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Summary

Background: Anincreasing number of clinica studiesindi-
cates reduction of angina and myocardial ischemia by en-
hanced external counterpul sation (EECP) therapy. However,
given thewide range of contraindications and the long dura-
tion of treatment, eligibility and practicality issues have not
been addressed systematically.

Hypothesis. Of al candidates for EECP (patients with
drug-refractory angina without possibility of revasculariza-
tion), themgjority either have contraindicationsor have practi-
ca problems complying with thetime demandsthat thisther-
apy imposes. Intherest, EECPleadsto satisfactory results.

Methods: During 18 months, every consecutive petient with
anginadespite medica and interventiona therapy was evalu-
ated for EECP at one center. Treated patientsunderwent abi-
cycleexercisetest and perfusionimaging before and after the
standard course of 35 h of EECP. In addition, patients were
asked about frequency of anginaand nitroglycerin usage be-
foreand after EECP, and d| patientsfilled out afind question-
naire1year after theend of therapy.

Results: Overal, 48 patientswere considered candidatesfor
EECP. Of these, 24 were excluded for medical reasons. poor
gectionfraction (4), periphera artery disease (4), anticoagula:
tion (4), and atrid fibrillation (3). Eight further patients de-
clined EECPfor lack of time or accommodation. Another 3 of
the 16 remaining patients dropped out because of side effects.
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In the 13 patients who finished the treatment course, weekly
angind episodeswerereduced by 48% (p < 0.05), on-demand
nitroglycerin puffs were reduced by 51% (p<0.05), work
capacity wasimproved by 22% (p < 0.05), and the number of
reversible perfusion defectsin perfusion scansdecreased non-
significantly (—28%). However, 4 of 13 treated patientsdeter-
mined 1 year |ater that the detriment of |oss of time exceeded
the benefitsof EECP.

Conclusion: Similar to previousreports, our study confirms
thereduction of anginaand improvement of work capacity &f-
ter EECP. However, using established contraindications, ap-
proximately two-thirdsof patientscons dered to be candidates
had to be excluded, and one-third of the treated patients re-
garded EECPtherapy retrogpectively astootimeconsuming.
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Introduction

During thelast decade, enhanced external counterpulsation
(EECP) became an additional therapeutic option for patients
with angina. It works by applying electrocardiogram (ECG)-
triggered diastolic pressureto thevascular bed of thelower ex-
tremitiesby meansof threeair-filled cuffs. Thisair-drivensys-
temwasdevel oped by Zheng et al.1 based on experienceswith
hydraulic devices collected in the 1970s.2 Theinitia clinical
experience with EECP came from Ching; Xu et al. reported
significant relief of angina symptoms in 53% of 6,116 pa-
tients after atherapeutic course of EECPS Thefirst objective
assessment of the anti-ischemic effects of EECP was carried
out by Lawson et al. using thallium scans.4 The Multicenter
Study (MUST)-EECPtria conducted at seven Ameyican uni-
vergty hospitals showed clear benefits of EECP over placebo
and training effects. In a recent sudy, Masuda et al., using
positron emission tomography, measured an increased my-
ocardial blood flow inregionssupplied by astenctic coronary
artery after the usual 35-h course of EECP® Severd further
studies confirmed the reduction of angina attacksand on-de-
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mand nitroglycerin usage aswell asanimprovement in work
capacity after EECP7-10

However, applicability and practicability of EECP treat-
ment in routine patient care have not been well described.
Thus, inthe present study, over aperiod of 18 months, EECP
wasofferedto dl| patients admitted to alarge university cardi-
ology divisionwhoweresuffering from anginadespite antian-
ginal medication and without possibility of revascularization.

Methods
Inclusion and Exclusion Criteria

To assess EECP under clinica everyday conditions, we
screened gpproximately 3,000 patientsadmitted to our hospital
for coronary angiography over aperiod of 18 months. Patients
with angina despite treatment with at least two antiangina
drugsand no possibility of revascul arization by coronary inter-
vention or bypasssurgery were considered further for EECP,

Weappliedtheexclusion criteriaof theMUST-EECPtrid >
gection fraction <30% measured angiographicaly, signifi-
cant aortic valve disease, aortic aneurysm, symptomatic pe-
ripheral vessdl disease, implanted pacemaker or defibrillator,
history of deepveinthromboss, varicosities, atrid fibrillation,
or anticoagulation with an International Normalized Ratio
(INR) > 2. In addition to coronary angiography, every patient
underwent clinical examination, echocardiography, and du-
plex sonography of theveinsof thelower extremity andtheab-
domind aorta.

Study Protocol

Patients included in the study were treasted with EECP
(Vasomedicd, Inc., Westbury, N.Y., USA) for 35h, 1 or 2hdai-
ly, over aperiod of 4 to 7 weeks. Thistherapeutic regimewas
usedinall previousstudies based on aninitia study by Zheng
et al. inwhich adefinitiveimprovement of exercisetolerance
wasdemongtrated inthemgjority of patientsafter three cours-
esof 12 h of EECP, 1 h daily.! Before starting EECP therapy,
every patient underwent aninitial test run of EECP, Duringthis
test, diastolic blood pressure augmentation by EECPwas as-
sessed by the systolic/diastolic pul se ratio measured by finger
plethysmography. Thetime delay between the R wave of the
ECG and the onset of counterpul sation pressurewas adjusted
to maximize diastolic pressureaugmentation.t- 11

Patients were asked in a questionnaire to indicate the fre-
quency of angindl attacks and nitroglycerin usage during the
week before and after the course of EECP. Oneyear efter the
EECP course, al patientsfilled out afurther questionnaireask-
ing whether they would again participate in the study and to
state the reason in case of refusal. The medication of the pa-
tients was not changed during the entire study. A symptom-
limited bicycle exercise test was carried out before and after
therapy, starting with awork capacity of 50 W and increasing
every 2 min by 25 W. In addition, before and after the EECP
Ccourse, every patient underwent bicyclestressperfusionimag-

ing by technetium-99m (%*MTc)-MIBI single-photon emission
computed tomography (SPECT), dividing the left ventricle
into 33 segments. At rest, segments with <50% of maximal
segmental uptake were considered to be fixed perfusion de-
fects. Segments with >75% of maxima upteke at rest and
< 75% of maximal uptake during exercisewere considered to
indicatereversible perfusion defects. The difference between
vauesat rest and during exercisehad to be at least 10%. The
study protocol was approved by theingtitutional Ethics Com-
mittee. Informed consent was obtained from al study partici-
pantsaccording to thedeclaration of Helsinki.

Satistics

Basdlineva ueswere compared with valuesafter the 35 h of
EECP by apaired nonparametric test (Mann-Whitney-U-test).
Thelevd of significancewasset at p< 0.05.

Reaults
Included and Excluded Patients

During the 18-month screening period, 48 patients had
angina(Canadian Cardiovascular Society Class|- 1) despite
medica therapy and no possibility of revascularization, or re-
fused invasive revascul arization. These patients were further
assessed for EECP. Four patients were excluded for gection
fraction < 30%, four patientsfor severe periphera artery dis-
ease, four patients for anticoagulation with an INR of >2.0,
threepatientsfor atria fibrillation, and one patient, respective-
ly, for each of thefollowing conditions: aortic regurgitation, re-
cent deep vein thrombosis, history of severe lung embolism,
severevaricosties, abdomina aortic aneurysm, and atrophy of
skeletd musclesafter poliomyelitis. Eight patientsdeclined to
take part inthe study: six for lack of timeand two for accom-
modation. Three further patients were excluded for reasons
related to the EECP procedure: in two patients, the systolic-
diastolic ratio in the finger plethysmography was < 0.8, indi-
cating that diastolic augmentation was insufficient, and one
patient had permanent DDD pacing that prevented correct
triggering by the EECP machine. Figure 1 demonstrates the
ratio of included and excluded patients considered for EECP.

Of the remaining 16 patients, two stopped therapy after 3
and 15 h, respectively, of EECP because of recurrent painin
thelegs during the course; one dender patient suffered from
skin abrasion by the buttock belt which could not be over-
come by paddings between the belt and the skin. This patient
dropped out of the study after 12 h of therapy.

Patient Characteristics

The remaining 13 patients (10 men, 3 women, mean age
60.5 + 8.5 years) completed the therapeutic course. Of these,
10 had ahistory of myocardia infarction. Mean g ection frac-
tion was 55.5 + 12.0%. On coronary angiography, four pa-
tientshad single-, five had double-, and four had triple-vessdl
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Included
patients: 13

EECP-related

problems:
6 patients

3 Discomfort during initial EECP
2 Insufficient augmentation
1 Permanent DDD-pacing

4 Poor ejection fraction
4 Peripheral artery disease
4 Anticoagulation

Lack ial fibrillati
e 3 Atrial fibrillation
of time: 6 Other reasons
8 patients

6 Incompatible with profession
2 No available accommodation

Fic.1 Included and excluded patientswith reasonsfor exclusion from enhanced external counterpulsation (EECP). Thetotal representsthe 48
patientsmeeting the general inclusion criteriafor EECP therapy (anginadespite medical therapy and patient not digiblefor revascularization).

disease. Two patients had ahistory of coronary artery bypass
graft (CABG) surgery and four patients of coronary interven-
tions(PTCA). One patient refused CABG or PTCA. Basdline
antianginal medication consisted of 2.4 + 0.8 drugs (10 ni-
trates, 8 molsidomine, 7 betablocker, 4 calcium-channel an-
tagonists). Thisdrug therapy was not changed during the en-
tirestudy.

Clinical and Scintigraphic Effectsof Enhanced External
Counterpulsation

Petients reported an average decrease in weekly angind
episodesfrom 6.4+ 5.4t0 3.3+ 4.2 (p<0.05) and adecrease
inweekly use of sublingual nitroglycerinfrom5.5+5.3t02.7
+ 3.9 puffs (p<0.05) immediately after therapy (Table I).
Symptom+-limited exercisetesting showed improved work ca-
pacity from117.3+ 34.4t0137.8+ 17.5W (p<0.05), corre-
spondingtoanincreaseinexercisetimefrom 7.4+ 2.8t09.0+
1.4min. Attheend of exercise, blood pressurewas not differ-
ent before and after EECP (178 £+ 31 vs. 181 £ 29 mmHQ);
however, maximum heart rate was significantly higher during
the second exercisetesting (125 + 18 vs. 137 + 17 beatsmin,
p<0.05). In five patients, ST-segment depression occurred
during exercise. Therewas no significant changein maximal
ST-segment depression beforeand after EECP(0.19+ 0.10vs.
0.15+0.07mV,NS).

In the nuclear perfusion study, global uptake increased by
42+ 75%atrestandby 1.8+ 4.9%during exercise(NS). The
total number of segments with reversible perfusion defects
during exercisedecreased from 64t0 46 (NS).

Subjective Assessment of Therapy by Patients

Fina subjective assessment of the therapy was obtained 1
year after finishing therapy. No patient died or waslost tofol-

low-up. Six patients (46%) were satisfied with the clinical im-
provement. Seven patients (54%) indicated that they would
not undergo EECP therapy again. Three of the latter had no
sufficient subjective improvement of angina symptoms; the
four othersthought the symptomatic benefit did not justify the
time needed for therapy.

Discussion

Enhanced externa counterpulsation isincreasingly used
asan additional treatment option for otherwise not sufficient-

TaBLE | Resultsof 35henhanced externa counterpulsationthera:
py in 13 patientswith stableangina

Before After

Parameter EECP EECP
Weekly anginal episodes 6.4+54 33422
Weekly use of on-demand

NTG (puffs) 55+53 27+39¢%
Maximal work capacity (in W) 117.3+344 137.8+175%
ST-depressionduring exercise

(mV, 5 patients) 019+010 0.15%0.07

Blood pressure, end of exercise

(mmHg) 178+ 31 181+29
Heart frequency, end of exercise

(beats/min) 125+18 137+ 172
Exercisethallium perfusionimaging

Number of fixed perfusion defects 58 53

Number of reversibleperfusiondefects 64 46
ap<0.05.

Abbreviations: EECP = enhanced external counterpulsation, NTG =
nitroglycerin.
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ly treatable angina. It is postul ated that the mechanism of ac-
tion is the opening of myocardia collaterals by increased
transmyocardial pressure gradients.12 13 This concept issup-
ported by animal studies showing increased capillary density
after EECP™ and measurement of myocardial blood flow in
patients.® Furthermore, improved exercise tolerance after
EECP seemsto involve both peripheral and cardiac effects. 15
Randomized and nonrandomized studies have confirmed the
anti-ischemic potential of this therapy..: 7 © In the present
study, we evaluated EECP for its practicality under clinical
routine conditions.

Included and Excluded Patients

Enhanced external counterpulsation is considered to be a
well-tolerated, noninvasivetherapy without major sdeeffects.
In several studies, we havetreated atotd of 176 patients and
volunteersfor clinical therapy or hemodynamic studiesfor a
period of 1,232 h and observed only smaller side effectssuch
asskin abrasion (n = 2), hematomaof thelegs(n=2), severe
paininthelegs(n=2), or reproducibly premature atrid beats
during EECP(n=1).16

However, EECP has a considerable number of generally
accepted exclusion criteria. In the present study, 32 of anini-
tial cohort of 48 or two-thirds of digible patients were ex-
cluded. The mogt frequent exclusion criteria were severe
peripheral artery disease, low gection fraction, and anticoag-
ulation. Peripheral artery disease causes|esseffective EECP,
and EECP may a so further reduce the perfusion of the legs
by increasing blood return to the body. Cai et al. demonstrat-
ed that EECP causesreduced blood flow inthelower extrem-
ities when cuff inflation was sustained for longer than 50 to
60% of thecardiac cycle.l” Patientswith low gectionfraction
wereformerly considered to beat risk for pulmonary conges-
tion because of the increased venous return during EECP18
Meanwhile, data of the International EECP registry at the
University of Pittsburgh demonstrated that EECP can safely
be carried out in patientswith low g ection fraction; however,
therate of dropouts and the rate of development of manifest
heart failure during therapy washigher in these patients.1° On
the other hand, there are data suggesting that EECP may im-
proveleft ventricular functionin patientswith heart failure.20

Furthermore, EECP may cause minor muscle damage. We
have demonstrated that 1 h of EECP doublesthe serum levels
of creatinekinaseand myoglobin measured 4 h after therapy. 16
Thus, therapeutic anticoagulation may be associated with a
higher risk of hematoma caused by EECP. Atrid fibrillation
and pacemakerswith double-chamber stimul ation cause prob-
lemsin triggering diastolic augmentation. Also, thechanging
power of diastolic augmentation during theirregular rhythm of
atrid fibrillationisuncomfortablefor the patients. Sinceexter-
nal (aswell asintra-aortic) counterpul sation leadsto intermit-
tent widening of theabdominal aorta, 2122 gortic aneurysmis
regarded acontraindication.

We excluded two patients with insufficient diastolic aug-
mentation of < 0.8 of peak systolic pressurearea. Zheng et al 1
compared thedegree of diastolic augmentation in three stud-

ies reporting clinical success by externa counterpulsation
with three studiesthat found no benefit from external counter-
pulsation. Themost important difference between these stud-
ieswasthe degree of diastolic augmentation. Supporting this
finding, arecent study by Michaglset al 23 compared the de-
gree of reduction of anginawith the degree of diastolic aug-
mentation assessed by finger plethysmography in 1,004 pa-
tients enrolled in the International EECP Patient Registry at
the University of Fittsburgh. Therewasatrend toward greater
reduction of anginain patientswith adiastolicto systolic pres-
sureareaof < 1.5. Some of theformer contraindications may
prove unwarranted with increasing experience with this pro-
cedure. Nevertheless, the exclusion of two-thirds of consecu-
tively screened patientsin our study indicatesthat theroutine
applicability of EECPislimited.?*

Clinical Results

Patientsin our study reported areduction of anginal attacks
by 48%, and the usage of on-demand nitrateswasreduced by
51%. In the MUST-EECP trid, anginal symptoms were re-
duced by 28% and the usage of nitratesby 60%. Similar todll
other studies, wefound anincreasein maximal work capaci-
ty by EECP therapy. Table |l showsthe changesin exercise
capacity after EECPfrom all published studies. Theincrease
of exerciseduration ranged between 10 and 25% in thediffer-
ent studies.

Lawsonet al. investigated whether theincreaseinwork ca-
pacity iscardiacin origin or aperipherd training effect. They
compared the increase in exercise duration after EECP with
changes in myocardia perfusion assessed by radionuclide
imaging. Respondersto EECP showed increased work capac-
ity with unchanged maximal product of heart rate and blood
pressure after EECP therapy. Nonresponders showed no sig-
nificant improvement of maximal work capacity; however,
the double product was significantly decreased after therapy,
indicating lower peripheral resistance. Hence, improved exer-

TaBLE || Summary of published increasesin exercisetolerancein
patientswith coronary artery disease after enhanced external counter-
pulsation

Study (exercisetest)

Increase of exercisedurationins(%o)

Lawsonetal. 1992 (treadmill) 488+ 43vs. 583+ 46 (19.4)
Karimetal. 1995 (treadmill) 413+ 13vs. 482+ 25(16.7)
Lawsonetal. 1996 (treadmill) 430+ 32vs. 530+ 30(23.2)
MUST-EECP (verum group)

1999 (treadmill) 426+ 20vs. 470+ 20(10.3)
MUST-EECP (sham group)

1999 (treadmill) 432+ 22vs. 464+ 22 (7.4)
Brown et al. 2000 (treadmill) 404+ 140vs. 488+ 147 (20.7)
Uranoet al. 2001 (bicycle) 334+ 90vs. 416+ 101 (24.6)
Present study (bicycle) 443+ 165vs.541+84(22.1)

Abbreviation: MUST-EECP=Multicenter Study of Enhanced Exter-
nal Counterpulsation.
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cisetolerance after EECP seemsto involve both aperiphera
and acardiac effect.15 Similarly, arecent investigation showed
that themaximal product of heart rate and blood pressurefor
the same peak work |oad was significantly lower in patients
after therapy.®

Similar to other studies, we found improvement in my-
ocardial perfusion by ®*™Tc-MIBI-SPECT &fter therapy. The
absolute number of segmentsindicating myocardial ischemia
decreased from 64 to 46 (— 28%); however, thisfinding failed
to reach dtatistical significance. In asimilar study, a signifi-
cant decrease of reversible perfusion defects from 54 to 32
(—41%, p<0.01) wasfound in agroup of 12 patientsusing a
13-segment mode! for the thallium scans.® Another study
even reported complete resolution of ischemic defects by
thallium scanin 12 of 18 patientsand areduction of ischemia
in2of 18 patients.* Masudaet al., using positron emission to-
mography, found asignificant increase of myocardial blood
flow from 0.71 to 0.87 ml/min/g at rest and from 1.39t0 1.73
ml/min/g after dipyridamole in myocardial segments sup-
plied by a stenotic artery in 12 patients before and after
EECPS The lack of statistical significance in the perfusion
improvement in our study may be dueto less severebasdline
ischemiain our patients, in line with their mild to moderate
anginal symptoms.

All patients assessed the therapy subjectively after 1 year.
Half of the patients were satisfied with the therapy after this
period. Furthermore, 1 year follow-up of the patientsinvolved
inthe placebo-controlled MUST-EECPtria showed asignif-
icant difference in health-related quality of life assessment
between the treatment and sham groups.2 However, approx-
imately one-third of our patients estimated that the detriment
of the loss of time exceeded the benefits of EECP. Further-
more, 12% of theinitially included patients could not accom-
modate the time expensefor EECP therapy into their profes-
sional lives. These datashow that the 4- to 7-week duration of
standard EECP therapy substantialy limitsthe applicability
of thisprocedure.

Conclusions

Confirming previousreports, our study showed reductionin
angina symptoms, decrease in nitroglycerin use, and im-
provement inwork capacity after a35-h course of EECPther-
apy. Using established inclusion and exclusion criteria, how-
ever, wefound that thefraction of patientsactualy digiblefor
thistherapy issurprisingly small andisfurther diminished by
practicality issues such astime consumption.
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