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S um mary 

An epidemic of heart fa ilure worldwide continııes unabated. Rec·ent developments in diagnostic and tlıerapeutic 
techniques offer initial pronıise, but addirional advances are needed to significantly alter this trend. Enlıanced 
Externa/ Counterpulsation (EECP), which inc-reases peifus ion in the myocardiunı and other vascu/ar beds, is 
known to decrease symptoms, increase functional capacity, and improve qua/ity of life in patients with angi na. 
Currently it is being investigated f or the treatment of heaı·t failure and, among potential new therapies, is 
unique in it s noninvasive nature. This paper deseribes the current status of EECP for the treatment of heart fail­
ure and reviews i ts background in the treatment of coronary artery disease. (Türk Kardiyol Dem Arş 2004; 32: 
309-317) 
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Özet 

Güçlendirilmiş Eksternal Kontrpulsasyon (EECP): Koroner Arter Hastalığının Tedavisinde Tari/ıçesi ve 
Kronik Kalp Yetersizliğinde Gelişen Rolü 

Kalp yetersizliği dünyada epidemik boyutlara ulaşmıştır. Son yıllarda geliştirilen tedavi yöntemleri ve diagnos­
tik teknikiere rağmen bu artış yavaş/atılamadığından halen yeni tedavi yöntemlerine ihtiyac duyulmaktadır. 
Miyokardium ve diğer vasküler yataklarda pe1jüzyonu artıran güçlendirilmiş eksternal kontrpulsasyon (EECP), 
koroner arter hastalığı teshiş edilmiş, angi na şi kayeti mevcut hastalarda semptomları iyileştirnıekte,fonksiyonel 

kapasiıeyi ve yaşanı kalitesini artırmaktadır. Son yıllarda ise EECP kalp yetersizliği tedavisinde kullanılmaya 
başlanmış ve girişimsel olmayan özelliği ile kalp yetersizliğinde potansiyel tedavi yöntemleri arasına girmiştir. 

Bu derlernede EECP nin koroner arter hastalığı ve kalp yetersizliği tedavisinde ki yeri gözden geçirilmiştir. 

(Türk Kardiyol Dem Arş 2004; 32: 309-317) 

A nahtar kelimeler: Güçlendirilmiş eksternal kontıpulsasyon (EECP), kalp yetersizliği, koroner arter hastalığı 

The dramatic rise in rates of congestive heart 
failure (CHF) is a major contributor to epidem­
ic levels of cardiovascular disease worldwide. 
An estimated 4.9 million Americans suffer 
from CHF with 550,000 new cases reported 

each year, while estimates for the U.K. include 
a prevalence of 760,000 cases and ineidence of 
63,000 new cases annually ( 1) _ Aging of the 
population in developed countries is a major 
factor contributing to the rise. Beyond the age 
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of 65, CHF ineidence approaches lO per 1,000 
in the U.S. population and an estimated 1 in S 
people free of heart fai lure at age 40, regardless 
of gender, will devetop CHF sometime in their 
life . Nearly 22% of male and 46% of female 
heart attack victims will be disabled with CHF 

within 6 years. Heart failure is the most fre­
quent cause of hospitalization in the elderly and 
currently accounts for samewhere between five 

and ten percent of all hospital admissions. 
There were approximately 1 million hospital 
discharges for heart fa ilure in 2000 compareel 
with only 377,000 in 1979. Besides the morbid­
ity associated with heart fa ilure, it is also asso­
ciared with significant mortality, contributing to 
about 262,300 deaths each year in the U.S. 
Eight in ten men and seven in ten women under 
age 65 who have CHF wi ll die within 8 years 
( 1) 

Onat et al, conducted a survey study to eleter­
mine the prevalence of heart disease in Turkish 
adults in a randam sample of 3689 subjects 20 
years of age or older in 59 communities repre­
senting the T urkish adult population. Their re­
sults showeel that the prevalence of heart failure 
alone was 3% among the participants diagnosed 
w ith coronary heart disease (2) . Based on Ona fs 
findings we estimate the prevalence of heart 
failure in Turkish adults in 2004 will be approx­
imately 80-90 thousand. 

Major therapeutic goals in treating a patient 
with heart failure include prolonging life, pre­
venting hospitalizations, and improv ing overall 
quality of life. O utpatient medical therapy for 
heart failure most often includes diuretics, an­
giotensin converting enzyme (ACE) inhibitors, 
di goxin, and, mo re recently , beta b locke rs (3). 

ACTION HF (Action of Heart Failure) Cansen­
sus Recommendations and the Heart Failure 
Society of America (HFSA) Practice Guide­

lines now strongly advocate the use of ~-black­
ers in mild to moderate heart failure, though 
they were once contraindicated (3). However, 

there are limited therapeutic options beyand 
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medical therapy, and virtua lly non e that are 

noninvasive. 

Ev ielence from a randomized elinical trial , from 
multiple analyses of a large patient registry, and 

from various open label investigations has 
shown that enhanced external counterpulsation 
(EECP) decreases symptoms in patients with 
angi na. However, i ts role in the treatment of pa­
tients with heart failure is not yet defined and 

has only recently been the subject of investiga­
tions. Our aim in this paper is to deseribe the 
current role of EECP for the treatment of CHF 
and review it's histarical background in the 

treatment of CAD. 

Enhanced External Counterpulsation 
(EECP) 

A standard EECP treatment course comprises 

35 one-hour sessions over a seven-week period. 
Three pairs of pneumatic c uffs, wrapped around 
the calves, lower thighs, and upper thighs are 
sequentially inflated with compressed air in ear­
ly diastole, beginning distally and progressing 
proximally, and then rapidly deflated at the on­
set of systole. Analogous to intraaortic balloon 
counterpulsation, the rapid inflation raises dia­

stolic pressure (diastolic augmentation) and 
coronary blood flow whi le the rapid cuff defla­
tion promotes lower extremity arterial "runoff" 
and leads to a decrease in systolic pressure (sys­

tolic unloading). Unlike intraaortic ball oon 
counterpulsation, EECP also e nhances venous 
return, further promoting an increase in cardiac 
output These hemodynam ic effects lead to in­
creased blood flow in multiple vascu lar beds, 
inciueling the coronary arterial circulation. 

The magnitude of EECP-associated hemocly­
nam ic changes can be estimated noninvasively 

by measuring the diastolic to systolic effective­
ness ratio using finger plethysmography (peak 
diastolic anıplitude divided by the peak systolic 
anıplitude). Doppler echocardiographic studies 
during application of EECP indicate that an ef-
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fectiveness ratio of 1.5 to 2 is assoc iated with 
an optimal increase in both systolic antegrade 
and diastolic retrograde aortic flow . However, 
given that a considerable proportion of patients 
who derive symptomatic benefit do not achieve 
an effectiveness ratio of 1.5 to 2, the elinical 
significance of this finding is unclear. 

Historical Background: EECP in the 
treatment of Coronar y Artery Disease (CAD) 

We have reviewed the histarical background of 
EECP in detai l prev iously <4l. In the early 
J 990s, EECP was being investigated for the 
treatment of symptomatic patients with chronic 
angina. Most of the early data was from anec­
doral case reports and case series. In a smail 
study of 18 patients with angina refractory to 
medical therapy, Lawson et al. demonstrated 
that EECP resulted in a significant improve­
ment in anginal symptoms in all 18 patients (5) . 

In addition, EECP was observed to be effective 
in improving exertİonaJ thallium perfusion de­
fects and exercise duration in 14 of the 18 pa­
tients, suggesting improved perfusion to is­
chemic regions of the myocardium (5l. These 
benefits were sustained for up to five years after 
treatment (6). Lawson et al. also reported the 
first case of EECP used as an adjunct to angio­
plasty for a patient with unstable angina, in 
which complete resolution of persistent fixed 
perfusion defects occurred without PTCA or 
surgical intervention (7). 

Anather case report deseribes an increase in 
both coronary perfusion and coronary blood 
flow reserve fallawing ECCP in a patient who 
had undergone PTCA but experienced resteno­
sis at the PTCA site and progressive coronary 
stenosis (8) . EECP w as also shown to improve 
both coronary perfusion and coronary flow re­
serve in a patient undergoing two-stage repair 
for aortic regurgitation complicated by severe 
coarctation of the thoracoabdominal aorta due 
to Takayasu's Arteritis (9) . 
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The multicenter study of enhanced external 
counterpulsation (MUST-EECP) was the first 
randomized placebo controlled trial of EECP 
for chronic angina (lO). In the MUST-EECP 
trial, 139 outpatients with angina, a documented 
history of CAD, and a positive exercise tread­
mill test, rece ived 35 hours of active counter­
pulsation (CP) or inactive counterpulsation over 
a period of four to seven weeks. Although exer­
eise duration increased in both groups, this dif­
ference was not statistically significant. Time to 
> 1-mm ST-segment depression, however, in­
creased s ignificantly in the active CP group 
compared to the inactive group (p=O.Ol). More 
active CP patients experienced a decrease in an­
gina symptoms as well. Thus, this was the first 
randomized, placebo-controlled trial demon­
strating EECP reduces angina episodes and in­
creases both exercise time and onset time of is­
chemic ST depression in patients with sympto­
matic CAD (10). A substudy of the MUST­
ECCP trial further showed that EECP resulted 
in significant improvements in quality of life 
which were sustained for up to 12 months after 
treatment ( t 1). 

In a prospective trial of 395 patients with 
chronic stable angina from centers participating 
in the EECP Clinical Consortium, Stys et al. 
demonstrated that ECCP improved ang inal 
class in both men and women across a broad 
range of ages <12l. Specifically, after EECP, the 
Canadian Cardiovascular Society angina class 
(CCS) improved by at least one class in 88% of 
patients (87% of men and 92% of women), and 
in 89% of patients <66 years and 88% of pa­
tients >66 years old. Additionally, the hemody­
namic effect of EECP was not a predictor of an­
gina! class improvement, suggesting that other 
factors such as neurohormonal changes may 
play a role in ECCP's observed benefits (l2). 

A recent comparison of I-year outcomes be­
tween 323 patients enrolled in the IEPR and 
448 patients in the National Heart Lung and 
Blood Institute (NHLBI) Dynamic Registry 
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who were deemed suitable candidates for per­
cutaneous coronary intervention (PCI) revealed 
that both survival and rates of coronary artery 
bypass grafting during follow-up were compar­

able between patient groups. One year follow­
ing treatment with either EECP (IEPR) or PCI 
(Dynamic Registry), somewhat fewer of the 
IEPR patients reported no anginal symptoms 
compared to the Dynamic Registry patients 
(p<O.OOl). PCI candidates treated with EECP 
had 1-year event rates coınparable to patients in 
the Dynamic Registry who received elective 
PCI. Thus, EECP appears to be a safe treatment 
option in patients with symptomatic CAD who 
are suitable for revascularization with PCI (13) . 

The international EECP patient registry (IEPR) 
was designed to document the safety and effica­
cy of EECP in a variety of elinical settings. 
Uniquely , this study enrolls consecutive angina 
patients from academic and non-academic, hos­
pital-basedand free-standing treatment centers 
with no exclusions due to demographics, elini­
cal status or outcome. To da te, mo re than 7,000 
patients have been enrolled from U.S . sites and 
(this doesn't sound right! ) countries. We report­
ed, in a comparison of refractory angina pa­
tients from Turkey and the U.S. treated with 
EECP, that Turkish patients presenting for 
EECP treatment show very different baseline 
profiles with respect to risk factors, medical 
history (more likely to have a history of CHF), 

coınorbiditi es, and anginal symptoms. Howev­
er, both cohorts achieved substantial reduction 
in angina and improvement in quality of life 
with EECP, despite an unfavorable baseline 
profile <14l. 

Urano et al. also demonstrated that EECP im­
proves exercise tolerance and reduces myocar­
dial ischemia in patients with CAD by improv­
ing LV diastolic filling (15). Stys et al. further 

reported an improvement in stress myocardial 
perfusion ina study of 175 patients with chron­
ic stable angina undergoing ECCP at maximal 
exercise levels (l6l. A baseline pre-EECP radio-
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nuclide perfusion treadınili stress testing 
(RPST) was performed within one month prior 
to EECP treatment and results were compared 
to a follow-up RPST performed with in 6 
months of completion of EECP treatment. Four 
centers performed post EECP RPST to the same 

Ievel of exerc ise as pre-EECP while 3 centers 
performed maximal RPST post-EECP. In the 
centers performing the same !eve! of exercise, 
83% had significant improvement in RPST per­
fusion images. Fifty-four percent (54%) of pa­
tients who underwent maximal RPST revealed 
significant improvement in perfusion images. 

Linnemeier et al. studied whether EECP is a 
safe and effective treatment for angina in octo­
genarians. These authors reported a 76% reduc­
tion in angina and a significantly improved 
quality of life, emphasizing an 8 1% mainte ­
nance of angina improvement at 6-month fol­
low-up (17). 

In su m mary, elinical studies of EECP have 
shown consistent reduction in anginal epi sodes, 
sustained improvement in CCS Angina Class, 
increased time to ST-segment depression, great­
er exercise work-load (METS), fewer stress-in­
duced reversible perfusion defects and better 
health-related quality of life. 

Of historical significance is the fact that heart 

failure was considered a contraindication for 
studies examining the effects of ECCP on CAD. 

Recently, a multicenter feasibility trial was the 
first to show the safety and efficacy of EECP in 
heart failure ( 18). As with ~-blockers in the treat­
ment of heart failure, the role of ECCP has 
evolved over time such that it was cleared by 
FDA in 2002 for the treatment of heaı't failure. 

EECP for Angina in Severe Left Ventricular 
Dysfunction 

We have evaluated outcomes of EECP treat­
ment in 1 999 in 466 patients enrolled in the 
IEPR and reported that EECP was a safe and ef-



• fective treatment for angina in patients with se­

vere LVD (~35%) not considered good candi­
dates for revascularization by coronary artery 

bypass graft (CABG) or percutaneous coronary 
intervention (PCI) <19) . Patients who completed 

treatment experienced a significant reduction in 
CCS angina class accompanied by significant 

improvement in quality of life, with the degree 

of improvement independent of the severity of 

L VD before treatment. A follow-up report in 

2002 demonstrated that these benefits were 

maintained for at Jeast two years fallawing 
EECP treatment (20). 

Anather study of 1 ,957 patients from the inter­
national EECP patient registry for angina com­

pared outcomes six months fallawing comple­

tion of therapy in 548 patients who reported a 
history of heart fai lure to those without a simi­
lar history (2 1>. Patients in the heart failure co­

hort were older, had CAD of langer duration, 

and had experienced prior infarcts and revascu­

larizations more often. No difference was seen 

during treatment in the rate of major adverse 

cardiac events (MACE, i.e. death, myocardial 

infarction, revascularization) between groups, 

though exacerbation of heart failure occurred 

sornewhat more frequently in patients with a 
history of heart failure. Despite a notably more 

adverse baseline profile, 68% of patients w ith a 

history of heart failure achieved improvement 

in angina class with a comparable benefit ob­

served in quality of life measures. Moreover, 

for the six months fallawing EECP, patients in 

the heart failure cohort maintained their reduc­

tion in anginal symptoms and rates of unstable 
angina, MI, CABG and PCI were similar. How­

ever, they were more likely to experience a ma­

jor adverse cardiac event because of higher 

rates of CHF exacerbation, cardiac hospitalion 
and death. 

Viikas et al also found EECP to be safe and 

well-tolerated in pati ents with severe left ven­
tricular dysfunction(L VD) (22)_ An gina class ac­
cord ing to the Canadian Cardiovascular Society 
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(CCS) classification improved in 60% of pa­

tients with LVD (LVEF < 35%) compared with 
79% of patients without (L VEF>35% ). Signifi­

cantly, patients with ischemic cardiomyopathy 

demonstrated improvement in cardiac function 

while those with preserved ventricular function 
did not. This study suggests, therefore, that 

EECP therapy is safe and may also improve an­

gina and cardiac function in patients with is­

chemic cardiomyopathy. 

Efficacy and Safety of EECP in CHF 

A smail, multicenter feasibility study, conduct­

ed under an investigational device exeruption 

granted by the FDA, evaluated patients with 
chronic, stable, mild-to-moderate heart fai lure 

(NYHA class II-III) and an LVEF < 35% who 

received a standard course EECP therapy (35 I ­
hour sessions over 7 weeks) <23>. Patients 

achieved significant improvement in oxygen 
uptake at maximal exercise (VO:ımax) and ex­

ercise duration one week and six months fo l­

lowing EECP treatment, along with significant 

improvement in measures of quality of life. The 

authors concluded that EECP was safe and well 

tolerated in these patients and that the improve­
ments obtained in peak oxygen consumption, 

exercise capacity, functional status and quality 
of life, for both the short- and long-temı, indi­

cated that further study was warranted. Results 

also suggested that study subjects benefited 

from EECP to a similar degree, regardless of 
whether their lı eart failure sternmed from is­

clıemic or non-ischemic etiology. 

Gorcsan et al performed ultrasound examina­

tions in a subset of patients enrolled in the fea­
sibility study to test the hypothesis that EECP 

may have beneficial effects on left ventricular 
(LV) function in patients w ith heart failure (24>. 
These authors used a relatively load inde pen­
dent measure of LV performance, a measure 

known as preload-adjusted maximal power 
(PAMP), to assess changes in LV function fol-
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lowing a 35-hour course of EECP. Pressure­
volume relationships derived from surrogate 
LV volumes estimated from echocardiographic 
images with automated border detection and 
LV ejection press u res estimated from photoply­
thesmograpy were used to calculate PAMP 
non-invasively from the fallawing equation: 
(Pressure x Flow) 1 (End-diastolic Area) (25) . 

Significant increases in PAMP and LVEF, as 
well as a significant reduction in heart rate were 
seenone-week and six-months after completing 
EECP therapy, indicating that EECP can im­
prove LV function in heart failure patients and 
may be a useful adjunct to medical therapy in 
these patients (24). 

Mechanism of EECP: 

It is not yet clear by what mechanism EECP 
achieves its effects. Current theories include 
mechanical changes in hemodynamics (in­
creased coronary blood pressure, flow, and ven­
tricular contractility, and reduced cardiac work­
Ioad), neurohorme-mediated changes in vascu­
lar (increased nitric oxide and decreased endo­
thelin) and cardiac tissue (reduced BNP) home­
ostas is, and endothelial-mediated changes in 
microcirculatory anatomy and perfusion (angio­
genesis stemming from increased shear stress 
resulting in re lease of VEGF, HGF, and FGF). 
EECP accomplishes mechanical changes in he­
modynamic parameters by inftating oversized 
cuffs applied to the lower extremities sequen­
tially from distally to proximally, thereby rais­
ing diastolic aortic pressure and increasing cor­
onary perfusion pressure (diastolic augmenta­
tion) and flow. Venous returo is also increased 
due to compressian of the vascular beds of the 
Iegs. A significant reduction in vascular impe­
dance and ventricular workload is ach ieved by 
an instantaneous decompression of all cuffs just 
prior to the onset of systole (ventricular unload­
ing) . Together, these effects coupled with the 
increase in venous returo act to raise cardiac 
output <26-28>. 
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Alteroatively, patients may accrue benefit from 
effects induced by changes in circulating levels 
of certain vasoactive neurohormones, si mil ar to 
changes seen with athletic training. Wu et al 
showed a dose-related, sustained increase in en­
dothelial cell production of the vasodilator ni­
tric oxide (NO) and decrease in production of 
the vasoconstrictor endothelin (ET- I) (29). Qian 
et al showed even more clearly that the level of 
NO increased linearly in proportion to the 
EECP dose (hours of treatment) (30). Other stud­
ies have shown that EECP improves endothelial 
function and enhances vascular reactivity. Sig­
nificant improvement (p<0.05) in peripheral ar­
terial tone after each EECP treatment was re­
ported by Bonetti et al using peripheral arterial 
tonometry (RH-PA T index) assessed during re­
active hyperemia (3 1). Of note, the average RH­
PA T index continued to be significantly higher 
than before EECP therapy (p<0.05) one ınonth 
after completion of therapy. 

A study by Masuda et al contributed evidence 
in support of multiple mechanisms of action 
(32>. They demonstrated an increase in pharmac­
ologically-induced coronary vasodilation and 
myocardi al perfusion after EECP treatment. 
Levels of atrial natriuretic peptide (ANP) anel 
brain natriuretic peptide (BNP) were reduced 
after a course of EECP treatments, and the level 
of circulating NO !eve! was increased at rest. 
Time to 1 mm ST-segment depression on exer­
eise was increased significantly; similarly, exer­
eise duration trended in the same direction. 

Urano et al surmised that EECP reduces exer­
eise induced myocardial ischemia and improves 
LV diastolic filling in patients with CAD ( l5)_ 

Assessing similar as well as different factors, 
their work demonstrated that plasma BNP lev­
e ls decreased after EECP, positive corre lated 
with Ieft ventricular end diastolic pressure and 
negatively correlated with peak filling rate. 

Earlier work by Masuda demonstrated that 
EECP promotes the release of angiogenesis fac­
tors such as hepatocyte growth factor, bas ic fi-



• broblast growth factor and vascular endothelial 
growth factor. This theory holds angiogenesis is 

stiınulated by vascular growth factors that are 
released as a result of increased shear stress, 
such as that associated with augınented diastol­
ic tl o w during EECP (28) . 

Lastly, EECP's ınode of action could derive 

from changes in ventricular function that occur 
independent of changes in cardiac load. Gor­
scan et al showed an iınproveınent in PAMP (a 
relatively load independent ıneasure of LV per­
forınance) and EF, along with a decrease in 
heart rate, in patients with Class II-III heart fail­
ure and L VE F:::;; 40%. 

Heart Failure Patients may benefit from 
EECP if they: (33) 

1. Are diagnosed with ınoderate to severe lev­

els of CHF, e.g. NYHA Class II, III (decoın­
pensated acute heart failure patients are not 
candidates for EECP treatment) 

2. Have heart failure of ischeınic or idiopathic 
cardioınyopathy 

3. Are in stable condition with ınanageable pe­
ripheral edeına 

4. Have left ventricular dysfunction (L VD, EF 
:::;; 35%) 

5. Have other co-ınorbid states that increase 
the ir surgical risks such as diabetes or pul­
ınonary disease. 

Suggestions to follow during the treatment of 
heart failure patients; (33) 

I . Verify that the subject is in stable condition 

2. Obtain Vital Signs 

3. l nitiate pulse oxiınetry ıneasureınents and 
record oxygen saturation 

4. Inititiate EECP treatment 

5. Record a during-session pleth sınography 

tracing 
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6. Record oxygen saturation every 20 ıninu tes, 

reevaluate the ıfatient condition if oxygen 

saturation decreases by 4% or ınore from the 
initial ıneasureınent. 

7. Terıninate the session 60 ıninutes after ini­

tiating the application of the d~vice. 

Conclusion 

EECP is a noninvasive , out-patient based treat­

ment shown to iınprove ınyocard i al perfusion, 
angina syınptoıns, exercise tolerance, and quali­
ty of life in patients with CAD. The U.S. Food 
and Drug Adıninistration (FDA) cleared EECP 
in 2002 for the indication of treatment of con­
gestive heart failure, adding to the previously 

established indications of stable or unstable an­

gina pectori s, acute ınyocardi al infarction, or 
cardiogenic shock. A positive decis ion for re­

iınburseınent of EECP for angina was reached 
in 1999 by the Centers for Medicare and Med­
icaid Services (CMS) and all private insurance 
coınpanies and ınanaged care providers also 
provide reiınburseınent for EECP the rapy in 
USA. 

Recent studies deınonstrate that EECP also has 

pos itive effects in patients with heart failure. 
Large regis try studies conducted in d iverse 

practice settings have proven EECP to be safe 
and effective in patients with angina and severe 

left ventricular dysfunction. Moreover, feasibil­
ity studies now indicate that EECP increases 
peak oxygen uptake and exercise duration while 
i ınproving functional status and quality of life 
in patients with heart failure. The PEECH Trial 

(Prospective Evaluation of EECP in Congestive 
Heart Failure), a ınulticenter, prospective ran­
doınized, controlled elinical trial, is currently 
on-going to verify the efficacy of EECP as an 
adjunctive therapy in the ınanageınent of pa­
tients with chronic stable heart failure. 
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