenuation correction was
used. Two experienced nuclear cardiologists at a core labor-
atory, blinded to patient identity, stress protocol, or sequence
of study, interpreted all images, and agreement was by con-
sensus. Images were scored by dividing the myocardium into
17 segments. Each segment was scored on a scale from 0 to 4
(0=normal, 1 =mild disease, 2= moderate disease, 3 = severe
disease, and 4 = complete absence of photon activity). The
summed stress and rest scores were determined by adding the
scores from all 17 segments. An image defect was considered
present if, by consensus, a discrete region of absent or de-
creased activity was seen. The defect was anatomically locat-
ed using the 17-segment model. A defect present in both stress
and rest perfusion images was considered a scar; a defect pre-
sent only during exercise was considered reversible ischemia.
Either partial or complete resolution of the defect qualified as
reversible ischemia.

Enhanced external counterpulsation was performed in a
standard fashion, as described elsewhere.” In brief, the EECP
system consists of a compressor, a console, a treatment table,
and three sets of cuffs. Prior to treatment, the cuffs are wrapped
around the patient’s calves and the lower and upper thighs, in-
cluding the buttocks. The compressor delivers air pressure via
the cuffs to the patient’s lower extremities, synchronized se-
quentially to the cardiac cycle. At the beginning of diastole,
pressure is applied from the calves and thighs to produce aret-
rograde flow to the root of the aorta. Increase in arterial pres-
sure during diastole increases coronary perfusion pressure and
blood flow. Atend diastole, the air is rapidly released, allowing
the compressed vessels to rebound and greatly reduce vascular
impedance. The pressure that had to be applied to the cuffs
ranged from 250 to 300 mmHg. The mean of the patient’s di-
astolic to systolic peak pressure ratio was 1.02 + 0.4 (mean +
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standard deviation [SDY]), and the ratio of the area under the di-
astolic to systolic curves was 1.21 + (0.23. There were no
changes in medication throughout the course of the study.

Statistical analysis was preformed using the chi-square test
to examine the differences in sestamibi stress and rest nuclear
perfusion scores before and after EECP. Exercise duration,
exercise time, heart rate, blood pressure, double product, and
angina class before and after EECP were analyzed using a
paired, two-tailed Student’s z-test. The stress and rest perfu-
sion scores were analyzed with the hypothesized mean differ-
ence of zero (¢-test: paired two sample for mean). The sub-
group of patients with ST-segment depression was analyzed
separately for change in exercise time using a paired, two-
tailed Student’s #-test. Statistical significance was achieved at
the 5% level (p <0.05).

Results

Atbaseline, 88% of the 25 patients were on nitrates, 80% on
beta blockers, 52% on calcium-channel blockers, 96% on as-
pirin, 12% on coumadin, and 96% on lipid-lowering agents.
There was no change in medication over the course of the
study, and medications were maintained at the same levels
(Table I).

Most patients (21/25) had areduction in at least one angina
class (84%); 3 of 25 had a reduction of two angina classes
(12%), and 1 of 25 had no significant change in angina class
(4%). The majority (23/25) had improved treadmill times
(94%), and 16 of 25 (64%) had improved nuclear scores on
the stress study despite having achieved a higher workload on
the post-EECP ETT (see Figs. 1 and 2). There were 16 of 25
patients with ST-segment depression on the pre-EECP ETT.
Post EECP, 3 patients had no ST-segment depression on their
ETT and 10 patients had a significant delay in their time to
ST-segment depression (Fig. 3). Peak double products in-
creased from 18,891 + 3,939 on the pre-EECP ETT to 20,464
+4,305 on the post-EECP ETT (p < 0.03). The peak heart rate
increased from 118 £ 15 to 125 + 18 beats/min (p < 0.06, NS).
Peak systolic blood pressure increased from 159 +25 to 163
+22 mmHg (p <0.68, NS); and peak diastolic blood pressure
remained unchanged, from 82 + 10 to 81 = 7 mmHg (p<
0.68,NS).

Sixteen of 25 patients (64%) had improved nuclear scores
on the post-EECP stress SPECT scans. The average radionu-
clide stress perfusion score pre EECP was 16.36 and decreased
to 14.12 post EECP (p < 0.05). All patients’ nuclear scans had
defects that correlated with an anatomical occlusion in the cor-
responding coronary artery or in the bypass graft to the distri-
bution of that artery.

Discussion
A limitation of this study was that there was no placebo con-

trol group; instead, each patient served as his or her own con-
trol. In addition, the stress tests were not performed blinded
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and it was not possible to eliminate an exercise training effect
on the patient. The number of patients in the study is small, and
until other studies confirm the findings of this study it must be
interpreted with caution. Finally, the study was limited to pa-
tients who are capable of exercising on a treadmill according
to a Bruce protocol, and the findings are not necessarily appli-
cable to all patients with chronic stable angina.

Enhanced external counterpulsation improved exercise ca-
pacity in a group of patients with chronic stable angina, of
whom 80% had undergone prior revascularization procedures.
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Although the reduction in reversible perfusion defects was less
than that reported in other studies,? > 8 the prior studies per-
formed nuclide imaging to the same heart rate/blood pressure
in the post- as in the pre-EECP ETT, a condition that may not
provide sufficient stress to induce perfusion defects. A recent
seven-center study including 175 patients reported the effects
of EECP on radionuclide perfusion: four centers performed
post-EECP stress to the same level as pre-EECP, showing im-
proved perfusion distribution in 87% of patients; three centers
performed maximal stress post EECP with 54% improve-
ment.10 In the present study, we performed maximal exercise
stress testing post EECP, giving a higher level of stress and us-
ing an objective scoring method to analyze the radionuclide
perfusion images. However, 64% of our patients improved
their perfusion score, a result somewhere between the groups
that exercise to the same stress level and to the maximal level.
The differences may come from the different methods of ana-
lyzing the perfusion images. In addition, the patients in the cit-
edreference who performed maximum exercise had no signif-
icant change in double product, whereas the current study
shows a significant increase.

“The mechanism of EECP remains largely unproven. The
hemodynamic effects of EECP have been well described.!!
The aortic pressure gradient is believed to stimulate recruit-
ment of collateral vessels as shown in earlier animal models,
and recent work has demonstrated improved microcirculation
in regions of myocardial infarction, increasing capillary densi-
ty in infarcted regions by 30%.}? Enhanced external counter-
pulsation has been reported to have other beneficial effects,
such as an increase in nitric oxide levels'> 4 and a decrease in
plasma levels of atrial natriuretic peptide (ANP) and brain na-
triuretic peptide (BNP),13-16 possibly mediated by an increase
in shear stress. Development of collaterals may be mediated
by increased shear stress, which, in turn, may release angio-
genic factors.

Improvement in treadmill times and the reduction in re-
versible defects on the post-EECP ETT and SPECT perfusion
imaging is probably due to recruitment of collateral flow. In
the present study, the double products and exercise duration
increase significantly post EECP, eliminating the postulated
peripheral “training” effect reported earlier.’ Therefore, we
conclude that patients who can attain higher workloads on
post-EECP stress tests and still demonstrate reduction in per-
fusion defects are showing increased collateral development.

Conclusion

In patients with chronic stable angina, at least one mecha-
nism by which EECP appears to be effective is by improving
coronary flow, presumably by enhanced collateral circula-
tion, Even though the majority of patients in the present study
had high rates of failed prior revascularization, EECP was still
effective in reducing angina symptoms, improving exercise
capacity, increasing the time to ST-segment depressions, and

significantly decreasing exercise-induced reversible perfu-
sion defects.

Acknowledgment

The authors are indebted to Debra L. Fitzgerald and
Michelle R. Quinones for their assistance in data collection.

References

1. Soroff HS, Hui JCK, Giron F: Historical review of the development of en-
hanced external counterpulsation technology and its physiologic rationale.
Cardiovasc Rev Rep 1997;18:28-32

2. Lawson WE, Hui JCK, Soroff HS, Zheng ZS, Kayden DS, Sasvary D,
Atkins H, Cohn PF: Efficacy of enhanced external counterpulsation in the
treatment of angina pectoris. Am J Cardiol 1992;70:859-862

3. Lawson WE, Hui JCK, Zheng ZS, Oster Z, Katz JP, Diggs P, Burger L,
Cohn CD, Soroff HS, Cohn PF: Three year sustained benefit from enhanced
external counterpulsation in chronic angina pectoris. Am J Cardiol 1995;75:
840-841

4, Jacobey JA, Taylor WJ, Smith GT, Gorlin R, Harken DE: A new therapeu-
tic approach to acute coronary occlusion. Il. Opening dormant coronary col-
lateral channels by counterpulsation. Surg Forum 1961;12:225-228

5. Lawson WE, Hui JCK, Zheng ZS, Burger L, Jiang L, Lillis O, Oster Z,
Soroff HS, Cohn P: Improved exercise tolerance following enhanced exter-
nal counterpulsation: Cardiac or peripheral effect? Cardiology 1996;87:
271-275

6. Fricchione GL, Jabhab K, Lawson WE, Hui JCK, Jandoif L, Zheng ZS,
Cohn PF, Soroff H: Psychosocial effects of enhanced external counterpulsa-
tion in the angina patient. J Psychosom 1995;36:494-497

7. 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

8. Lawson WE, Hui JCK, Zheng ZS, Burger L, Jiang L, Lillis O, Soroff HS,
Cohn PF: Can angiographic findings predict which coronary patients will
benefit from enhanced external counterpulsation? Am J Cardiol 1996;77:
1107-1109

9. ZhengZS, YuLQ, Cai SR, Kambic H, Li TM, Ma H, Chen PZ, Huang BJ,
Nose Y: New sequential external counterpulsation for the treatment of acute
myocardial infarction. Artif Organ 1984;8:470-477

10. Stys TP, Lawson WE, Hui JCK, Fleishman B, Manzo K, Strobeck JE,
Tartaglia J, Ramasamy S, Suwita R, Zheng ZS, Liang H, Werner D: Effects
of enhanced external counterpulsation on stress radionuclide coronary per-
fusion and exercise capacity in chronic stable angina pectoris. Am J Cardiol
2002;89:822-824

11, Swuresh K, Simandl S, Lawson WE, Hui JCK, Lillis O, Burger L, Guo T,
Cohn PF: Maximizing the hemodynamic benefit of enhanced external coun-
terpulsation. Clin Cardiol 1998;21:649-653

12. Huang W, Chen YC, Zheng ZS, Zhong WF, Lawson WE, Hui JCK:
External counterpulsation increases capillary density during experimental
myocardial infarction (abstr). XXIst Congress of the European Society of
Cardiology, Barcelona, Spain. Eur Heart J 1999;20:168

13, Qian XX, Wu WK, Zheng ZS, Zhan CY, Yu BY, Lawson WE, Hui JCK:
Effect of enhanced external counterpulsation on the production of nitric 0x-
ide (abstr). J Heart Dis 1999;1,1:93

14, Masuda D, Nohara R, Hirai T, Kataoka K, Chen LG, Hosokawa R, Inubushi
M, Tadanura E, Fujita M, Sasayama S: Enhanced external counterpulsation
improved myocardial perfusion and coronary flow reserve in patients with
chronic stable angina. Eur Heart J2001;22:1451--1458

15. Urano H, Ikeda H, Ueno T, Matsumoto T, Murchara T, Imaizomi T:
Enhanced external counterpulsation improves exercise tolerance, reduces
exercise-induced myocardial ischemia and improves left ventricular dias-
tolic filling in patients with coronary artery disease. J Am Coll Cardiol 2001;
37:93-99

16. Cohn PF: EECP-new data on possible mechanisms of action (editorials).
Eur Heart J2001:22:1363-1364




