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 Introduction 

 Enhanced external counterpulsation (EECP) is a non-
invasive treatment used for patients with angina refrac-
tory to medical therapy who are not revascularization 
candidates. The system consists of three sets of cuffs 
wrapped around the calves, lower and upper thighs of the 
patients. The pneumatic cuffs are sequentially infl ated at 
the onset of diastole, causing diastolic augmentation and 
increasing venous return, cardiac output and coronary 
blood fl ow. Cuff defl ation is timed to end diastole, to re-
duce vascular resistance, and provides systolic unloading, 
which further increases the cardiac output  [1, 2] . 

 EECP has been shown to be effective in reducing both 
angina and myocardial ischemia in patients not respond-
ing to medical therapy and without revascularization al-
ternatives  [3–12] . Many of these patients are high risk 
because of age, extensive coronary disease, extensive pre-
vious revascularization, severity of left ventricular dys-
function or comorbidity. In small patient cohorts, EECP 
has been shown to have extended benefi t, with continued 
reduction in angina, improvement in quality of life and 
persistent reduction in major adverse cardiovascular 
events (MACE) for up to 5 years after treatment  [18, 
19] . 
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  Abstract 
 Enhanced external counterpulsation (EECP) has been 
shown to reduce Canadian Cardiovascular Society an-
gina class. This study examines the factors that affect the 
reduction at 1 year, especially in patients who do not 
demonstrate an initial response. The data of 2,007 con-
secutive patients enrolled in the International EECP Pa-
tient Registry were analyzed. After 36.6  8  4.9 h of EECP, 
angina was reduced by at least one class in 82.7%. At 1 
year, 35.4% of initial nonresponders and 70.6% of re-
sponders remained improved by at least one angina 
class and free of major adverse cardiovascular events. 
Multivariate predictors of 1-year benefi t are initial re-
sponse to treatment (odds ratio 4.5, 95% CI 3.5–5.8), 
baseline angina class compared with class IV (odds ra-
tios: class I 2.1, CI 0.93–4.81; class II 0.62, CI 0.43–0.87; 
class III 0.80, CI 0.62–1.01) and no history of congestive 
heart failure (odds ratio 1.41, CI 1.14–1.74). 
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 The objective of the current analysis was to compare 
6-month and 1-year outcomes and to determine predic-
tors of 1-year angina status in patients who demonstrated 
initial clinical improvement (responders) versus those 
who did not show immediate benefi t (nonresponders) af-
ter completing a course of EECP for chronic angina. Data 
were obtained from the International EECP Patient Reg-
istry (IEPR). The IEPR is a prospective study that tracks 
consecutive patients enrolled from a diverse group of pro-
viders and centers to evaluate patterns of use and effi cacy 
of EECP treatment. All participating patients gave in-
formed consent. The registry is voluntary, with no pay-
ments made to either patients or treatment centers. 

   Methods 

 The IEPR is coordinated at the Epidemiology Data Center of 
the University of Pittsburgh Graduate School of Public Health. It 
collects and analyzes data on consecutive patients treated with 
EECP at participating centers. Information collected includes pa-
tient demographics, clinical characteristics and both immediate 
and long-term outcomes.  

 Enhanced external counterpulsation was typically prescribed as 
a course of 1-hour daily sessions, 5 days a week for 7 weeks, for a 
total treatment of 35 h. EECP was performed under continuous 
medical supervision with monitoring of the electrocardiogram, 
pulse oximeter and fi nger plethysmogram. Demographics, medical 
history and angina status were obtained at baseline. Telephone fol-
low-up was performed at 6 and 12 months after treatment. Infor-
mation collected included an evaluation of Canadian Cardiovascu-
lar Society (CCS) angina functional class, angina frequency and 
nitroglycerin use, changes in medications, quality of life and in-
terim events – MACE: death, myocardial infarction (MI), angio-
plasty (percutaneous coronary intervention; PCI), coronary bypass 
surgery (coronary artery bypass grafting; CABG). The present study 
included consecutive patients receiving at least 30 h of treatment. 
Patients were divided into two groups: those patients with a reduc-
tion of at least one CCS angina class after EECP (responders) and 
those not showing reduction in angina (nonresponders). 

   Statistical Analysis 
 Discrete variables were analyzed by  �  2  testing and continuous 

variables by the unpaired t test. Signifi cance was defi ned as p  !  0.05. 
Kaplan-Meier survival analysis was used to estimate rates of 
MACE. Logistic regression analysis was used to determine inde-
pendent predictors of acute angina reduction and 1-year benefi t 
(continued or new angina reduction with no invasive revasculariza-
tion), and the Cox proportional hazards model was used to deter-
mine predictors of MACE at 1 year. 

   Results 

 A cohort of 2,007 consecutive EECP patients complet-
ing at least 30 h of EECP with information available on 
acute angina reduction and 1-year follow-up was ana-
lyzed. The mean number of hours of treatment was 36.6 
 8  4.9. The patient demographic characteristics, cardiac 
history and angina status at entry are shown in  table 1 . 
Medications at baseline are listed in  table 2 . 

   Clinical Outcome 
 CCS angina class was reduced by at least one class in 

1,665 patients (83.0%) immediately after completion of 
the course of EECP (responders); 342 patients (17.0%) 
had no initial reduction in angina (nonresponders). In the 
cohort responding to EECP with reduction in angina 
class, weekly angina episodes decreased from 10.4  8  13.1 
to 1.7  8  3.9 (p  !  0.001). The nonresponding cohort also 

Table 1. Patient characteristics and medical history before EECP 
of patients in cohort (n = 2,007)

Age, years (range 32.9–100) 66.4810.6
Gender (male), % 75.4
Race (white), % 95.1 
Duration of coronary artery disease, years 11.188.2
Prior MI, % 70.4
History of congestive heart failure, % 31.9
Unstable angina, % 2.6
Prior PCI, % 67.2
Prior CABG, % 71.6
Prior revascularization (PCI or CABG), % 88.8
Multivessel coronary artery disease, % 77.0
Left ventricular ejection fraction, % 47.3814.3

(18.3% of patients had an ejection fraction <35%)
Family history of coronary artery disease, % 79.1
History of diabetes mellitus, % 43.1
History of hypertension, % 70.8
History of hyperlipidemia, % 81.9
Non-cardiac vascular disease, % 30.1
Past or present smoking, % 73.2

Table 2. Medications at baseline

Medication Patients, %

Beta-blockers 71.7
Calcium channel blockers 45.8
Angiotensin-converting enzyme inhibitors 40.6
Angiotensin receptor blockers 8.7
Nitrates (long acting) 79.4
Lipid lowering 73.6
Aspirin 75.6 
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demonstrated a smaller but still signifi cant decrease in 
weekly angina episodes from 11.5  8  13.1 at baseline to 
5.8  8  9.2 after treatment (p  !  0.05). The frequency of 
nitroglycerin usage/week decreased signifi cantly in the re-
sponders from 9.3  8  12.3 to 1.6  8  4.5 (p  !  0.001), but 
not signifi cantly in the nonresponders from 10.5  8  12.9 
to 5.2  8  8.0. Improvement in quality of life was reported 
in 63% of responders versus 37% of nonresponders (p  !  
0.001). 

 The only signifi cant, independent predictor of lack of 
initial response to EECP was baseline angina class (I, II, 
III versus IV with odds ratios 5.0, 4.8, 1.4 and CI 2.4–
10.4, 3.2–7.0 and 1.0–2.0, respectively).  

 At 1 year after the completion of EECP, 15% of non-
responders had undergone invasive revascularization 
(CABG or PCI) versus 8% of responders (p = 0.0001). In 
addition, 6% of nonresponders versus 5% of responders 
had died (p = not signifi cant) ( table 3 ). For the remaining 
patients free of MACE, there was a persistent reduction 
in CCS angina class over baseline at 1-year follow-up, as 
shown in  fi gure 1 . Interestingly, the initial group of non-
responders to EECP demonstrated increasing reduction 
in CCS angina class over time. In both initial responders 
and nonresponders there was a sustained reduction in 
angina episodes per week at 6 months: 2.8  8  6.1 and 5.8 
 8  8.9 for responders and nonresponders, respectively. At 
12 months, the number of angina episodes per week was 
3.1  8  6.4 and 5.4  8  8.6. Frequency of nitroglycerin us-
age per week remained decreased at 6 and 12 months in 
the responders group (6.1  8  8.4 and 6.0  8  7.8, respec-
tively). For nonresponders, the frequency of nitroglycerin 
usage per week tended to drift back to baseline (8.3  8  
11.9 at 6 months and 8.7  8 11.9 at 1 year). However, there 
was a parallel reduction in both responders and nonre-
sponders alike in the use of nitroglycerin from baseline to 
6 and 12 months (responders: from 71.7 to 41.4 to 45.2%; 
nonresponders: from 72.5 to 63.6 to 61.2%). 

 The patient-rated quality of life measures as shown in 
 fi gure 2  demonstrated a large improvement immediately 
after EECP in the responders, which remained improved 
at 6-month and 12-month follow-up. However, for the 
nonresponders, even though there was some improve-
ment in quality of life measures immediately after EECP, 
there was a gradual drift back to levels before EECP at 6 
and 12 months. 

 Overall, 72% of the responders and 37% of the nonre-
sponders survived to 1 year without MACE and with an-
gina less than that reported before EECP therapy. Logis-
tic regression analysis showed independent factors pre-
dicting this benefi t to be: initial response to treatment 

  Fig. 1.  CCS angina class in responders and nonresponders: before 
EECP, immediately after EECP, 6 and 12 months after EECP (pa-
tients alive with no CABG or PCI who reported angina status at
1 year; n = 1,597). 

Table 3. MACE rates for initial nonresponder and responder groups 
at 6 and 12 months after EECP follow-up

Cohort 6 months, % 12 months, % p value

Death
nonresponders 4.2 6.0 0.42
responders 2.0 5.0

Myocardial infarction
nonresponders 3.3 5.6 0.81
responders 2.7 5.3

CABG
nonresponders 3.0 4.3 0.13
responders 1.0 2.8

PCI
nonresponders 6.4 11.2 0.0002
responders 2.8 5.8

CABG or PCI
nonresponders 9.1 14.6 0.0001
responders 3.8 8.2

MACE1

nonresponders 14.0 22.8 0.0001
responders 7.6 16.1

Rates are Kaplan-Meier estimates; p values are log-rank tests to 
12 months. Responder was defi ned as a reduction of at least one 
angina class immediately after EECP.

1 Death/MI/CABG/PCI.
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(odds ratio 4.5; 95% CI 3.5–5.8), baseline angina class of 
CCS class I (odds ratio 2.1; 95% CI 0.93–4.81), class II 
(odds ratio 0.62; 95% CI 0.43–0.87) and class III (odds 
ratio 0.80; 95% CI 0.62–1.01) compared with CCS class 
IV, and no history of congestive heart failure (odds ratio 
1.41; 95% CI 1.14–1.74). 

   Major Adverse Cardiovascular Events 
 Patients received an average of 36.6  8  4.9 h of treat-

ment, with 95.6% completing the prescribed course of 
treatment. During the course of treatment (or in the 5 
days immediately following the last treatment), MACE 
were uncommon, occurring in 0.7% of patients (MI 0.3%, 
PCI 0.3%, CABG 0%, death 0.1%). The most frequent 
cardiovascular events during treatment included unsta-
ble angina in 1.7% and decompensated heart failure in 
0.9%. 

 There were signifi cant differences in the frequency of 
MACE differentiating the EECP responders and nonre-
sponders ( table 3 ). At 12 months, the frequency of PCI 
(11.2 vs. 5.8%; p = 0.0001) and cumulative MACE (22.8 
vs. 16.1%; p = 0.0001) were signifi cantly increased in non-
responders. The rates of death (6.0 vs. 5.0%; p = 0.42), 
CABG (4.3 vs. 2.8%; p = 0.13) and MI (5.6 vs. 5.0%; p = 
0.81) were similar in both groups.  

 Independent predictors of MACE at 1 year included 
left ventricular ejection fraction (hazard ratio 0.92; CI 
0.85–0.99 for 10% increase), diabetes mellitus (hazard 
ratio 1.40; CI 1.12–1.75) and baseline angina class versus 

patients in CCS class IV (hazard ratio 0.47, CI 0.15–1.47 
for class I; hazard ratio 0.60, CI 0.39–0.94 for class II; 
hazard ratio 0.88, CI 0.69–1.14 for class III). As demon-
strated by the Kaplan-Meier plot ( fi g. 3 ), separation of the 
curves occurred early after treatment and progressively 
increased over time after treatment. 

   Discussion 

 Initial and follow-up reduction in angina was higher 
than previously reported because the current cohort in-
cluded only patients completing 30 or more hours of 
treatment, whereas previous reported data included pa-
tients with fewer than 30 h of EECP  [1, 3, 4] . Patients 
failing to substantially complete the course of EECP dem-
onstrate much less reduction in angina. It is unclear 
whether patients fail to improve because they do not com-
plete the course of therapy or do not complete the course 
of therapy because they are not benefi ting from EECP. 
The current study compares two groups of patients com-
pleting 30 h of treatment, one group responding to EECP 
(as defi ned by a reduction of at least one CCS class) and 
the other group demonstrating no initial benefi t (nonre-
sponders). It is of interest, despite the lack of initial re-
sponse, that the nonresponders still demonstrated benefi t 
over their baseline status at 1-year follow-up. While this 
may refl ect the unpredictable clinical course of patients 
with angina, a course characterized by exacerbations and 
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  Fig. 2.  Quality of life score in responders and nonresponders: be-
fore EECP, immediately after EECP, 6 and 12 months after EECP 
(patients alive with no CABG or PCI who reported angina status 
at 1 year; n = 1,597). 

  Fig. 3.  Survival free from MACE (death/MI/CABG/PCI) for re-
sponders and nonresponders (Kaplan-Meier). 
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spontaneous improvements, it is also consistent with re-
cent fi ndings demonstrating continued improvement in 
endothelial function after EECP  [16]  and prior studies 
demonstrating continued improvement in quality of life 
after treatment  [22] . However, while symptoms improved 
in a substantial portion of initial nonresponders at 1 year, 
MACE at 1 year was overall signifi cantly higher in the 
nonresponding group. 

 It is probable that there is a signifi cantly positive ben-
efi t to the 30 or more hours of contact patients experi-
enced. It has been well demonstrated that recurrent pa-
tient visits may improve health and quality of life mea-
sures as an independent variable. The substantial contact 
with health care providers during EECP probably has the 
benefi t of reinforcing hygienic measures and improving 
compliance with health care measures. Prior studies have 
also suggested that EECP has a positive impact on psy-
chosocial functioning  [22] , related in part to the improve-
ment in cardiovascular health.  

 Patients with the most disabling angina have the most 
potential for benefi t from EECP, as measured by reduc-
tion in angina class. However, factors such as durability 
of benefi t and reduction of adverse cardiovascular events 
are as important as the initial improvement in this cohort 
of patients. The current study examines benefi t in terms 

of angina class and freedom from MACE. When exam-
ined in this fashion, CCS class IV patients continue to 
demonstrate a substantial benefi t. The relative risk:ben-
efi t ratio would support the current treatment paradigm 
as cost-effective. 

   Conclusions 

 One-year angina reduction without MACE was 
achieved in 72% of initial responders to EECP treatment. 
However, a surprising 37% of initial nonresponders dem-
onstrated similar benefi t at 1 year. Predictably, patients 
not responding to EECP demonstrated a higher frequen-
cy of MACE at 1 year, including signifi cant increase in 
the rate of PCI. Factors predicting 1-year benefi t included 
the absence of a history of congestive heart failure and 
baseline angina status.  
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