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OBJECTIVES

BACKGROUND

METHODS

RESULTS

CONCLUSIONS

The purpose of this study was to assess safety and efficacy of enhanced external counterpul-
sation (EECP).

Case series have shown that EECP can improve exercise tolerance, symptoms and myocardial
perfusion in stable angina pectoris.

A multicenter, prospective, randomized, blinded, controlled trial was conducted in seven
university hospitals in 139 outpatients with angina, documented coronary artery disease
(CAD) and positive exercise treadmill test. Patients were given 35 h of active counterpulsa-
tion (active CP) or inactive counterpulsation (inactive CP) over a four- to seven-week period.
Outcome measures were exercise duration and time to =1-mm ST-segment depression,
average daily anginal attack count and nitroglycerin usage.

Exercise duration increased in both groups, but the between-group difference was not
significant (p > 0.3). Time to =1-mm ST-segment depression increased significantly from
baseline in active CP compared with inactive CP (p = 0.01). More active-CP patients saw
a decrease and fewer experienced an increase in angina episodes as compared with
inactive-CP patients (p < 0.05). Nitroglycerin usage decreased in active CP but did not
change in the inactive-CP group. The between-group difference was not significant (p > 0.7).

Enhanced external counterpulsation reduces angina and extends time to exercise-induced
ischemia in patients with symptomatic CAD. Treatment was relatively well tolerated and free
of limiting side effects in most patients. (J Am Coll Cardiol 1999;33:1833-40) © 1999 by the

American College of Cardiology

Current treatment for angina, including drug therapy (1)
with nitrates, beta-adrenergic blocking agents and calcium
channel blocking agents either as single agents or in com-
bination, or revascularization by either percutaneous trans-
luminal coronary angioplasty (2) or coronary artery bypass

See page 1841
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grafting (CABG) (3), can be effective in a significant
number of patients. However, side effects of medications,
coronary vasculature not amenable to either initial or repeat
revascularization or diminishing treatment benefit may oc-
cur over time.

The search for more therapeutic options for patients with
chronic angina has yielded a wide range of new treatment
modalities in various stages of clinical evaluation, including
transmyocardial laser revascularization (4), minimally inva-
sive bypass surgery (5), spinal cord stimulation (6), transcu-
taneous electrical nerve stimulation (7) and external coun-
terpulsation (CP) (8).

In the U.S., experience with enhanced external CP
(EECP), a modified version of external CP, is based on a
series of case studies (9,10) in which EECP was successful
in relieving angina, improving exercise tolerance and reduc-
ing reversible perfusion defects in radionuclide scans. De-
spite the use of external CP in its various designs over the
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Abbreviations and Acronyms
CABG = coronary artery bypass grafting
CAD = coronary artery disease
CP = counterpulsation
EECP = enhanced external counterpulsation
ETT = exercise treadmill test
MI = myocardial infarction
MUST = multicenter study
NO = nitric oxide
NTG = nitroglycerin

past 30 years (11), no controlled trial has been conducted to
determine whether the procedure is effective and safe for
reducing angina pectoris in patients with coronary artery

disease (CAD).

METHODS

Objectives. The multicenter study (MUST)-EECP trial
was a randomized, placebo (sham) controlled, multicenter
trial designed to evaluate EECP in patients with angina and
documented CAD. Treatment effect was determined by
comparing changes in exercise treadmill test (ETT) param-
eters (exercise duration, time to =1-mm ST-segment de-
pression), symptoms (frequency of anginal episodes and
nitroglycerin [NTG] usage between groups).

Subjects. The MUST-EECP trial was conducted at seven
medical centers in the U.S. (see Appendix). Approximately
500 patients with chronic stable angina were considered for
inclusion, of whom 139 were randomized between May
1995 and May 1997. Main reasons for nonenrollment
included failure to satisty inclusion/exclusion criteria, and
patient refusal. To be eligible, patients had to meet the
following criteria: 1) be between 21 and 81 years of age; 2)
have symptoms consistent with Canadian Cardiovascular
Society Classification angina levels I, II or III; 3) have
documented evidence of CAD and 4) have an ETT positive
for ischemia.

Evidence of CAD required at least one of the three
following criteria: one or more angiographically proved
stenosis >70% in at least one major coronary artery; history
of myocardial infarction (MI) documented by characteristic
creatine kinase elevation and development of Q_waves on
the electrocardiogram or positive nuclear exercise stress test
for MI or ischemia.

Prospective subjects were excluded if they had the fol-
lowing: MI or CABG in the preceding three months,
cardiac catheterization in the preceding two weeks, unstable
angina, overt congestive heart failure or a left ventricular
ejection fraction =30%, significant valvular heart disease,
blood pressure >180/100 mm Hg, permanent pacemaker or
implantable defibrillator, nonbypassed left main stenosis
greater than 50%, severe symptomatic peripheral vascular
disease, history of varicosities, deep vein thrombosis, phle-
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bitis or stasis ulcer, bleeding diathesis, warfarin use with
International Normalized Ratio >2.0, atrial fibrillation or
frequent ventricular premature beats that would interfere
with EECP triggering or baseline electrocardiographic ab-
normalities that would interfere with interpretation of
exercise electrocardiogram. Also excluded were pregnant
women, women of childbearing potential, subjects unable to
undergo treadmill testing and subjects enrolled in a cardiac
rehabilitation program or in another research program.
The study was approved by the Institutional Review
Boards at participating institutions and conducted in accor-
dance with the Declaration of Helsinki. Enrollment was
conditional upon subjects giving written informed consent.

Study organization. The study was coordinated centrally
by a Core Laboratory. When an eligible patient was
identified at a study center, his or her characteristics were
communicated to the Study Coordinator at the Core
Laboratory where all eligibility criteria were reviewed. Eli-
gible subjects were assigned at random to receive either
active CP or placebo delivered as sham therapy in the form
of inactive CP as described below. Treatment allocation was
based on random codes generated in blocks of 10, with
whole blocks assigned to one center, to ensure that patients
were assigned equally to each treatment group at each center
(12). The same number of random codes was assigned to
each treatment group. Assignment was transmitted only to
personnel administering EECP at each study center. Study
personnel involved in collecting and processing data at the
study centers and at the Core Laboratory remained blinded
for the duration of the study. To prevent study subjects from
recognizing any observable differences between sham and
active treatment, appointments were scheduled so as to
minimize any opportunities for study subjects in one group
to discuss their experience either with other patients under-
going EECP or with MUST-EECP subjects in the other
group. The Study Coordinator at the Core Laboratory was
notified of adverse experiences and reported them to an
independent data and safety monitoring committee.

Study design. Before randomization, medical history,
physical examination and a baseline ETT were performed.
The baseline ETT used a standard or a modified Bruce
protocol and was performed within four weeks of treatment
initiation. All medications (except on-demand NTG) re-
mained unchanged for the duration of the study. Once
randomized, patients underwent 35 h of either active CP or
inactive CP. Treatment sessions, each lasting 1 h, could be
given once or twice per day. At each treatment session, vital
signs were recorded, lower extremities were examined for
areas of redness or ecchymosis, adverse experiences were
reported and study subjects reported the number of anginal
episodes experienced and NTG tablets taken during the
preceding 24-h period. An adverse reaction was defined as
the development of any new symptom or complaint from
the time of randomization. Within one week after comple-
tion of 35 treatment sessions, a posttreatment ETT was
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performed. Baseline and posttreatment ETT were per-
formed by personnel not aware whether the patient was in
the active-CP or the inactive-CP group.

Enhanced external counterpulsation. Enhanced external
counterpulsation equipment was supplied by the manufac-
turer, Vasomedical (Westbury, New York). The equipment
consists of an air compressor, a console, a treatment table
and two sets of three cuffs. Before a treatment session, these
cufs are wrapped around the patient’s legs, one set on each
leg. Using compressed air, pressure is applied via the cuffs to
the patient’s lower extremities in a sequence synchronized
with the cardiac cycle. In early diastole, pressure is applied
sequentially from the lower legs to the lower and upper
thighs to propel blood back to the heart. This results in an
increase of arterial blood pressure and retrograde aortic
blood flow during diastole (diastolic augmentation). At
end-diastole, air is released instantaneously from all the cuffs
to remove the externally applied pressure, allowing the
compressed vessels to reconform, thereby reducing vascular
impedance. The pressures that can be applied to the cuffs
range from 0 to 350 mm Hg. In MUST-EECP, the
pressure applied to the cuffs was 300 mm Hg in the
active-CP group and 75 mm Hg in the control group,
enough to preserve the appearance and feel of an EECP
application, but insufficient to alter measurably the patient’s
blood pressure. Blood pressure changes are monitored by
finger plethysmography. To assess the hemodynamic effect
of EECP, two ratios are computed electronically, using the
systolic and diastolic peak pressures or the area under the
systolic and diastolic curves. Ratios greater than one corre-
spond to diastolic values greater than systolic values. In
MUST-EECP, the means of patients” diastolic to systolic
pressure and area under the curve ratios achieved were
1.41 = 0.51 (mean = SD) and 1.59 * 0.6, respectively, in
active CP, showing effective diastolic augmentation.
Changes in these parameters were undetectable in inactive
CP, confirming the lack of hemodynamic effect in the latter
group. All other aspects of treatment delivery were the same
in both groups.

End points. Tracings of each ETT from each study center
were sent to the Core Laboratory where exercise duration (s)
and time to =1-mm ST-segment depression (s) were
recorded by personnel unaware of the treatment assignment
of each patient and whether the ETT was baseline or
posttreatment. Exercise duration was defined as elapsed
time from the initiation of exercise to the beginning of the
recovery period. Time to ST-segment depression was de-
fined as the elapsed time from initiation of exercise to the
occurrence of horizontal or down-sloping ST-segment de-
pression =1 mm, 80 ms after the ] point, persisting for at
least three consecutive beats.

The average frequency of angina episodes per day (angina
counts) was computed by dividing the total number of
angina episodes reported at three successive treatment
sessions by the number of days in which the sessions took
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place. Whenever two sessions were conducted on the same
day, only angina episodes reported for the first session were
used, because the second session covered the same 24-h
period as the first session of that day. The first three sessions
(i.e., sessions 1 to 3) were considered as the baseline period.
In addition, the difference in angina counts between base-
line and at end-treatment were calculated as percentage
change for each patient in the active- and inactive-CP
groups and were classified into the following categories:
50%+ improvement, 25% to 49% improvement, 0 to 24%
improvement, 1% to 25% worsening, 26% to 50% worsen-
ing, 51% to 100% worsening and >100% worsening.
Patients with no episodes at the first three sessions were
considered as having no change (0%) if they also had no
episodes at other periods, and were considered as worsening

by 100% or more if they had episodes at other periods.

Statistical analyses. On the basis of a between-patient
standard deviation of 87 s in exercise duration, there was
80% power to detect a 45-s difference in exercise duration
between the two study groups using a two-sided test with a
0.05 level of significance. The primary efficacy analyses for
ETT parameters were performed on an observed case basis
using the intention to treat population. Changes in exercise
duration and time to =1-mm ST-segment depression from
baseline to posttreatment ETT were calculated for each
subject and compared between treatment groups. An anal-
ysis of variance with treatment group as a main effect and
treatment site as a blocking factor was then made. The
method used for computing angina counts took into account
the varying total treatment time among patients many of
whom, for the sake of convenience, underwent two treat-
ment sessions daily for at least part of the treatment course
(see End Point section). Two analyses of angina counts were
performed. An analysis of variance, on rank transformed
data by treatment center, was applied to changes in angina
counts from baseline to follow-up. Also, the difference
between the two treatment groups with respect to percent-
age change in angina counts was computed for the entire
intention to treat population (all randomized patients) and
for those patients with =34 sessions (i.c., for patients having
completed EECP treatment). The difference between the
two treatment groups with respect to the percent change in
each parameter was tested using a Cochran-Mantel-
Haenszel chi-square test for ordered categories, stratified by
treatment center. Results are presented as adjusted means
(least-squares), calculated to accommodate any imbalance in
the number of patients in each group among treatment
centers. This conforms to the analysis of variance model
using treatment center as a blocking factor. The analysis of
average usage of on-demand NTG tablets per day (NTG
count) was conducted in the same manner as for the analysis
of angina counts.

Adverse experiences. The number of patients reporting
adverse events was compared between groups using a
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Patients Screened:
approx. 500

Randomized:
139

Inactive-CP: 67 Active-CP: 72

1 withdrew prior
to first treatment

Y Y

Followed-up: 66

Y Y

Withdrawn: 12

Adverse event: 9
Other medical event: 2
Personal reasons: 1

Y Y

Completed trial: Completed trial:
65 59

1 withdrew prior
to first treatment

Followed-up: 71

Withdrawn: 1

Adverse event: 1

Figure 1. Patient disposition. CP = counterpulsation.

chi-square test. A chi-square test was also used to compare
the number of sessions where leg discomfort was reported.

RESULTS

Patient enrollment. One hundred thirty-nine patients
were randomized in MUST-EECP. Patient disposition is
shown in Figure 1.

Exercise duration data were available for 57 subjects in
the active-CP and 58 in the inactive-CP group. Fourteen
subjects in active CP were not evaluable for exercise dura-
tion: 4 had protocol violations, 7 withdrew because of
adverse experiences and 3 dropped out for personal reasons.
In the inactive-CP group, 8 subjects were not evaluable for
exercise duration. Seven of these had protocol violations,
and one dropped out because of an adverse experience.
Evaluable data for time to =1-mm ST-segment depression
were available for 56 subjects in each study group. Digoxin
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Table 1. Patient Characteristics

Inactive Active p
CpP CP Values
n 66 71
Age (mean * SD) 62 £ 9yr 64+ 9yr > 0.1
Male 58 (87.9%) 61 (85.9%) > 0.8
Race > 0.5
White 49 (74.2%) 55 (77.5%)
Black 2 (3.0%) 3 (4.2%)
Hispanic 10 (15.2%) 5 (7.0%)
Asian 3 (4.5%) 5(7.0%)
Other 2 (3.0%) 3 (4.2%)
CV history
CCSC >0.9
I 17 (25.8%) 19 (26.8%)
11 34 (51.5%) 35 (49.3%)
III 15 (22.7%) 17 (23.9%)
Angina years 45*+406 856*7.88 <0.01
(mean * SD)
Previous MI 27 (40.9%)  40(56.3%) < 0.05
Previous CABG 25 (37.9%) 33 (46.5%) >03
Previous PTCA 22 (33.3%) 27 (38.0%) >0.5
Residual vessel >0.1
disease
0 5 (7.6%) 5 (7.0%)
1 23 (34.8%) 21 (29.6%)
2 17 (15.8%) 19 (26.8%)
3 9 (13.6%) 21 (29.6%)
No data 12 (18.2%) 5(7.0%)
CV medications > 0.8
Nitrates 54(81.8%) 56 (78.9%)
ASA 60 (90.9%)  32(87.3%)
CCB 36 (54.5%) 44 (62.0%)
BB 51(77.3%) 50 (70.4%)
Lipid-lowering agents 33 (50.0%) 44 (62.0%)

Angina years = years since diagnosis; ASA = acetylsalicylic acid taken as an
antithrombotic; BB = beta-blocker; CABG = coronary artery bypass grafting;
CCB = calcium channel blocker; CCSC = Canadian Cardiovascular Society
functional classification for angina; CP = counterpulsation; CV = cardiovascular;
MI = myocardial infarction; PTCA = percutaneous transluminal coronary angio-

plasty.

use invalidated time to ST-segment depression analysis in
one subject in the active-CP group and two in the
inactive-CP group.

Patient characteristics. The characteristics of the random-
ized groups were similar, although a higher percentage of
patients in the active-CP group had a history of previous M1
and suffered from angina for a longer period of time (Table
1). Antianginal treatment was similar for both groups
(Table 1). More than 70% of patients in each group had
Canadian Cardiovascular Society Classification class II or
III and over 70% of each group had undergone prior CABG
or angioplasty.

Efficacy. EXERCISE TREADMILL TEST. Exercise duration
was 426 £ 20 s at baseline and 470 % 20 s posttreatment in
the active-CP group. In the inactive-CP group, exercise
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Table 2. Exercise Treadmill Test

Inactive CP Active CP
Between-Group
n  Pre-CP  Post-CP pValue n  Pre-CP  Post-CP p Value p Value
Exercise duration (s) 58 43222 464*+22 <0.03 57 42620 47020 <0.001 <0.31
Time to =1-mm 56 326*21 330x20 <074 56 337*x18 379=*x18 <0.002 =0.01

ST-segment depression (s)

Duration in seconds, mean = SEM.
Pre-CP: baseline, before counterpulsation; Post-CP: follow-up, postcounterpulsation. p values are computed based on adjusted change in duration from baseline to follow-up.

duration was 432 *+ 22 s at baseline and 464 * 22 s angina frequency, and fewer worsened in the active-CP
posttreatment (Table 2). There was no significant difference group compared with the inactive-CP group (p < 0.05,
between groups in change in exercise duration from baseline ~ Table 3).

to posttreatment (adjusted mean: active CP: 42 = 11 s vs.
inactive CP: 26 = 12 s; p > 0.3).

Time to =1-mm ST-segment depression was 337 = 18 s
at baseline and 379 * 18 s posttreatment in the active-CP
group. In the inactive-CP group, time to =1-mm ST-
segment depression was 326 = 21 s at baseline and 330 =
20 s posttreatment (Table 2). There was a significant

difference between groups in the change in time to exercise-

induced ischemia from baseline to posttreatment (adjusted inactive CP: _0-10. + 0.12; p > 0.1). In patients who
mean: active CP: 37 = 11 s vs. inactive CP: =4 * 125;p = completed =34 sessions, NTG usage was 0.39 = 0.11 at

0.01). baseline and 0.12 * 0.04 posttreatment in the active-CP

group. In the inactive-CP group, NTG usage was 0.56 =
ANGINA COUNTS. In the intention to treat analysis, angina ()17 at baseline and 043 + 0.21 posttreatment. The
counts were 0.'76 = O'.15 at baseline and 0'.55 = 027 difference between groups in this parameter from baseline
posttreatment in the active-CP group. In the inactive-CP to posttreatment was not significant (adjusted mean:

group, angina counts were 0.76 * 0.13 at baseline and  , jve CP: —0.32 * 0.15 vs. inactive CP: —0.19 = 0.14;
0.77 = 0.2 posttreatment. The difference between groups in p > 0.1).

the change in angina counts from baseline to posttreatment
showed a trend to statistical significance (adjusted mean: =~ ADVERSE EXPERIENCES. Both treatment groups, in re-
active CP: —0.11 = 0.21 vs. inactive CP: 0.13 = 0.22; p < sponse to queries, reported a relatively high incidence of

NITROGLYCERIN USAGE. In the intention to treat analysis,
NTG usage was 0.47 = 0.13 at baseline and 0.19 * 0.07
posttreatment in the active-CP group. In the inactive-CP
group, NTG usage was 0.51 * 0.15 at baseline and 0.45 =
0.19 posttreatment. The difference between groups in
change in NTG usage from baseline to posttreatment was
not significant (adjusted mean: active CP: —0.32 £ 0.12 vs.

0.09). In patients who completed =34 sessions, angina adverse events at each treatment session. This is not
counts were 0.72 *= 0.14 at baseline and 0.57 = 0.38  surprising, because patients were questioned daily by re-
posttreatment in the active-CP group. In the inactive-CP  search nurses about any adverse reaction experienced since

group, angina counts were 0.77 * 0.14 at baseline and  the previous session. More patients in the active-CP group
0.76 = 0.22 posttreatment. The difference between groups ~ reported adverse events than in the inactive-CP group: 39
in the change in angina counts from baseline was statistically (55%) versus 17 (26%), p < 0.001. Ten of the 25 events
significant (adjusted mean: active CP: —0.033 = 0.27 vs.  reported by the 17 patients in the inactive-CP group were
inactive CP: 0.15 = 0.27; p < 0.035). A similar number of ~ considered device-related, involving either the skin, lower
patients in each group showed a 0 to 25% level of improve- legs or back. Thirty-seven of the 70 events reported by the
ment, but more patients reported a >50% improvement in 39 patients in the active-CP group were considered device-

Table 3. Angina Counts

Improvement Worsening

P
Median  50+%  25%-49% 0%-24% 1%-25% 26%-50% 51%-100% 100+%  Value

Intention to treat

Inactive CP 66 0% 21 3 28 2 2 4 6

Active CP 71 —20% 32 1 33 0 0 2 3 < 0.05
=34 sessions

Inactive CP 59 0% 19 2 24 0 2 5 7

Active CP 57 —50% 29 1 23 0 0 0 4 < 0.02

Categories of change are expressed in percent versus baseline. Daily average of self-reported episodes of angina pectoris are computed over three 24-h periods. p values are
calculated for between-group differences using a Cochran-Mantel-Haenszel chi-square test for ordered categories stratified by treatment center.
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Table 4. Adverse Experiences
Inactive CP Active CP

(n=66 (n=71)
n (%) n (%) p Value
Patients with AE 17 (25.8) 39 (54.9) < 0.001
Adverse experiences—
non—device related
Viral syndrome 0 1 >0.5
Anxiety 0 2 =05
Dizziness 1 3 >0.5
Tinnitus 0 1 > 0.5
GI disturbances 1 1 > 0.5
Headache 0 1 > 0.5
Blood pressure change 1 1 >0.5
Epistaxis 0 2 =05
Angina 1 1 > 0.5
Other chest pain 3 7 =03
A/V arrhythmia 3 9 >0.2
Heart rate change 3 0 =0.1
(sinusal)
Respiratory 2 4 >0.5
Total 15 33 < 0.005
Adverse experiences—
device related
Paresthesia 1 2 > 0.5
Edema, swelling 0 2 =05
Skin abrasion, bruise, 2 13 = 0.005
blister
Pain (legs, back) 7 20 =0.01
Total 10 37 < 0.001

Some patients reported more than one adverse experience (AE), hence total AE
exceed numbers of patients reporting AE. p value: Fisher exact test.
A/V = atrioventricular; CP = counterpulsation; GI = gastrointestinal.

related. The remaining complaints in each group were
considered minor and not directly related to treatment
(Table 4). Leg discomfort was reported in 11.6 = 22.7% of
active-CP sessions and 4.9 = 18.7% of active-CP sessions
(p = 0.06). Although 47 of the 95 events reported by both
groups combined were considered device-related, only five
patients withdrew from the study due to leg complaints
(e.g., pain, abrasion).

DISCUSSION

Effect on exercise treadmill test. The MUST-EECP trial
confirms that EECP can reduce exercise-induced ischemia
in patients with symptomatic CAD. The lack of a signifi-
cant treatment effect on exercise duration despite reduction
in other measures of ischemia has been seen in other clinical
trials involving antianginal agents (13,14). Training effect or
the fact that most study patients were limited by nonanginal
symptoms such as fatigue or shortness of breath on the
treadmill tests may have produced a fixed exercise duration
and account for this observation. Moreover, EECP might
be less likely to extend exercise capacity when added to
background treatments of antianginal drugs and coronary
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revascularization than if such treatments were not in place.
There was, however, an increase in time to exercise-induced
ischemia, a more objective parameter of treatment effect, in
the active-CP group, and the between-group difference was
significant.

Effect on angina counts and NTG usage. A trend in
angina reduction with EECP was seen in the intention to
treat analysis and became significant when the analysis
included only those subjects completing at least 34 sessions.
This observation suggests that a certain number of treat-
ment hours are required to maximize the antianginal benefit
of this device (see Mechanisms of Action section). Al-
though NTG usage dropped in the active-CP group, no
between-group difference was noted. The wide range of
NTG tablets taken by both groups and the common
practice of patients with this degree of angina of taking
NTG prophylactically, a habit unlikely to be changed over

the course of a seven-week study, may explain this finding.

Mechanisms of action. The mechanisms underlying the
effects of EECP have been under investigation for many
years. Acute hemodynamic improvement simulating the
effects of intra-aortic balloon CP can be achieved (15), and
a multicenter randomized trial in patients with acute MI
and heart failure demonstrated that external CP reduced
morbidity and mortality (16). The use of this early device to
treat angina also suggested benefit (17,18), but variations in
treatment protocol produced variable results.

Reasons for continued relief of angina beyond the acute
hemodynamic beneficial effects of EECP treatment as
described in case series (8—10) are unclear. Increased
transmyocardial pressure gradients for the prescribed 35
sessions could open collaterals (19,20). Chronic exposure of
the coronary and peripheral arterial bed to the augmented
blood flow and increased shear forces produced by EECP
could lead to increased endothelial cell production of nitric
oxide (NO) and prostacyclin, powerful mediators of vaso-
dilation. Supporting this notion is the recent observation
that sustained exercise in dogs increased endothelial NO
synthase gene expression and coronary vascular NO produc-
tion (21). Increased blood flow may regulate the elaboration
of a variety of paracrine substances that participate in
vascular remodeling and reactivity (22). Consistent with
these hypotheses, other strategies targeted to improve
endothelial-dependent vasodilation, such as estrogen re-
placement in postmenopausal women (23) and low density
lipoprotein lowering in hypercholesterolemic patients (24),
have also been shown to decrease ischemia.

Clinical implications. Because coronary disease is a
chronic condition, and long-term survival is extended with
secondary prevention, practitioners see patients with recur-
rent angina despite therapy with anti-ischemic agents and
coronary revascularization. Most patients enrolled in
MUST-EECP fall into this category. In addition, there are
many patients who are inoperable, at high risk for operative
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complications or postoperative failure, whose coronary anat-
omy is not readily amenable to invasive procedures or who
have comorbid states associated with excessive risk. For such
patients, EECP could extend the range of treatment op-
tions.

Limitations. The design of MUST-EECP has several
limitations. The use of a sham method to serve as a placebo
control is imperfect but is used often in device- or
procedure-related clinical trials (25,26). The fact that some
patients in the sham-treated group reported lower leg and
skin adverse reactions suggests that sham CP simulated
active treatment as intended. Although care was taken to
prevent study participants from witnessing other patients
receiving EECP, it is possible that some patients in MUST-
EECP guessed correctly their form of treatment. Further-
more, it was impossible to blind personnel applying the
EECP treatment, leaving open the possibility that the form
of treatment could have been suggested inadvertently. Al-
though angina counts and NTG usage were assessed using
the subjects’ recollection, patients were only asked to recall
whether these events had occurred in the 24-h period
preceding each treatment session. Most treatments for
angina have been the subject of cost-effectiveness analyses
and, at the present time, no such data are available for
EECP. In addition, MUST-EECP examines only the
immediate effect of treatment. Its long-term effects on
symptoms and clinical events are not known.

Conclusions. The MUST-EECP trial, the first random-
ized controlled study to evaluate EECP, indicates that
enhanced external CP can reduce angina and extend the
time to ischemia on ETT in patients with symptomatic
CAD. The treatment was relatively well tolerated and free
of limiting side effects in most patients.

APPENDIX
MUST-EECP Study Centers

Columbia-Presbyterian Medical Center, Columbia Univer-
sity (New York, New York); Moffit-Long Hospital, Uni-
versity of California at San Francisco (San Francisco,
California); Yale University School of Medicine (New
Haven, Connecticut); Beth Israel Deaconess Medical Cen-
ter, Harvard University (Boston, Massachusetts); Grant/
Riverside Methodist Hospitals (Columbus, Ohio); Presby-
terian University Hospital, University of Pittsburgh Medical
Center (Pittsburgh, Pennsylvania); and Loyola University
Medical Center (Maywood, Illinois).

MUST-EECP Trial Coordinators

Columbia-Presbyterian Medical Center: Christine Con-
stantine, RN; Patricia Blowers, RN; Christopher Kaszubski,
RN; Patricia Pugni, RN. Moffit-Long Hospital: Kim
Prouty, RN; Olga Dimitratos, RN; Xian-Hong Shu, MD.
Yale University School of Medicine: Poonamma Chanada,
MD; Sanila Rehmatullah, MD; Neil Jairath. Beth Israel
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Deaconess Hospital: Carol McKenna, RN; Peggy
McGowan-Gump, RN. Grant/Riverside Methodist Hospi-
tals: Karen Manzo, RN. Presbyterian University Hospital,
University of Pittsburgh Medical Center: Virginia Schnei-
der, RN; Louanne Tempich, RCVT; Ozlem Soran, MD.
Loyola University Medical Center: Ellen Galbraith, RN.

MUST-EECP Organization

Core laboratory. Cardiology Division, University Hospital
and Medical Center, State University of New York at Stony
Brook: Peter F. Cohn, MD (Director); William E. Lawson,
MD; Lynn Burger, RN.

Data and safety monitoring committee. University of
Florida College of Medicine at Gainesville, Florida: Carl J.
Pepine, MD (Director); Ronald G. Marks, PhD; Eileen
Handberg, RN.

Database management and analyses. Anabase Interna-
tional Corp., Stockton, New Jersey.

Reprint requests and correspondence: Dr. Richard W. Nesto,
Cardiovascular Division, Beth Israel Deaconess Medical Center,
One Deaconess Road, Boston, Massachusetts 02215. E-mail:
rnesto@caregroup.harvard.edu.

REFERENCES

1. Shub C. Stable angina pectoris: 3. Medical treatment. Mayo Clin Proc
990;65:256-73.

2. Rita-2 Trial Participants. Coronary angioplasty versus medical therapy
for angina: the second randomized intervention treatment of angina
(RITA-2) trial. Lancet 1997;350:461-8.

3. Chaitman BR, Rosen AD, Williams DO, et al. Myocardial infarction
and cardiac mortality in the bypass angioplasty revascularization
investigation (BARI) randomized trial. Circulation 1997;96:2162-70.

4. Horvath KA, Cohn LH, Cooley DA, et al. Transmyocardial laser
revascularization: results of a multicenter trial with transmyocardial
laser revascularization used as a sole therapy for end-stage coronary
disease. ] Thorac Cardiovasc Surg 1997;113:645-53.

5. Calderon M, Nigri V. Limited access myocardial revascularization.
Tex Heart Inst ] 1996;23:81-4.

6. Hautvast RWM, Blanksma PK, DeJongste MJL, et al. for the
Working Group on Neurocardiology. Efficacy of spinal cord stimula-
tion as adjuvant therapy for intractable angina pectoris: a prospective,
randomized clinical study. ] Am Coll Cardiol 1994;23:1592-7.

7. Chauhan A, Mullins PA, Thuraisingham SI, Taylor G, Petch MC,
Schofield PM. Effect of transcutaneous electrical nerve stimulation on
coronary blood flow. Circulation 1994;89:694-702.

8. Lawson WE, Hui JCK, Soroff HS, et al. Efficacy of enhanced external
counterpulsation in the treatment of angina pectoris. Am ] Cardiol
1992;70:859-62.

9. Lawson WE, Hui JCK, Zheng ZS, et al. Can angiographic findings
predict which coronary patients will benefit from enhanced external
counterpulsation? Am J Cardiol 1996;77:1107-9.

10. Lawson WE, Hui JCK, Zheng ZS, et al. Three-year sustained benefit
from enhanced external counterpulsation in chronic angina pectoris.
Am ] Cardiol 1995;75:840-1.

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

12. Matts JP, Lachin JM. Properties of permutated-block randomization
in clinical trials. Control Clin Trials 1989;9:327—-44.

13. Stone PH, Gibson RS, Glasser SP, et al. Comparison of propranolol,
diltiazem, and nifedipine in the treatment of ambulatory ischemia in
patients with stable angina: differential effects on ambulatory ischemia,

Downloaded from content.onlingjacc.org by Shelley Chancy on December 20, 2005


http://content.onlinejacc.org

1840

14.

15.

16.

17.

18.

19.

20.

Arora et al.
EECP for Angina Pectoris

exercise performance, and anginal symptoms. Circulation 1990;82:
1962-72.

Rice KR, Gervino E, Jarish WR, Stone PH. Effects of nifedipine on
myocardial perfusion during exercise in chronic stable angina pectoris.
Am J Cardiol 1990;65:1097-101.

Parmley WW, Chatterjee K, Charuzi Y, Swan HJC. Hemodynamic
effects of noninvasive systolic unloading (nitroprusside) and diastolic
augmentation (external counterpulsation) in patients with acute myo-
cardial infarction. Am J Cardiol 1974;33:819-25.

Amsterdam EZ, Banas J, Criley JM, et al. Clinical assessment of
external pressure circulatory assistance in acute myocardial infarction.
Am ] Cardiol 1980;45:349-56.

Clap JC, Banas JS, Stickley LF, et al. Evaluation of sham and true
external counterpulsation in patients with angina pectoris. Circulation
1974;50:111-8.

Solignac A, Ferguson RM, Burassa MG. External counterpulsation:
coronary hemodynamics and use in treatment of patients with stable
angina pectoris. Cathet Cardiovasc Diagn 1977;3:37-45.

Flynn MS, Kern MJ, Donohue TJ, Aguirre FV, Bach RG, Caracciolo
EA. Alterations of coronary collateral blood flow velocity during
intraaortic balloon pumping. ] Am Coll Cardiol 1993;71:1451-5.
Kern MJ, Aguirre FV, Tatineni S, et al. Enhanced coronary blood flow

21.

22.

23.

24.

25.

26.

JACC Vol. 33, No. 7, 1999
June 1999:1833-40

velocity during intraaortic balloon counterpulsation in critically ill
patients. ] Am Coll Cardiol 1993;21:359-68.

Sessa WC, Pritchard K, Seyedi N, Wang J, Hintze TH. Chronic
exercise in dogs increases coronary nitric oxide production and endo-
thelial cell nitric oxide synthase gene expression. Circ Res 1994;74:
349-53.

Niebauer J, Cook JP. Cardiovascular effects of exercise: role of
endothelial shear stress. ] Am Coll Cardiol 1996;28:1652-60.
Alpaslan M, Shimokawa H, Kuroiwa-Matsumoto M, Harasawa Y,
Takeshita A. Short-term estrogen administration ameliorates
dobutamine-induced myocardial ischemia in postmenopausal
women with coronary artery disease. ] Am Coll Cardiol 1997;30:
1466-71.

Andrews TC, Raby K, Barry J, et al. Effect of cholesterol reduction on
myocardial ischemia in patients with coronary disease. Circulation
1997;95:324-8.

Cobb LA, Thomas GI, Dillard DH, Merendino KA, Bruce RA. An
evaluation of internal-mammary-artery ligation B-A double-blind
technique. N Engl ] Med 1959;260:1115-8.

Kristiansen TK, Ryaby JP, McCabe ], Frey JJ, Roe LR. Accelerated
healing of distal radial fractures with the use of specific, low-intensity
ultrasound. ] Bone Joint Surg 1997;79:961-4.

Downloaded from content.onlingjacc.org by Shelley Chancy on December 20, 2005


http://content.onlinejacc.org

The multicenter study of enhanced exter nal counter pulsation (MUST-EECP):
effect of EECP on exer cise-induced myocardial ischemia and anginal episodes
Rohit R. Arora, Tony M. Chou, Diwakar Jain, Bruce Fleishman, Lawrence Crawford,
Thomas McKiernan and Richard W. Nesto
J. Am. Call. Cardiol. 1999;33;1833-1840

Thisinformation is current as of December 20, 2005

Updated Information including high-resolution figures, can be found at:

& Services http://content.onlinejacc.org/cgi/content/full/33/7/1833

References This article cites 25 articles, 11 of which you can access for free
at:
http://content.onlinejacc.org/cgi/content/full/33/7/1833#BIBL

Citations This article has been cited by 20 HighWire-hosted articles:
http://content.onlinejacc.org/cgi/content/full/33/7/1833#otherarti
cles

Rights & Permissions Information about reproducing this articlein parts (figures,

tables) or in its entirety can be found online at:
http://content.onlinejacc.org/misc/permissions.dtl

Reprints Information about ordering reprints can be found online:
http://content.onlinegjacc.org/misc/reprints.dtl

JOURNAL of the AMERICAN COLLEGE of CARDIOLOGY

Downloaded from content.onlingjacc.org by Shelley Chancy on December 20, 2005



http://content.onlinejacc.org/cgi/content/full/33/7/1833
http://content.onlinejacc.org/cgi/content/full/33/7/1833#BIBL
http://content.onlinejacc.org/cgi/content/full/33/7/1833#otherarticles
http://content.onlinejacc.org/misc/permissions.dtl
http://content.onlinejacc.org/misc/reprints.dtl
http://content.onlinejacc.org

