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INTRODUCTION

Treatment of ischemic heart disease (IHD) has moved on
gradualy fromtheuseof simplevasodilator nitratesto complex
multiple medications and interventiona procedures including
coronary artery bypassgraft (CABG) and percutaneouscoronary
intervention (PCI). Current treatments for IHD are able to
decrease the incidence of morbidity and mortality in many
patients. In clinica practice physicians routinely see patients
who have recurrent symptoms in spite of maxima medical
therapy and who are not a candidate of conventional
revascul arization procedureslike PCl and CABG and still have
objective evidence of myocardia ischemia. This group of
Refractory Anginaposesachallengetocardiologistandthey are
frequent visitorsto outpatient clinics. In United Statesthereare
about 25,000 to 75,000 new cases of refractory angina patients
arediagnosed annually. The overall new cases of symptomatic
coronary artery disease(CA D) diagnosed eachyear are400,000.
It's reported that 10-15% of the patients with angina meet the
criteriaset for refractory anging. InIndiathereare40.9 million
diabetic patients and more than 29.8 million people are with
CAD?theincidence of refractory anginaisincreasing at avery
highrateduetoincreaseinlifeexpectancy andincreasenumber
of severe CAD patients now survive,

The current non-pharmacological trestment strategy available
for refractory angina patients is Enhanced External
Counterpulsation(EECP), Neurostimul ation (NS), Percutaneous
Transmyocardial Laser revascularization (TMR), percutaneous
in situ coronary venous arteriaizations and gene therapy. Of
these treatment modalities EECP therapy isthe only evidenced
based therapy which is able to address both the myocardial
supply and demand in the management of Angina pectoris.
EECP is offered as an effective non-invasive mechanical
treatment through which we can increase the myocardial blood
flow (M BF) totheischemicregionandsimultaneoudy decreasing
themyocardia oxygen demand by reducing theleft ventricular
(LV) systolic work load.

Enhanced External Counterpulsation (EECP) therapy is
approved by USA FDA for stable and unstable Angina, heart
failure(HF), cardiogenic shock and acutemyocardial infarction
(MI)*. Thetreatment iswidely used for thefirst twoindications

angina and heart failure and there are more than 150 papers
published in peer reviewed medical journals support itsusesin
these selected group of patients.

HISTORY OF ENHANCED EXTERNAL
COUNTERPULSATION

The concept of increasing the aortic diastolic pressure increase
coronary perfusion pressureand blood flow wasfirst introduced
in USA by Kantrowitz in 1953°. He showed in an animal study
that, if coronary arteriesare perfused at el evated pressureduring
diastole the coronary blood flow can be increased by 20-40%.
This concept of Counterpulsation leads to development of
invasive Intra aortic balloon pump (IABP) Counterpulsation
andnon-InvasiveEnhanced Externa (EECP) Counterpul sation.
Initial equipment for non-Invasive Counterpulsation was
hydraulic driven with asinglewater filled bladder applied inthe
lower limk®. In 1975 air driven pneumatic EECP system was
developed. Severa studies on MI and cardiogenic shock were
reported during the 1970's. In 1992 the first clinical study was
publishedwithanenhancedversionof external Counterpul sation,
hence EECP using three sets of cuffswrapped around the lower
extremities with sequential inflation from the distal calf cuff to
thelower and finally the upper thigh cuffs’. The hemodynamic
effectsof EECPwereconfirmedtoachievesimilar hemodynamic
benefitsastheinvasive IABP.

EECP THERAPY

EECP therapy consists of three sets of pneumatic compression
cuffs applied to the lower extremities of the patients. The
inflation and deflation of the cuffs are synchronized with the
patient’ s electrocardiogram such that with each cardiac cycle
pressure is sequentialy applied from distally to proximally in
early diastolic phaseof thecardiac cycleresultinginthecreation
of aretrogradeflow inthearterial Ssideand anincreaseinvenous
return from the lower extremitiesto the heart. Thisresultsinan
increase in diastolic blood pressure, augmented central aortic
pressureand thereby anincreasein coronary perfusion pressure
during diastole when the myocardium is at arelaxed state and
resistance of blood flow to the coronary circulation is at its
lowest point. In the venous end, there is an increase in venous
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return which in turnincreases central venousreturn to the heart
and provides a larger volume of blood to be gected thus
increasing cardiac output. All the pressurein theinflated cuffs
arereleased just prior to the onset of systole of the next cardiac
cycle, leaving behind an empty vasculature which serves to
receive the cardiac output of the heart, decreasing the systemic
peripheral vascular resistance and cardiac workload.

EECP treatment is now being used increasingly as a non-
invasive outpatient treatment option for patient with refractory
anginaand HF symptom, who are on maximal medical therapy
and in the opinion of a cardiologist or cardiothoracic surgeon
are not candidates for surgica intervention such as PCI or
CABG procedure?. Thetreatment isgiven asan outpatient basis
one hour session per day, six days per week over six weeksfor
atotal of 35 hours sessions. EECP can aso be given 2 sessions
per day for 3weekswithaminimumof 1hour break betweentwo
ons.

MECHANISM OF ACTION

The mechanism of action of EECP is very complex. Many
theories have been proposed to explain the clinical benefit of
EECP in short term and in long term. The long time effect of
EECP is presumably that of development of new collateral
channels and by enhanced collateral flow. EECP has been
showntoassociatewithsignificantincreaseof angiogenicfactor
including plasma vascular endothelia growth factor (VEGF),
and hepatocyte growth factor (HGF)®. The recruitment of new
myocardia collateral arteries has been shown clinicaly by
improvedstressradionuclidecoronary perfusionand N-ammonia
positron emission tomography studies'®*, Recently direct
evidence for arteriogenesis using pressure-derived coronary
collatera index by catheterization assessment showssignificant
increase in coronary collateral post EECP®. In addition
endothelia function has been shown to improve after a course
of EECPtreatment®. Theimprovement in endothelial function
isduetoincreaseflow vel ocity and sheer stressontheendothelium
with significant increasein plasmanitric oxideand reductionin
plasma endothelin levels'°. EECP therapy has shown to
decrease the proinflammatory cytokines like tumor necrosis
factor-( (TNF-a) and Monocyte chemoattractant protein-1
(MCP-1) and an increase of endothelial progenitor cells in
patient with symptomatic CAD?*2L, Hemodynamically, EECP
has similar effects as IABP counterpulsation. During EECP
treatment the change in centra Hemodynamic parameters are
similar to that of the |ABP except theincreasein venousreturn
(preload) causesincreasein right arteria pressure, pulmonary
capillary wedge pressure and cardiac output??. The cardiac
output hasshowntoincreaseupto 25% 2. Whenthecuffsinflate
sequentialy (see Fig 1) it increases the centra aortic and intra
coronary diastolic pressure increased up to 92% and 93%
respectively and the intra coronary flow velocity increase by
150% and the coronary flow increased by 28%.
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When the cuffs deflate smultaneoudly (Fig 2) it decreasesthe
centra aortic and intra coronary systolic pressure by 11% and
15% respectively. It lowers the left ventricular after load and
thereby reducing myocardia work load?. Table1isasummary
of the published radionuclide stress perfusion studies
demonstrating EECPtreatment improvesperfusiontoischemic
regions of the myocardium. Fig.3 illustrates a summary of the
mechanism and clinical benefit of EECP therapy.

Fig.1: Advanced EECP Lumenair treatment system

EECP IN REFRACTORY ANGINA
PATIENTS

Since EECP therapy produces similar hemodynamic effectsas
| ABP, theearly application of EECPwereconcentratedin acute
emergency Situation like cardiogenic shock and MI. However,
ever since the new design of EECP with sequential pneumatic
cuffs, EECP has been used mostly in the US and Europe in
patient with refractory angina pectoris. EECP treatment has
shown consistently in many clinica trials improvement in
clinical symptomof angina®?, decreasesnitrateuse®™?, increases
exercise tolerance®, enhances quality of life accompanied by
favorablepsychosocia effects, prolongation of timeto exercise
induced ST-segment depression?*%3 and resolution of
myocardia defects.

The EECP therapy clinical benefit has been shown in wider
range of patients which includes severe triple vessel disease,
diabetic, severe LV dysfunction®, elderly, ischemic
cardiomyaopathy, non-ischemic cardiomyopathy® and patients
with systolicand diastolic dysfunction. EECP hasnot only been
demonstrated to be effectivein treating these group of patients
with severe CAD, it has aso been report to be safe during
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Fig 2. The QRS complex of the electrocardiogramis used to provide a triggering signal for the calf inflation valve to open around the peak of T-wave, the lower
thigh valve will open 50 ms later, to be followed by the upper thigh valve another 50 ms later. The pressure in the cuffs will hold as long as possible to allow
maximization of diastolic augmentation. Then all three-deflation valves will open at the same time around the peak of P-wave to let the emptied peripheral

vasculature to receive the blood gjected by the heart, leading to systolic unloading.

Table 1. Summary of papers demongrating EECP improves

myocardial perfusion in patients with chronic stable angina

Author Year Method n Perfusion Changes
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Fig: 3 Mechanism of Action: TMPG — Trans Myocardial Pressure gradient,
VEGF-Vascular endothelial growth factor, HGF-Hepatocyte Growth factor,
FGF-Fibroblast growth factor, NO-Nitric, PET Scan-Positron emission
tomography Scan, LVEF-Left Ventricular ejection fraction, FMD-Flow
medicated vasodilatation, RH (PAT)-Reactive hyperemia peripheral artery
tonometer.
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treatment with only some side effects such asleg pain, skin
abrasion and temporary paresthesias.

A multicenter randomized, double blinded, sham-controlled
trial of Enhanced External Counterpulsation (MUST-EECP)
showed that active EECP therapy significantly improved the
timeto ST segment depression during treadmill stresstest using
the Bruce protocol and frequency of angina occurrence when
compared to sham group and basdline®. A sub study of thetrail
at 12 monthsfollow up aso showed sustained improvement in
hedthrelatedqudity of lifeinactive EECPgroupwhencompared
to sham group®.

The International EECP patient registry (IEPR) with follow up
study of 1year, 2yearsand 3yearshasshown EECPbenefitsare
sustained during thefollow up periodin 75-85% of the patients.
Inanother independent study, 18refractory anginapatientswere
followed upto5yearsand they havebeen showntomaintainthe
clinical benefit®. Data from the IEPR using 1,015 refractory
angina patients with end stage CAD reported 6 months post
EECP treatment, the rate of hospitalization was significantly
reduced by 83% when compared with 6 months prior to EECP
treatment®. Another study using the | EPR dataon 4597 patients
reported that the 35-hour treatment completion rate was 86%.
When the results of those who have completed the trestment
werecompared with patientswho didn’t completethetreatment
at one year follow up, even though basgline demography was
comparableinbothgroupsof patients, thegroupwoth compl eted
treatment has a significantly lower MI, CABG and PCl and
mortality rates™. Thisresultisremarkabl ebecauseapproximately
85%of thepatientsinthel EPRweresufferingfromresally severe
coronary heart disease having undergone either CABG or PCl
and not amendable for further revascularization.

Repeat EECPtherapy after completionof first courseisnecessary
in 10% of the patientsin one year follow up, 20% in two year
follows up and 22% in three year follow up. Most common
reasonfor therepeat EECPtherapy isfailureto completeat least
30 sessions, recurrent symptom or residual symptom after
completing full course®+,

EECP IN HEART FAILURE PATIENTS

Historically, EECPtherapy wasconsideredtobecontrai ndicated
in patient with LV dysfunction based on path physiological
reasoning that EECP increases preload and therefore may
preci pitate pulmonary edema. However it hasbeen reported that
in patientswith severe LV dysfunction (EF <25%), EECPisnot
only showntobesafebut al soeffectiveinsgnificantlyimproving
their LV function but aso decreasing their heart rate®. In
another multicentre feasibility study reported by Soran and co-
workers® in patient with stable HF NYHA class 1l and 11 with
both ischemic and non-ischemic etiology EECP therapy was
associated withsignificantimprovementinpeak oxygenuptake,
exercise capacity and functional status. These benefits were
sustained for a period of six months even after completion of
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standard 35sessionsof EECP. Thisstudy leadstowel | controlled,
randomized, single-blind, parallel-group, multicenter study of
187 patients caled The PEECH (Prospective Evaluation of
EECPinHear Failure) withsimilar symptomatic stableHF with
NYHA functional class!l and Il isundertaken. Results of the
PEECH trail have shown that EECP therapy increased exercise
duration, improve NYHA functional status and quality of life
without significant increase in peak VO,*. However with
subgroup analysisof theof elderly patientsage> 65 enrolledin
the PEECH trail, EECP patients when compared with controls
demonstrated a significant higher responder ratein their peak
VO, consumption at 6 months follow-up®.

In another report of 363 refractory anginal patientswith history
of LV dysfunction (EF<35%) from the International EECP
patient registry, 84% had muti vessel disease and 93% werenot
candidatefor further revascul arizationduetoextendand severity
of disease. Two yearsfollow up have shown 83% survived rate
withmagjor cardiovascular event freesurvival rateof 70%. Even
though the registry data lack control groups and therefore the
results drawn from such data may not be as convincing as the
randomized control study, the patients treated are from awide
range of population which reflects what we see in our real
clinical practice®. In another study of 450 patients with severe
refractory anginawith mean LV dysfunction (EF <30+ 8%) a
course of EECP therapy has significantly reduced dl-cause
emergency department visit by 78% and hospitalization rate by
73% at 6-monthsfollow-up period when compared to 6 months
before EECP therapy*. 98% of these patient groupswere not a
candidate for revascul arization procedure and 93% had severe
angina (Candian Cardiologica Society-CCS Class I1I-1V).
Irrespective of their severe progressive disease 72% of the
patients improved at least 1 class. EECP therapy can benefit
stable angina patients with HF, who are on optimal medical
management but still not able to achieve required functional
benefit. Thesegroupsof patient aretraditionally high risk group
withrepeated hospitalizationand outpatient consultation, EECP
therapy as per current evidence may be a viable aternative
treatment for themtoimprovetheir clinical symptom, quality of
life and also to improve the LV function. Overal benefit of
EECP has also been shown to be similar in both diastolic and
systolic HF patients groups®.

PRECAUTION IN TREATING HEART
FAILURE PATIENTS

In HF patient increasing pre-load by increased venousreturnis
alwaysconsideredrisky asit may increaseright arterial pressure
and pulmonary wedge pressure which may cause pulmonary
edemaduring thetreatment. Eventhough datafromregistry and
pilot study haveshown EECPissafein HF patients, still in 3-5%
of patients suffered from worsening of their HF during EECP
treatment®. The reason for this adverse effect may be due to
differentia pressurefrom 80 mmHgto 300 mmHggivenduring
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Table2: Current application of EECP in clinical practice.

Patient who will benefit from EECP:

A. Patients whom PTCA or CABG is not contemplated.
» Patient refused to undergo additional invasive
revascularization procedures.
» Angiogram shows diffuse coronary arthrosclerosis in distal
vessels or challenging coronary anatomies.
Target lesion is inaccessible.
Patients have Co-morbid states like diabetes, renal
dysfunction and pulmonary disease which create high risk.
Severe LV dysfunction — High risk CABG.
Restenosis after PTCA.
CABG graft occlusion.
Patients with ischemic or idiopathic
Cardiomyopathy.
» Stable heart failure patients with NYHA class Il & III.
» Recurrent hospitalization due to pulmonary edema.
»Have Left Ventricular dysfunction (EF <35%)
C. Cardiac Syndrome X (Microvascular Angina

Y V

[ A A 7

Table 3.: Contraindication for EECP therapy

Contraindication:

v Severe aortic regurgitation (would prevent diastolic
augmentation).

v' Aortic Aneurysm or dissection. (Increase diastolic
pressure may cause rupture).

v' Uncontrolled Arrhythmias that interfere with
machine triggering. (Atrial fibrillation / flutter and
very frequent ventricular premature contraction).

v Sever lower extremity vaso-occlusive disease which

prevents retrograde blood flow.

Active thrombophlebitis and deep vein thrombosis.

Bleeding Diathesis or patient with anti coagulant in

whom the international normalized ratio is not

adjusted.

v" Decompensated heart failure (increase venous return
may cause pulmonary edema should be carefully
monitored).

v Cardiac catheterization within past 2 weeks to reduce

the risk of bleeding in femoral puncture site.

Severe Pulmonary artery hypertension.

Pregnancy.

AN

AN

thetreatment. Thereisacontroversy over lower pressureregime
and high pressure regime in patients with HF*. Using direct
invasive hemodynamic monitoring, 1sao Taguchi explained
why EECPdoesn’ t causepulmonary edemaandissafe”. Intheir
study 300 mmHg pressure significantly increased right arterial
and pulmonary wedge pressurein thefirst 15to 30 minutes, but
during the subsequent 30 to 45 minutestherewasareductionin
pressure in both compartments with significant increases in
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cardiacindex. Presumably thisincreasein cardiac index can be
attributed to improve ventricular contraction and significant
reductioninsystemicvascular resistance. Theincreased cardiac
output and reduced vascular resistance can shift the blood from
pulmonary circulaiontosystemiccirculation. Thishemodynamic
effect was further proved by Andrew and coworker while they
werestudying LV energetic during EECPby sdlection different
cuff combination®. The overdl LV myocardia efficacy is
unchanged because the increase preload is counterbal anced by
decrease after-load assisted by cuff deflation at higher pressure.
Givinglower pressurein patient with stable HF may not ableto
achieve the necessary after-load reduction required to shift the
fluid from pulmonary to systemic circulation. Soin patient with
HF the treating physician should apply higher pressure to
maximizesystolic unloading and minimizetheincrease preload
by cuff selection rather than decreasing the pressurewhich may
be harmful.

EECP IN ENDOTHELIAL DYSFUNCTION

Endothelial dysfunctionischaracterized by impaired rel ease of
nitric oxide (NO). In general the maximum arterial wall shear
stress occurs during the peak systolic period. However
endothelium becomes dysfunction in an environment of low
shear stress. During EECP the vascular shear stress increases
morethan two fold during the pesk diastolic period®. Evidence
is accumulating to show that chronic shear stress during the
course of EECP has significantly increased the release of NO.
Theincreasein NO level isdose related and sustained even up
toonemonthafter completionof EECPcourse™®. Thisobservation
has been confirmed by the Mayo clinic group in apaper which
assessed periphera endothelia function by anew non-invasive
techniquereactivehyperemia—periphera arterial tonmetrey (RH-
PAT). Inthisstudy RH-PAT index was significantly higher at
one month after completion of 35 hours of EECP treatment
when compared with baseline. In addition RH-PAT index was
significantly higher in patients who have demonstrated an
improvement in angina class than those patients who have no
improvement?®, Based on theresults of these studies, adifferent
perspective of EECP has been developed relating clinical
improvement to endothelial improvement, peripheral
vasodilatation, decrease periphera vascular resistance and
decreasein the myocardial oxygen demand. In another similar
study Nicholsand coworkershavereported that EECPimproved
arterid wall propertiesby reducing arteria stiffnessand thereby
reducing thewaverreflection vel ocity and amplitude. Thewave
reflection timing in central aorta plays an important role in
augmenting the central systolic pressureand increasing the LV
load. The increased LV systolic pressure due to the reflected
wave trandated to energy being wasted againgt the reflected
pressurewaveforminstead of contributing to blood flow. EECP
is shown to reduce the reflected wave amplitude and velocity
thereby reducing augmented central pressure and reducing LV
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load and myocardia oxygendemand. Thisstudy wasconducted
non-invasively using a SphygmoCor device (Atcor Medica
Sydney Austraia)®. Thisstudy demonstratedanother mechanism
of EECP giving an indication that it is possible EECP may
improveclinica symptomwithoutimprovingMBF. Insummary,
itisclear that EECP providesimprovement in both myocardial
supply andreductioninloadthereby achievingagrester reduction
in anginaand heart failure symptoms.

This peripheral effect of EECP is adso well documented and
reportedin 175 pati entswith chronicstabl eanginawhounderwent
radionuclide perfusion treadmill stresstest®. The study protocol
compared two groups of patients, one with maximal stresstest
in 78 patients pre and posts EECP versus 97 patients with the
same level of exercise pre and post EECP. In patient who
underwent maximal exercise 54% showed improvement in
myocardia perfusion but showed no changein double product.
Thisresult implied that even in patient with improved exercise
time, their increased exercise tolerance is achieved without
increasing the myocardial demand but rather achieved through
improved myocardial supply. In patientswho underwent same
exercise level 83% of patients showed improvement in
myocardia perfusion but this was achieved with significantly
lower level of double product. This is a classical periphera
effect, as the myocardia demand is reduced due to decrease
peripheral vascular resistancesimilar tothat of exercisetraining.

INDIAN EXPERIENCE IN EECP THERAPY

Recently there are some interesting papers published in India
which reconfirm theimprovement in myocardia perfusion and
improvement in LV gection fraction in the Indian popul ation.
These effects were seen in both patients with refractory angina
andischemic Cardiomyopathy. Thedatafromthelndian patient
EECP registry which tracks both the subjective and objective
improvements shown that the improvement in LV gjection
fraction is predominantly due to reduction in end systolic
volume demonstrating improvement in LV contractility after
EECP therapy. In another interesting study a short course 10
sessions of EECP therapy done prior to performing high risk
CABG has shown improvement in myocardial perfusion and
LV function. In addition, patients in this study who went on to
have CABG havedecreased complication during and efter their
surgery. This result demonstrates EECP may have beneficia
effectinsurgica outcomeinthisgroupof patients. Thishypothesis
needed to betestedinlargerandomized study. Indian papersare
summarized in Table 4.

CONCLUSION

Enhanced externa Counterpulsation is a proven non-invasive
treatment option to be considered for patients with refractory
anginaand HF. EECP therapy isthe only mechanical therapy,
which has shown not only effective in improving myocardial
supply inanginapatientsbut also showntoimproveendothelia
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Table4: Published Indian paperson EECP and data fromIndian
patient EECP regigry (IPER)

Patients

To assess Clinical symptom and LV
function in patient with LV
dysfunction.

Results

Improves clinical symptom,EF,
Stroke Volume and Cardiac output

Presented

American College of Cardiology
March 2007.

Indian Patient EECP registry
(IEPR)

( Smarpan Hospital Gujarat and
People Medical college)

N=110

To assess Anginal Symptom and LV
function in patients with severe LV
dysfunction.

Tmproves, Anginal symptom and
EF

European Society of Cardiology
2008.( Harvey Hospital Chennai).
IEPR

N=16

Assess short course EECP effect in
patients posted for High Risk CABG

Improves myocardial perfusion and
gated LVEF

Heart Failure Society of America
2008. Frontier Lifeline &
International center for
cardiovascular and thoracic

disease. Chennai

N=50 Effect of EECP in ischemic
Cardiomyopathy patients

Improves Myocardial perfusion and | Cardiology Society of India 2008.
Gated LVEF Chennai.

Frontier Lifeline & International
center for cardiovascular and
thoracic disease. Chennai

Indian Journal of thoracic and
cardiovascular surgery Feb 2006.

N=13 Pre-operative use of EECP in high Risk | Improve myocardial perfusion.
CABG. Decrease TABP use and
Hospitalization time Frontier Lifeline & International
center for cardiovascular and
thoracic disease. Chennai

Indian Heart Journal 2005. Escorts
Heart Institute and Research
center.Delhi

N=81 Evaluation of Endothelial function
improvement in DM patients

Improve Brachial artery FMD.

N=84 Evaluation of exercise capacity in Improved Exercise tolerance Presented in International EECP
chronic Angina Patients assessed by 6 min walk test symposium China May 2006.
Escorts Heart Institute and
Research center.Delhi
N=46 Use of EECP as primary option in Improved Treadmill time and Presented in International EECP
patients who are unwilling for ejection fraction symposium China May 2006.
Intervention Institute of Preventive
Cardiology.Mumabi

function and decreasethemyocardial demand. Duetoitseffect
on vascular endothelium and microvascular circulation it can
also be used to treat patients with microvascular angina or
cardiacsyndromeX*®, Refractory anginaand HF utilizesincrease
health care cost due to repeat hospitalization and
revascularization. EECPisthemost cost effectivetreatment for
thisselected group of patients. Thetilization of EECPinearlier
stage of CAD will be an attractive option and its needs further
evaluation. The treatment is safe in patients with stable angina
pectoris with mild to moderate LV dysfunction. Even though
there were numerous studies published on the safety of EECP
therapy in heart failure patients, these groups of patients should
becarefully sel ected with stableand manageabl eedemawithout
any severe valvular disease or pulmonary hypertension. HF
centers using EECP therapy should have a proper backup to
manage HF patients and should be treated by certified and
trained persons so that clinical eventsduring thetherapy can be
minimized.
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