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Enhzmccd external counterpulsation (EECPj is a

noninvasivc‘\ counterpulsation (echnique® that re-.

duces angina ahd extends time to exercise-induced
ischciia in patients with-symptomatic stable angina.’
Inaddition to relicving myocardial ischemia, EECP is
associated with improved quality of life. It uses a
sequential inflation of 3 sets of pneumatic cuffs
wrapped around the lower extremities. The cuffs are
inflated sequentially at the onset of diastole, producing

aortic counterpulsation, diastolic augmentation (DA),’

and increased venous return. At the onset of systole,
external pressure in the cuffs is released, producing a
decreasc in’ systolic pressure (systolic unloading).
These hemodynamiceffects are monitored noninva-
sively by assessing the finger plethysmographic wave-
forms. A typical cotirse of EECP involves 1 to 2
hours/day for a total of 35 hours of therapy. It has been
hypothesized that the sustained benefits of EECP ré-
sult from effective DA, which promotes coronary col-
lateral formation or recruitment.> A previous study
has demonstrated that patients who are younger, male,
nonsmoking, and without multivessel’ coronary or
noncardiac vascular discase are most likely to have
higher DA at the end of an EECP treatment course.”
Patients with higher DA ratios at the end of EECP
tended to have a greater reduction in angina class than
those with Jower DA ratios, suggesting that clinical
benefit from EECP is associated with the magnitude of
DA. That initial study was limited by assessing the
DA ratios on the final day of EECP therapy. This
present analysis further investigates the role of DA in
EECP by assessing the impact of DA levels both at the
first and last treatment session with EECP,

LY

The International EECP Patient Registry (IEPR)
enrolls consecutive paticnts undergoing EECP for
chronic angina. The IEPR began in January 1998, and
to date >5,000 patients have been enrolled from

From the Division of Cordiology, Department of Medicine, University
of California al San Francisco Medical Center, Son Froncisco, Cali
fornia; ond Depariment of Epidemiology, University of Pitisburgh,
Pitsburgh, Pennsylvania. Ds. Michaels’ oddress is: Division of Cardi-
ology. University of California of San Francisco Medicol Cenler, 505
Pormassus Avenue, Box 0124, San Froncisco, California 94143
0124. Dr. Michaels is supporied by the GloxoSmithKline Develop-
ment Portners” Junior Facully Award, Philadelphia, Pennsylvania. The
IEPR is sponsored by Vasomedical inc., Westbury, New York. Email;
ondrewm@itsa.ucst.edu. Manuscript received December 14, 2001
revised manuscripl received and accepled February 11, 2002,

©2002 by Excerpla Medica, Inc. Al rights reserved. ,

=100 centers in the United States and other countrics.
Because the Registry aims to collect data on as broad
arange of patients as possible. the criteria for entry are
only that the paticnt give informed consent and have at
least | hour of EECP treatment for chronic angina.

The Registry methods have been previously de-
scribed.” Briefly, data are collected on patient demo-
graphics, medical history, coronary disease status. and
quality-of-life assessments before EECP treatment.
After EECP treatment, data are collected on the de-
gree of augmentation achieved (as measured from the
device by a ratio of diastolic-to-systolic arcas and
peak pressures using finger plethysmography), anginal
status, quality of life. and adverse clinical events. All
treatment was performed using the EECP system
(model MC,, Vasomedical, Westbury, New York).
Patients are interviewed by telephone 6 months after
their last EECP treatment session, and yearly thereal-
ter to record anginal status, quality of fife, and cardiac
and other events. For this study. only patients who
completed at least 35 hours of EECP treatment and
who had recorded values for DA peak ratio at both the
first and last hours were included (n = 2.486). Data
from 9 patients with DA ratios >4 were excluded. -

For this analysis, the patients were divided accord-
ing to whether their DA was above or below the
median value at the first and last day of EECP therapy.
The median value for initial DA was 0.7 and for the
final DA, 1.0. Paticnts with an initial DA ratio 0.7
were categorized as having a low initial DA, whercas
those with a ratio >0.7 were in the high initial group,
Patients with a final DA ratio =1.0 were categorized
as having a low final DA, whercas those with a ratio
>1.0 were in the high final group.

In the statistical analyses, data are presented as
percentages for cateporical variables or as mean val-
ues and SDs for .continuous variables. Comparisons
among the 4 groups were done using chi-square, Wil-
coxon,-or Cochran-Mantel-Haenszel statistics as ap-
propriate. A multiple logistic regression model was
used- to identify independent predictors of whether
higher DA was achieved, and to test the effect of DA

~levels on clinical outcomes. All factors showing a

univariate association with the outcome with a p value
<0.2 were entered into the model and a backward
selection method used. Only factors with a p value
<0.05 remained in the final model. ‘
Finger plethysmographic waveforms were ana-
tyzed on the first and final day of BECP therapy {0
determine the peak diastolic-to-systolic ratio during
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Patients with high DA ratios both at
i dP foA .
TABLE 1 Demographic Faclors and Patlern o the beginning and end of treatment
~ Patern of DA were more likely to be candidates for
lowlow  LowHigh Highlow HighHigh revascularization and had the lowest
Variable n=1009 {n=281) {n = 250} {n = 946} baseline angina class.
Age lyrs) [mean = SDJ* 62+102 662110 667=105 645103 Significant independent - predic-
Mot 8% 73.7% 75.6% 86.0% tors of a DA ratio below the median
Years since CAD diagnosis 114280 101=81 . 102x81 98=x78 during the first hour of EECP in-
mean * SDJ* o . . . cluded female gender (odds ratio
Hypertension* 74.0% 62.8% 66.1% 63.7% [OR] 2.34; 95% confidence interval
Diabeles mellitus* 45.5% 49.6% 42.2% 32.6% (CI} 1 8810 2.91 <0.001 ;
Family hisiory of CAD 769% . 749% -  745% 76.3% C1] 1.88 10 2.91, p <0.001), noncar-
Noncardiac vascular disease®  35.5% 293% .- 24.8% 17.8% diac vascular disease (OR 1.89; 95%
Current smaking® 8.0% . . 50% 9.9% 4.0% CI 1.5 to 2.31, p <0.001), age =65
o 20001, years (OR 1.73;95% C1 1.45102.07,
CAD = coronary orlery disease. [ <000l)’ sm()kmg (OR ]65’ 95%
CI 1.35 to 2.0, p <0.001), heart
failure (OR 1.39; 95% CI 1.14 10
. . <0.001), diabetes mellitus
TABLE 2 Coronary Disease Factors and Pattern of DA 1.69, p ,
/ i (OR 1.38; 95% CI 1.15 10 1.60, p
- Patiern of DA <0.001), hypertension (OR 1.24;
lowiow.  lowHigh  Highlow  HighHigh 95% CI 1.03 10 1.49, p <0.001), and
Variable [h=1009 [p=281) [v=250) [n=944 prior coronary artery bypass surgery
Prior myocardial infarciion 67 1% 64.9% 65.6% 64.0% (OR 1.22; 95% CI 1-01}0 146, p
Mulivessel disease* 81.7% 74.3% 82.8% 73.0% <0.001). These same variables were
Congestive heart failure* 33.7% 27.2% 26.9% 22.1% significant independent predictors of
Prior PCl or CABG! 87.1% 81.3% 85.4% 81.6% a lo gt . -
Candidate for revascularization* - 15.6% 19.2% 15.6% 27.6% fJE\EgIé ratio during the final hour
Anginal episodes/wk [mean = SD) 9.6 * 128 88=x119 94+121 90=x127 0 . R L
Angina dlass (mean)* 3.05 3.06 3.03 291 ¢ Among those with an initial DA
| ' 1.8% 1.4% 20% 5.6% ratio below the median, independent
I 15.2% 17.8% 12.0% 18.1% predictors of improving the final DA
il 55.5% 58.4% 62.0% 57.9% . . .
" 31 5% 24.0% 27 9% 20.7% ratio to above the median were
smoking (OR 1.82; 95% CI 1.34 to
;P;Ci)-ooh‘p <0.01. . A o ' e 2.49, p <0.001), hypertension (OR
ABG = coronary arlery bypass gralt surgery; = percutaneous cofonary intervention. 15 l; 95% CI B 11 I to 2.05 p

EECP in 2,486 patients. During the first hour of tréat-
ment, the median DA ratio was 0.7 (mean 0.83 =
0.51). During the last hour of treatment, the median
DA ratio increased to 1.0 (mean 1.15 = 0.61). Of the
total study cohort of 2,486 patients, 1,009 (40.6%) had
a DA ratio below or equal to the median level both at
the beginning and end of EECP (termed low-low
group), 281 (11.3%) had a DA ratio below or equal to g
the median at the beginning and a ratio above ‘the
median at the end of treatment (low-high group), 250
(10:1%) had a DA ratio above the median at the
beginning and a ratio below or equal to the median at
the end of EECP (high-low group), and 946 patients
(38.1%) had a DA ratio above the median at the
beginning and end of treatment (high-high group).
Patients with low DA ratios both at the beginning
and end of EECP were older, and fewer were women
(Table 1). This group had a longer history of coronary
disease and was more likely to have a history of
hypertension, diabetes, noncardiac vascular disease,
and current smoking. There were no meaningful dif-
ferences with respect to.cardiac medications among
the 4 groups. Patients with low DA ratios also were
more likely to have multivessel coronary. disease,
prior percutaneous or surgical coronary revasculariza-
tion, and more frequent anginal episodes (Table 2).

- <0.001), and multivessel disease -
(OR 1.51; 95% CI 1.08 to 2.12, p

<0.001). Among‘those with an initial DA ratio above

the median, independent predictors of worsening the
final DA ratio to below the median were smoking (OR
2.64; 95% C1 1.80 to 3.87, p <0.001), female gender
(OR 2.35;95% CI 1.59 10 3.49, p <0.00}), B-blocker
use (OR 1.83; 95% CI 1.29-10 2.61, p <0.001), mul-
livessel disease (OR 1.66; 95% CI .12 to 247, p
<0.001), diabetes mellitus (OR 1.48; 95% CI 1.08 to
2.03, p <0.001), and age =65 years (OR 1.47; 95%
CI 1.08 to 2.01, p <0.001). - '

Immediately after EECP, patients in the low-high
group had the greatest reduction in angina class, whereas
those in the high-low group had the least reductipn in
angina-class (Figure 1; Table 3). Data on 6-month clin-
ical outcomes were availuble from 78% of patients in-
cluded in the initial cohort. These findings were sus-
tained'at 6 months of follow-up. There were no signifi-
cant differences among the 4 groups in clinical events,
such as death, myocardial infarction, unstable angina,
congestive heart failure, coronary revascularization, re-
peat EECP, or cardiac hospitalization. '

The median peak DA ratio increased from 0.7 during
the first hour of EECP up to 1.0 during the last hour of
treatment. This increase in DA during the treatment
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nonsmoking. and no history of di-
abetes, heart fatlure. noncardiac
vascular discase, or prior hypass

100% . ,

0% surgery were mdgpcndcnl predie-

b0 Angina class tors of huvmg a higher D/\ both at

alter EECP the beginning and cnd of EECP.

o 0% These findings are consisient with

'g 60% By thosc from prior studics.” Palicnts

¥ s0% & 1 with these clinical characteristics

B 400 eI arc less likely to have peripheral

3 10% ol vascular disecase. attenuvating the

20 pressure ransmission from the

/ lower extremity pncumatic cuffs to

10% the upper extremitics (where finger

0% plethysmography is  performed)

I I m v and the coronary arteries. Known

Baseline Angina Class noncardiac vascuilar discase was

A=Low-High twice as likely to occur among pa-
B=High-Low ticnts who had DA ratios below

FIGURE 1. The change in.angina class from baseline to ofter EECP is shown, sratified by
baseline angina closs. Data are shown for 2 groups: those with low diastolic augmenta-
tion at the beginning of EECP ond high augmentation at the end of treatment {Low-High;
group A}, and those with high augmentation at the beginning of EECP and low ougmen-
tation at the end of treatment {High-low; group B}. The p value between groups A and

B is <0.01 by Cochron-Mantel-Haenszel statistics.

"the median at the beginning and
end of trcatment (35.5%) than
among those with DA ratios above
the median at both time points
(}1.8%, p <0.001). In some cascs.
the degree of DA may be depen-
dent on paticent factors. Patient dis-
comflort, for cxample, may limit

TABLE 3 Immediote and Six-Month Clinical Outcomes After EECP and Pattern of the cuff pressure applicd. In general,
DA EECP therapists atlempt to obtain
Pattern of DA the maximum DA obtainablc by fin-

lowlow  lowHigh Highlow HighHigh ger plethysmography.

‘ PostEECP  {n = 1,009} {n = 281] (0 =250} |n = 946} In summary, among 2,486 pa-
Voriable brd 0=737 =217 =206 [n=750) tients enro]lcdy in the gIEPR “phn
Decrease in meon ongina class underwent EECP therapy for

gi‘ﬂ'g? to 35 h of EECP }‘jg " symptomatic coronary artery dis-
Patients with decregse in =2 case, the median DA ratio in-
angina closses creased from 0.7 to 1.0 from t(he
Baseline to 35 hours of EECP! 44.6% 49 3% 37.3% 44.0% bcginning to th(\_ cnd Or treatment.
Six mo' 46.1% 339% 389%  459%. | patients who had the greatest in-
*p <0.001; 'p <0.01; ¥p <0.05. crease in the DA ratio had the

coursc is likely attributable to an improvement in vascu-
lar compliance. This bencficial hemodynamic effeet with
an increase in DA during therapy may reflect a beneficial
cffect of EECP on endothelial function.

Morcover. the magnitude of the symptomatic ben-
cfit with EECP was related to the pattern of how the
DA ratio changed during therapy. Patients who had an
increase in DA ratio from the beginning to the end of
EECP had a greater reduction in angina class. In
contrist. paticnts who started EECP with an above-
average DA ratio, but finished EECP with a below-
average DA ratio had the lowest reduction in angina
class. Tt appears that patients most likely to benefit
from EECP also have the greatest increasc in DA
ratios during therapy. reflecting a bencficial incrcase
in vascular compliance.

This study identificd several independent predic-
tors of achieving higher DA at the beginning and end
of EECP treatment. Male gender, age <65 years,

greatest reduction in angina class.
whereas those with a relative de-
crease in the DA ratio had the lowest reduction in
angina class immediately after EECP and at 6
months of follow-up. These data suggest that im-
proved vascular tone during EECP treatment may
play a mechanistic role in the relation between DA
and clinical benefit with EECP.
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