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Long-Term Prognosis of Patients with Angina Treated with Enhanced External
Counterpulsation: Five-Year Follow-Up Study
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Summary

Background: Enhanced external counterpulsation (EECP)
is a noninvasive treatment for coronary artery disease (CAD)
that has been used successfully in patients not responding to
medical and/or surgical therapy.

Hypothesis: The study was undertaken to evaluate the effect
of EECP on long-term prognosis in such patients.

Methods: Major adverse cardiovascular events (MACE)
were tracked in 33 patients with CAD treated with EECP. Pa-
tients were subgrouped based on whether or not they demon-
strated an early improvement in radionuclide stress perfusion
imaging (Responders vs. Nonresponders) and followed for
MACE over a mean follow-up of 5 years. Patient population
characteristics included 73% with multivessel disease; 45%
with prior myocardial infarction(s); and 61% who had under-
gone either coronary artery bypass grafting (CABG) or percu-
taneous transluminal coronary angioplasty (PTCA), or both.

Results: There were 26 of 33 (79%) Responders, and 7 of
33 (21%) Nonresponders. Subsequent MACE over the 5-year
follow-up included four deaths and eight patients with car-
diovascular events [acute myocardial infarct (4), new CABG
or PTCA (6), valve replacement (1), unstable angina (1)].
Nonresponders had significantly (p < 0.01) more MACE (6/7
or 86%) than Responders (6/26 or 23%). Overall, 21 of the 33
(64%) patients remained alive and without MACE and the
need for revascularization 5 years post EECP treatment
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Conclusion: This study suggests that, particularly for the
majority of patients demonstrating improvement in radionu-
clide stress perfusion post treatment, EECP may be an effec-
tive long-term therapy.
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Introduction

The concept that coronary blood flow could be increased by
20-40% by raising diastolic perfusion pressure was proposed
by Kantrowitz and Kantrowitz in 1953.! Enhanced external
counterpulsation (EECP) applies external pressure to the low-
er extremities in a timed, sequential manner, using three pairs
of pneumatic cuffs, to produce effective diastolic augmenta-
tion (Fig. 1). The sequential inflation of pressure cuffs “milks”
blood from the vasculature of the legs and is more effective in
producing diastolic augmentation and increasing venous re-
turn than the earlier one-chamber hydraulic counterpulsation
system. The mechanism of action is similar to that of the intra-
aortic balloon pump (IABP) in producing timed diastolic aug-
mentation. By also augmenting venous return, EECP may fur-
ther increase cardiac output.

Studies using radionuclide stress testing have documented
improved myocardial perfusion, exercise tolerance, and de-
creased angina following EECP treatment in about 80% of
subjects.> 4 Improvement based on stress myocardial perfu-
sion imaging has been shown to be related to the extent of
coronary artery disease (CAD) and prior revascularization.>-
The presence of a patent conduit (native coronary or bypass
graft) increases the likelihood of a favorable response and has
been termed “the patent vessel hypothesis.” This is in concert
with the demonstration by Kern ez al. that augmented diastolic
pressures and flow generated by the IABP are only effectively
transmitted to the distal coronary vasculature in the absence of
a significant intervening coronary stenosis.” 8 Diastolic aug-
mentation increases the diastolic transmyocardial pressure
gradient at a time when coronary flow impedance is low, there-
by maximizing coronary blood flow and perhaps facilitating
development or recruitment of collaterals.
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Fic.1 The enhanced external counterpulsation device used in
treating patients with coronary artery disease consists of a control
console, a treatment table, three pairs of cuffs wrapped around the
lower extremities, and a compressor unit (not shown).

The initial improvement in stress myocardial imaging
following EECP has been shown to be maintained in a major-
ity of treated patients over a 3-year follow-up period.? The
present study was planned to determine whether there was
evidence for a sustained clinical benefit from EECP by as-
sessing major adverse cardiovascular events (MACE) over a
5-year post-treatment period. Significant MACE chosen as
endpoints included death, myocardial infarction, revascular-
ization [coronary artery bypass grafting (CABG) or percuta-
neous transluminal coronary angioplasty (PTCA)], and car-
diac related hospitalization.

Methods

A cohort of consecutive patients with angina treated with
EECP from 1989 to 1991 was followed for a mean of 5 years
(range 4~7 years). The study protocol and patient informed
consent had been approved by the institutional review board of
the State University of New York at Stony Brook. When first
treated with EECP, the patients had stable but limiting angi-
na pectoris despite medical and/or revascularization therapy
(CABG or PTCA). A radionuclide stress test demonstrating
reversible perfusion defects consistent with ischemia was also
required prior to EECP treatment. The patients received an ini-
tial 35-36 h course of EECP administered at 1-2 h daily ses-
sions for 5 days a week and were followed for a mean of 5
years for MACE.

Radionuclide stress tests were performed pre and post ini-
tial EECP treatments to the same cardiac work load and dou-
ble product. The radionuclide stress tests were interpreted in a

blinded fashion by two trained readers without knowledge of
the patients or of their clinical status. Based on the post-EECP
stress radionuclide perfusion imaging, two subgroups were
identified: (1) Responders—those patients demonstrating a
decrease in the size or number of radionuclide stress perfusion
defects post EECP, and (2) Nonresponders—those patients
without evidence of radionuclide perfusion defect improve-
ment. Differences pre and post treatment and between these
groups were analyzed using the chi-square test, with signifi-
cance assumed at the p <0.05 level. Multifactorial analysis of
patient baseline characteristics predicting a favorable response
to EECP treatment was also performed, with significance as-
sumed at the p <0.05 level.

No risk factor modification was attempted post EECP treat-
ment other than that which may have been initiated by the pa-
tient or the patient’s physician. Follow-up treatment decisions
were made by the patient and physician and included addition-
al EECP treatments for some patients.

Exclusions for treatment included decompensated heart
failure, aortic valve insufficiency, myocardial infarction with-
in the prior 3 months or unstable angina, severe peripheral vas-
cular disease (occlusive arterial disease or thrombophlebitis),
arrhythmias interfering with timing (atrial fibrillation, frequent
ectopy, pacemakers), uncontrolled hypertension (blood pres-
sure > 180/110 mmHg), significant bleeding diathesis.

Initial Results

There were 33 patients enrolled in this study. The mean age
of the patients was 61.4 years (range 45—74 years); 31 patients
were men and 2 were women. Cardiac angiography prior to
entry had been performed in 30 of the 33 patients, with 73%
patients having multivessel disease; 45% of patients had prior
myocardial infarction(s), and 61% of patients had prior revas-
cularization procedures (50 total revascularization procedures:
17 prior CABG in 12 patients, 33 prior PTCA in 15 patients; 7
patients with prior PTCA and CABG) (Table I).

TaBLE I Patient characteristics: All treated patients, Responder and
Nonresponder subgroups (by initial improvement in radionuclide
stress test)

All Non-
patients Responders responders Significance
Age 61495 698+94 673+82 p=NS
Malesex (%)  31/33(94) 25/26(96) 6/7(86) p=NS
Diabetes (%) 6/33(18)  3/26(12)  3/7(43) p=<020
Single-VD (%) 8/30(27)  8/25(32) 050y p=<030
Multi-VD (%) 22/30(73) 17/25(68) 5/5(100) p=<0.30
Prior MI (%) 15/33(45) 11726(42)  4/7(57) p=NS
Priorrevasc (%) 20/33(61) 16/26(62)  4/7(57) p=NS

Abbreviarions: Single-VD =single-vessel disease, multi-VD = multi-
vessel disease, MI = myocardial infarction, revasc = revascularization
(CABG or PTCA), NS =not significant.
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TaBLE I Early enhanced external counterpulsation (EECP) effect on antianginal therapy: All treated patients, Responder and Non-Responder

subgroups (by initial improvement in post EECP radionuclide stress test)

All patients (n =33)

Responders (n=26) Nonresponders (n=7)

Antianginal Pre Post Pre Post Pre Post
treatment EECP EECP EECP EECP EECP EECP

LA nitrates 15 12 10 9 5 3

Beta blockers 15 13 12 10 3 3

Calcium CB 28 26 23 21 5 5

> 1 Less antianginal post Rx 1

> 1 More antianginal post Rx 1 1

Abbreviations: Rx = EECP treatment, LA nitrates = .ong-acting nitrates, Calcium-CB = calcium-channel blockers.

Enhanced external counterpulsation was well tolerated,
with all patients completing the course of therapy. As report-
ed by patients, anginal symptoms (frequency, severity, case
of precipitation, and duration of episodes) decreased in all
patients. Antianginal medications at baseline and the effect
of EECP treatment are shown in Table II. Post therapy, long
acting nitrate use decreased by 20%, beta-blocker use de-
creased by 13%, calcium-channel blocker use decreased by
7%. Eleven patients (33%) were able to take one or more less
antianginal medications post EECP treatment; only two pa-
tients (6%) took an additional antianginal medication post
treatment.

Radionuclide stress tests performed to the same cardiac
work load and double product pre and post initial EECP treat-
ment demonstrated a significant (p<0.01) improvement in
perfusion defects in 26 of 33 (79%) patients (Responders).
Stress perfusion defects in the remaining seven patients were
unchanged post treatment (Nonresponders). It is interesting to
note that the improvement in early post EECP stress perfusion
did not correlate with change in daily medication use. A de-
crease in antianginal medication use was seen in 31% of the
Responders and in 43% of the Nonresponders (p = N8).

All of the EECP Nonresponders with known angiographic
anatomy had multivessel coronary disease and all of the pa-
tients with single-vessel coronary disease with known angio-
graphic anatomy (8/8) were Responders to EECP treatment.
This was not, however, a statistically significant difference
(p = NS). Prior revascularization with PTCA or CABG was
also not predictive of response to EECP therapy (p= NS).
Baseline characteristics of the Nonresponder group showed
them to be older, more likely to be female, and with a higher
prevalence of diabetes; none of these differences from the
Responder group reached statistical significance (Table I).

Late Results

Over the course of the mean follow-up of 5 years, 13 of 33
(39%) patients underwent additional treatment with ERCP
(causing the cumulative mean hours of EECP administered
for the entire group to rise to 55.7 h over the follow-up period

(49.75 hiin the Responders and 77.8 h in the Nonresponders).
The reasons for additional EECP treatment included worsen-
ing or recurrent angina, persistent ischemic defects on radio-
nuclide stress perfusion imaging, “tune ups” (with no objec-
tive or subjective evidence of worsening of the patient’s
condition).

During the follow-up period four patients died and nine pa-
tients experienced interim events (Fig. 2). The causes and the
timing of the deaths were diverse: one patient died of cardiac
arrest 1 year after EECP treatment, a second patient died at 3
years as a complication of angioplasty, a third patient died of
congestive heart failure at 3 years, and the fourth death oc-
curred during sleep 6 years after EECP therapy. Interim events
requiring hospitalization occurred in eight additional patients
and included acute myocardial infarction in three, revascular-
ization procedures in five, aortic valve replacement in one, and
unstable angina in one patient.

Mortality or MACE occurred in 6 of 7 patients (86%) of the
Nonresponder group. In comparison, significantly fewer, 6 of
26 patients (23%) in the Responder group, reached endpoints
(p<0.01). Overall, 21 of the 33 (64%) EECP-treated patients
remained alive 5 years after therapy without cardiovascular
morbidity or need for repeat revascularization.
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F16.2  Graphic representation of the proportion and cause(s) of
mortality and cardiovascular morbidity post enbanced external
counterpulsation in 33 patients with angina at 5-year follow-up. MI
=myocardial infarction, VT = ventricular tachycardia, VF = ventric-
ular fibrillation, CHF = congestive heart failure.
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Discussion

Enhanced external counterpulsation has been useful in
treating angina, improving exercise tolerance, and decreasing
radionuclide stress perfusion defects in about 80% of pa-
tients.3-5 In the recently reported Multicenter Study of En-
hanced External Counterpulsation (MUST-EECP) trial, a
prospective, randomized, blinded study of EECP, treatment
demonstrated a significant increase in time to ST-segment de-
pression on treadmill exercise testing, a decrease in antiangi-
nal medication usage, and sustained quality of life benefits by
psychometric testing. 1% !

The studied cohort is a population of consecutively treated
patients with angina and with predominant multivessel CAD
and persistent provokable ischemia despite medications and/
or prior revascularization. The patients were followed for a
mean of 5 years, with the objective of providing information
on the effect of EECP treatment on subsequent major adverse
cardiovascular events, including the need for hospitalization
and repeat revascularization. The sample size is small, pre-
dominately male, and from a single center. While not a prima-
ry objective of the study, the size of the sample may have par-
ticularly influenced the ability to detect pretreatment patient
characteristics predicting a response to therapy. This is proba-
bly true of the effect of multivessel disease on response to ther-
apy, where a larger study cohort showed a significant relation
between scintigraphic improvement after EECP and extent of
disease.> While a single center favorably influences procedu-
ral consistency, it also introduces bias and is less robust than a
multicenter study, which has a broad cross section of providers
and patient populations to draw on. The findings of this pilot
study warrant confirmation in a larger, blinded, randomized
multicenter trial.

The marked difference in MACE noted between the pa-
tients demonstrating improvement in their stress radionuclide
imaging (79%} and those patients who failed to demonstrate
objective improvement with treatment supports a true treat-
ment effect of EECP (Fig. 3). Mortality and cardiovascular
morbidity were significantly increased in the group of 7 pa-

5-year follow-up
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FiG.3 Effect of initial response to enhanced external counterpulsa-
tion (EECP) on subsequent mortality and major adverse cardiovas-
cular events (MACE). MI = myocardial infarction, revasc = revascu-
larization, MACE = major adverse cardiovascular event, AVR =
aortic valve replacement.

tients in whom objective improvement was not demonstrable
(Nonresponders) in comparison with the group of 26 patients
demonstrating improvement in radionuclide stress perfusion
imaging (Responders). If the primary effect of EECP was that
of a placebo, neither an improvement in radionuclide perfu-
sion nor differences in the frequency of MACE between
Responding and Nonresponding patient groups would be ex-
pected. By contrast, the immediate effect on use of long-acting
antianginals after treatment is similar in both Responder and
Nonresponder groups and is probably a placebo effect.

The 5-year survival of EECP-treated patients was 88%,
which is similar to mortality rates reported in contemporary
medical and revascularization (CABG or PTCA) trials such
as the Coronary Artery Surgery Study (CASS),!? the CABG
meta-analysis,!? and the Bypass Angioplasty Revasculariza-
tion Investigation (BARI) (Table III).'* The patient character-
istics of our cohort were similar to those in patients in these tri-
als who had multivessel disease, mean left ventricular ejection
fraction of about 50%, and previous myocardial infarction
rates of 30—-50%. Unlike patients in these groups, most of the
patients treated with EECP had bad prior PTCA and/or
CABG. As this is a historical comparison, it is unclear whether
this result could be expected from arandomized trial.

When mortality is considered together with the interim rate
of nonfatal events in § of the 33 (24%) treated patients, 21 of
the 33 (64%) EECP-treated patients remained alive and free of
MACE, including the need for revascularization, over a fol-
low-up period of 5 years.

Conclusion

Previous studies have demonstrated that EECP improves
myocardial stress perfusion in about 80% of patients, with the

TapLe Il Comparison of 5-year survival rates for enhanced external
counterpulsation (EECP) versus reported medical and surgical trials

5-Year

Ref. No. Study survival
EECP 88%
12 CASS—medical treatment 78%
13 CABG meta-analysis (medical) 84%
(CABG) 90%
14 BARI—PTCA 86%
—CABG 89%

EECP patient characteristics were similar to most of those patients
having multivessel discase, mean LVEF about 50%, and previous MI
rate 30-50%. However, many of the EECP patients also had prior
PTCA and/or CABG.

Abbreviations: CASS = Coronary Artery Surgery Study, CABG
meta-analysis = Coronary Artery Bypass Graft Surgery Trialists
Collaboration, BARI = Bypass Angioplasty Revascularization In-
vestigation, LVEF = left ventricular ejection fraction, MI = myo-
cardial infarction, PTCA = percutaneous transluminal coronary
angioplasty, CABG = coronary artery bypass grafting.
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benefit sustained in a majority of treated patients over a 3-year
follow-up.

The present study focuses on outcomes of mortality and
major adverse cardiovascular events in an expanded cohort
with a 5-year follow-up. Overall, 64% of patients were alive
and without interim cardiovascular events or need for revascu-
larization at a mean follow-up of 5 years. Most patients (79%)
demonstrated improved early stress perfusion scintigraphy.
The frequency of death and major adverse cardiovascular
events was significantly lower in this group of patients than in
the remaining Nonresponder group (23 vs. 86%; p<0.01). The
low frequency of patients with post-treatment events suggests
that EECP may be a long-term, cost-effective, noninvasive
treatment for chronic angina pectoris in responding patients.
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