REJUVAHEART™

In the United States, one out of every 2.9 deaths is related to cardiovascular
disease®. Coronary Artery Disease (CAD) is the single leading cause of death in
America today and the American Heart Association (AHA) estimates the cost and
prevalence of heart disease to triple to over $800 billion/year by 2030. The AHA is
calling on more aggressive preventive approaches to contain this skyrocketing problem.
That approach is now easily available with RejuvaHeart.

With these staggering numbers, having treatment options becomes invaluable to
ensure patient compliance and outcome success. External Counterpulsation has
demonstrated a number of positive effects that are maintained for at least three years
after a full course of treatment.

North American Heart Institute (NAHI) is dedicated to expanding provider and
public knowledge about this treatment modality by offering dedicated centers and
targeted marketing to increase public awareness and interest. We call it the
RejuvaHeart™ program.

We are delighted in your interest in becoming a Provider in the RejuvaHeart
network of physicians. We offer a number of benefits including access to clinical
specialists for chart review, direct to consumer advertising to increase patient
awareness and volume as well as constant service and support. We have taken every
precaution to ensure the success of our program including extensive research into the
operation of this program type within your state.

With your extensive knowledge and clinical expertise, we feel that you would be
an invaluable asset to our network and that our affiliation can help build your practice in
multiple ways.

If you have any questions about the attached information, please call us to
discuss. Participation in our network offers many benefits to you and your patients with
no obligation and no risk. We look forward to a long and prosperous relationship.

Sincerely,

Carlos Becerra, CEO
North American Heart Institute

WWW.northamericanheart.com North American Heart Institute

1649 Sands Place, Suite B
! American Heart Association Cardiovascular Disease Statistics Alert, Marietta, GA 30067
www.americanheart.org/2006 (678) 453-0500

www.northamericanheart.com
info@northamericanheart.com



http://www.northamericanheart.com/

WHAT IS ECP?

For people with angina or heart failure, even simple activities—such as going to the
mailbox or walking the dog—can be challenging.

If you are one of these people, take heart. There is a non-invasive treatment called
RejuvaHeart™ External Counter Pulsation. This therapy has clinical experience that
has shown to be safe and beneficial for the treatment of angina and heart failure.
Approximately 80% of patients who complete the 35-hour course of RejuvaHeart™
therapy experience significant symptom relief that may last up to three years.

How DOES IT WORK?

RejuvaHeart™ therapy is an
outpatient treatment that is |
usually given for an hour
once or twice a day, five
days a week, for a total of 35
hours. During the treatment,
you lie on a comfortable
treatment table with large
blood pressure-like cuffs
wrapped around your legs
and buttocks. These cuffs
inflate and deflate at specific times between your heartbeats. A continuous electro cardiogram
(ECG) is used to set the timing so the cuffs inflate while the heart is at rest, when it normally
gets its supply of blood and oxygen. The cuffs deflate at the end of that rest period, just before
the next heartbeat. The special sensor applied to your finger checks the oxygen level in your
blood and monitors the pressure waves created by the cuff inflations and deflations. Basically,
the RejuvaHeart™ Therapy External Counter Pulsation system pumps when your heart is
resting and releases when your heart is working.

WHAT DOES THIS MEAN?

Well, it means that your heart is getting increased oxygen and blood flow without having to work
as hard. External Counter Pulsation (ECP) can decrease the need for medication and reduce or
eliminate the frequency and intensity of chest pain. It can also improve your ability to participate
in activities of daily living. External Counter Pulsation (ECP) is also believed to create new
pathways around blocked arteries in the heart by expanding or growing what are called
collaterals, additional networks of tiny blood vessels that supply the heart muscle. After
completing treatment, many patients are able to enjoy moderate levels of exercise for the first
time since the onset of their angina symptoms.

North American Heart Institute

1649 Sands Place, Suite B
Marietta, GA 30067

(678) 453-0509
www.northamericanheart.com
info@northamericanheart.com




REJUVAHEART™ REVENUE
patients, we handle the rest.

The RejuvaHeart program opens the door to new revenue opportunities while
addressing today’s demanding clinical environment.

INSURANCE REIMBURSEMENT

Medicare approved the reimbursement for this therapy as a standard treatment option in
July of 1999. The comprehensive standard procedure code in use today (G0166) was
assigned in January of 2000.

Since the procedure was identified in the Comprehensive Procedure Terminology (CPT)
manual, most HMQO’s and insurance companies adopted the code as industry standard.

USUAL, CUSTOMARY, AND REASONABLE

The average reimbursement amount for ECP under Medicare guidelines is from $140-
160 per session based on your contract and regional fee schedule. A full course of
therapy usually consists of 35 one-hour treatments.

With only 20 patients, you can increase your practice income by $100,000 annually.

DOCUMENTATION

The RejuvaHeart system integrates intelligent features to make operation easy and
automatic.

e RejuvaHeart system workflow and screen layouts are intuitive and easy to navigate,
even for inexperienced clinicians.

¢ Administrative and Clinical records are maintained in the device and can easily be
integrated into EMR or patient file charts.

e Automatic Peak-to-Peak Ration Calculation — Eliminates manual task previously
done up to six times per hour.

o Database backup utility can easily save one or more selected patients to a single
CD, USB device, or network server to protect against a hard drive crash.

REJUVAHEART SUPPORT
v' Equipment, Installation and Service
v Extensive training for provider and staff North American Heart Institute
v Unlimited Clinical Support
v" Online device diagnostics :
. . 1649 Sands Place, Suite B
v' Access to RejuvaHeart Cardiac Network Mariett:\n GS A Z%eowu' ¢
v' Marketing to patients and providers ’
v' Public Relations (678) 453-0509

www.horthamericanheart.com
info@northamericanheart.com
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REJUVAHEART™ ADVANTAGE
patients, we handle the rest.

The RejuvaHeart ECP system opens the door to new revenue opportunities while addressing today’s demanding
clinical environment. The system is designed to deliver effective therapy and seamlessly integrate with
information technology systems, track patient outcomes and improve efficiency for clinicians.

Dependable ECP Therapy
RejuvaHeart ECP systems incorporate advanced technology with proven effectiveness and reliability, based on
over one thousand systems installed and 11 years of experience. RejuvaHeart systems incorporate the latest
ECP innovation of vacuum-assisted deflation. Benefits include:
¢ Longer hold time for fast heart rates — Faster deflation allow more time for inflation hold time. This is
especially important for faster heart rates where hold time is very short.
¢ Fastest systolic unloading and minimized “slamming” — It is critical that the ECP system unload the heart
during systole. When a premature beat triggers an early deflation, vacuum-assist pulls out the air fast to
release pressure before systole. Then when the system inflates early following the early beat, residual air can
cause “slamming”. Since vacuum-assisted deflation minimizes residual air, it minimizes “slamming”.
¢ Most complete deflation — Vacuum-assist completely deflates bladders and completely relaxes cuffs to allow
free flow of blood back to the legs and feet. Incomplete deflation can hamper blood flow and even lead to
“tingling” in the feet. Patients can feel the difference.

Unmatched Productivity and Ease of Use
Intelligent features make operation easy and automatic.
¢ RejuvaHeart system workflow and screen layouts are intuitive and easy to navigate, even for inexperienced
clinicians.
¢ Automatic Peak-to-Peak Ration Calculation — Eliminates manual task previously done up to six times per
hour.
o Database backup utility can easily save one or more selected patients to a single CD, USB device, or network
server to protect against a hard drive crash.

Integrated Outcomes
Tracks and reports on individual patient and group Outcomes including excusive integrated quality of life survey to
track patient progress including SF-36 and Minnesota Living with Heart Failure

Regulatory Compliance
US FDA 510(k) clearance for marketing
System is safety certified to the UL 60601 standard.

Comprehensive Information Technology Solutions

Integrates with information systems through a seamless interface. RejuvaHeart systems offer assistance via
remote software clinical and technical support from service headquarters.

Log into the system via internet connection

View system screen remotely

Operate system remotely

Download files to Support Center North American Heart Institute
Upload software patches and data to customer

L - 1649 Sands Place, Suite B
Clinical training

Full three days of clinical training provided by an ACLS certified RN TR, G B0DEY
with extensive clinical experience. We provide unlimited clinical (678) 453-0509
support and evaluation of strips for the life of the system. www.northamericanheart.com

info@northamericanheart.com
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PRODUCT SPECIFICATIONS
patients, we handle the rest.

Patient Protection

¢ Automatic vacuum deflation of cuffs on early / extra systole

e Over pressure limit protection

e Treatment is suspended during episodes of high or low
heart rate

e Emergency stop button

e Auditory alarms:

— Heart rate out of limits— Oxygen saturation out of limits*

— Lack of an adequate triggering signal

— Loss of communication between computer and ECP device

e Air to cuffs is actively cooled, always below body
temperature

Equipment Dimensions and Weight
Pole Cart: Wheel base 29"/74 cm
Height: 66” (168 cm)
Weight: 35 Ibs.(16 kg)
Bed Base: Width 29.25” (75 cm)
Depth 67”(170 cm) max./52” (132 cm) min.

Treatment Pressure Range Height 28.5” (72 cm)
e 0-6PSI/310 mmHg Weight: 350 Ibs. (159 kg)
. ) Removable Mattress: Width 34” (86 cm)
Treatment Duration Timer Depth 82” (208) cm
e 10-60 minutes; 5 minute increments Height 5” (13) cm

e Treatment and air/vacuum pump stop when set time expires
Power Requirements

Treatment Cuffs e 1-110 VAC 60Hz 15 A standard or hospital grade outlet
e Durable & cleanable high denier Nylon with Velcro closure e 1-—220 VAC 60Hz 20 A dedicated, twist and lock outlet
¢ 3sizes fit all patient types e 220VAC 50Hz compatibility upon request
e Buttock and thigh cuffs are separate for better fit International Specifications:

e Standard 220vac 10 amp (min) outlet

Table e 1-Dedicated 220vac 15amp outlet (NEMA L6-20R)

e Motorized, continuously adjustable backrest

e 0to 45 degrees Operating Environment

o Safe Working Load: t 350 Ibs. /160 kg e Temperature 65-75°F/18-24° C

e Easy to clean, fluid resistant fabric ¢ Air conditioning capacity: at least 8800 BTU per hour

¢ Quick connect hoses attach without tools ¢ Relative Humidity 35-65%

e Absence of electromagnetic interference in the area

System Protection (e.g.: MRI device)

e Bed Base ON/OFF switch is fused e Free of flammable anesthetics

e Air/Vacuum Pump relay is overload protected
e Air/Vacuum Pump is thermally protected

Printer
e Wireless, Laser*

Patient Care Package

¢ Initial supply of electrodes, treatment pants, cuffs and
bladders

North American Heart Institute

1649 Sands Place, Suite B
Marietta, GA 30067

(678) 453-0509
www.nhorthamericanheart.com
info@northamericanheart.com

Please call for additional information
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ECP Market Opportunity
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RejuvaHeart™

Cardiovascular Disease 1s America’s #1 killer

10.2 Million Americans suffer from Angina*

» 2010 direct and indirect cost in treating CVD
estimated to be $503.2 billion*
— Coronary Heart Disease is projected to be $316.4
billion*
— $47.4 billion paid to Medicare beneficiaries in 2009**

— 1 in 3 Americans (36.9 percent) have some form of
heart disease™

American Heart Association Cardiovascular Disease Statistics™
Center for Medicare and Medicaid Services annual expenditure report CVD**

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

Heart Disease Prevalence

About 70 million Americans have one or more types of
cardiovascular disease (CVD)

—High blood pressure (HBP) 65 million
— Coronary heart disease 13 million
—Myocardial infarction (heart attack) 7 million
—Angina pectoris (chest pain) 6 million**
— Congestive Heart Failure 5 million**
— Stroke 5 million
— Congenital CV Defects 1 million

** ECP Patient Treatment Opportunities

Note: Numbers add to >70 million because a single patient may
have more than one condition.

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

Angina Pectoris

Chest pain or discomfort due to insufficient blood flow to the
heart muscle (ICD/9 413 and ICD/9 120)

» Stable angina is predictable chest pain on exertion or under

mental or emotional stress
» Medicare reimburses ECP for patients with refractory stable
angina
— Refractory means not treatable any other way

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

ECP Opportunity with Angina

» Over 450,000 new patients per
year meet Medicare

reimbursement criteria

» 13,000 ECP systems required
(@35 patients/unit)

» Only about 1500 ECP systems
installed to date

Only 12% of needed

systems have been
sold so far!

@ Installed B Opportunity

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.




RejuvaHeart™

Congestive Heart Failure

Heart failure that results in retaining excessive fluid, often
leading to swelling of the legs and ankles and congestion in
the lungs (ICD/9 428.0 I1CD/10 150.0)

» 5 million Americans have CHF with 550,000 new cases presented
each year

» 75%0 of people under age 65 who have CHF will die within 8 years
» CHF drains hospital profits - $28 billion in 2005

» ECP cleared by FDA for CHF—CMS reimbursement hoped for in
2012

BIG ECP Opportunity

with reimbursement

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.




RejuvaHeart™

Cardiac Catheterizations

1.5 million procedures
= At a mean charge of $17,000

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



Angioplasty
PTCA—657,000 procedures
Stenting—537,000 procedures

= At a mean charge of $29,000

BALLOON ANGIOPLASTY

Inflated
Angioplasty
Balloon

Atherosclerofic
Plaque

balloan catheter

inflated and the — ___
stent expands,

removed, leaving
the stent in place ~
holding the blood

RejuvaHeart™

Coronary angioplasty with stenting
guide wire — _

T —
T —

atheroma — _ ___ ——
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artery -~ -~
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RejuvaHeart™

Coronary Artery Bypass

530,000 procedures
= At a mean charge of $61,000

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

External Counterpulsation
50,000 procedures

= At a mean charge of
$4,800

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

Total Potential Market for ECP

Lots of
room to

grow for
ECP!

Angina Demand

Installed
Capacity

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
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RejuvaHeart™

ECP Market Growth
It’s only just begun.
ECP is...

*Non invasive
"l nexpensive

sMarket I1s underserved

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



External Counterpulsation
(ECP)
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RejuvaHeart™

Original/Predicate ECP Device

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
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RejuvaHeart™

For the angina patient, the primary benefit
of restored blood flow and resolution of
Ischemia Is relief of angina symptoms!

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

Recommended Screening Tests:

Recent Echocardiogram
(6 months to 1 yr.)

Abdominal Ultrasound

Doppler Studies

Recent EKG

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

Candidates for ECP

Patients with documented ischemia by non- invasive testing
or angiography.

With Canadian Class 11l or IV angina symptoms despite
medical therapy.

Who are felt not to be readily amenable to PCI or CABG.

Or considered to have increased risk for invasive
intervention.

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

Candidates for ECP

Patients with anginal equivalent symptoms (e.g..
dyspnea, fatigue related to ischemia).

Patients with Prinzmetal’s or Microvascular angina w/
CCSC 111/ 1V symptoms despite medical treatment.

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

Contraindications:

" Aortic Insufficiency

= Severe Valvular Disease

» Cardiac Catherization ( < 2 weeks)

= Arrhythmia

* Presence of abdominal aortic aneurysm

» Severe Hypertension ( =>180/110 mmHG)

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

Treatment Regimen
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permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.




RejuvaHeart™

The primary mechanism by which ECP reduces/resolves myocardial

perfusion defects and restores blood flow to the heart muscle is
hypothesized to be the ...

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

Collateral Circulation

Collatera

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

Collateral growth post-ECP treatment:

Pre- ECP Post- ECP

Perfusion Deficit Restored blood flow

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



Pulse Wave:
Unaugmented vs. Augmented

No counterpulsation

[h - 8 =] S =
| £

RejuvaHeart™

Counterpulsation

Dicrotic Notch =
Closure of Aortic Valve
and beginning of diastole.

Therapeutic augmentation
is achieved when peak
diastolic pressure exceeds
peak systolic pressure

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.
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RejuvaHeart™

&« ECP Timing

TRIGGERING:

ECG triggering based on the R-
wave detection ensures that
inflation occurs in diastole
(seen at the apex of the T-
wave) and deflation occurs just
prior to systole (seen at the
apex of the P-wave).

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™

The height of the diastolic peak is Dt
compared to Systole .~
the height of the systolic peak. This
comparison is represented as_Peak-to-
Peak Ratio or P/P.

The ratio of diastolic augmentation (DA) and
systolic unloading (SU) is calculated from the
signals measured by the finger plethysmograph.

P/P ratio iIs calculated as D/S

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.




RejuvaHeart™

Long-Term Effects:

While exact mechanism of action is
unknown, there are several hypotheses:

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission from North American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.



RejuvaHeart™
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RejuvaHeart™

Subjective Findings:

Quality of life improvements
are the best means for
evaluating ECP benefits in
the clinical setting.

u An g i n a. pai n S U bS i d eS Medscapea Www.medscape.com

PATIENTS REPORT:
= Fewer episodes of angina

= Decreased use or elimination of

: 81
anti-anginal medications B
o | WPreEECP
= [ncreased exercise tolerance 4] B Post-EECP|

= Improved ability to perform ?
activities of daily living 0

episodes/week  mitroglycerin/week

= Ab i I ity to retu r n to WO r k Sourca: Am J Gerialr Cardiol & 2009 Le Jacg Gommunications, Inc.
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RejuvaHeart™

By type of initial procedure, percentage of patients who will ...

...die within 5 years

Angioplasty/Stent

Bypass

EECP

| I

0% 10% 20% 30% 40% 50%

Braverman. Debra MD. "Heal Your Heart with EECP"
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RejuvaHeart™

Have a heart attack within the next 5 years:

Angioplasty/Stent

Bypass

EECP

I

0% 10% 20% 30% 40% 50%

Braverman Dehra MD "Heal Yoiir Heart with FECDP" |
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RejuvaHeart™

Repeat treatment rates for ECP vs. Angioplasty
patients

1-year
follow-up

\STY (17.2%)

EECP (40%)

5-year
follow-up

0% 20% 40% 60%
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Objective Findings:

THALLIUM SCAN:

Comparisons of scans done

before and after ECP showed:

= 78% experienced a reduction in
ischemia

" 67% showed a complete
resolution of perfusion defects

(Efficacy of Enhanced External Counterpulsation in the Treatment of
Angina Pectoris, American Journal of Cardiology, 1992)

RejuvaHeart™

EXERCISE STRESS TESTS

= 81% of patients showed
improved exercise tolerance

= Significant increase in time
to ST-segment depression

(Improved Exercise Tolerance following Enhanced External
Counterpulsation: Cardiac or Peripheral Effect? General Cardiology 1996)

©2011 North American Heart Institute, LLC. All rights reserved. No part of this may be reproduced in any form without prior written
permission fromNorth American Heart Institute, LLC. RejuvaHeart™ is a trademark of North American Heart Institute, LLC.
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Enhanced External Counterpulsation

Enhanced External
Counterpulsation Improves Exercise
Tolerance in Patients With Chronic Heart Failure

Arthur M. Feldman, MD, PuD, FACC,* Marc A. Silver, MD, FACC,t Gary S. Francis, MD, FACC#

Charles W. Abbottsmith, MD, FACC,§ Bruce L. Fleishman, MD, FACC,||
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OBJECTIVES

BACKGROUND

METHODS

RESULTS

CONCLUSIONS

The PEECH (Prospective Evaluation of Enhanced External Counterpulsation in Congestive
Heart Failure) study assessed the benefits of enhanced external counterpulsation (EECP) in
the treatment of patients with mild-to-moderate heart failure (HF).

Enhanced external counterpulsation reduced angina symptoms and extended time to exercise-
induced ischemia in patients with coronary artery disease, angina, and normal left ventricular
function. A small pilot study and registry analysis suggested benefits in patients with HF.

We randomized 187 subjects with mild-to-moderate symptoms of HF to either EECP and
protocol-defined pharmacologic therapy (PT) or PT alone. Two co-primary end points were
pre-defined: the percentage of subjects with a 60 s or more increase in exercise duration and
the percentage of subjects with at least 1.25 ml/min/kg increase in peak volume of oxygen
uptake (VO,) at 6 months.

By the primary intent-to-treat analysis, 35% of subjects in the EECP group and 25% of
control subjects increased exercise time by at least 60 s (p = 0.016) at 6 months. However,
there was no between-group difference in peak VO, changes. New York Heart Association
(NYHA) functional class improved in the active treatment group at 1 week (p < 0.01),
3 months (p < 0.02), and 6 months (p < 0.01). The Minnesota Living with Heart Failure
score improved significantly 1 week (p < 0.02) and 3 months after treatment (p = 0.01).
In this randomized, single-blinded study, EECP improved exercise tolerance, quality of life,
and NYHA functional classification without an accompanying increase in peak VO,. (J Am
Coll Cardiol 2006;48:1198-205) © 2006 by the American College of Cardiology Foundation

Enhanced external counterpulsation (EECP) is a noninva-
sive, pneumatic technique that utilizes electrocardiogram-
gated diastolic inflation of a series of lower-extremity cuffs

See page 1206

to effectively increase diastolic and mean intracoronary
pressures as well as coronary flow while reducing systolic
pressure in the central aorta and the coronary artery (1). In
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addition, EECP improves diastolic filling, decreases left
ventricular (LV) end-diastolic pressure, and improves LV
peak filling rate, end-diastolic volume, and time to peak
filling rate (2). This combination of systolic unloading and
increased coronary perfusion pressure with external coun-
terpulsation mimics the hemodynamic consequences of
intra-aortic balloon counterpulsation. Indeed, EECP was
initially evaluated in the treatment of patients with cardio-
genic shock (3). Repeated administration of EECP has been
shown to have salutary benefits in patients with symptoms
of coronary artery disease and normal LV function despite
optimal medical therapy (4); patients receiving 35 h of active
counterpulsation over a 4- to 7-week period demonstrated
reduced angina symptoms and extended time to exercise-
induced ischemia, when compared with a group of patients
randomized to receive sham counterpulsation (4). In addi-
tion, EECP effected a significant improvement in health-
related quality of life up to 12 months after completion of
treatment (5). Although the specific mechanisms responsi-
ble for the beneficial clinical effects of EECP therapy in
patients with symptomatic coronary artery disease remain
unclear, recent studies have demonstrated that a positive
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Abbreviations and Acronyms

EECP = enhanced external counterpulsation
HF = heart failure

LV = left ventricular

LVEF = left ventricular ejection fraction

MLWHF = Minnesota Living with Heart Failure

NYHA = New York Heart Association

PEECH = Prospective Evaluation of Enhanced
External Counterpulsation in Congestive
Heart Failure trial

PT = protocol-defined pharmacologic therapy

Vo,

oxygen uptake

response to EECP is associated with enhanced peripheral
endothelial function (6). In addition, EECP improved stress
myocardial perfusion both at baseline and at maximal
exercise levels (7), reduced plasma levels of brain natriuretic
peptides (2), and improved regional myocardial oxygen
metabolism (8).

In the initial clinical evaluations of EECP, patients were
required to have normal LV function. However, several
studies suggested that EECP might also benefit patients
with LV dysfunction. Approximately 22.3% of patients
enrolled in a voluntary registry of patients undergoing
EECP therapy for treatment of angina pectoris had LV
dysfunction as evidenced by a left ventricular ejection
fraction (LVEF) of =35% (9). These patients had increased
severity of angina symptoms and higher rates of the com-
posite outcome of death/myocardial infarction/or revascu-
larization as compared with patients with preserved ventric-
ular function. However, patients who did not have an
outcome event had improved anginal status and nitroglyc-
erin use that was comparable to that seen in patients with
normal LV function. Furthermore, EECP improved exer-
cise capacity and quality of life without adverse conse-
quences in a small group of patients with stable heart failure
(HF) who underwent 35 sessions of EECP (10). To address
the efficacy of EECP in patients with symptomatic HF
secondary to systolic dysfunction, we conducted a multi-
center, controlled clinical trial comparing protocol-defined
pharmacologic therapy (PT) (per published guidelines) with
35 1-h sessions of EECP with PT alone.

METHODS

The PEECH (Prospective Evaluation of Enhanced Exter-
nal Counterpulsation in Congestive Heart Failure) trial was
conducted at 29 centers in the U.S. and the U.K. The
complete protocol has been described elsewhere (11). En-
rollment criteria included New York Heart Association
(NYHA) functional class II to III symptoms secondary to
either ischemic or nonischemic cardiomyopathy, LVEF
=35%, and PT consisting of an angiotensin-converting
enzyme inhibitor or an angiotensin-receptor blocker (for at
least 1 month) and a beta-blocker (for at least 3 months)
unless they were not tolerated. Digoxin, diuretics, and other
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medications used to treat HF could be given at the inves-
tigator’s discretion. After providing written informed con-
sent, eligible patients were randomized in a 1:1 ratio to
treatment with EECP or to continued PT. The study
personnel responsible for evaluating study subjects as well as
the steering committee, the end points committee, the
exercise core laboratory, and the sponsor were unaware of
the treatment assignments. Other personnel at the study
centers were not blinded to the randomization and were
charged with providing clinical care and assessing adverse
experiences. Study files were organized to preserve blinding
of the investigators responsible for evaluating the subjects.

Patients randomly assigned to EECP received 35 1-h
sessions over a period of 7 to 8 weeks. Three pneumatic cuffs
were placed around the lower limbs and buttocks and were
inflated sequentially upward at the onset of diastole, and
released rapidly and simultaneously before the onset of
systole. The protocol-specified applied pressure was 300
mm Hg and was reached within 5 min of the initiation of
treatment. Pulse oximetry was monitored continuously dur-
ing the treatment session, and the subject’s clinical status
was re-evaluated if the oxygen saturation dropped by =4%.
Patients in both treatment groups were seen in follow-up at
1 week, 3 months, and 6 months after treatment.

The 2 co-primary end points were the percentage of
subjects with at least a 60-s increase in exercise duration
from baseline and the percentage of subjects with at least a
1.25-ml/min/kg increase in peak volume of oxygen uptake
(Vo,) from baseline to 6 months. The exercise test was
standardized across all centers using a modified Naughton
protocol and a calibrated treadmill. Peak Vo, was defined as
the oxygen consumption observed at the maximum level of
exercise, as shown by a respiratory exchange ratio (RER)
>1, a rating of >14 using the Borg scale of perceived
exertion (15-point, 6 to 20 scale), and identifying the
anaerobic threshold, when reached. Raw exercise data were
analyzed by a core exercise laboratory, blinded to treatment
assignment and sequence, which provided the results used in
the analysis. Secondary end points included change in
exercise duration, peak VO,, NYHA functional class status,
quality of life, and the occurrence of cardiovascular clinical
outcomes during the treatment phase and the 6-month
follow-up. The NYHA functional classification was as-
sessed and graded by the blinded investigator at each
participating site. Quality of life was assessed using the
Minnesota Living with Heart Failure (MLWHEF) instru-
ment (12).

Primary analysis was by intent-to-treat, and data from
patients who did not complete the study were analyzed by
carrying forward the last observation. In a secondary anal-
ysis, data from patients who withdrew before reaching the
6-month end point were censored at the time of the last
evaluation. The primary analysis was a logistic regression
which factors site and baseline. Other variables were ana-
lyzed using the Cochran-Mantel-Haenszel test, adjusted for
investigator. Continuous variables were analyzed using an
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Patients Screened: >800

|
v

Patients Enrolled: 228

Discontinued Before

Randomization: 41

Randomized: 187

v

Control: 94

2
EECP: 93
Discontinued: 22 (23.7%)
Adverse event: 11 (11.8)
Protocol violation: 2 (2.2)
Refused assignment: 2 (2.2)

Non-compliance: 1 (1.1)
Subject’s decision: 5 (5.4)
Lost to follow-up: 2 (2.2)
Other: 4 (4.3)

y

Discontinued: 13 (13.8%)
Adverse event: 3 (3.2)
Protocol violation: 2 (2.1)
Refused assignment: 1 (1.1)
Non-compliance: 0 (0.0)
Subject’s decision: 6 (6.4)
Lost to follow-up: 1 (1.1)
Other: 1 (1.1)

v

Completed: 71 (76.3%)

Completed: 81 (86.2%)

Figure 1.

analysis of variance, with treatment as a main effect and
investigator as a blocking factor. Treatment by investigator
interaction was tested at the 0.1 level of significance. The
treatment comparison of the 2 co-primary parameters (ex-
ercise duration and peak V0,) was made according to
Hochberg’s closed testing procedure (13), with control of
the overall type 1 error at 0.05.

Assumptions with respect to the sample size have been
described previously (11). The trial was designed to detect at
least a 60-s increase from baseline in 50% of EECP patients
compared with 20% of control patients and a 1.25 ml/
min/kg increase in peak Vo, in 50% of EECP patients
compared with 30% of control patients. Under these design
assumptions, the study had a 90% power to detect a
statistically significant difference at the 0.025 level of sig-
nificance and was designed to be positive if there was a
statistically significant difference in either primary end point
at the 0.025 level or in both end points at the 0.05 level.

The study was managed by an independent coordinating
center (Anabase International Corporation, Stockton, New
Jersey) who performed the statistical data analysis. The
sponsor had no role in the data collection or analysis. A
steering committee oversaw the scientific and clinical as-
pects of the study. Exercise data were conveyed to an
independent core laboratory where study quality and data
results were analyzed. Medical staff at the coordinating
center were trained to assess the quality of data and tracings
from the cardiopulmonary exercise tests and, together with
the core laboratory, monitored performance of the testing
and instructed sites to repeat when necessary to obtain a
fully evaluable test. A data and safety monitoring board
oversaw all safety aspects of the study, and an independent
clinical end-points committee classified adverse events. The

Enrollment and follow-up of patients in the PEECH study. EECP = enhanced external counterpulsation.

study was approved by the institutional review board of each
participating center and was conducted according to the
Declaration of Helsinki.

RESULTS

Between March 2001 and February 2004, 187 patients were
randomized (93 to EECP and 94 to PT alone) (Fig. 1).
There were no significant differences in baseline variables or
background therapy between the 2 treatment groups

Table 1. Baseline Patient Characteristics™

Characteristics EECP PT Control

Number of patients 93 94
Men, n (%) 72 (77.4) 71 (75.5)
Race, Caucasian, n (%) 76 (81.7) 75 (79.8)
Age (mean yrs, SD) 62.4(11.7) 63.0 (10.4)
Etiology, ischemic, n (%) 64 (68.8) 66 (70.2)
NYHA, n (%)

Functional class 1T 60 (64.5) 62 (66.0)

Functional class IIT 33 (35.5) 32 (34.0)
Heart rate, beats/min (SD) 70.7 (11.2) 70.6 (12.0)
Blood pressure, mm Hg (SD)

Systolic 116.7 (17.7) 114.8 (18.4)

Diastolic 70.9 (10.2) 70.8 (10.8)
LVEF, mean % (SD) 25.9(6.1) 26.7 (6.5)
Number of patients completing protocol 80 84
Exercise duration, s (SE) 610.6 (27.8) 570.9 (26.1)
Peak VO,, ml/kg/min (SE) 14.7 (0.4) 14.1 (0.4)
RER (mean, SE) 1.04 (0.01) 1.04 (0.01)
VE, I/min 47.9 (1.8) 46.9 (1.6)
Borg scale score, mean (SE) 16.7 (0.2) 16.6 (0.2)

*There was no significant difference between groups.

EECP = enhanced external counterpulsation; LVEF = left ventricular ejection
fraction; NYHA = New York Heart Association; PT = protocol-defined pharma-
cologic therapy; RER = respiratory exchange ratio; VE = minute ventilation; Vo, =
volume of oxygen uptake; + = sitting blood pressure.
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Table 2. Protocol-Defined Pharmacologic Therapy Utilization

Rate and Dose Equivalents at Baseline®

HF Treatment EECP PT Control

ACE inhibitors, n (%) 70 (75.3) 73 (77.7)
Enalapril daily dose equivalent (mg)

Mean (SD) 11.8 (10.1) 13.5(9.9)

Median 10 10
ARBs, n (%) 18 (19.4) 18 (19.1)
Losartan daily dose equivalent (mg)

Mean (SD) 63.2 (42.0) 60.5 (38.5)

Median 50 50
Beta-blockers, n (%) 79 (84.9) 81 (86.2)
Carvedilol daily dose equivalent (mg)

Mean (SD) 39.4(29.7) 39.7 (30.1)

Median 25 25

*There were no significant differences between groups.
ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker;
HEF = heart failure. Other abbreviations as in Table 1.

(Tables 1 and 2). Patients were predominantly Caucasian
men with NYHA functional class II HF symptoms who had
a mean ejection fraction of 26 * 6%. Utilization rates of
background pharmacologic therapy and average equivalent
doses at baseline demonstrated compliance with guideline-
recommended therapy (Table 2). Although medication
changes occurred in individual patients during the trial,
there were no significant differences between treatment
groups, and average equivalent doses remained the same at
each time point. In particular, there were no differences in
diuretic dosing during the study (data not shown).
Exercise duration increased by 60 s or more in 35.4% of
patients in the group assigned to EECP as compared with
25.3% of patients in the pharmacologic treatment group at
the 6-month follow-up visit (p = 0.016) (Fig. 2). By
contrast, the percentage of subjects who demonstrated an

400 - p=0.016

35.4
35.0

30.0 4

25.3

25.0

20.0 A

15.0

10.0

% Subjects who Met Threshold

5.0
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increase in peak Vo, of =1.25 ml/kg/min did not differ
between the 2 treatment groups (22.8% vs. 24.1%) at the
same visit. EECP treatment was also associated with a
significant increase in exercise time at 1 week, 3 months,
and 6 months when compared with those patients receiving
pharmacologic therapy alone (Table 3). While there was a
trend at 1 week and 3 months, EECP did not effect a
significant increase from baseline in peak Vo, at any time
point. Similarly, there was no change in ventilatory equiv-
alent for carbon dioxide (Ve/VCQ,) at any time point (data
not presented). There were no between-group differences in
RER or Borg score (overall median = 17) at baseline or any
follow-up time points. However, there were differences in
ventilatory response at 1 week and 3 months after
treatment (Table 3). The benefit of EECP on exercise
duration was also evident when data from patients who
withdrew from the study were censored at the time of the
last visit (data on file). Analysis of site interaction on the
primary end points yielded no statistically significant differ-
ences. In addition, evaluation of the primary end point at
those sites with larger enrollments demonstrated results that
were consistent with the overall study results. Consistent
with an improvement in exercise time, EECP also effected
a significant improvement in NYHA functional class and
quality of life. The percentage of patients who demonstrated
an improvement in NYHA symptoms was significantly
larger in the group receiving EECP than in patients
receiving pharmacologic therapy alone at 1 week, 3 months,
and 6 months after therapy (Fig. 3). Similarly, EECP
effected a statistically significant improvement in quality of
life as measured by the MLWHF questionnaire at 1 week
and 3 months after completion of EECP therapy, but not at

0.0 -

Exercise Duration

Increase>60 s
from baseline

at 6 months follow-up

p = 0.698
241
22.8
Peak VO,

Increase > 1.25 ml/kg/min
from baseline
at 6 months follow-up

Figure 2. The percentage of patients who had at least a 60-s increase from baseline in exercise duration and the percentage of patients with at least
a 1.25 ml/kg/min from baseline at 6 months after treatment (co-primary end points; intent-to-treat analysis, last observation carried forward). Vo, =
oxygen uptake. Solid bar = enhanced external counterpulsation; open bar = control subjects.
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Table 3. Mean Change From Baseline in Exercise Duration and Peak Vo,
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EECP PT Control
No. Mean Change = SE No. Mean Change = SE p Value*
1-Week Follow-Up
Change exercise duration (s) 77 26.4 +12.2 78 —=55=*11.7 0.010
Ischemic 53 24.6 = 15.7 54 —16.7 £ 14.2 0.007
Nonischemic 24 30.2 £ 183 24 19.9 = 20.3 0.836
Change in peak VO, (ml/kg/min) 77 0.1*03 78 —-0.4£0.3 0.071
Ischemic 53 02=*04 54 —-0.7 £ 0.4 0.008
Nonischemic 24 —-0.2 0.5 24 —-0.4+0.5 0.987
Change in RER 77 0.01 £ 0.01 78 0.00 = 0.01 0.363
Change in VE (/min) 77 0.4 *1.0 78 —21+1.0 0.011
3-Month Follow-Up
Change exercise duration (s) 78 345+ 139 82 —-7.0=*12.7 0.014
Ischemic 54 342 172 57 -173 £13.1 0.017
Nonischemic 24 35.4 +23.8 25 16.7 = 28.9 0.741
Change in peak VO, (ml/kg/min) 78 02=*03 82 —-0.4+0.3 0.119
Ischemic 54 —0.0+x 04 57 —0.4+03 0.122
Nonischemic 24 0.6 0.5 25 -0.2 0.8 0.437
Change in RER 78 0.00 £ 0.01 82 —0.01 £ 0.01 0.252
Change in VE (I/min) 78 0.5=*+09 82 -23+1.2 0.010
6-Month Follow-Up
Change exercise duration (s) 79 247 +15.2 83 —9.9 +13.2 0.013
Ischemic 54 20.6 = 18.5 57 —25.8 +13.9 0.010
Nonischemic 25 33.5 = 26.8 26 24.7 = 28.3 0.724
Change in peak VO, (ml/kg/min) 79 -03£03 83 —0.6 £ 0.3 0.315
Ischemic 54 —-0.4+03 57 —-0.9+0.3 0.115
Nonischemic 25 —-0.3+0.5 26 0.2 0.6 0.935
Change in RER 79 0.00 £ 0.01 83 0.00 = 0.01 0.161
Change in VE (/min) 79 -0.8 1.0 83 —24=*1.1 0.094

Intent-to-treat analysis, last observation carried forward. *p value was obtained from analysis of covariance with main effects etiology, investigator, and etiology by investigator,

if significant, and covariate baseline value.
Abbreviations as in Table 1.

6 months after treatment (Fig. 3). Analysis of changes in
improvement in NYHA functional classification and quality
of life did not change when data from patients who
withdrew from the study were censored at the time of
withdrawal (data on file).

We assessed whether differences existed in response to
EECP therapy in patients with HF secondary to either
ischemic or nonischemic dilated cardiomyopathy. Albeit, in
a relatively small sample size, subgroup analysis based on
etiology of disease demonstrated benefit in patients with
ischemic cardiomyopathy, while this difference was not seen
in the small number of patients with nonischemic disease
(Table 3). Similarly, when assessing the effects of EECP on
NYHA functional classification, there was a greater propor-
tion of patients showing improvement in the EECP group
when compared with those receiving pharmacologic therapy
alone at all time points in the group with ischemic disease
(1 week: 37.0% EECP vs. 12.7%, p = 0.004: 3 months:
34.5% vs. 12.3%, p = 0.025; 6 months: 36.4% vs. 15.5%,
p = 0.026). In addition, quality of life was significantly
improved in the ischemic group at 3 months of follow-up
(=6.5 £32EECPvs. —1.5 = 2.1 PT, p = 0.046) but not
at any time point in patients receiving EECP who had a
nonischemic etiology. However, no significant differences in

the parameters of exercise duration, peak Vo,, functional
classification, or quality of life were detected within treat-
ment assignment subgroups.

We also performed a post-hoc analysis to assess whether
any predictors of response to EECP were identifiable.
Analysis of co-primary end point responder rates based
upon age, gender, race, etiology, NYHA functional classi-
fication, LVEF, height, weight, and body mass index above
versus below median values were performed. No statistically
significant differences were found between responders and
nonresponders in the EECP group, while younger age (p =
0.004), female gender (p = 0.006), higher LVEF (p =
0.027), and less weight (p = 0.027) predicted response in
the control group.

Fewer patients completed the study in the active treat-
ment group (76%) than in the control group (86%), largely
due to more patients in the EECP group discontinuing due
to an adverse experience (11.8% EECP vs. 3.2% PT).
Adverse events that occurred in relation to the application of
EECP therapy resulting in discontinuation included sciatica
(1 patient), leg pain (1 patient), and arrhythmia, which
interfered with application of the therapy (2 patients). One
other EECP subject suffered a non—Q-wave myocardial
infarction during the treatment period not attributable to
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Figure 3. Percentage of patients who improved in their New York Heart Association (NYHA) functional class (left) and mean change in quality-of-life
score (right) at 1 week, 3 months, and 6 months compared with baseline. EECP = enhanced external counterpulsation.

the therapy. During the follow-up period, 6 additional
subjects from the EECP group discontinued due to wors-
ening HF (4 patients), biventricular pacemaker implanta-
tion (1 patient), and worsening lung cancer (1 patient).
Adverse events in the control group leading to discontinu-
ation included 2 deaths during the treatment period and 1
instance of atrioventricular block during the follow-up
period.

However, the number of pre-defined clinical events that
occurred during the trial was not different between the
group of patients who received EECP and those in the
control group (Table 4). In addition, the number of adverse
events and the number of serious adverse events were equal
in the 2 treatment groups. The number of subjects random-
ized to EECP therapy that experienced any adverse event or
a serious adverse event was nearly identical to that in the
pharmacologic therapy group. Two patients had serious
adverse events that the site investigator attributed to EECP
during the treatment period: 1 patient experienced worsen-
ing HF while a second patient developed a pulmonary
embolism. During the post-treatment period, an additional
patient developed a deep venous thrombosis that was
attributed by the investigator to EECP. A temporary
decrease in oxygen saturation observed by pulse oximetry
occurred in 11 (12.4%) subjects in 30 (1%) of 2,859 EECP
therapy sessions administered during the trial. Except for 1
case of oxygen desaturation followed by a worsening of HF
after the treatment session, all other episodes were reversed
by a protocol-mandated brief interruption of the treatment
session and improved breathing.

DISCUSSION

The results of the PEECH trial demonstrate that 35 1-h
sessions of EECP over a period of 7 weeks benefited

patients with mild-to-moderate HF and systolic LV dys-
function who were receiving PT. Enhanced external coun-
terpulsation effected a statistically significant increase (p =
0.016) in the percentage of patients exceeding a 60-s
improvement in exercise time, making this a positive trial
based on the predefined statistical criteria for the primary
end-point analysis. However, it must be noted that EECP
did not alter the percentage of patients demonstrating an
increase of =1.25 ml/kg/min in peak V0,. Consistent with
the improvement in the percentage of patients exceeding a
60-s improvement in exercise time, patients receiving active
therapy also demonstrated a modest increase in exercise
time when assessed as increase from baseline and an
improvement in NYHA HF symptoms. These benefits of
EECP were demonstrable after completion of EECP
therapy as well as for up to 6 months. The active
treatment group also reported an improvement in quality
of life that was sustained for 3 but not 6 months. Peak
Vo,, when measured as change from baseline, showed a
trend towards benefit in the active treatment group at 1
week and 3 months, but there was not a statistically
significant difference between the 2 study groups.
Overall, the use of EECP was well tolerated. Two
patients had serious adverse events during the treatment
period. One patient had a pulmonary embolism. Because
EECP “milks” the vasculature of the lower extremities, this
is a recognized side effect and points out that patients at risk
for deep venous thrombosis should be carefully evaluated
before undergoing EECP therapy and monitored closely
during the course of treatment. A second patient experi-
enced worsening HF. This may have been secondary to
increased venous load during EECP therapy. A larger
number of patients withdrew from the study in the EECP
group due to adverse events, most of which were associated
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Table 4. SAEs*

EECP PT Control
Subjects with SAEs, n (%) 27 (30.3) 26 (29.5)
Occurring during treatment period
Subjects with SAEs, n (%) 7(7.9) 8(9.1)
SAEs related to treatment
WHF 1
Pulmonary embolism 1
Occurring during follow-up
Subjects with SAEs, n (%) 21(23.6) 23 (26.1)
SAEs related to treatment
WHF 1
Deep venous thrombosis 1
Pre-defined clinical events 89 88
WHEF with IV, n (%) 8(9.0) 12 (13.6)
WHF with no IV, n (%) 8(1.1) 4(2.3)
ACS, n (%) 1(1.1) 0(0.0)
MI, n (%) 4 (4.5) 0(0.0)
Cardiovascular death, n (%) 0(0.0) 2(2.3)

*There were no significant differences between groups.

ACS = acute coronary syndrome, non-MI; EECP = enhanced external counter-
pulsation; MI = myocardial infarction; PT = protocol-defined pharmacologic
therapy; SAEs = serious adverse events; WHF = worsening heart failure; WHF with
IV = worsening heart failure, hospitalized, requiring IV therapy; WHF with no IV =
worsening heart failure not requiring IV therapy.

with the application of EECP. Some patients experienced
discomfort that obviated their continued participation.
However, it is noteworthy that the number of adverse events
or serious adverse events did not differ between the 2 study
groups over the course of the trial.

The design of the PEECH trial was influenced by
concerns that “sham” EECP altered vascular hemodynam-
ics. Indeed, even low-pressure EECP is associated with a
marked increase in right ventricular filling, while not asso-
ciated with a decrease in peripheral vascular resistance (A.D.
Michael, unpublished data, November 2003). Thus, inves-
tigators were concerned that “sham” EECP might actually
increase the incidence of HF because increased right ven-
tricular loading would not be offset by decreased peripheral
vascular resistance. Furthermore, it was observed in the
MUST EECP (Multicenter Study of Enhanced External
Counterpulsation) trial that changes in exercise time were
seen in patients treated with “sham” EECP (4). Thus, we
believed that EECP could only be evaluated using an
unblinded control group. To obviate bias on the part of
investigators, each study site had 2 separate teams, an
investigative team and a patient care team, and both patients
and coordinators were educated regarding the need for
confidentiality between the members of these 2 groups.
Furthermore, study coordinators who came into contact
with the patient on a daily basis during active treatment
were instructed not to address clinical issues with their
patients. Thus, assiduous efforts were undertaken to sepa-
rate the study team from the clinical care team, consistent
with the single-blind trial design. That there was consis-
tency across all study centers with respect to protocol
mandates was evidenced by the fact that there were no
intercenter differences in study results. However, this design
may not mitigate against the possibility that daily visits for
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a period of 7 weeks might have benefited patients in the
active treatment group.

The finding that EECP increased exercise time but did
not effect a statistically significant change in peak Vo, raises
an interesting conundrum. One possible explanation for this
disparity is that the beneficial effects of EECP in the
PEECH study were attributable to a “placebo” effect in the
active treatment group in view of the fact that these patients
were not blinded to their treatment assignment. The finding
that significant improvements in quality-of-life scores de-
creased over time in the EECP group is also suggestive of a
placebo effect. Alternatively, we may have underpowered the
trial for a change in peak VO, as there was a trend towards
an increase in peak VO, at both 1 week and 3 months,
though these trends did not reach statistical significance.
Metra et al. (14) recently found that treatment with carve-
dilol effected a significant improvement in exercise duration
without an accompanying change in peak VO, in a small
group of optimally medicated patients with predominantly
NYHA functional class II to III HF symptoms. It is
unlikely that our failure to see a change in peak VO, was due
to our selection of thresholds as the thresholds of =60 s
improvement in exercise duration and =1.25 ml/kg/min
improvement in peak VO, were significantly greater than
what had been observed in control groups of major HF
treatment trials reported before the planning phase of this
trial.

In summary, EECP improved exercise tolerance and HF
symptoms in patients with NYHA functional class II and
IIT HF who were receiving PT but did not improve peak
Vo0,. Because patients were not blinded to therapy, these
benefits of EECP may be attributable to a “placebo” effect.
However, the usefulness of EECP by physicians must be
individualized based on their assessment of the totality of
EECP data. Further studies may help elucidate both the
mechanism of action and the overall effects of EECP
therapy.

Acknowledgment
The authors thank Anthony Peacock for his help in the
design of the study.

Reprint requests and correspondence: Dr. Arthur M. Feldman,
Department of Medicine, Jefferson Medical College, 1025 Walnut
Street, Philadelphia, Pennsylvania 19107. E-mail: Arthur.
Feldman@jefferson.edu.

REFERENCES

1. Michaels AD, Accad M, Ports TA, Grossman W. Left ventricular
systolic unloading and augmentation of intracoronary pressure and
Doppler flow during enhanced external counterpulsation. Circulation
2002;106:1237-42.

2. Urano H, Ikeda H, Ueno T, Matsumoto T, Murohara T, Imaizumi T.
Enhanced external counterpulsation improves exercise tolerance, re-
duces exercise-induced myocardial ischemia and improves left ventric-
ular diastolic filling in patients with coronary artery disease. ] Am Coll
Cardiol 2001;37:93-9.

Downloaded from content.onlingjacc.org by guest on August 28, 2006


http://content.onlinejacc.org

JACC Vol. 48, No. 6, 2006
September 19, 2006:1198-205

. Soroff HS, Cloutier CT, Birtwell WC, Begley LA, Messer JV.
External counterpulsation. Management of cardiogenic shock after
myocardial infarction. JAMA 1974;229:1441-50.

. Arora RR, Chou TM, Jain D, et al. The multicenter study of enhanced
external counterpulsation (MUST-EECP): effect of EECP on
exercise-induced myocardial ischemia and anginal episodes. ] Am Coll
Cardiol 1999;33:1833—-40.

. Arora RR, Chou TM, Jain D, et al. Effects of enhanced external
counterpulsation on health-related quality of life continue 12 months
after treatment: a substudy of the Multicenter Study of Enhanced
External Counterpulsation. ] Investig Med 2002;50:25-32.

. Bonetti PO, Barsness GW, Keelan PC, et al. Enhanced external
counterpulsation improves endothelial function in patients with symp-
tomatic coronary artery disease. ] Am Coll Cardiol 2003;41:1761-8.
. Stys TP, Lawson WE, Hui JC, et al. Effects of enhanced external
counterpulsation on stress radionuclide coronary perfusion and exercise
capacity in chronic stable angina pectoris. Am J Cardiol 2002;89:
822—4.

. Masuda D, Fujita M, Nohara R, Matsumori A, Sasayama S.
Improvement of oxygen metabolism in ischemic myocardium as a
result of enhanced external counterpulsation with heparin pretreat-
ment for patients with stable angina. Heart Vessels 2004;19:59-62.
. Soran O, Kennard ED, Kelsey SF, Holubkov R, Strobeck ], Feldman
AM. Enhanced external counterpulsation as treatment for chronic
angina in patients with left ventricular dysfunction: a report from the

10.

11.

12.

13.

14.

Feldman et al. 1205

Enhanced External Counterpulsation in HF

International EECP patient registry (IEPR). Congest Heart Fail
2002;8:297-302.

Soran O. Enhanced external counterpulsation in patients with heart
failure: a multicenter feasibility study. Congest Heart Fail 2002;8:204—8.
Feldman AM, Silver MA, Francis GS, De Lame P-A, Parmley WW.
Treating heart failure with enhanced external counterpulsation
(EECP): design of the Prospective Evaluation of EECP in Heart
Failure (PEECH) trial. J Card Fail 2005;11:240-5.

Rector TS, Cohn JN. Assessment of patient outcome with the
Minnesota Living with Heart Failure questionnaire: reliability and
validity during a randomized, double-blind, placebo-controlled trial of
pimobendan. Pimobendan Multicenter Research Group. Am Heart J
1992;124:1017-25.

Hochberg Y. A sharper Bonferroni procedure for multiple tests of
significance. Biometrika 1988;75:800-3.

Metra M, Giubbini R, Nodari S, Boldi E, Modena MG, Dei Cas L.
Differential effects of beta-blockers in patients with heart failure: a
prospective, randomized, double-blind comparison of the long-
term effects of metoprolol versus carvedilol. Circulation 2000;102:
546-51.

APPENDIX

For a list of the investigators participating in the PEECH
study, please see the online version of this article.

Downloaded from content.onlingjacc.org by guest on August 28, 2006


http://content.onlinejacc.org

Enhanced External Counter pulsation Improves Exercise Tolerancein Patients

Arthur M. Feldman, Marc A. Silver, Gary S. Francis, Charles W. Abbottsmith,
Bruce L. Fleishman, Ozlem Soran, Paul-Andre de Lame, Thomas Varricchione and

With Chronic Heart Failure

for the PEECH Investigators
J. Am. Coll. Cardiol. published online Aug 25, 2006;
doi:10.1016/j.jacc.2005.10.079

Thisinformation iscurrent as of August 28, 2006

Updated Information
& Services

References

Rights & Permissions

Reprints

including high-resolution figures, can be found at:
http://content.onlinejacc.org/cgi/content/full/j.jacc.2005.10.07
9v1

This article cites 14 articles, 6 of which you can access for free
at:
http://content.onlinejacc.org/cgi/content/full/j.jacc.2005.10.07
ovi#BIBL

Information about reproducing this articlein parts (figures,
tables) or in its entirety can be found online at:
http://content.onlinejacc.org/misc/permissions.dtl

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 guest on August 28, 2006


http://content.onlinejacc.org/cgi/content/full/j.jacc.2005.10.079v1
http://content.onlinejacc.org/cgi/content/full/j.jacc.2005.10.079v1#BIBL
http://content.onlinejacc.org/misc/permissions.dtl
http://content.onlinejacc.org/misc/reprints.dtl
http://content.onlinejacc.org

General Cardiology

CARDIOLOGY

Cardiology 2003;100:129-135

Received: July 28, 2003
Accepted: August 15, 2003

DOI: 10.1159/000073930

Enhanced External Counterpulsation
as Initial Revascularization Treatment for
Angina Refractory to Medical Therapy

C.P. Fitzgerald2 W.E. Lawson® J.C.K. Hui® E.D.Kennard¢ for the IEPR Investigators

aHeart Care Clinic of Arkansas, Little Rock, Ark., PState University of New York, Stony Brook, N.Y.,

cUniversity of Pittsburgh, Pittsburgh, Pa., USA

Key Words
External counterpulsation - Registry - Angina -
Noninvasive circulation assist device - Revascularization

Abstract

Enhanced external counterpulsation (EECP) is effective
in patients with angina refractory to medical therapy or
revascularization. However, as a noninvasive treatment
it should perhaps be considered the first-line treatment
with invasive revascularization reserved for EECP fail-
ures or high-risk patients. The International EECP Patient
Registry was used to analyze a cohort of patients with
prior percutaneous coronary intervention (PCI) and/or
coronary artery bypass graft (CABG) (n = 4,454) com-
pared with a group of patients (PUMPERS) who were
candidates for PCl and/or CABG and chose EECP as their
initial revascularization treatment (n = 215). The PUMP-
ERS responded to treatment with EECP with decreased
anginal episodes and nitroglycerin use and with im-
provement in their Canadian Cardiovascular Society
functional class, similarly to previously revascularized
patients. Treatment with EECP resulted in sustained, and
often progressive, reduction in angina over the succeed-
ing 6 months. Given the findings of this study, it is inter-
esting to speculate on the possibility of using EECP as
the primary revascularization intervention after medical
therapy proves unsatisfactory.

Copyright © 2003 S. Karger AG, Basel

Background

Enhanced external counterpulsation (EECP) has be-
come increasingly used as a noninvasive treatment option
for angina pectoris patients refractory to medical therapy
who are not candidates for revascularization. Patients
treated with EECP therapy have demonstrated an improve-
ment in Canadian Cardiovascular Society (CCS) functional
angina class, increased exercise tolerance, and a reduction
in nitroglycerin use. Objective measures of coronary isch-
emia have demonstrated improved time to ST segment
depression, stress myocardial perfusion [1-4], PET scan
myocardial perfusion at rest and after dipyridamole [5].
These benefits have been demonstrated to be durable in
many patients for up to 5 years after treatment [6, 7].

EECP studies have demonstrated a greater improve-
ment in stress myocardial perfusion in patients with sin-
gle- or double-vessel disease or multiple conduits with
prior coronary artery bypass graft (CABG) compared to
patients with unrevascularized severe triple-vessel disease
[8, 9]. Also, patients undergoing EECP after prior CABG
demonstrate improvement equal to post-percutaneous
coronary intervention (PCI) patients. This is noted de-
spite the post-CABG patients having more extensive dis-
ease and greater left ventricular dysfunction at the time of
EECP treatment [10]. These findings support an ‘open-
vessel hypothesis’, i.e. that a patent vessel is necessary to
transmit the increased diastolic pressure and flow gener-
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ated by EECP to the distal coronary circulation and pro-
mote the recruitment or development of collaterals.

Current health care policies usually limit reimburse-
ment for EECP to patients with angina refractory to medi-
cal therapy who are not candidates for CABG or PCI. Be-
cause of this, the patients currently selected for EECP treat-
ment tend to be those with extensive severe disease, a group
in which it has been historically hardest to show benefit.

There are no data evaluating the strategy of EECP used
as the primary revascularization (no prior CABG or PCI)
for patients with medically refractory angina. As an effec-
tive and noninvasive treatment, EECP should perhaps be
considered prior to invasive revascularization proce-
dures, particularly in limited coronary disease with pre-
served left ventricular function where the main benefit of
revascularization is angina relief and improved quality of
life.

Patients selecting EECP as primary revascularization,
often with limited coronary disease, may demonstrate a
greater benefit than the more commonly treated refracto-
ry angina patient with extensive coronary artery disease.
The effect of EECP in decreasing oxidative stress, normal-
izing endothelial dysfunction, and promoting favorable
remodeling may be particularly beneficial in the earlier
stages of atherosclerotic disease [11]. Less extensive dis-
ease might favor collateral formation or recruitment as
per the patent-vessel hypothesis. It is also possible, how-
ever, that the absence of the additional conduits provided
by prior CABG might limit the potential for distal trans-
mission of the increased pressure and flow generated by
EECP, thus limiting recruitment and development of col-
laterals. Primary treatment with EECP might also, in a
fashion analogous to angioplasty compared to CABG,
lead to an increased infarct mortality when compared to
CABG due to fewer distal conduits and less well devel-
oped collaterals resulting in larger infarcts.

The International EECP Patient Registry (IEPR) was
initiated in 1998 to determine the baseline characteristics,
safety and acute and long-term outcome of EECP therapy
in consecutive series of patients undergoing treatment for
chronic angina in a wide variety of clinical settings [12].
Patients are being followed for 3 years after a course of
treatment. As of July 2001 there were 89 clinical sites,
both in the United States and abroad that had enrolled
over 5,000 patients into the registry. While most patients
treated in the International EECP registry have angina
refractory to medical therapy and are not revasculariza-
tion candidates, the IEPR also includes patients who were
candidates for CABG and/or PCI and chose EECP as
their primary revascularization therapy. This subgroup of
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patients were given the acronym ‘PUMPER’ representing
Primary Utilization to improve Myocardial Perfusion
with Enhanced external counterpulsation Revasculariza-
tion, and the effectiveness of this approach was analyzed
in the following report.

Methods

The IEPR was used to analyze a cohort of patients enrolled into
the registry prior to September 2000 who had data with respect to
previous CABG and PCI, as well as judgment as to suitability for
such interventions as determined by their referring physicians at the
time when patients began their EECP treatment. The group with
prior PCI and/or CABG revascularization (non-PUMPER) was com-
pared (patient characteristics, treatment course, results, morbidity
and mortality) with the group of patients choosing EECP as their
initial revascularization treatment (PUMPER). All patients had
reached their 6 months’ post-treatment follow-up time-point to be
included in the analysis.

Statistical Methods

Data on proportions were calculated as percentages of the num-
ber of patients having a response for that attribute. Continuous vari-
ables were expressed as mean value and standard deviation for those
patients reporting that variable. Comparisons of proportions in the
two groups having an attribute were done using 2 or Fisher’s exact
tests. Comparison of continuous variables was performed using the
Wilcoxon t test approximation. All statistical analysis was carried out
using the SAS® system.

Results

Of the 4,454 patients in the registry suitable for analy-
sis, 4,239 (95%) had undergone revascularization at some
time prior to EECP (non-PUMPER). Of those who had
previously undergone revascularization, 79.3% had prior
CABG, 75% had prior PCI, 54% had both. Only 16% of
these patients were considered suitable for further inva-
sive revascularization at the time of beginning EECP. In
contrast, 215 patients (5%) had no previous revasculari-
zation (PUMPER), and were usually also considered suit-
able either for CABG (90%) or PCI (70%) at the time of
beginning EECP. Demographics, medical history and risk
factors are shown in table 1. Both groups were composed
of predominantly white males with a mean age of 66.5
years for the non-PUMPER and 67.4 years for the
PUMPER. PUMPER were significantly more likely to be
nonwhite, had significantly fewer risk factors than the
non-PUMPER group, and had fewer concomitant condi-
tions such as congestive heart failure and diabetes. As
shown in table 1, the PUMPER group had coronary artery
disease of more recent onset (5.1 vs. 11.6 years, p<0.001)
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Table 1. Demographics, medical history,

risk factors, coronary disease, angina and Non-PUMPER PUMPER
nitroglycerin use before EECP treatment (n=4,239) (n=215)
Demographics
Age (mean), years 66.4+10.7 67.1+£11.0
Male, % 75.4 72.9
White race, %** 94.0 86.4
Risk factors, %
Family history 77.0 73.2
Diabetes*** 43.3 32.0
Hypertension 69.6 65.9
Hyperlipidemia** 79.0 68.6
Smoking (past or current)* 71.7 62.7
Medical history
Prior myocardial infarction, %*** 71.3 40.0
Non-cardiac vascular disease, %*** 31.5 19.8
Congestive heart failure, %*** 32.9 13.0
LVEF, mean %*** 46.2 52.5
Duration of CAD, years*** 11.6+8.1 5.1£6.6
Multivessel disease (=70% stenosis), %*** 78.2 52.0
Prior treatment, %
Prior CABG or PCI 100.0 0
Prior EECP 4.4 0
Suitability for revascularization
Candidate for CABG*** 12.7 89.8
Candidate for PCI*** 12.8 70.1
Candidate for neither*** 83.6 0
CCS angina class, %***
Class I 2.6 9.3
Class IT 13.5 33.0
Class III 59.3 44.2
Class IV 24.6 13.0
Unstable angina, % 34 2.3
Angina episodes/week*** 10.4+13.1 6.4%+9.7
Nitroglycerin use, %*** 71.4 46.9
Number of times/week* 9.8+12.4 7.1£10.5

*p<0.05,**p<0.01, ***p<0.001.

and less multivessel disease (52.0 vs. 78.2%, p < 0.001).
PUMPER had less severe angina (class III/IV angina in
57.2 vs. 83.9%, p<0.001) and less nitroglycerin use (46.9
vs. 71.4%, p < 0.001). Angina characteristics and nitro-
glycerin use are summarized in table 1.

Patients underwent a mean treatment time of 34 h.
There was no significant difference in the course of treat-
ment completion rates of PUMPER versus non-PUMP-
ER (88.8 vs. 82.8%). The magnitude of the hemodynamic
effect produced by EECP was significantly higher in the
PUMPER group as assessed by the effectiveness ratio
[13], which is defined as the ratio of peak diastolic to sys-
tolic pressure as measured by finger plethysmograph
(peak ratio at end of treatment 1.33 vs. 1.09, p < 0.001).

EECP as Initial Revascularization for
Angina

Table 2 summarizes the details of the treatment and of
angina class and nitroglycerin use after treatment. Imme-
diately after treatment course completion, a reduction of
CCS angina class was seen in 75.0% of PUMPER vs.
72.7% of non-PUMPER, a nonsignificant difference. Epi-
sodes of angina, nitroglycerin use and frequency of nitro-
glycerin use were reduced substantially in both groups.
Six-month follow-up data were completed for 79.9% of
non-PUMPER and 76.7% of PUMPER. Table 3 summa-
rizes the angina characteristics and nitroglycerin use at 6
months. A significant difference was found in the propor-
tion of patients who had maintained their angina reduc-
tion. For PUMPER, 89% reported angina that was less
than or the same as that immediately post-EECP, and
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Table 2. Post-EECP results

Non-PUMPER PUMPER
(n =4,239) (n=215)
Hours of treatment (mean) 33.8 34.3
Completed treatment, % 82.8 88.8
Diastolic augmentation
First-hour peak ratio*** 0.8+0.5 0.9£0.5
Last-hour peak ratio*** 1.1+0.6 1.3£0.6
CCS angina class, %**
No angina 17.1 35.7
Class I 22.4 27.0
Class IT 32.8 21.4
Class III 21.3 11.2
Class IV 7.1 5.6
Angina decreased by one or more classes, % 73.0 74.8
Decrease in angina episodes/week*** 7.6x11.6 52+9.3
Nitroglycerin use, % 17.4 15.2
Decrease in frequency of nitroglycerin use/week* 7.0+11.0 5.9+10.5
*p<0.05,*p<0.01, **p<0.001.
'tl'able 3. Results at 6 months after EECP o TR TR
reatment
(n =4,239) (n=215)
Completed 6-month follow-up 3,388 (79.9%) 165 (76.7%)
CCS angina class, %**
No angina 25.1 51.9
Class I 20.8 19.2
Class IT 29.8 20.5
Class ITI 18.2 7.6
Class IV 6.1 0.5
Angina episodes/week*** 4.7+7.8 1.9+3.4
Angina same or less than post-EECP, %** 79.4 89.0
Overall success, %2 *** 77.1 83.9
Nitroglycerin use, %*** 45.3 19.5
Frequency of use/week 6.2+8.6 34+3.6

2 Angina reduction from before to after EECP and no worsening at 6 months.
*p<0.05,** p<0.01, ***p<0.001.

83.9% reported less angina than they had before EECP.
For the non-PUMPER group, the figures were 79.4 and
77.1% (p < 0.01 and p < 0.05, respectively). Adverse car-
diac events occurring both during the treatment period
and out to 6 months are shown in table 4. The frequency
of major events (death/myocardial infarction/CABG/
PCI) during the treatment period was very low for both
groups, and although higher during the 6 months’ follow-
up period (6.3% for PUMPER, 10.8% for non-PUMPER,
p = NS) was not significantly different between the two
groups. At 6 months, revascularization had been per-
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formed in 6.1% of non-PUMPER and 5% of PUMPER.
Interestingly, the non-PUMPER group patients were
more likely to undergo PCI (4.2 vs. 0.6%, p < 0.05) and
the PUMPER group was more likely to undergo CABG
(4.4 vs. 1.9%, p < 0.05) despite the significantly higher
prevalence of multivessel coronary artery disease in the
non-PUMPER group. There was no significant difference
in the revascularization rates at 6 months despite 100% of
the PUMPER being candidates for revascularization ver-
sus only 16% of the non-PUMPER. At the end of the 6-
month follow-up, myocardial infarctions (1.0 vs. 3.3%,
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Table 4. Adverse events

After EECP! During follow-up?
non- PUMPER non- PUMPER
PUMPER PUMPER
Patients, n 4,239 215 3,388 165
Death, % 0.3 0.0 2.9 32
Myocardial infarction, % 0.7 0.9 3.3 1.0t
CABG, % 0.2 0.9* 1.9 4.4%
PCI, % 1.0 0.0 4.2 0.6f
Death/MI/CABG/PCI, % 1.9 1.4 10.6 8.0
Any hospitalization, % - - 21.9 .87t

*p<0.05,** p<0.01, *** p<0.001 comparing events after EECP.
fp<0.05, T p<0.01, 1" p < 0.001 comparing events during follow-up.
I Occurring during the period of EECP treatment and up to 5 days after the last day of

treatment.

2 Qccurring from the 6th day after treatment to 6 months.

p < 0.05) and hospitalizations (8.8 vs. 21.9%, p < 0.001)
were significantly lower for the PUMPER group; mortali-
ty was similar in both groups.

Discussion

Trials comparing medical versus surgical revasculariza-
tion for coronary artery disease have focused on survival.
Surgical revascularization has demonstrated benefit in the
patient with three-vessel disease and in one- or two-vessel
disease involving the proximal left anterior descending
artery. The greatest absolute reduction in mortality is seen
in patients with depressed left ventricular function. Those
patients with preserved left ventricular function and one-
or two-vessel disease not involving the left descending
anterior artery would be expected to demonstrate only a
marginal survival benefit from CABG. Extensive algo-
rithms have been developed using clinical and angiograph-
ic variables to estimate surgical survival benefit, but are
consistent with little evidence of benefit in the low-risk (1%
annual mortality) patient [14]. Evidence-based survival
benefit from angioplasty is even more problematic.

In view of the above, EECP may have a role in the
patient who continues to have disabling angina refractory
to medical therapy but who, on the basis of limited coro-
nary artery disease and preserved left ventricular func-
tion, would not be expected to show a mortality benefit
with surgery. It may also have a role in the patient who
does not wish to be exposed to the risks of CABG or PCI
(e.g., cognitive deficits, stroke, death, perioperative myo-
cardial infarction). Depending on its effectiveness in im-

EECP as Initial Revascularization for
Angina

proving myocardial perfusion, EECP revascularization
may also benefit patients in moderate or higher cardiac
risk groups. EECP is a noninvasive technique, potentially
widely accessible, and robust in its effectiveness in reliev-
ing angina.

Though there were initial concerns regarding the po-
tential for exacerbating peripheral arterial insufficiency,
precipitating heart failure, and in causing pulmonary em-
boli, clinical follow-up of over 5,000 patients has shown
EECP to be safe and effective. Indeed, EECP has been
successfully used in patient groups at increased risk for
traditional revascularization (women, elderly including
patients >100 years old [15], diabetics [16], end-stage
renal disease, depressed left ventricular function [17]).

While the PUMPER group would be expected, from
the clinical and angiographic information collected, to
have a lower annual cardiac mortality than the non-
PUMPER group, they are still largely a moderate-risk
group, and as such, they still may not represent the low-
risk medically refractory patient who would demonstrate
the greatest benefit/risk from EECP. The comparison of
the PUMPER and non-PUMPER groups can, however,
provide information regarding the relative efficacy, dura-
bility and morbidity and mortality of the two groups.
While PUMPERs demonstrated a significantly greater
hemodynamic effect from EECP during treatment, imme-
diate post-treatment benefits in angina reduction and
improvement in angina functional class were similar in
both groups. However, at 6 months’ follow-up the PUMP-
ER were found to be significantly more likely to maintain
or further reduce their angina (fig. 1). While no significant
differences were found in major adverse cardiac events
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Fig. 1. CCS functional class before EECP, immediately after
EECP, and at 6 months after EECP in the non-PUMPER (NP)
and PUMPER (P) groups.
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between the groups, there were significantly greater and
more durable relief of angina, less myocardial infarctions,
and fewer hospitalizations in the PUMPER group at 6
months. These findings may support there being a greater
success in revascularization in the PUMPER group,
which had less extensive coronary disease.

Conclusions

Previously unrevascularized angina patients who are
candidates for elective CABG or PCI respond to treat-
ment with EECP with decreased anginal episodes and
nitroglycerin use and with improvement in their CCS
functional class, similarly to previously revascularized
patients. Treatment with EECP resulted in sustained, and
often progressive, reduction in angina over the succeeding
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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

CPpP = 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

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

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%)
II 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 57 426*+20 47020 <0.001 <0.31
Time to =1-mm 56 32621 33020 <074 56 337x18 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 + 021 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  ,tive 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.
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Long-Term Prognosis of Patients with Angina Treated with Enhanced External
Counterpulsation: Five-Year Follow-Up Study

WiLLIAM E. LAWSON, M.D., JouN C.K. Hut, PH.D., PETER E. COHN, M.D.

Division of Cardiology and Department of Surgery, SUNY at Stony Brook, Stony Brook, New York, USA

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.

Key words: coronary artery disease, external counterpulsa-
tion, prognosis

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.

N
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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.

Acute Ml (4)
Revascularization

: procedures (6)
Integzze%ents T | Other cardiac surgery (1)

Unstable angina (1)

Died
12.1%

\ Diedinsleep
s/p Stent placement

No interim évents CHE.
63.6% -

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

Ent Initial response
v P mortality and events™

[3mACE ]} Wi

2 Ml+revasc

7 Nonresponders

33
EECP-
treated
patients

T

1 Death 1 Ml+revasc
1 Angina
5 MAGE 2 Revasc

. 1 AVR
p<0.01

26 Responders

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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