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An Update on Enhanced Externa Counterpulsation

MicHAEL L. SHEA, M.D., C. RIcHARD CONTI, M.D., MACC,* ROHIT R. ARORA, M.D., FACC

Division of Cardiovascular Disease and Hypertension, Department of M edicine, Robert Wood Johnson Medica School—UMDNJ,
New Brunswick, New Jersey; * Division of Cardiology, University of FloridaCollege of Medicine, Gainsville, Florida, USA

Summary

Thedeve opment of advanced revascul arization techniques
hasresulted inthegrowth of asubset of patientswith coronary
artery diseasewho arenonrevascul arizable and are considered
to haverefractory angina. Enhanced externd counterpulsation
(EECP) has been devel oped for the management of these pa-
tients with chronic, refractory disease. Evidence has shown
that throughimprovement of vascular endothelia functionand
recruitment of collatera vessdls, EECP providesmany clinical
benefits. These patients experience sustained decreases in
angina, improvement in exercise time, improved myocardia
perfusion, and enhanced quality of life. Furthermore, EECP
appearsto be safe and effective in the treatment of anginain
patientswithimpaired systolic function and hassimilar poten-
tia in patientswith congestive heart failure.

Key words: anginapectoris, refractory angina, enhanced ex-
ternal counterpulsation

Introduction

The growth of apopulation of patientswho have persistent
anginadespite multiple surgical or interventional procedures
and optimal medica management hasincited effortsto devel-
op new treatment methods. With these nonrevascularizable
patientswith refractory anginain mind, the concept of coun-
terpul sation hasbeenrevisited. In 1983, amodel of enhanced
external counterpulsation (EECP) was developed in China
based on experience involving over 6,000 patients with
angina. Thiswasthe basisfor the current technique of EECP,
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involving electrocardiographic-gated, sequentialy inflated
pneumatic compression cuffs 13

Enhanced External Counter pulsation Technique

Currently, EECP consists of three pneumatic compression
cuffs applied to each of the patient’slegs. The mechanismis
synchronized with the patient’s el ectrocardiogram such that
with each cardiac cyclepressureissequentialy applied distal-
ly to proximally inearly diastole, resultinginanincreaseindi-
agtolic blood pressure (diastolic augmentation) and retrograde
aorticdiastolicblood flow. At end diastole, pressureisrel eased
simultaneoudy from al cuffs, resulting in systolic unloading
and afterload reduction. The degree of hemodynamic effect is
monitored by theretio of systolic to diastalic pressures, moni-
tored by finger plethysmography. A usua course of EECP
treatment consists of 35 one-hour sessions.

Immediate Effects

Themechanism by which EECPtranamitsitshemodynam-
iceffectissimilar toanintra-aortic balloon pump (IABP). The
degreeof diastolic augmentation produced iscomparablewith
that of IABP. However, EECP also increases venous return
and cardiac preload through the compression of capacitance
veins, leading to increased right atria pressure, pulmonary
capillary wedge pressure, cardiac index, and cardiac output.4
In addition, other noninvasive studies have shown increased
stroke volume and cardiac output, decreased systemic vascu-
lar resistance, and rel ative bradycardia.® 6

Physiologic Effectsof Enhanced Exter nal Counterpulsation

Catheterization performed during EECP has demonstrated
augmentation of the diastolic aortic pressure resulting inin-
creased intracoronary diastolic pesk pressure (93%) and mean
pressure(16%o). I ntracoronary Doppler sudiesalso showed an
increase in pesk velocity (150%). Correspondingly, the cor-
rected ThrombolysisIn Myocardia Infarction (TIMI) frame
count on angiography revealed a 28% increase in coronary
flow. In addition, these studies confirmed that systolic unload-
ing results in decreased peak intracoronary systolic pressure
(15%) and peak aortic systalic pressure (11%), lowering | eft-
ventricular (LV) afterload.”

Patientswho achieve greeter diastolic augmentation obtain
greater reductioninanginaclass® 9 and greater improvement of
wall motion abnormalities on dobutamine stress echocardi-
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ography following EECP On thisbasis, it has been hypoth-
esized that EECP may recruit preformed collaterals, resulting
in improved myocardia perfusion. Correspondingly, canine
sudieshaveshown anincreaseinfemoral collateraizationfol-
lowing externa counterpulsation.1

Reactive hyperemia-peripherd artery tonometry (RH-
PAT), a measure of peripheral arterial endothdlia function,
detectspul satilearterial volume changesfollowing theinduc-
tion of reactive hyperemia. Assessment of RH-PAT in pa-
tientswith refractory anginademonstratesimpaired endothe-
lial function prior to theinitiation of EECP. Following each
session of EECP, there was an acute increase in the average
RH-PAT index. Therewasalso asustained increaseintheav-
erage RH-PAT index at 1 month after completion of EECP,
indicating improvement of endothelial function. Moreover,
therewasacorrelation between increased RH-PAT index and
improvement in average Canadian Cardiovascular Society
(CCS) anginaclassand functional capacity.12

Similar results were demonstrated by flow-mediated va
sodilatation (FM D), measured by Doppler ultrasound of the
brachial artery in response to induction of sudden increased
flow by release of a pneumatic tourniquet. Findings of in-
creased FM D from basdline (1.7 + 0.1%) immediately follow-
inga7-week course of EECPwerenot seeninacontrol group
(0.1 £ 0.1%), suggesting improved vascul ar endothelia func-
tion. This study also demonstrated no increase in FMD fol-
lowing administration of exogenous nitric oxide (NO), sug-
gesting improved endothelia function to be related to endo-
genous production of and improved endothelia response to
NO.13 Furthermore, 13N-ammonia positron emission tomog-
raphy (PET) has demonstrated improved myocardia perfu-
sionat rest andin responseto dipyridamoleand NO in patients
with anginafollowing acourseof EECP4

Further supporting an effect on endothelid function, apa
tient with anginademonstrating recurrent, objective findings
of cardiac ischemia was treated with a course of EECP. Di-
agnostic workup demonstrated structurally normal coronary
arteriesand coronary spasm. I ntracoronary adenosine admin-
istration resulted in normal endothelium-independent micro-
vascular response and flow reserve. With infusion of graded
acetylcholine, an endothelium-dependent vasodil ator, angiog-
raphy demonstrated paradoxically decreasing coronary blood
flow and coronary occlusion with accompanying angina, con-
sistent with endothelia dysfunction. Despitemaxima medica
therapy, the patient experienced worsening symptomsconsis-
tent with CCS class 1V angina. Dueto refractory symptoms,
the patient underwent a course of EECP. At completion of
treatment the patient was asymptomatic and remained so at 3-
month follow-up.15

The mechanism by which EECP improves endothelia
function remainslargely unknown. Themost prominent theo-
ry isthat regulation of factorsaffecting endothdlial functionis
modulated by arteria shear forcesthat areincreased by dias-
tolic augmentation.”- 16 Fluid shear stresses have been shown
to induce phosphorylation and activation of endothelia NO
synthetase and thusinduce arterial vasodilatation.1”: 18 Thisis
especidly marked in patients with coronary artery disease

(CAD) who havelow basdline NO levels. Immediately and 1
month following acourse of EECP, NO levelsare Significant-
ly increased 1419

Coronary shear stressand mechanica pressure, asprovided
by EECP, dso reduced therel ease of endothelin-1, apotent ar-
teria vasocondrictor and smooth musclemitogen;1® however,
in experimental models, mechanical forceshave had variable
effectson endothelin rel ease 20-22

Shear forcesmay a so enhancethe production of angiogenic
factors, thus enhancing collaterd vessd formation. Among
patientswith chronic stable angina, there was ademonstrable
increasein basic fibroblast growth factor, vascular endothelial
growth factor, and hepatocyte growth factors following a
courseof EECPZ

Clinical Outcomes

The Multicenter Study of Enhanced Externa Counterpul-
sation (MUST-EECP ) trid wasthefirst prospective, random-
ized, blinded, sham-controlled tria of EECP in the manage-
ment of 139 patientswith chronic stable anginaand apositive
exercisetreadmill test. Although therewas no significant dif-
ference in exercise duration or decrease in sublingua nitro-
glycerin use, more patients receiving active counterpul sation
reported a>50% improvement in the number of anginal epi-
sodes, and therewasasignificant improvement inthetimeto
ST-depression on stresstesting following EECP2*

In addition to objective measures of ischemia, participants
inthe MUST-EECPtrial provided information on health-re-
lated quality of life (HQOL) at basdline, at the end of treat-
ment, and at 1 year. The HQOL datademonstrated significant
improvementsin both cohortswith atrend toward greater im-
provement in those who received active counterpulsation. At
1-year follow-up, the HQOL scores for bodily pain, socid
functioning, and cardiac-specific heath and functioning
showed greater improvement inthegroup that received active
counterpulsation.2

Another long-term follow-up study evaluated 1,097 pa-
tients from the International EECP Patient Registry (IEPR).
Immediately following EECP, 73% of patientsimproved by at
least one CCS angina class, and the number of patients with
CCS Class 11 or 1V angina decreased from 86.9 to 26.8%.
Improvement of anginaby at |east one CCSclass (74.9%) and
decreaseinthepercentageof patientswithclassll| or IV angi-
na (24.1%) was maintained a 2-year follow-up. There were
asoimprovementsinweekly angind episodesand sublingual
nitroglycerin use. In addition, hedlth status, quality of life, and
satisfactionwithlifeimprovedin 54.5, 53.2, and 57.8% of pa-
tients, respectively, and were maintained at 2-year follow-up.2

In another cohort of 1,532 patientsfrom the |EPR, dataon
angina class, cardiac events, and quality of life were deter-
mined for 1 year following EECP. Comparison of thosewith
and without diabetes mellitus (DM) revealed that those with
DM weremorelikely to haveahistory of congestiveheart fail-
ure, noncardiac vascular disease, and werelesslikely tobea
candidate for revascularization. Outcomes demonstrated a
similar percentage of patientswith improvement of anginaby
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at least 1 CCS classimmediately following EECPin nondia-
betic (72%0) and diabetic (69%) groups. At 1 year, although
therewere more episodesof death and congestive heart failure
inthe DM group, therewas maintenance of reductionsin angi-
na class, angina episodes, sublingual nitroglycerin use, and
improvementinquality of lifemeasured by the Likert scales2”

Improvement of cardiac perfusion by EECP has been fur-
ther demonstrated by stress cardiac imaging. Fifty patients
with exercise-induced, reversible radionuclide perfusion de-
fectswere stratified by number of involved coronaries on an-
giography and underwent EECPfollowed by repest radionu-
clide stresstesting. All patients reported adecreasein angina
symptoms following treatment. Radionuclide imaging dem-
ongtrated that response was best in patientswith one (95%) or
two (90%) coronary arteries affected compared with those
withtriple-vesse (42%) disease. Finding that apatent vessdl is
required for achieving reliable benefits from EECP supports
the hypothesis that development of collateralsis one mecha
nism by which such patientsexperienceimproved myocardia
perfusionand clinica benefit. 28

Another study evaluated radionuclide perfusion treadmill
sresstestingin 175 patientsrefractory to medical therapy and
indigible for further revascularization procedures. Results
showed 85% of patients reporting animprovement by at least
one CCS anginaclass and 15% with improvement by two or
more CCS anginaclassesfollowing EECP. At thesamelevel
of exercise, 83% of patientshad improvement in radionuclide
perfusion defects. Patientswho underwent maximal treadmill
dtress testing showed a significant improvement in exercise
duration, without significant changein the double product.2®
Another analysisfound that 93% of patientshad improvement
in CCS angina class following EECP, with a significant in-
creasein averageexercisetimeon maximal stresstesting from
5.95+ 1.55t0 7.48 + 1.62 min. Of patientswho had ST-seg-
ment depression, 80% had no ST-depression or increasedtime
to ST-depression on stresstesting following EECP30

Patients have aso been evaluated for myocardial perfu-
sion by dobutamine stress echocardiography. Twenty-three
patientswith CAD and adobutamine stress echocardiogram
demonstrating inducible ischemiawere treated with EECP.
Stressechocardiogramsbeforeand after EECPwere eval uat-
ed for regional wall motion abnormalities of the contractile
function of each of 16 segmentsof theleft ventricle, resulting
inawall motion score between 16 and 64. Following EECP,
43% of patientswith positive dobutamine stress echocardio-
grams had normal testsor wall motion scoreimproved by at
least two points.10

Inevaluating EECP as primary intervention, anginasymp-
tomsand major cardiac eventswere eval uated in 323 patients
from the |[EPR who were candidates for percutaneous coro-
nary intervention (PCl) and 448 patientswho underwent PCI.
At basdline, candidatesfor PCI undergoing EECPweremore
likely to be male and had more severe disease (i.e., congestive
heart failure, previous PCI, or coronary artery bypass graft
[CABG], or prior myocardial infarction) than did patients
who underwent PCI. Survival ratesat 1 year weresimilar in
the group of patients treated with EECP (98.7%) and those

who underwent PCIl (96.8%). However, the PCI group had
grester improvement in angina and there was a greater pro-
portion of patients achieving complete resolution of symp-
toms: 73.4 versus 43.7% in the EECP group. The proportion
of patients with no anginal symptoms 1 year after treatment
was aso significantly greater in the PCI group. It was ob-
served that patients treated with EECP aso had improve-
mentsin CCSanginaclass, and therewasaresol ution of angi-
nainanumber of patients3!

CongegtiveHeart Failure

As EECP has been more serioudly considered asaviable
trestment for reduction of symptomsin patientswith refracto-
ry stable angina, thefeasibility of usingit in other populations
hasbeen considered.

Initia studiesusing EECP demonstrated safety in conges-
tive heart failurefromthe theoretical risk of acutely increasing
prel oad and preci pitating pulmonary edema. Analysisof base-
line characteristics has shown that patientswith impaired LV
function tended to have more severe anginaand other comor-
bidities than patients without impaired ventricular function.
Accordingly, these patients had more adverse events during
and following EECP. However, assessment of magjor adverse
event rates demonstrated that most eventswererelated to un-
derlying illness rather than to trestment. These preliminary
studies observed the effects of EECP on ventricular function
rather than on angina and demonstrated improved Canadian
Functiond Class, Minnesotascoreof quality of life, peak oxy-
gen consumption, and treadmill time following EECP; these
improvements were maintained at 6 months. Enhanced exter-
nal counterpul sation was determined to besafeand effectivein
the treatment of heart failure, justifying further studies.32 33
Other studiescomparing echocardiography inasmall number
of patients with class I1-I1 heart failure demonstrated im-
provement in g ection fraction and prel oad adjusted maximal
power following EECP, ameasure of the maxima hydraulic
power generated by theleft ventricle.34 35

In additionto usng EECPintreating heart failure, utility in
the management of anginain patients with ventricular dys-
function hasbeen evaluated. Indl, 312 patientsfromthe | EPR
with moderately reduced LV g ection fractionwere compared
withthosewith preserved LV systolic function post EECPand
after 6 months. Similar to other studies comparing equivalent
populations, patientswith reduced g ection fraction had more
severedisease prior to therapy, including morewith prior con-
gestive heart failure, myocardia infarction, longer history of
CAD, and more severe basdineangina. Immediately foll ow-
ing EECP, both groups showed considerable improvement.
However, there were more patients in the group without LV
systolic dysfunction who improved by at least one CCS angi-
naclass(76.2 vs. 67.8%). A similar percentage of patientsin
each group discontinued sublingua nitroglycerin. Therewasa
higher rate of mgjor eventsin the follow-up period including
congestive heart failureexacerbation (9.9 vs. 3.7%), death (9.3
vs. 2.2%), and composite outcome of death, myocardia in-
farction, CABG, and PCI (15.4 vs. 8.3%) in patientswith LV
systolicdysfunction. Therewasno significant differenceinthe
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percentage of patientswho maintai ned improvement in angi-
naat 6 months. Thus, patientswith LV systalicdysfunctiondid
demonstrate an improvement, although not as substantial as
patients with preserved systolic function, and improvement
wasmaintainedin both groupsat 6 months.36 Theresultsfrom
aprospective, randomized study in patientswith heart failure
and cardiomyopathy (Prospective Evauation of EECP in
Congestive Heart Failure [ PEECH] study) are awaited.

Conclusion

As advancements in revascul arization techniques contin-
ue, therewill likely be a continued growth in a popul ation of
patientswho have undergone severa revascul arization proce-
duresand have persistent disease. Thispopulation of patients
with chronic, stable anginawho are not eligible for further
revascul arizationisleft with few trestment options. Enhanced
external counterpul sation appearsto beasafemethod of treat-
ment for patientswith norma and thosewith reduced LV sys-
tolic function. Furthermore, it has been associated with im-
provement in angina, longer exercise duration, and improved
qudity of life, sustained for up to 2 yearsfollowing the treat-
ment course.
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