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Summary: A variety of clinical trias of enhanced externa
counterpulsation (EECP) have been conducted since the
1960s. Thevast mgjority of these studieshaveinvestigated the
use of EECP in patients with angina pectoris. Only one of
thesetria swasrandomized. Theseclinicd tridshave demon-
strated the benefits of EECP interms of reduction in angind
episodes, increased exercise times, and improvement in
hedth-related quality of life scores. The International EECP
Petient Registry, through its phase | and |1 enrollment, is ex-
panding the data set on outcomes after EECP treatment.
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Introduction

Sincethe development of enhanced external counterpulsa
tion (EECP) inthe 1960s, several important clinical trialshave
been conducted and published. These studies have demon-
grated thevaue of EECPin patientswith coronary artery dis-
ease (CAD) and anginanot amenabl eto conventional therapy.
Evenwiththisadvancing knowledge, somelimitationsremain
regarding these published clinical studies. At present, therehas
been only onerandomized study of EECP, which did not usea
“pure’ placebo. There have aso been no studies of repeat or
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extended treatment with EECP. The precise mechanisms by
which EECP confersbenefit remain unclear. Asclinical stud-
iescontinue, abetter meansof identifying which patientsmay
benefit the most from EECPisneeded.

Early Clinical Studies

Banas and colleagues published one of thefirst paperson
the use of external counterpulsation in 1973.1 The trial en-
rolled 21 patients with the mgjority having class 111 (6) and
class1V (14) anginapectoris. External counterpul sation was
given for 1 h each day for a period of 5 days. Of the 21 pa
tientsparticipating inthe study, 18 experienced significant di-
astolic augmentation (75.3 £ 1.8 vs. 123.3+ 2.7 mmHg). All
but one of these 18 patientswerepain free by Day 4. After 1
month, 10 patients were upgraded to class |, and 8 patients
were upgraded to class||, indicating significant decreasesin
angina class. When angiograms were performed in 11 pa-
tients, 5 showed increasesin vascul arity.

Lawson looked at 18 patientswith chronic, refractory angi-
na.2 Of thoseenrolled, eight had 19 prior revascul arization at-
tempts and seven had 14 prior myocardial infarctions. Each
subject underwent 36 1-h treatment sessions. Pre- and post-
EECPthalium stresstests were performed to the same exer-
cisetimes. In addition, separate, post-treatment maximal rou-
tinetreadmill stresstestswere obtained.

At the conclusion of this case study, dl of the patients
(100%) reported improvement in angina symptoms. No
angina during usual activities was reported in 16 (89%) of
these patients. Twelve (67%) had resolution of reversible
perfusion defects, while 2 patients (11%) showed improve-
ment of reversible perfusion defects. Four patients (22%)
had no change in stress perfusion defects. All 18 patients
werepositivefor reversibledefectsprior totheir EECP. After
EECP, 4 patients still had positive reversible defects, while
11 patientshad no reversible defects. Thethree other patients
showed partia improvement. A 3-year follow-up was con-
ducted using radionuclide stress perfusion imaging.3 Of the
four patients still positive for redistribution, two had events
and two remained unchanged. Of the remaining 14 patients,
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Fic.1 Exercisedurationandtimeto ST depression beforeand after enhanced externa counterpul sation (EECP) (n= 12). Adapted from Ref.

No. 4 with permission.

8wereunchanged, 2 had reversible defects, 2 had events, and
2werelost tofollow-up.

A variety of other caseserieshaved so been published. They
were nonrandomized observational studies of patients with
angina pectoris undergoing exercise tolerance testing (ETT),
somewith radionuclideimaging. Endpointswereanginaclass,
treadmill time, qudity of life (QOL), and nitroglycerin use.
These case series came from dl parts of the world, including
Germany, Ireland, England, and Japan. Severa camefromthe
U.S. All resultswere consistent with thefindings of Lawson.2

Recent Clinical Studies

In 2000, Urano et al. conducted astudy of EECPin 12 pa-
tientswith coronary artery disease (CAD), looking specifical-
ly at exercise tolerance, exercise-induced myocardial is-
chemia, and left ventricular diastalicfilling.# After EECP, the
number of normal scans increased significantly, while the
number of abnormal scans decreased significantly, from 50to
33%. Asexpected, therewasno changein fixed perfusion de-
fects. Figure 1 showsexercisetolerancetest resultsby exercise
duration and by timeto ST depression. After EECP, both out-
comesimproved significantly.

In 2001, Masudaet al. also conducted astudy of EECPin
11 patients with chronic stable angina® They evauated pa-
tients using (13)N-ammonia positron emission tomography
(PET). Mogt patients had either prior anterior myocardial in-
farctionsor ischemic eventsrelated to | eft arterial descending
CAD. Eventhough therewasas gnificantimprovementinthe
timeto 1-mm ST depression, therewasho significant change
inthedoubleproduct at pesk exercise. Thisraised the possibil -
ity of some peripherd rather than central effectsthat wouldin-
creasethetimeto theischemic ST depression. Positron emis-
sion tomography showed significant improvement at pesk
stressonly intheanterior wall, but no changesin perfusionin
the septum, and nonsignificant blood flow increasesin thelat-
era andinferior walls(Fig. 2).

Thefirst randomized study of EECPwasreportedin 1999,
26 years dfter the first observationd study was performed.
Aroraet al. conducted amulticenter study of EECP (MUST-
EECP) anditseffect on exercise-induced myocardia ischemia
and anginal episodes® Thisstudy wasdesigned to confirmthe
efficacy and safety of EECP using arandomized, sham-con-
trolled, double-blind protocol.

A total of 139 outpatients at seven university hospitals
participated. All had angina, documented CAD, and aposi-
tive exercise treadmill test. Subjects were randomized to
receive either active or inactive counterpulsation for 35 h
over a4- to 7-week period. Thiswas not a pure sham study,
asthecontrol group may have experienced anincreaseinve-
nousreturn.

Exercise duration wasgreater in the active group than with
the sham group (see DeMariafor specific study results). The
timeto ST depression wasaso increased in the active group,
while decreasing by 4 sinthe sham group. Theseexercisetest
resultswere Smilar to those repeated in observational studies.
Therewasd so asignificant changein daily episodesof angina
intheactivegroup.

p =0.02
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Fic.2 Myocardia perfusion in al walls after enhanced externa
counterpulsation (EECP) asmeasured by (13)N-ammoniapositron
emission tomography (n = 11). Adapted from Ref. No. 5 with per-
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TaBLE |  Adverseexperiencesconsidered by investigator asprobably, possibly, or definitely device-related intheMUST-EECPtrid

Sham EECP PVaue
(n=66) (n=71)

Paresthesia 1 2 p>05
Edema 0 2 p=05
Skinabrasion, bruise, blister 2 13 p=0.005
Paininleg or back 7 20 p=0.01
Tota 10 37 p<0.001
No. of patientsreporting AEs 17 (25.8%) 38(54.9%) p<0.001
Withdrawa dueto AE 1 7

Abbreviation: AE = adverseevent.
Adapted from Ref. No. 6 with permission.

Changesin on-demand nitroglycerin werea so messuredin
the protocol using both per-protocol and intention-to-treat
analyses. Therewasno controlling for long-acting nitratesor
for prophylactic use. Patientscoul d receiveeither nitroglycerin
patches or long-acting nitroglycerin. Nitroglycerin trended
lower in the active counterpul sation (CP) group but did not
changein the inactive CP group. The between-group differ-
encewasnot sgnificant. Patientsin theactive EECP group ex-
perienced avariety of adverseeffects(Tablel). Theseincluded
skin abrasions, bruises, and blisters. Seven patientsin the ac-
tive group withdrew because of these adverse experiences.

Inasubstudy of theMUST EECPtrid,” inwhich hedth-re-
lated QOL outcomeswere measured out to one year beyond
treatment, all QOL parameterswere greater in the active CP
group compared with theinactive CPgroup (Fig. 3). Thesein-
cluded the ability to perform activities of daily living, main-

Physical functioning

tain employment, and engagein socia activitieswith family
andfriends.

Ananaysisof thepotential benefitsof EECP hasa so been
conducted in aregistry cohort of 2,289 consecutive patients
enrolled in the EECP Consortium.8 This consortium study
preceded thelnternational EECP Registry (IEPR). Patientsre-
ceived their EECP a morethan 100 centers, including univer-
sity medical centers, hospitals, clinics, physicians’ offices, and
rehabilitation centers. They were assessed using the Canadian
Cardiovascular Society angina classification system (class
1-1V). As shown in Figure 4, patients who were most im-
paired at basdline demonstrated the greatest improvement af-
ter treatment. The effectiveness of EECP wasindependent of
the patient’s gender or provider setting. Younger patients,
however, had the greatest likelihood of improvement. There
wasa4.0% rate of adverse experiences.
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Fic.3 Hedth-related quality of life changes 12 monthsafter enhanced external counterpul sation (EECP) treatment in asubstudy of theMUST-
EECPtrial. Adapted from Ref. No. 7 with permission. ll = Active CP, (] =inactive CP. St. Sig. = Satical significance.
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Fic.4 Improvement inanginaclassfor patientsenrolled intheen-
hanced external counterpulsation (EECP) Consortium (n = 2,289).
a Canadian Cardiovascular Society (Anging) Class. Adapted from
Ref. No. 8 with permission.

Thelnternational EECP Patient Registry

Organized in 1998, the | EPR was devel oped to document
the safety, efficacy, and patterns of the use of EECP in a
consecutive series of patients.? Theregistry was opento all
centers using EECP for treatment of patients with angina
pectoris. Asavoluntary registry, no paymentswere madeto
patientsor centers.

The first phase enrolled more than 5,000 consecutive pa
tientswith follow-up for aminimum of 3years. At present, 92
centers are participating, including 82 from the U.S., 5 from
Europe, and 5 from other international locetions. An anadysis
was conducted of thefirst 5,222 patientsenrolled, amounting
to 5,718 courses of EECP therapy. The mean age of partici-
pantswas 66 years(+11), withamale-to-femaeratio of 74to
26. The time since diagnosis was 9 years, with 78% having
multivessdl disease. Prior diagnosesand procedureswere con-
gestive heart failure (27%), myocardial infarction (64%), an-
gioplasty/coronary artery bypassgraft (80%), and angioplasty
aone(60%).

Figure 5 showsthelong-term 24-month changesin angina
classinasubject of 597 patientsfrom theregistry. Only 2% of
pati entsexperienced worsening of angina. Among al patients,
30% experienced nonexclusive cumulative adverse events.
The two most common events were cardiac hospitalization
and repeat EECP. Desth occurredin 7% of patientsover the 2-
year period. Prior to EECP, most of theseindividual swere ex-
cluded from revascul arization. Quality of life, health, and sat-
isfaction parameters were also measured. At the end of 24
months, therewasatrend toward QOL to decrease, athoughit
wasdtill significantly better than at basdline.

Conclusion

A number of conclusions can be made from the one ran-
domizedtrial of EECP, severa clinical observationa studies,
and the registry data. Firgt, thereisaconsistent reduction in
angina episodes, approximately 70%, through the use of
EECP Second, there appearsto be sustained improvement in
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Fic.5 Changeinanginaclassfor patientsparticipatingin the Inter-
national EECP Patient Registry (n = 597). Courtesy of the Depart-
ment of Epidemiology, Graduate School of Public Health, University
of Pittsburgh (Ref. No. 9). 1 =CCSCIII, I =CCSCIV.
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angina class beyond the 7 weeks of treatment. Thereisalso
improvement in timeto ischemia, greater exerciseworkload,
and fewer stress-induced reversible perfusion defects. More
research must be conductedin the radionuclide perfusion area
realy to determine whether ischemic defects truly do de-
crease and by how much. Finally, EECP contributesto a bet-
ter hedlth-related QOL.. Morestudiesof EECPareneeded, in-
cluding randomized trids, to investigate several unresolved
issues, such as mechanism, extended treatment, and which
patients benefit the most.

Discussion

Participant: Weuse EECP at our facility, whichislocated
onaCaribbean Idand. SncewearenctintheU.S., wedo not
have to worry too much about the FDA. So we have been
fredly treating lots of patientspost stroke and thosewith rend
insufficiency, athough this has not been done in ascientific
way. My impressionisthat, especially in patients post stroke,
it seemsliketherecovery isbetter in somepatients. | would be
very interested to know whether EECP a so prevents stroke.
When | purchased the machine, | heard that, especialy in
China, they useit for treating strokes. | have never seen any
studiesor dataonthis.

DeMaria: We have Dr. Zeng in attendance, who reslly pio-
neered the device in China. They have reported, as you said,
that EECP increases the rapidity and the degree of recovery
from stroke. Maybe Dr. Zeng could address your question
morefully.

Zeng: In China, we have used EECP since 1976. It incress-
esperfusontothebrain, the heart, and al organsin the body.
Wetry to use EECP on patientswith strokeif the problemisan
ischemic stroke. We found alot of improvement in patients
withischemic stroke.
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