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Current Use of Enhanced External Counterpul sation and Patient Selection

WiLLIAM E. LAWSON, M.D., FACC
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Summary: Mogt patients who receive enhanced externa
counterpulsation (EECP) have symptomatic coronary artery
disease. These patients have either responded poorly to phar-
macol ogic therapy or are poor candidatesfor revascul arization
procedures. Such patientsrecelveavariety of cons stent bene-
fitsfrom EECPtrestment. Asmoreislearned about EECP, pa-
tientsonce excluded from early clinical trialsare now ableto
take advantage of EECP. Nevertheless, EECP is not suitable
for some patients. It has afavorable adverse event profilefor
most patients undergoing the trestment. M edicarereimburse-
ment coverage limitations remain an obstacle to having a
broad cross-section of patients benefit from EECP.
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Introduction

The use of enhanced externa counterpulsation (EECP)
has expanded beyond itsearlier, initial uses. Currently, EECP
is mostly used for patients who have symptomatic coronary
artery disease. Such patients may be responding inadequately
to medical therapy or are poor candidates for angioplasty or
bypass graft surgery. Thosein the latter category are asmall
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number. In terms of risk and benefit, EECP continues to ex-
pand initsapplicationto patientsdueto itsnoninvasive nature.
Itisalso easy to gpply and does not requiretheinvestment of a
bypass surgery program and catherization suite.

Benefitsof Enhanced External Counter pulsation

Variousclinical trialsof EECP have demonstrated ahost of
benefits. It is successful in relieving most anginal pain. This
benefit isin excess of the documented benefit intermsof ST-
segment depression and improvement of thallium or positron
emission tomography (PET) scan defects. Most patients un-
dergoing EECP see improvement in their exercise-induced
ischemia as measured by ST-segment depression, PET scan
defects, or thalium defects. All of these tests show that in-
ducibleischemiaimproveswith EECP.

Exercise tolerance also improves and is sustained. This
isone of the mysteries of EECP, particularly when improve-
ment issustained 6, 12, 24 months, or longer. It may bedueto
corresponding improvement in coronary perfusion, as evi-
denced by thallium and PET scans, or dueto vasomotor tone,
as evidenced by changes in nitric oxide, endothelin, and
brachial vasoreactivity. Findly, there is also a sustained im-
provement inthe patient’squality of life, which parallelsmany
of these other more objective measures.

Precautionsand Contr aindicationsof Enhanced
External Counter pulsation

Althoughthe use of EECPmay resultin substantia clinical
benefit, certain precautions shoul d be observed. When EECP
was first used, there was a great deal of caution exercised.
EECP increases preload by increasing venous return. There
was concernthat if preload wasincreased in excess of the ca
pacity tounload theheart, heart failuremight be precipitatedin
those with LVD. In early studies, anyone with a history of
heart failure or an g ection fraction < 35% was excluded from
clinicd studies. Since then, a substantial number of patients
with g ection fractions below thisva ue have been treated suc-
cessfully with very low morbidity.1 Patientswith any evidence
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of decompensation should, however, not betreated until they
areagain stablewith theuse of medica therapy. Thesepatients
will also need to be monitored very carefully for evidence of
O, desaturation or other compromise (such as tachycardia)
during treatment.

Aortic insufficiency has been another contraindication to
EECP. However, patientswith mild and even moderate aortic
insufficiency have been treated successfully without plac-
ing them in jeopardy. Such concernsare similar to thosewith
the use of the intra-aortic baloon pump in this population.
Increasing diastolic pressuresmay aggravateany aorticinsuf-
ficiency and increase end-diastolic pressure (EDP), causing
pulmonary congestion. Patientswith aortic stenosi's, and mi-
tra stenosishave, however, also been treated successfully de-
spite concerns that increased preload could precipitate pul-
monary congestion or heart failure. While EECP will not
improve vavular heart disease, it may help if thereisanis-
chemic or cardiomyopathic component.

Severe periphera arteria diseaseremains, however, acon-
traindication to EECP. Thisis particularly true if the patient
has soresor rest pain. Anecdotally, patients have been trested
with mild-to-moderate periphera arteria disease. After EECP,
they report improvement in exercise tolerance and reduced
claudication. Currently, the mechanism remainsunknown and
isthefocusof aclinical trial.

Initia clinical trialsalso excluded patientswith pacemak-
ersor automaticinternal cardioverter defibrillators (A1CDs).
They also excluded those with atrid fibrillation or frequent
ectopy that interfered with timing. The effect of EECPon ec-
topy remains controversial. In some cases, increases are ob-
served, perhaps because of increased atrid stretch duetoin-
creased venousreturn. Other cases, however, report decreases
in ectopy. With the newer EECP timing protocols, patients
with atrial fibrillation with a controlled ventricular response
can betreated unlessthereisatremendous amount of irregu-
larity. Patientswith pacemakersand ACI Dshave a so benefit-
ed from EECPtreatment.

Severe hypertension (= 180/110 mmHg) remains a con-
traindication. Raising the diastolic pressure even higher
could cause aproblem. Over the course of EECP therapy, it
is usual to see a decrease in blood pressure in 10% of pa-
tients. Thismay bedueto aperipheral conditioning effect on
vasomotor tone with ateration of the balance of nitric oxide
and endothelin. Other listed contraindicationsfor EECP are
bleeding diathesisand pregnancy.

Changesin Endothdin/Nitric OxideRatio

During EECP, changesin retrograde diastolic aortic flow
and cardiac output have been examined. Thishas been done
using Doppler echocardiography tolook at the effect on blood
flow in the descending aorta. Finger plethysmography was
used to examinethediastolic/systalicratio. Enhanced external
counterpulsation caused retrograde diastolic flow and in-
creased antegrade systolic flow (and cardiac output) inthe aor-
ta(Fig. 1). Systolic flow maximized at adiastolic/systolic un-

30

25 7 LI

20 7 & 5 ' g Ak
& DVTI il

15 1 i

B STVI 10 1 . *a

0 0.5 1.0 15 2.0 25 30
EECP effectiveness ratio (D/S)

Fic.1 Changesinretrogradediastolic aorticflow and cardiac output
during EECP.DTVI =diagtolictimevelocity integrd, STVI =systalic
timevelocity integrdl . Adapted from Ref. No. 1 with permission.

loading retio of 1.5 and diastalic flow at aratio of 2.0. Further
increasesin cuff pressuredid not produce significant hemody-
namic benefit. Therefore, aratio of 1.5to 2isoptimal for max-
imizing the hemodynamic effects of EECP. It remains un-
knownwhether thistrand atesinto increased clinical benefit or
whether alower ratio would have the same effect. Available
evidence does suggest, however, that higher ratios are associ-
ated with greater clinica benefit.

Aswasdated earlier, thereisevidenceto suggest that EECP
haseffectsonlipid peroxidation, therenin-angiotensin system,
and on the endothdin/nitric oxideratio in terms of vasomotor
tone. Thiseffect rdates, in part, to treatment duration. Over a
course of treatment (36 h), the endothdlin/nitric oxide ratio
continuesto decline (Fig. 2).2 Itisnot known whether contin-
ued treatment (beyond 36 h) would produceafurther decrease
intheratio or extend thedurability of theeffect.

Patient Selection

Patients with more severe disease, particularly in terms of
their functional angina class, have greater potentia for im-
proving after undergoing EECP. Various independent pre-
dictors of improvement in anginaclass after EECP have been
identified (Tablel).34 Patientswho are unableto completethe
treatment are much lesslikely to benefit fromit. Various con-
ditions, such asdiabetes, a so correl atewith reduced effective-
ness. When patientswith diabetes are treasted with EECP, they
already have established vascular disease. Whether or not the
dosing should beadjustedisone of theareas of controversy.

Effectivenessof Enhanced External Counterpulsation

Inour early studies, themgjority of patients (78%) under-
going EECP showed improvement asdemonstrated by thalli-
um perfusion.® There were 22% who did not respond at all.
Approximately two-thirds of patients had resolution of their
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Fic.2 Changesin plasmaendothelin/nitric oxide (ET-NO) ratio before, during, and after EECP. Adapted from Ref. No. 2 with permission.

ischemic defectsin these early studies. Also, approximately
three-quarters of patientsimproved at least one anginaclass,
with someimproving asmuch asthree classes

Some subsets of patients were studied to investigate the
open artery hypothesis. According to thishypothesis, apatent
artery isneeded proximally in order to transmit the increased
pressure and volume to the distal circulation. It remained
unclear, however, whether this opened collaterals, recruited
new collateralss, or just devel oped the sheer stressdistally that
would enhance the development of angiogenesis and form
new collaterds.

When patientswith single-, double-, and triple-vessdl dis-
ease were examined, a difference was noted in terms of
response for those patients with one- and two-vessel disease
(Fig. 3).” More extensive disease responded lesswell. This
supported theideathat an artery needed to be openin order

TaBLE | Independent predictorsof improvement inanginaclass
after EECPtreatment.

Variable Oddsratio
CCSdlassl| 217
CCSdlasslli 529
CCSdasslV 6.69
Treatment hours 347
Diabetesmdlitus 0.67
History of CHF 081
Prior CABG 0.76

Abbreviations: CCS= Canadian Cardiovascular Society, CHF = con-
gestiveheart failure, CABG = coronary artery bypassgraft. Reprinted
from Ref. No. 4 with permission.

to transmit the pressure. Another explanation wasthat sim-
ply more extensive disease did not respond as well to
EECPtreatment, at least withintheusual 35 h of treatment.

Therelationship between EECP effectivenessand coronary
artery bypasssurgery hasa so been studied.8 The premisewas
that patientswith more conduitstended to respond better than
those who did not have these extra conduits. Patients with
more extensive disease, such asthose with triple-vessdl dis-
ease, did not do quiteaswell asthosewith single- and double-
vessdl disease (Fig. 4). A substantia number, however, did re-
spond totherapy.

Thelength of treatment, specifically 35 h, came from the
Chinese experience. At the time the United States imported
EECP, Chinese researchers were treating patients for 36 h.
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Fic.3 Impact of residud coronary artery disease on post-EECP
changes as measured by stress radionuclide perfusion testing. Re-
printed from Ref. No. 7 with permission.
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During treatment, they performed seria stresstestsevery 12
h. Some patients were found to improve after 12 h, while
more improved after 24 h.% By 36 h, the effect of EECP had
reached aplateau (Fig. 5). Follow-up showed the effect to be
sustained and somewhat better even after 6 months. In the
U.S, early tridsaso used the 36-h dosing schedule. Unlike
the Chinese, who work 6 daysaweek, Americansonly work
5 days. To accommodate this custom, EECP was cut back to
35hover 7weeks.

The International EECP Patient Registry (IEPR) tends to
confirm many of these datain terms of early, smaller trids!
Most patients upon entry into the IEPR were classified into
functiona classesl| to IV. After treatment, themgjority of pa-
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Fic.5 Measurement of multiple exercise stress test after various
doses of EECP and follow-up at six months (n = 15). CAD = coro-
nary artery disease, Sham = cuff pressure less than 50 mmHg.
Adapted from Ref. No. 9with permission.

tientsmoved into classes | and |1, with some patients experi-
encing no angina. Theeffect persisted immediately post study
and after 1 year.

Compared with invasive techniques available, adverse
eventsareredly quite limited, according to initid 1EPR reg-
istry results. Theseinclude skin and musculoskeletal problems
aswdl asungtableangina. Cardiac adverseeventsseemtorise
dightly as EECPisextended to the treatment of patientswho
are more ill with congestive heart failure (CHF) (Table I1).1
Currently, the Prospective Evaluation of EECPin Congestive
Heart Failure (PEECH) tria is comparing the occurrence of
these eventsin patientswith CHF who do and do not receive
EECPtreatment.

TaBLE Il Cardiac eventsin 6 monthsfollowing EECPin patients
with and without history of congestive heart failure from the Inter-
national EECP Petient Registry.

Percentagewith events No CHF CHF
(1,409) (549)
Unstableangina 74 9.0
Ml 25 36
CHF 24 72
CABG/PCI 49 36
CardiacHosp 136 19.1
Degth 22 79
MACE 8.6 144

Abbreviations: CHF = congestive heart failure, MI = myocardid in-
farction, CABG/PCI = coronary artery bypassgraft/percutaneouscor-
onary intervention, MACE = mgjor adverse clinical event. Adapted
from Ref. No. 1 with permission.
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Conclusion

Who gets EECP treatment in the U.S. is driven, in large
part, by Medicare reimbursement policies. According to
Medicare, patientsare only covered for the EECP procedure
if they have anginarefractory to medical therapy and are not
candidates for revascularization with angioplasty or bypass
surgery (due to excessive procedura risk, limited targets,
chronictotal occlusion, comorbidity).

Given the rapid developments of EECP over the past few
years, where will it be in another 5 years? It is hoped that
EECPwill be prioritized for use higher than its current posi-
tion behind medicineand revascularization.™! Thedesireisfor
EECPto be considered atreatment option when apatient does
not respond to medi cation but before revascul arization. Future
indicationswill aso expand to include abroader patient base
(Teble I11). Enhanced externa counterpulsation is a very
widely applicable treatment, as evidenced by the successful
trestment of patientsenrolledinthe|EPRwho are=100years
old. Inthefuture, it isexpected that more patientswill benefit
from thisinnovational treatment for anginaand other cardio-
vascular conditions.

TaBLE Il Futureindicationsfor EECP

¢ CAD patientswithinadequate responseto medical therapy

 Treatment of M1 (acutely, to prevent adverseremodeling and to
promotefunctiona recovery)

 Treatment of ischemic and ?nonischemic cardiomyopathy

» Secondary and ?primary prevention of vascular disease
progression

Abbreviationsasin Tablell. Reprinted with permission of Dr. Lavson.

Discussion

Participant: Does the American College of Cardiology
have any position or aposition paper on EECPtherapy?

DeMaria: | don't think the ACC haswritten aposition pa-
per on EECPthat | have seen. Theremay beoneunderway.

Beller: | can’t spesk for the guideline group on stable angi-
na, but | think some of these studies, such asthe MUST EECP
came out after the stable angina guidelines. EECP might be
mentioned in thetext but thereisno mention of aclassl/class
[l indication becauseitissoearly inthegame.

Conti: Wehavetalked about itin EXCEL , theaudiojournd
of the American College of Cardiology. In addition, Kim
Eagle has published some material in his Current Journa
Review. The CJR has got something relating to this, and also
comparing it to spind cord stimulation, transmyocardial rate
of revascularization, but no hard data, just alot of editoria
commentary.

Participant: We asked our EECP patients directly about
their ability to perform sexually. Hasthere been any work con-
ductedinthisareaof interest?

Lawson: There has been apreliminary report of EECP as
benefiting patients with erectile dysfunction.2 The IEPR is
actually doing a substudy to look at the benefit of EECP in
patients with erectile dysfunction, aswell asto look at pro-
teinuriain diabetics, which may reflect diffuse endovascular
dysfunction diffusely. So those are topics of interest that are
being pursued.

Participant: Currently, the EECP deviceisnot portable. Is
theissue of portability going to be addressedin thefuture, and
how does one determinewhereto placeit intheingitution?

Conti: One of the issues you have, though, with this de-
vice—Davehashisin hiscathlab. Mogt of ushaveitinaroom
someplace, and although thisdeviceismovableif you havea
moving van, it isnot mobile. | mean, it is not something you
can push down the hall unless there are devices now that are
coming along that would...I assumetherewill be devicesthat
aregoingtobemobile. Thatiswhenwewill beabletouseitin
cardiogenic shock and | think thereisausefor itinthat partic-
ular Stuation.

Holmes. We havethe opportunity to useitin folkswith un-
stable anginain that our officeis attached to the hospital, but
wehaveto dischargethem fromthe hospitd first. They aredis-
charged, havether first trestment ontheway out. Werunthem
back and forth. Many of them are not readmitted. And those
that are, we discharge them within hours for their next treat-
ment and run them back and forth, and we have donethiswith
four people so far that were intractable and kept them from
havingto go onto further procedures. Well, al of themhad no
proceduresavailable, but our proximity realy helpedthis, and
| think the University of Pittsburgh hasit in the hospital and
treating peopleinthehospital.

Conti: Well, we have oursin the hospital too, butitisinthe
outpatient clinic section of the hospitd. It isjust not convenient
to take patientsup therewho are sick. | prefer tobeinthecath
lab or some other placeinthe coronary care unit, but we only
have one unit sowecan’t moveit around.

DeMaria: One of the downsides that we haven't elluded to
yet, | supposewe should own uptoisthat thisisnot the quietist
devicetheworld hasever ssenandwehaveitinour heart Sation.
It used to be next to the room where we interpreted echocar-
diogramsand after aweek wemovedit downthehdl alittlehit,
and after 2weekswemoved it evenfurther downthehal.

Participant; Well, we solved that problem by using carpets
andinsulated thewdls. Weactually haveit dso next tothecath
lab and next to physician roomsand it doesn’t really interfere
with our daily work.

Participant: For patientswho are denied EECP therapy by
third-party payers, do you have any suggestionsasto how we
might convincethem that thisisnot “ experimental” asthey are
proneto say?

DeMaria: Medicare reimburses for this procedure. In my
state of Florida, Medicaidis pretty poor. It isatough problem
if you don't havetheinsuranceto pay forit. But | suspect Blue
Crossand Blue Shiddwill pay for itin somesituations.

Participant: In California, they only pay for it if the physi-
cianisintheroom for the treatment, and that is not typically
the casein mogt ingtitutions.
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