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Enhanced external counterpulsation (EECP) has been approved by the United States Food and 
Drug Administration (FDA) for management of refractory angina (Class IIb). EECP uses three 
sets of pneumatic cuffs that sequentially contract during diastole, increasing aortic diastolic 
pressure, augmenting coronary blood flow and central venous return. EECP improves anginal 
symptoms and exercise tolerance, and reduces nitroglycerin use in patients with chronic, stable 
angina. EECP has also been shown to be safe and beneficial in patients with symptomatic stable 
congestive heart failure. It has been postulated that cardiac benefits of EECP are mediated 
though vascular endothelial growth factor (VEGF) and nitric oxide mediated vasodilatation and 
angiogenesis. In June 2002, the FDA also approved EECP therapy for heart failure patients.
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There is a high prevalence of symptomatic coronary 
artery disease (6.4 million patients) in the United States, with 
an annual incidence of about 400,000.1 In a subset of these 
patients: angina is not optimally controlled despite optimal 
medical management and coronary revascularization. This 
condition is termed refractory angina.2 The Scottish 
Intercollegiate Guidelines Network for management of 
refractory angina include: education, rehabilitation, cognitive 
behavioral therapy, spinal cord stimulation, transcutaneous 
electrical nerve stimulation, left stellate ganglion block, 
thoracoscopic sympathectomy, angiogenesis, and surgical 
transmyocardial revascularization, among others.3

In 1953, Kantrowitz demonstrated that coronary blood flow 
can be increased 20% to 40% by increasing diastolic blood 
pressure.4 Intra-aortic balloon pump (IABP) counterpulsation 
is an invasive method of increasing coronary blood flow, 
while enhanced external counterpulsation (EECP) is a non-
invasive method. EECP therapy has been approved by the 
United States Food and Drug Administration (FDA) (Class 
IIb) for management of refractory angina and heart failure. 

Methods
EECP is a registered trademark (timing mechanism of the 
machine) of Vasomedical, Inc., Westbury, New York, which 
manufactures EECP equipment in the United States. Most 
published studies have used Vasomedical EECP equipment. 
EECP therapy consists of three sets of pneumatic cuffs 
attached to each of the patient’s legs at the calf and lower and 
upper thigh. The inflation of the cuffs is triggered by a 
computer, and timing of the inflation is based on the R wave 
of the electrocardiogram. The EECP therapist adjusts the 
inflation and deflation timing to provide optimal blood 
movement per a finger plethysmogram waveform reading. 
This produces a retrograde flow of blood in the aorta (aortic 
counterpulsation), resulting in a diastolic augmentation of 
blood flow and also an increase in venous return, which leads 
to an improved coronary perfusion pressure during diastole. 
Shortly afterwards, the cuffs simultaneously deflate before 
the onset of systole, thereby decreasing vascular resistance, 
assisting with systolic unloading, and decreasing cardiac 
workload.2
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The typical EECP course involves 35 one-hour sessions that 
the patient attends each week, Monday through Friday. 
However, two sessions can be completed per day if the patient 
so desires and is able to tolerate the sessions. The course of 
therapy can be extended for patients who do not start to 
develop improvement of their symptoms until late in the 
course of therapy. Additional treatment hours may be 
considered on a case-by-case basis for the patient to reach 
individual treatment objectives. Specifically, for patients who 
initially present with angina, a reduction of symptom 
frequency and/or intensity would be a measurement of 
progress. For patients with comorbidities or physical limiting 
factors, the therapy may be less effective and additional hours 
of treatment may be warranted.5,6 Repeat EECP may be 
required in about 20% of patients, especially if they failed to 
complete the initial 35-hours of EECP therapy.5

According to Vasomedical protocol, exclusion criteria for 
EECP include arrhythmias that interfere with machine 
triggering, bleeding diathesis, active thrombophlebitis, severe 
lower extremity vaso-occlusive disease, presence of a 
documented aortic aneurysm requiring surgical repair, and 
pregnancy. Precautions include decompensated heart failure, 
aortic insufficiency, severe mitral or aortic stenosis, 
uncontrolled hypertension, and heart rates greater than 120 
beats per minute. Hypertension and elevated heart rates 
should be controlled before starting treatment, and heart 
failure patients should be stable before starting treatment.
EECP is well tolerated, and the usual side effects are 
equipment-related, including leg and back pain, skin abrasion, 
bruising, blistering, edema, and paresthesias.2,5,6 The beneficial 
effects include reduced myocardial oxygen demand, increased 
venous return and cardiac output, improved endothelial 
function, prolonged time to exercise-induced ST depression 
on 12-lead electrocardiogram, and improvement or resolution 
of myocardial perfusion defects.6

Overall, EECP has been proven to be a safe therapy, as 
reported by the International EECP patient registry (IEPR) in 
2000. Of 2511 patients treated, 0.3% died, 0.9% had a 
myocardial infarction, 0.2% had bypass grafting, and 0.8% 
had percutaneous coronary intervention (PCI) during the 
treatment period.7,8

Discussion
Role of EECP in Angina
The multicenter study-EECP (MUST-EECP)9 was the 
landmark prospective, blinded, multicenter study that 
randomly assigned 139 patients with chronic stable angina 
and positive exercise stress tests to full-dose EECP or a sham 
method with minimal pressures. The study showed significant 
increase in exercise time post-EECP from baseline (426 ± 20 
to 470 ± 20s, P<0.001) versus the sham group (432 ± 22 to 
464 ± 22s, P<0.03), and significant improved time to ≥ 1mm 
ST-segment depression in the EECP group (337±18 to 
379±18s, P<0.002) compared with the sham group (326±21 
to 330±20s, P<0.74). These results were maintained 12 
months after EECP treatment.9,10

The IEPR demonstrated that 78% of patients had a reduction 
of ≥1 angina class, and 38% of patients had improvement of 
at least two classes. At least a 50% reduction in frequency of 
angina was experienced by 76% of patients as well as 
improvement in quality-of-life assessment that was sustained 
for at least 2-years.7,8 Loh et al11 conducted a follow-up 
review in 2008 that followed 1061 patients from the IEPR-1 
(previously described) who maintained significant 
improvements in both weekly anginal events and quality of 
life at 3-years following completion of EECP therapy, 
compared with data obtained 1-week post-therapy.

A 5-year, single-center, non-randomized study in 33 patients 
with coronary artery disease, treated with EECP and grouped 
as responders vs non-responders found that major adverse 
cardiovascular events or mortality occured in 6 of 7 patients 
(86%) in the non-responder group and 6 of 26 patients (23%) 
in the responder group.12 The overall 5-year survival of 
EECP-treated patients was 88%, comparable to that seen with 
medical and revascularization therapies. At 5-years of follow-
up, 64% of patients were alive without interim cardiovascular 
events or need for revascularization.12

The IEPR data also demonstrated an 83% reduction in 
hospitalization rates, compared to 6 months before EECP. 
About 86% of IEPR patients completed the 35-hour 
treatment.13 The EECP completion rate was a major indicator 
for benefit from EECP; there were significantly lower rates of 
myocardial infarction, coronary artery bypass grafting, and 
PCI mortality at 1-year among those who completed the 
35-hour EECP therapy compared to those who did not.14 At 
5-years, major adverse cardiovascular events (death, acute 
myocardial infarction, new coronary artery bypass grafting, 
new PCI, valve replacement, unstable angina) were 
significantly lower among EECP responders (23%) compared 
to non-responders (86%).12 EECP responders also have 
significant post-therapy improvements in perfusion defects 
on radionucleotide stress tests performed to the same cardiac 
work load and double product.12,15-17 EECP also has shown 
positive psychosocial effects amongst recipients.18

Figure 1: Schematic of the sequential diastolic and systolic 
deflations of leg cuffs during EECP therapy.
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Role of EECP in Congestive Heart Failure
Earlier studies have indicated a higher incidence of heart 
failure in patients with left ventricular dysfunction based on 
EECP increasing venous return and preload, hence 
precipitating pulmonary edema.19 The Prospective Evaluation 
of Enhanced External Counterpulsation in Congestive Heart 
failure (PEECH)20 trial of 187 subjects with stable, 
symptomatic, mild-to-moderate heart failure (left ventricular 
ejection fraction [LVEF] ≤35 %) on optimal medical 
management demonstrated a significant increase in exercise 
time of at least 60 seconds in the EECP group (35%) 
compared to control group (25%), with a significant 
improvement of the Minnesota Living with Heart Failure 
score at 1 week and 3 months after treatment. There was no 
significant difference in the peak VO2 between the groups. A 
subgroup analysis of patients over age 65 from the PEECH 
trial (EECP n=41, control n=44) demonstrated a 6-month 
higher response rate in the peak VO2 group compared to the 
control group (29.7% vs 11.4%, P=0.017).20

The PEECH20 trial further demonstrated that 33.3% of 
patients showed improvement of at least one class of New 
York Heart Association (NYHA) classification 1-week post-
EECP therapy, with 31.3% of patients reporting improvement 
in classification 6-months post-therapy. Of note, 11.4% and 
14.3% of placebo patients reported the same results, 
respectively.21

Improvements in quality-of-life assessments without any 
major complications have also been demonstrated at 1 week 
and 6 months after EECP. In a study of 450 patients with 
refractory angina and left ventricular dysfunction (ejection 
fraction [EF]< 30 ± 8%) EECP significantly reduced 6-month 
emergency room visits by 78% and hospitalizations by 73%.22

EECP Mechanism in Congestive Heart Failure
Significant improvements in B-type natriuretic peptide, uric 
acid, free-T3/free-T4 ratio, and mitral annular E velocity have 
been observed in a prospective cohort study post-EECP 
therapy compared to baseline.23 EECP therapy has been 
shown to significantly increase LVEF and significantly 
reduce resting heart rate.24 EECP therapy has also been shown 
to be of benefit for patients with ischemic and non-ischemic 
cardiomyopathy, systolic or diastolic dysfunction.25 A study of 
26 patients with heart failure (class II/III NYHA and average 
EF of 23%) showed clinical benefit without any major 
adverse cardiac effect.26

Role of EECP in Hypertension
A study of 108 consecutive patients receiving EECP 
demonstrated a significant (6.4 ± 16.2 mm Hg) reduction in 
systolic blood pressure at the end of therapy with no 
statistically significant effect on diastolic blood pressure or 
heart rate. Systolic blood pressure increased in the two lowest 
strata (<100 mmHg and 101–110 mmHg) and decreased in 
the remaining strata (111–120 mmHg, 121–130 mmHg, 
131–140 mmHg, and ≥141 mmHg) (P< 0.001). These 

Figure 2: Finger pleythysmogram showing the changes in vascular flow rate during EECP therapy; Blue curve indicates blood 
pressure without EECP; brown curve shows augmentation of blood flow as EECP cuff is inflated. [S: systole, D: diastole, T: 
transition (cuff inflation begins), EDP: end-diastolic pressure.]
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stratified differences were sustained after each EECP session 
as well as the immediate end and at 6 weeks of the EECP 
course.27 A recent study by Gurovich and Braith28 demonstrated 
that even a single session of EECP-related blood flow 
patterns improved flow-mediated dilation in femoral and 
brachial arteries in healthy subjects.

EECP in Acute Coronary Syndrome with Cardiogenic Shock
A single-center, prospective study of ten patients with acute 
coronary syndrome and/or cardiogenic shock, ineligible for 
IABP counterpulsation, and received two to four 1-hour 
bedside treatments by portable EECP demonstrated a lack of 
portable EECP-related adverse effects like bleeding 
complications, heart failure exacerbation, skin breakdown, or 
interference with nursing care.29 EECP treatment resulted in 
significant increase in 30-minute mean arterial pressure 
compared to baseline (P=0.0002) and dyspnea severity 
(P=0.036) without significant changes in heart rate, pulse 
oximetry, or urine output. This study also suggests improved 
cardiovascular performance and possibly clinical outcomes 
with acute inpatient EECP in patients with acute coronary 
syndrome and cardiogenic shock.29

Role of EECP in Non-cardiac Conditions
EECP has been tried in treatment of restless leg syndrome,30 
erectile dysfunction,31 hepatorenal syndrome,32 Syndrome 
X,33 and retinal artery occlusion,34 although it is not FDA-
approved for management of these conditions. EECP has 
been shown to improve transdermal oxygen concentration 
and concentration of moving red blood cells and significantly 
reduced transdermal carbon dioxide pressure and velocity of 
blood cells in healthy subjects probably due to peripheral 
vasodilatation.35

Mechanism of Action
Endothelium
EECP responders have significant immediate increase in the 
reactive hyperemia-peripheral arterial tonometry (a non-
invasive method of measuring peripheral endothelial function) 
index after each treatment and at 1-month.36 Endothelium 
plays an integral part in vascular homeostasis, and its 
dysfunction leads to imbalance between nitric oxide—a 
potent vasodilator, anti-proliferative, anti-inflammatory 
molecule—and endothelin-1—a potent vasoconstrictor, 
mitogen, and pro-inflammatory molecule.37 A prospective 
study of 25 patients by Barsheshet et al38 demonstrated 
EECP-related increase in median number of endothelial 
progenitor cells (10.2 to 17.8 cells, P<0.001) and colony 
forming units (3.5 to 11, P=0.01). EECP leads to improved 
coronary blood flow derived from increased shear stress,39 
which leads to increased endothelial nitric oxide release and 
resultant vasodilatation.40 Patients with coronary artery 
disease have been noted to have a significant increase in 
levels of plasma nitric oxide levels and a significant decrease 
in plasma endothelin-1 levels, 1 month after a course of 
EECP.41,42 In a prospective study by Shechter et al43 in 2003 
of 20 patients with coronary artery disease, EECP resulted in 

significant improvement in flow-mediated dilatation of the 
brachial artery (8.2 ± 2.2%, P=0.01) compared to controls 
(3.1± 2.2%, P= 0.78).

A randomized controlled study of 42 patients with symptomatic 
coronary artery disease (35 one-hour EECP [n=28] and sham-
EECP [n=14]) by Braith et al44 showed significant increase in 
flow-mediated dilatation of brachial arteries (51% vs 2%) and 
femoral arteries (31% vs 5%), while reducing endothelin-1 
(-25% vs +5%) and nitric oxide synthase inhibitor asymmetric 
dimethyl arginine (-28% vs +0.2%). 

Oxidative stress
Oxidative stress is associated with various cardiovascular risk 
factors and plays a key role in the etiology of atherogenesis 
and endothelial dysfunction.45 Furthermore, Braith et al44 
showed EECP-mediated reduction in pro-inflammatory 
cytokines (tumor necrosis-α [-16% vs +12.1%], monocyte 
chemoattractant protein-1 [-13% vs +0.2%], vascular cell 
adhesion molecule-1 [-6% vs +1%], hs C-reactive protein 
[-32% vs +5%], and lipid peroxidation marker 8-isoprostane 
platelet growth factor 2α [-21% vs +1.3%]) with treatment  
vs sham.

Angiogenesis
Shear stress is a known stimulus for coronary collateral 
development and recruitment.46 Vascular endothelial growth 
factors (VEGF) and platelet-derived growth factors that are 
crucial in angiogenesis are upregulated by vascular shear 
stress.47,48 A course of EECP has shown to increase plasma 
levels of VEGF, basic fibroblast growth factor, and hepatocyte 
growth factor in a study of 11 patients with stable angina.49 
VEGF is known to induce nitric oxide synthase expression 
and activity. Endothelial nitric oxide stimulates the effect of 
VEGF on endothelial cells and their organization in network-
like structures.50 In a study of 6-week EECP on 12 beagle 
dogs, Wu et al48 demonstrated a significant increase in the 
microvessels density per mm(2) in the infarcted regions 
(vWF, 15.2 +/- 6.3 vs 4.9 +/- 2.1, P < 0.05; alpha-actin, 11.8 
+/- 5.3 versus 3.4 +/- 1.2, P< 0.05) of EECP group compared 
to control group, respectively. There was also a significant 
increase in VEGF expression, and they demonstrated that an 
increase in capillary density corresponded to improved 
myocardial perfusion by 99mTc-sestamibi single-photon 
emission computed tomography.51

A 2013 prospective interventional study of 50 patients by 
Eslamian et al52 demonstrated significant difference between 
perfusion scan ischemia severity before and 1-month post-
EECP completion (P=0.04). A prospective study by 
Buschmann et al53 showed significant improvement in 
coronary flow index (from 0.08 ± 0.01 to 0.15 ± 0.02; 
P< 0.001) and fractional flow reserve (from 0.68 ± 0.03 to 
0.79 ± 0.03; P= 0.001) in EECP-treated patients (n=16) 
compared to none in the control group (n=7), indicating the 
stimulation of coronary arteriogenesis via EECP in patients 
with stable coronary artery disease.53

Exercise capacity
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EECP may promote improvement in exercise duration with 
no change in peak double product by reduction in peripheral 
vascular resistance.54

Controversies
Limited data from well-designed, multicenter, randomized, 
prospective data are available on the efficacy and efficiency 
of EECP. Both randomized-controlled trials (MUST-EECP9 
and PEECH20) received sponsorship from Vasomedical, the 
EECP manufacturer. These studies included patients with 
chronic stable angina, and refractoriness to standard anginal 
treatment was not a mandatory requirement. Also, patients 
with class IV angina, overt heart failure, unstable angina, and 
myocardial infarction within 3 months were excluded. The 
MUST-EECP9 intervention group had longer duration of 
angina and higher incidence of prior myocardial infarction, 
and personnel administering the EECP were not blinded.

Most available studies have critical limitations such as 
conclusions based on subjective assessment, failure to 
complete the entire 35 one-hour EECP course, and lack of 
comparison group. The PEECH20 trial failed to maintain a 
statistically significant improvement in Quality of Life after 6 
months. The EECP group had a higher attrition rate (23.7%) 
compared to control group (13.85) due to adverse events.2

A prospective study by Dockery et al55 did not show 
significant change in arterial stiffness parameters as measured 
by carotid-radial pulse wave velocity and aortic augmentation 
index, despite a significant improvement in treadmill exercise 
time and blood pressure reduction after a 7-week EECP 
therapy. Hence, the study suggests that factors besides change 
in arterial wall mechanics could be contributing to the 
sustained clinical benefit seen by EECP.55 Available data are 
unclear on whether EECP in non-responders contributed to a 
higher incidence of adverse cardiac events than responders. A 
small subgroup analysis of the PEECH trial showed that the 
EECP benefit seen in patients with ischemic cardiomyopathy 
was not seen in patients with non-ischemic cardiomyopathy. 
This may have been attributed to low patient numbers and 
non-blinding of patients to therapy, hence leading to a 
placebo effect.21

Some data from IEPR reveal that in patients with EF < 35% 
there is a significant increase in adverse cardiac events, death, 
congestive heart failure, and hospitalization after 6 months.19 

Non-randomized trials conducted with limited patients and at 
a limited number of institutions usually run the risk of 
selection bias and placebo effect influencing the outcome of 
the trial. Data on longterm cardiac mortality are unavailable; 
hence symptomatic improvement with EECP does not 
guarantee improved survival or reduced cardiovascular 
mortality.

In 2010, Braith et al’s44 randomized controlled trial of 42 
patients demonstrated significant EECP-mediated dilation of 
brachial and femoral arteries and release of vasoactive agents 

reduction of pro-inflamatory markers. However, the small 
patient number affects the power and generalizabilty of the 
study. Also, the clinical significance of peripheral flow 
dynamics and endovascular chemicals is largely unknown.44

Conclusion
EECP has been used in the treatment of angina for the past 
two decades with a record of safety and, more recently, 
several publications which support its efficacy. It is approved 
by the FDA for the treatment of chronic or unstable angina 
and in patients with congestive heart failure. Treatment has 
been associated with improved exercise tolerance and 
myocardial perfusion, as evidenced by nuclear imaging and 
positron emission tomography. More research will hopefully 
shed additional light on the mechanism of action and verify 
the longterm attenuation of symptoms in patients with 
unstable angina pectoris and in those with congestive heart 
failure.
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