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Impact of External Counterpulsation Treatment on Emergency
Department Visits and Hospitalizations in Refractory Angina
Patients With Left Ventricular Dysfunction

As the overall population ages and

clinicians become more adept at
ameliorating the immediate conse-
quences of acute coronary syndromes,
the population of patients with refrac-
tory angina and left ventricular (LV)
dysfunction has increased steadily and
has been associated with a dramatic
increase in health care cost. Advances
in the management of acute coronary
syndromes with percutaneous coro-
nary intervention and surgical revas-
cularization contribute to the growing
number of patients with advanced
coronary artery disease and LV dys-
function.! As the number of patients
with prior revascularization increases,
therapeutic options for the treatment
of severe angina have become limited.
Worsening symptoms that cannot be
managed by mechanical revascular-
ization result in emergency depart-
ment (ED) visits, hospitalizations, and
increased expense and morbidity.
Enhanced external counterpulsa-
tion (EECP) is a treatment for angina
that is ideally suited for the population
of patients with advanced coronary
artery disease, activity-limiting symp-
toms, and limited options for revas-
cularization.>* It improves angina and
symptoms of heart failure (HF) in
patients with LV dysfunction but its
role in affecting ED visits and hospi-
talizations is unclear.”® We sought to
assess the effect of EECP on subse-
quent ED visits and hospitalizations
in patients with severe angina and
LV dysfunction who were followed as
part of a large patient registry—The

Patients with refractory angina and left ventricular (LV) dysfunction exert an enor-
mous burden on health care resources primarily because of the number of recur-
rent emergency department (ED) visits and hospitalizations. Enhanced external
counterpulsation (EECP) therapy has emerged as a treatment option for patients
with angina and LV dysfunction and has been shown to improve clinical outcomes
and LV function. Improvements in symptoms and laboratory assessments in these
patients, however, do not necessarily correlate with a reduction in ED visits and
hospitalizations. This is the first study to assess the impact of EECP therapy on ED
visits and hospitalization rates at 6-month follow-up. This prospective cohort study
included 450 patients with LV dysfunction (ejection fraction <40%) treated with
EECP therapy for refractory angina. Clinical outcomes, number of all-cause ED vis-
its, and hospitalizations within the 6 months before EECP therapy were compared
with those at é-month follow-up. Despite the unfavorable risk profile, refractory
angina patients with LV dysfunction achieved a substantial reduction in all-cause
ED visits and hospitalization rates at é-month follow-up. EECP therapy appears
to offer an effective adjunctive treatment option for this group of patients. (CHF.
2007;13:36-40) ©2007 Le Jacq
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International EECP Patient Registry
(IEPR). The Registry methodology has
been described previously.’

EECP therapy is a noninvasive cir-
culatory assist device consisting of
electrocardiography-gated sequential
leg compression, which produces
hemodynamic effects similar to
those of intra-aortic balloon pump

counterpulsation.® The therapy has
been described previously.”® A usual
course of EECP therapy consists of 35
one-hour sessions.

Methods

This study included patients with LV
dysfunction (ejection fraction [EF]
<40%) treated with EECP for refractory
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angina identified from phase II of the
IEPR (IEPR-II). The IEPR-II enrolled
more than 2900 consecutive patients
treated with EECP for chronic angina
in 73 US centers between 2002 and
2004. Briefly, the IEPR-II collected
patient demographics, medical history,
coronary artery disease status, qual-
ity-of-life status assessed by the Duke
Activity Status Index (DASI), and
the number of all-cause ED visits and
hospitalizations within the 6 months
before EECP treatment. The DASI is a
standardized assessment of functional
status that correlates with maximum
exercise capacity and maximum oxy-
gen consumption.® This quality-of-life
tool is based on a scoring system that
ranges from zero to a maximum of
58.2. The maximum score indicates
no limitations in physical functioning
with respect to personal care, ambula-
tion, household tasks, sexual activity,
or recreation.

After initiation of EECP therapy,
data were collected prospectively
on anginal status according to the
Canadian Cardiovascular Society
Classification (CCSC), medication
use, quality of life, and adverse clinical
events including all-cause ED visits
and hospitalizations. Clinical outcomes
and number of all-cause ED visits and
hospitalizations within the 6 months
before EECP therapy were compared
with those at 6-month follow-up from
the initiation of EECP treatments. All
patients gave written informed con-
sent before the procedure. The proto-
col was approved by the University of
Pittsburgh’s Institutional Review Board
Research Conduct and Compliance
Office, and the study was approved by
the Institutional Review Board of each
participating center. The investigation
conforms to the principles outlined in
the Declaration of Helsinki.

Statistical Analyses

Baseline characteristics are shown for
categoric variables as the proportion of
patients reporting and as mean and SD
for continuous variables. Changes in
continuous variables were analyzed by
paired ¢ tests. Event rates at 6 months

Table I. Characteristics of Patients With LVEF <40% Prior to EECP Therapy (n=450)

Age, mean £ SD, y

Male sex, %

Prior myocardial infarction, %
Prior CABG, %

Prior PCI, %

Hypertension, %
Hyperlipidemia, %

Smoking history, %

Diabetes, %

Peripheral vascular disease, %
History of congestive heart failure, %
LVEF, mean + SD, %

At least 1 ED visit 6 months before EECP, %
At least 1 hospitalization 6 months before EECP, % 58

69+11
81
86
75
69
80
92
71
42
22
49

30+8
44

LVEF indicates left ventricular ejection fraction; EECP, enhanced external counterpulsation;
CABG, coronary artery bypass graft surgery; PCl, percutaneous coronary intervention;

and ED, emergency department.

20

15 ~

10 ~

Mean DASI score

Pre-EECP

Post-EECP

6 Months

Figure 1. Duke Activity Status Index (DASI) pre-enhanced external counterpulsa-

tion (EECP), post-EECE and at 6 months.

were determined from Kaplan-Meier
survival analysis.

Results

The IEPR-II enrolled 2917 patients
between 2002 and 2004. Of these,
450 patients had refractory angina, LV
dysfunction, and complete data on ED
visits and hospitalizations before EECP
treatment and were included in this
study. Four patients who died during the
initial treatment period were excluded.
Eighty-one percent of patients provided
data at 6-month follow-up.

The mean age of the patients was
69+11 years; the mean duration of
clinical coronary artery disease was
13.849.5 years. Due to the extent
and severity of disease, LV dysfunc-
tion, comorbid conditions, prior inter-
ventions, and high risk-benefit ratio,
98% of patients were not candidates
for further revascularization. Angina
was severe (class III-IV) in 93% of
patients and 50% of the patients had a
history of HE There was a high preva-
lence of cardiac risk factors, including
81% with a family history of premature
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Table Il. Adverse Events for Patients With LVEF <40% During EECP Treatment*

Myocardial infarction (MI)
CABG

PCI

MI/CABG/PCI

Unstable angina
Congestive heart failure
Skin breakdown
Musculoskeletal

0.7
0.2
1.2
1.8
4.0
2.6
4.9
2.3

LVEF indicates left ventricular ejection fraction; EECP, enhanced external counterpulsation;
CABG, coronary artery bypass grafting surgery; and PCl, percutaneous coronary
intervention. *Values are expressed as percentage.
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Figure 2. Angina class pre—enhanced external counterpulsation (EECP), post-

EECP and at 6 months.

atherosclerotic cardiovascular disease.
The mean LVEF was 30%+8%, which
was not particularly low for an EF pop-
ulation in terms of HF studies. Forty-
four percent of patients had at least
one ED visit and 58% had at least 1
hospitalization in the 6 months before
EECP therapy (Table I). Quality of
life was very poor, with a mean DASI
score of 9.9+8.6 at baseline.

Patients underwent a mean of
31.2+10.0 hours of EECPE with 78%
completing a 35-hour course of therapy.
Eight percent stopped due to a clinical
event, and 14% stopped due to patient
preference. Major adverse cardiovascu-
lar event (MACE) (myocardial infarc-
tion, coronary artery bypass graft sut-
gery [CABQG], percutaneous coronary
intervention, death) rates occurring

during the course of EECP therapy
were 0.7%, 0.2%, 1.2%, and 0.0%,
respectively, for a total MACE rate of
1.8%. HF exacerbation or new HF was
reported in 2.6% of patients (Table II).
After completion of EECP ther-
apy, angina decreased by at least 1
class in 72% of patients, 19% report-
ed no angina, and only 2% had an
increase in angina class (P<.001).
The mean number of weekly angina
episodes decreased by 7+14 episodes
from 11.4+16.9 to 3.8£10.9 (P<.001).
Of those taking nitroglycerin on an
as-needed basis, 43% discontinued
nitroglycerin use after EECP therapy.
Quality of life, as assessed by the DASI
score, improved with a mean increase
in score of 4.8+9.0, from 9.9+8.6 to
14.8+£11.0 (P<.001) (Figure 1).

Six months after initiating EECP
therapy, improvements in angina, qual-
ity of life, and nitroglycerin use were
maintained (Figure 2). MACE rates at
6 months included 5.3% death, 1.9%
myocardial infarction, 0.5% CABG,
and 3.7% percutaneous coronary inter-
vention, for a total MACE rate of
10.6%. HF exacerbation or new HF
was reported in 3.1% of patients. The
proportion of patients reporting at least
1 ED visit in the 6 months after the
start of treatment was 11.8%, and the
proportion of patients reporting at least
1 hospital admission was 23.5% (Figure
3). The mean number of ED visits per
patient decreased from 0.9+2.0 pre-
EECP t0 0.2+0.7 at 6 months (P<.001),
and hospitalizations were reduced from
1.1£1.7 to 0.3+0.7 (P<.001).

B-blocker, calcium blocker, angio-
tensin-converting enzyme inhibitor,
angiotensin receptor blocker, antiplate-
let, diuretic, and hypolipidemic medi-
cation use were similar at baseline and

at 6-month follow-up (Table III).

Discussion
This is a prospective, observational
study in which the occurrences of all-
cause hospitalizations and ED visits dur-
ing the 6 months following therapy are
compared with the all-cause hospital-
izations and ED visits in the 6 months
before therapy in the same patients.
This cohort of patients with refrac-
tory angina and LV dysfunction are
characterized by long-standing multi-
vessel coronary artery disease, a high
prevalence of coronary disease risk fac-
tors, and severe angina unresponsive to
medical therapy. In addition, they are
not amenable to conventional inva-
sive revascularization.!! These study
results show that EECP therapy is well
tolerated in these patients with severe
angina and LV dysfunction, and lasting
improvements in angina symptoms and
quality of life are achieved in the major-
ity of patients. These observations are
consistent with data from a randomized
controlled trial and several prospective
trials that assessed the effects of EECP
therapy in patients with chronic angina
and preserved LV function.!*?®
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Recently, EECP therapy has emerged
as a treatment option for patients with
refractory angina and LV dysfunction.'¢
It has been shown to improve both
angina and stress myocardial perfusion
and reduce ischemia in patients with
coronary artery disease.'™® Modes of
action studies have shown that EECP
therapy increases arteriogenic fac-
tors, improves endothelial function,
and enhances vascular reactivity.!**
Improvements observed in symptoms
and laboratory tests, however, do not
necessarily correlate with a reduction
in ED visits and hospitalizations during
the management of refractory angina
patients with LV dysfunction. This
study is the first to report the possible
impact of EECP therapy on all-cause
ED visits and hospitalization rates at
6-month follow-up.

There are an estimated 300,000 to
900,000 patients in the United States
who have refractory angina on maxi-
mal medical treatment, with 25,000
to 75,000 new cases diagnosed each
year.”? The epidemiology of refrac-
tory angina pectoris and LV dysfunc-
tion is not clearly defined, however.
Patients with refractory angina and
LV dysfunction have greater disability
and are hospitalized more frequently
than patients with all forms of cancer
combined. Therefore, patients with
refractory angina and LV dysfunction
impose a serious health burden. New
treatment regimens that can be used
as an adjunct to the current therapies
may lessen the burden of hospitaliza-
tion and improve clinical outcomes.

Recently, Mukherjee and col-
leagues?” showed that patients who are
ineligible for traditional methods of
revascularization had a hospitalization
rate of 1.3 per patient per year, with
a rehospitalization rate of 128%. It is
estimated that patients with angina
and LV dysfunction average 2.1 hos-
pitalizations annually.?” In our study,
the mean number of all cause-hospi-
talization was 1.1+1.7 in the 6 months
before EECP therapy, which is just
about equal to the rate of 2.1 hospi-
talizations annually. Six months after
initiating EECP therapy, the mean

Table Ill. Medication Use at Baseline and at 6 Months After EECP Treatment
MEDICATION TYPE PrRe-EECP, % AT 6 MONTHS, %
p-Blocker 81 76
Calcium channel blocker 32 32
Angiotensin-converting enzyme inhibitor 58 57
Angiotensin receptor blocker 16 17
Antiplatelet 83 83
Diuretic 66 66
Lipid-lowering 80 82
EECP indicates enhanced external counterpulsation.
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Figure 3. Nitroglycerin use pre—enhanced external counterpulsation (EECP), post-

EECP and at 6 months.

number of hospitalizations was sig-
nificantly reduced from 1.1+1.7 to
0.3+0.7 (P<.001). This study was not
a randomized controlled trial, but the
results should be considered in light
of the nature of the patients recruit-
ed. These patients have exhausted
nearly all treatment options and, from
a patient perspective, the treatment
worked while others had failed. There
is a paucity of randomized controlled
trials showing that alternative, more
expensive, or invasive treatments
that might be considered for these
patients, including high-risk repeat
revascularization, spinal cord stimula-
tion, left stellate ganglion blockade,
thoracic sympathectomy, and myocar-
dial laser revascularization, are effec-
tive. Murray and associates? assessed
the impact of spinal cord stimulation
on the need for acute admissions for

chest pain in patients with refractory
angina pectoris. Implantation of spinal
cord stimulation led to a decrease in
the rate of admissions per patient from
0.97 per year to 0.27 per year. They
did not report the mean EF of their
cohort. While the reduction appears
similar to results obtained in our study,
their data reported admission rates
for chest pain—related hospitalizations
while ours reported all-cause hospi-
talizations, typically a more frequent
occurrence in these patients.

This study explored the benefits
of adjunctive therapy in a group of
patients who would normally experi-
ence severe activity-limiting symptoms
and low quality of life. EECP thera-
py, however, was not without cost in
terms of financial resources required
or the potential for reversible dermal
injury such as blisters. Therefore, it
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is imperative to know whether EECP
therapy in this group of patients was
any more beneficial than in a con-
trolled group.

A limitation of this study is the lack
of a control group to assess the out-
comes. While difficult to perform in
patients who have exhausted nearly all
treatment options, a randomized clini-
cal trial would provide a more rigorous

evaluation of the impact of EECP
therapy on all-cause and cardiovascu-
lar hospitalization and ED visits.

Conclusions

Despite an unfavorable risk profile,
refractory angina patients with LV
dysfunction achieved a substantial
reduction in rates of ED visits and
hospitalizations at 6-month follow-up

compared with the 6 months before
treatment. EECP therapy offers
an effective adjunctive treatment
option for this group of patients and
may lessen the health care burden
that comes with frequent ED visits
and hospitalizations.

Disclosure: Dr Soran serves on the
Speakers’ Bureau of Vasomedical, Inc.

REFERENCES
1 Gowda RM, Khan IA, Punukollu G, et al.

Treatment of refractory angina pectoris. Int J
Cardiol. 2005;101:1-7.

2 Soran O, Crawford LE, Schneider VM, et al.
Enhanced external counterpulsation in the
management of patients with cardiovascular
disease. Clin Cardiol. 1999;22:173-178.

3 Lawson WE, Hui JC, Soroff HS, et al. Efficacy
of enhanced external counterpulsation in the
treatment of angina pectoris. Am J Cardiol.
1992,;70:859-862.

4 Lawson WE, Hui JC, Cohn PF. Longerm progno-
sis of patients with angina treated with enhanced
external counterpulsation: five-year follow-up
study. Clin Cardiol. 2000;23:254-258.

5 Soran OZ, Fleishman B, Demarco T, et al.
Enhanced external counterpulsation in patients
with heart failure: a multicenter feasibility
study. Congest Heart Fail. 2002;8:204-209.

6 Soran O, Kennard ED, Kelsey SF, et al.
Enhanced external counterpulsation as treat-
ment for chronic angina in patients with left
ventricular dysfunction: a report from the
International EECP Patient Registry (IEPR).
Congest Heart Fail. 2002;8:297-302.

7 Barsness G, Feldman AM, Holmes D Jr, et al.
The international EECP patient registry (IEPR):
design, methods, baseline, characteristics and
acute results. Clin Cardiol. 2001;24:435-442.

8 Taguchil, Ogawa K, Oida A, et al. Comparison
of hemodynamic effects of enhanced external
counterpulsation and intra-aortic balloon pump-
ing in patients with acute myocardial infarc-
tion. Am J Cardiol. 2000;86:1139-1141.

9 Michaels AD, Accad M, Ports TA, et al. Left
ventricular systolic unloading and augmenta-
tion of intracoronary pressure and Doppler
flow during enhanced external counterpulsa-
tion. Circulation. 2002;106:1237-1242.

10 Hlatky MA, Boineau RE, Higginbotham MB,
et al. A brief self-administered question-
naire to determine functional capacity (the
Duke Activity Status Index). Am J Cardiol.

1989;64:651-654.

11 Kim MC, Kini A, Sharma SK. Refractory angina
pectoris: mechanism and therapeutic options. J
Am Coll Cardiol. 2002;39:923-934.

12 Llee CM, Wu YW, Jui HY, et al. Enhanced
external counterpulsation reduces lung/heart
ratio at stress in patients with coronary artery
disease. Cardiology. 2006;106:237-240.

13 Arora RR, Chou TM, Jain D, et al. The
multicenter study of enhanced external coun-
terpulsation (MUST-EECP): effect of EECP
on exercise-induced myocardial ischaemia
and anginal episodes. J Am Coll Cardiol.
1999,33:1833-1840.

14 Arora RR, Chou TM, Jain D, et al. Results of
the Multicenter Study of Enhanced External
Counterpulsation (MUST-EECP): clinical ben-
efits are sustained at a mean follow-up time
of 1 year. J Am Coll Cardiol. 1998;31(suppl
A):2T4A [Abstract 859-2].

15 Llawson WE, Hui JC, Lang G. Treatment ben-
efit in the enhanced external counterpulsation
consortium. Cardiology. 2000,;94:31-35.

16 Soran O, Kennard ED, Kfoury AG, et al, for
the IEPR Investigators. Two-year clinical out-
comes after enhanced external counterpulsa-
tion (EECP) therapy in patients with refractory
angina pectoris and left ventricular dysfunc-
tion (report from the International EECP Patient
Registry). Am J Cardiol. 2006,97:17-20.

17 Stys TP, Lawson WE, Hui JC, et al. Effects of
enhanced external counterpulsation on stress
radionuclide coronary perfusion and exercise
capacity in chronic stable angina pectoris.
Am J Cardiol. 2002;89:822-824.

18 Masuda D, Nohara R, Inada H, et al
Improvement of regional myocardial and
coronary blood flow reserve in a patient
treated with enhanced external counterpulsa-
tion: evaluation by nitrogen-13 ammonia PET.
Jpn Circ J. 1999;63:407-411.

19 Masuda D, Nohara R, Kataoka K. Enhanced
external counterpulsation promotes angiogenesis

factors in patients with chronic stable angina.
Circulation. 2001;104(suppl 11):445.

20 Bonetti PO, Holmes DR Jr, Lerman A, et al.
Enhanced external counterpulsation for isch-
emic heart disease. What's behind the curtain?
J Am Coll Cardiol. 2003;41:1918-1925.

21 Wu GF, Qiang SZ, Zheng ZS. A neuro-
hormonal mechanism for the effectiveness
of the enhanced external counterpulsation.
Circulation. 1999;100:1-832.

22 Qian X, Wu W, Zheng ZS. Effect on enhanced
counterpulsation on nitric oxide production in
coronary disease [disease]. J Heart Disease.
1999:1:193. Abstract 769.

23 Masuda D, Nohara R, Hirai T, et al. Enhanced
external counterpulsation improved myocar-
dial perfusion and coronary flow reserve in
patients with chronic stable angina. Eur Heart
J.2001;22:1451-1458.

24 Urano H, lkeda H, Ueno T, et al. Enhanced
external counterpulsation improves exercise
tolerance, reduces exercise-induced myocar-
dial ischemia and improves left ventricular
diastolic filling in patients with coronary arfery
disease. J Am Coll Cardiol. 2001;37:93-99.

25 American Heart Association. Heart Disease
and Stroke Statistics—2006 Update. Dallas,
TX: American Heart Association; 2006.

26 National Center for Health Statistics. Plan
and preparation of the Third National Health
and Nutrition Examination Survey, 1988-94.
Series 1: programs and collection procedures.
Vital Health Stat 1. 1994;32:1-407.

27 Mukherjee D, Comella K, Bhatt DL, et al.
Clinical outcome of a cohort of patients
eligible for therapeutic angiogenesis or trans-
myocardial revascularization. Am Heart J.
2001;142:72-74.

28 Murray S, Carson KG, Ewings PD, et al.
Spinal cord stimulation significantly decreases
the need for acute hospital admission for chest
pain in patients with refractory angina pecto-
ris. Heart. 1999;82:89-92.

EECP treatment reduces hospitalization

january - february 2007

Congestive Heart Failure® (ISSN 1527-5299) is published bimonthly (Feb,, April, June, Aug, Oct, Dec.) by Le Jacq, a Blackwell Publishing imprint, located at Three Enterprise Drive, Suite 401, Shelton, CT 06484. Copyright ©2007 by Le Jaca. All rights reserved. No part of
this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical,including photocopy, recording, or any information storage and retrieval system, without permission in writing from the publishers. The opinions and ideas
expressed in this publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please contact Karen Hurwitch at KHurwitch@bos.blackwellpublishing.com or 781-388-8470.

NOTICE




