Clin. Cardiol. 27, 459463 (2004)

Effectiveness of Enhanced External Counterpulsationin Patientswith Left Main

Diseaseand Angina

WiLLIAM E. LAWSON, M.D., JoHN C. K. Hul, PH.D., GREGORY W. BARSNESS, M.D.,* ELIZABETH D. KENNARD, PH.D.,T

SHERYL F. KELSEY, PH.D.,T FOR THE |EPR INVESTIGATORS

SUNY Stony Brook, Stony Brook, New York; *Mayo Clinic, Rochester, Minnesota; TUniversity of Pittsburgh, Pittsburgh,

Pennsylvania, USA

Summary

Background: Enhanced external counterpul sation (EECP)
isanoninvasive devicethat usesthree pairsof sequentialy in-
flated pneumatic cuffs applied to the lower extremities and
synchronized with the heart begt to provide diastolic augmen-
tation, increase coronary blood pressure and flow, venousre-
turn and cardiac output, and decrease afterl oad.

Hypothesis: Thisstudy examinesthe safety and effective-
ness of EECP therapy in patients with significant left main
coronary artery disease (LMD).

Methods: Inall, 2,861 patientsenrolled in the International
EECP Patient Registry (IEPR) weredivided intothreegroups,
those without LMD (n = 2,377), those with LMD and prior
CABG (n=431), and thosewith unbypassed LMD (n=53).

Results: Patientswith LMD, with or without prior CABG,
were significantly more likely to have triple-vessel disease
(98.1 and 88.7%, respectively) than patients without LMD
(41.9%). Post-EECP, 74% without LMD, 75% with LMD
with prior CABG, and 65% with unbypassed LMD improved
their Canadian Cardiovascular Society (CCS) angina by at
least one class (p = NS). There were no differences in the
mean decreasein weekly anginaepisodes (7.1vs. 8.0vs. 7.6)
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andinthemean frequency of weekly nitroglycerinuse (6.6 vs.
8.1vs. 8.9). At 6-month follow-up, the CCS classimproved
further inal three groups, and therewasafurther reductionin
mean weekly angina episodes (4.7 vs. 4.6 vs. 5.3) and nitro-
glycerinuse(6.5vs. 6.8vs. 8.2). Kaeplan-Meier lifetableanal-
ysis8 months after starting EECP demonstrated amagjor car-
diovascular event rate of 11.2% in patients without LMD,
15.6%in LMD with CABG, and 24.3%in LMD without pri-
or CABG. Late mortality in unbypassed LMD was 13.2%
(confidenceinterva [Cl] 3.3-23.1) versus4.8% (Cl 2.7-7.1)
in LMD with CABG, and 2.8% (Cl 2.1-3.5) without LMD
(p=0.0039 by log-rank test).

Conclusion: Enhanced external counterpulsationisequaly
effectiveinrelieving anginain patientswith or without LMD.
However, thesignificantly increased late mortality in patients
with LMD without prior CABG suggeststhat early revascu-
larization should be considered inthese patients.

Key words: |eft main disease, enhanced external counterpul-
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Introduction

Enhanced external counterpulsation (EECP)!isanoninva:
svedevicethat usesthreepairsof sequentialy inflated pneu-
matic cuffsapplied to thelower extremitiesand synchronized
with the heart beet to provide diastolic augmentation, increase
coronary blood pressure and flow, venous return and cardiac
output, and decrease afterl oad 2 Currently, EECPisused pri-
marily for medicaly refractory anginain patientswho arenot
good candidates for revascularization. Typicaly, patientsare
prescribed a1-h treatment session daily over a7-week period
for atotd courseof 35h.

Previousresultshave demongtrated EECPto beeffectivein
reducing anginal symptoms,® increasing timeto ST-segment
depression,®increasing exercisetime,”- 8 and improving quali-
ty of life.% 10 Myocardia perfusion at rest and with exercise
has been demonstrated to improve after EECP by both posi-
tron emissiontomography (PET) scan and radionuclideimag-
ing.1- 2 Thebenefit of EECPisdurable, and hasbeen demon-
strated up to 5 years post treatment.1>-17 There are data to
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support multiple mechanisms of EECP action, including col-
lateral recruitment, angiogenesisand arteriogenesis, dtering
vasomotor tonein favor of vasodilation,> 16 and normalizing
endothelia function.1”

Previous studies have demongtrated that surgical revascu-
larization (CABG) prior to EECP increasesthe likelihood of
improving baseline stress perfusion defects. 14 Thisreport ex-
amines the short- and intermediate-term results of treating a
particularly high-risk subset of patients with significant left
main coronary artery disease (LMD). The objectiveswereto
determinewhether trestment with EECPis as safe and effec-
tiveinrelieving anginain patientswith LMD asin thosewith-
out LMD, and to evauate the safety and effectiveness of
EECP in treating patients with LMD without prior CABG.
The major reasons for not operating in LMD had to do with
patient preference, physician recommendations, and the pa-
tient—physicianinteraction. Themean left ventricular gection
fraction (LV EF) was comparable and in the mild to moderate
systalic dysfunctionrangeinall threegroups.

Methods
Thelnternational EECP Patient Registry | (IEPR) collects

dataon patient characterigtics, safety, and short- andlong-term
outcomes.18

TaBLE | Patient characteristicsand medical history pre EECP

No Left Left
|eft main, main,
main noCABG prior CABG
Petientsin cohort 2,377 53 431
Age(years)P 65.7+108 714+112 67.3+98
Gender (Y%omade) 735 774 835
Race (white) % 93.1 9.2 9.0
Duretion of coronary
artery disease (years) © 99+79 73x77 137+74

Prior M1 (%) ° 65.3 54.7 729
Higtory of heart failure(%) 282 415 39.8
Prior PCI (%) 65.5 56.6 65.2
Prior CABG (%) 62.9 0 100
Candidatefor PCI (%) © 148 231 59
Candidatefor CABG (%)¢  16.8 231 75
LV gectionfraction (%) 47.2+137 4631162 43.0+131
Diabetesmellitus (%) 2 41.2 56.6 414
Hypertension (%) 70.2 69.8 68.9
Hyperlipidemia(%o) 78.6 66.0 81.8
Vascular disease (%) 253 396 322
Pest or present smoking (%) 717 64.2 759
a=p<0.05.
b=p<0.01.

¢=p<0.001testingLM, no CABGvVs. LM, prior CABG.
Abbreviations: CABG = coronary artery bypassgraft, M1 = myocar-
did infarction, PCl = percutaneous coronary intervention, LM = left
main, EECP = enhanced externa counterpul sation.

The IEPR study population included 2,861 patients with
angiographic data and no previous EECP treatment. Signifi-
cant LMD was defined asastenosis=> 70%. The cohort of pa-
tients was subdivided into three groups for analysis: those
without LMD, thosewith LMD with prior CABG, and those
with unbypassed LMD.

Demographic information was obtained at entry and in-
terval histories were obtained at the end of treatment and at
6-month follow-up. At each data point, information was ob-
tained on the Canadian Cardiovascular Society (CCS) angina
functiona class, angina frequency, nitroglycerin use, medi-
cation changes, and major adverse cardiovascular events
(MACE: death, M1, revascularization with angioplasty [PCI]
or CABG).

Satigtical Analysis

Discretevariagbleswereanayzed by chi-squared testing and
continuousvariablesby Wilcoxonrank sumtest. Significance
wasdefined asp<0.05. Kaplan-Méier lifetableanalysiswas
used to determinetherate of MACE at 8 months after the start
of EECPtherapy.

Resaults

Of the 2,861 patients, 484 (17%) had LMD; 431 patients
had LMD with prior CABG, and 53 pati ents had unbypassed
LMD. Patient characteristics, medicd history, and cardiovas-
cular risk factorsat thestart of EECPareshownin Tablel. The
majority of patients were treasted with statins, aspirin, beta
blockers, and nitrates. The previoudy bypassed patientswith
LMD weresignificantly morelikely to betaking nitrates (82.6
Vs. 66.0%; p< 0.01) and lipid-lowering drugs (74.9 vs. 51.9%;
p<0.001) than the unbypassed patientswith LMD. The pa-
tients with left main CAD were sgnificantly more likely to
have triple-vessel disease (88.7 and 98.1%, respectively, for
unbypassed and previously bypassed) than patients without
LMD (41.9%). Angiographic dataare shownin Tablell.

TaBLE Il Coronary stenosis= 70% or graft closed
No Leftmain, Leftmain,
leftman noCABG prior CABG
n=2377 n=53 n=431
Leftmain 0 100 100
L eft anterior descending
(LAD) 74.3 70.6 9.1
Left circumflex (LCx) 63.0 60.8 85.0
Right coronary artery (RCA)  72.0 75.0 87.9
LAD graft 21 NA 18.8
LCx graft 312 NA 30.2
RCA graft 35.2 NA 378

Abbreviations: CABG = coronary artery bypassgraft, N = number,
NA =not applicable.
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Treatment Cour seand Adver seEvents

Although most patients completed the prescribed course of
EECPtreatment, there wasanonsignificant trend toward few-
er unbypassed patients with LMD completing and a higher
percentage of this group not completing because of clinical
events (Table 111). These clinical events included nonsignif-
icant higher rates of unstable angina, M1, exacerbation of con-
gestive heart failure, revascularization, and death. A signifi-
cantly higher percentage of the patientswith unbypassed LMD
had amajor adverse cardiovascular event (death, M, or revas-
cularization) during treatment.

Clinical Outcome
Canadian Car diovascular Society AnginaClass

The CCSclassificationimproved comparably inal groups,
as shown in Figure 1. There were also no significant differ-
ences among the groups without LMD, unbypassed LMD,
and bypassed LMD in mean decrease in weekly angind epi-
sodes(7.1vs. 7.6 vs. 8.0, respectively), meandifferenceinfre-
quency of nitroglycerin use per week (6.6 vs. 8.9vs. 8.1, re-
spectively), or nitroglycerin discontinuation (84.7 vs. 80.6 vs.

83.2%, respectively).

L ong-Term Clinical Outcome

At 6-month follow-up, theimprovement achieved immedi-
ately post EECP treatment continued to increase as more pa-
tientsfrom Class|I through IV moved to Class | and even no
angina, asshownin Figure?2. In addition, therewere continued
decreasesin mean weekly anginal episodes, numbers of pa-
tientsusing nitroglycerin, and frequency of nitroglycerin use,
although therewere no statistically significant intergroup dif-
ferences. At 6 months, theweekly angina episodescount was
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Fic.1 Changesin Canadian Cardiovascular Society class preand
post enhanced external counterpulsation. LM =left main, CABG =

coronary artery bypassgraft.

TasLE Il Treatment courseand adverseevents
No Leftman, Leftmain,
leftmain  noCABG prior CABG
n=2377 n=53 n=431
Treatmenthours(mean)  343+100 31.3+119 34495
Completed asprescribed (%) 83.9 75.5 834
Stoppedfor clinica event (%) 7.9 17.0 95
Unstableangina (%) 28 5.8 23
Myocardid infarction (%) 0.6 19 12
Congestiveheartfalure(%) 1.9 38 23
CABG 0.1 19 05
PCI 0.8 19 0.9
Death 0.3 19 0.7
Any MACE (death, M1,
PCI,CABG)?2 17 76 25

ap<0.05testing unbypassed left mainvs. left mainwith prior CABG
andnoleft main.

Abbreviations: N = number, MACE = mgjor adverse coronary
events. Other abbreviationsasin Tablel.

4.7 vs. 5.3 vs. 4.6, respectively, for the groupswithout LMD,
unbypassed LMD, and LMD with prior CABG,; nitroglycerin
use was 41.6 vs. 41.0 vs. 45.4%; and the frequency of nitro-
glycerinusage per week was6.5vs. 8.2 vs. 6.8.

Follow-up of thethreegroupsof patientsfor MACE (desth,
MI, CABG, PCl) was paformed using Kaplan-Meier life
tableanaysis(Fig. 3and TablelV). Therewasan early and di-
verging difference in MACE among the three groups. There
was a notable and statistically significant increased rate of
MACE inthe patient group with unbypassed LMD. Of partic-
ular concernwasthe very high comparativedeathrateinthese
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Fic.2 At 6-month follow-up, theimprovement achieved immedi-
ately post enhanced external counterpul sation trestment not only re-
mains stable, but improved further as more patients from Class 1
through 1V moved to Class | and even no angina. M| = myocardial
infarction, PCI = percutaneous coronary intervention. Other abbre-
viationsasinFigure 1.
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patients. Late mortality in the patientswith unbypassed LMD
was 13.2% (Cl 3.3-23.1), versus 4.8% (Cl 2.7-7.1) inthose
with bypassed LMD, and 2.8% (Cl 2.1-3.5) in the patients
with CAD without LMD (p=0.0039 by log-rank test).

Discussion

Patients with unbypassed LMD condtituted 1.85% of pa-
tientswith CAD and 11% of patientswith LMD studiedinthe
IEPR. Thereisno evidenceof CABG selection biasontheba:
sis of LVEF; the mean EF is higher in patients with unby-
passed than in thosewith bypassed LMD. Except for ahigher
incidenceof diabetesmdlitus(56.6 vs. 41.4%) and, of course,
a history of prior surgica revascularization, there were no
markersof increased surgical risk in patientswith unbypassed
compared with those with bypassed LMD. A significantly
greater proportion of the patientswith unbypassed LMD were
believed to be candidatesfor revascularizetion with CABG or
PCI by their physiciansthan thosein the other groups.

Reasons for not operating are often dependent on the pa-
tient, physician recommendations, and the patient—physician
interaction. It is important to remember that the IEPR is a
prospectiveregistry of usua practiceand not arandomized tri-
a with retrictiveinclusion criteria. Thevariability in practice
thus captured isimportant in ng theimpact of different

practices on outcomes. The | EPR includesadiverse group of
patients and practice patterns. Thisdiversity isthe strength of
the prospectiveregistry asit reflectsred world practiceand ex-
perience and also provides insights into the relative value of
different gpproaches. It hasbeen unclear whether patientswith
anginaand LMD would benefit symptomatically, because by
definition they have an occluded proximal conduit. According
to the patent vessel hypothesis, aproximaly patent conduitis
necessary for tranamitting theincreased coronary pressureand
flow tothedistal circulation to promote collaterd recruitment
and development and to effect endovascular function. Inthis
context, the patientswith LMD and, to an even greater degree,
those with unbypassed LMD would be less likely to benefit
than the patientswithout LM D. Therewas, however, acompa:
rable response in all groups as assessed by improvement in
anginafunctional class and nitroglycerin use. From the per-
spective of angina reduction, EECP was safe and effective,
with or without LMD and independent of prior CABG.

A second concernwith patientswith LMD wasthe safety of
EECR particularly if chosen asan dternativeto revascul ariza-
tion. The cohort with unbypassed LMD iscomprised of high-
risk patients. Theaverage agewas 71.4 years, 56.6% had dia-
betes, 54.4% had prior infarction with an average EF of 46.3%
(EF <35% in 25%, and 41.5% had a history of congestive
heart failure), left main and triple-vessel CAD waspresentin
88.7%, and class I11/IV anginain 81.2%. Only 29.4% were
amenable to revascularization, either by PCl or CABG. The
decision of whether a patient was a candidate for revascular-
ization was made by the patient’streating cardiologist. It was
ared-life decision, made by the physician with the most de-
tailed knowledge and interaction with the patient. While the
initial experience during EECP showed a significant differ-
encein the composite, but not individual MACE from the co-
hort without LMD and that with bypassed LMD, the longer-
term follow-up sounds a note of caution. Long-term com-
posite MACE, and particularly mortdity, was notably higher
in the patient with unbypassed LMD.

There are no recent trials of medically treated LMD be-
cause of the historica mortdity rate of 15-20% in most
series 1920 Thisisdespiteclear improvementsin medical ther-
apy, including gtatins to decrease progression, antiplatelet
agentsto lessen thrombotic events, and angiotensin-convert-
ing enzyme inhibitors, angiotensin receptor blockers, betar

TaBLE IV Adverseevent rates(95% confidenceinterval) at 8 monthsafter start of EECP

Noleft main Left main, no CABG Leftmain, prior CABG p\Vaue?
n=2377 n=53 n=431 (log-rank test)
Death (%) 28(2.1,35) 13.2(33,23.1) 48(27,7.1) 0.0039
MI (%) 25(1.8,3.2) 5.0(0.0,11.7) 49(27,7.1) 0.83
CABG (%) 23(1.7,3.0) 6.8(24,11.2) 2.0(0.6,34) 0.080
PCI (%) 36(28,4.2) 4.8(0.0,11.9) 6.3(3.8,8.8) 0.58
Any MACE (%) 11.2(9.9,125) 24.3(11.8,36.8) 15.6(11.9,19.3) 0.09

aComparing “left main, no CABG” with“left main, prior CABG”.
Abbreviationsasin Tablesl and|l.
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blockers, and a dosterone antagoniststo treat left ventricular
dysfunction. With drug-el uting stentsclearly decreasing reste-
nosisrates, thereisstrong interest in stenting unprotected | eft
main coronary stenoses, particularly in patientsat high risk for
CABG. Resaults in the recent but pre drug-eluting stent era
have demonstrated 100% procedura success with a 9% |eft
main stent procedure-rel ated mortality in patientsat high risk
for CABG (and no mortdity in patients at low risk for
CABG).Z The 1-6 month mortdity rateswere 2% in patients
at high risk and 2.6% in those at low risk for CABG. These
mortdlity ratesare comparableto the4.6% noted inthe CASS
registry. However, angiographic restenos swas 23% and target
lesionrevascularizationwasrequiredin 17.4%. Thefutureuse
of drug-eluting stents may benefit early mortality while mini-
mizing | ate restenos sand associated morbidity and mortality.

It isnot surprising that long-term mortality was driven by
sgnificant left main stenosis, aknown powerful determinant
of survival. Any potentia beneficia effects of EECP on pa-
tient’s symptoms and myocardial perfusion cannot overcome
this defining anatomical problem. The increased mortality
over the cohort without LMD was noted despite asubstantial-
ly increased revascul arization ratein both cohortswith LMD
at follow-up.

Thenumber of patientsinthe cohortswith LMD isrelative-
ly small. Since CABG isindicated for LMD, the patientswith
unbypassed LMD may represent agroup of patientsboth less
likely to seek medical careand lesstrusting and willing to fol-
low their physician’s recommendations. This may aso have
influenced the observed outcomes.

Conclusions

Enhanced external counterpul sation can be performed safe-
ly and effectively in patientswith and without LM D. Compar-
able immediate benefits in anginal improvement were seen
independent of the presence of LMD. Similarly, patientswith
unbypassed LMD exhibit comparable benefit in obtaining re-
lief from anginaafter EECPtothat in patientswith previoudy
bypassed LMD. During activetreatment with EECP, therewas
anonggnificant trend toward increased eventsand revascul ar-
ization in the patients with unbypassed LMD. However, in
long-term follow-up, unbypassed LMD emerged asasignifi-
cant indicator of increased mortdity and MACE in compari-
son with patients without LMD, and with patients with by-
passed LM D. While EECP appearsto ameliorate anginainde-
pendent of anatomy, it doesnot normalize the high mortality
associated with unrevascul arized | eft main coronary disease.
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