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Abstract 

Background: the aim of this study was assessment the clinical and paraclinical effects of enhanced external 

counter pulsation (EECP) therapy in patients with coronary artery disease. 

Patients and Methods: We performed a retrospective analysis of data related to all patients who received 

EECP treatment at Shafa hospitals in Sari, Iran from 21 March 2013 to 21 March 2015. All patient’s data 

included demographic data, history of underlying disease, clinical sign and symptom, laboratory data 

(hemoglobin, triglyceride (TG), cholesterol, Low-density lipoprotein (LDL), High-density lipoprotein (HDL)) 

and left ventricular ejection fraction (LVEF) in before and after treatment by EECP were collected. 

Results: the data of 48 patients (include 25 men) with mean age of 62.20±10.15 years were collected. The mean 

of TG, Cholesterol, LDL and HDL were not significantly change after EECP therapy. However, the mean of 

hemoglobin (10.47±0.81mg/dl vs. 10.20±1.03mg/dl, P=0.019) and LVEF (40.10±5.40% vs. 36.04±5.64%, 

P<0.0001) were significantly increased after EECP therapy. Also, the mean of systolic (112.81±6.75mmHg vs. 

124.27±9.56mmHg, P<0.0001) and diastolic (71.35±5.90mmHg vs. 75.52±5.38mmHg, P<0.0001) blood 

pressure were significantly decrease after treatment with EECP. Clinical improvement of chest pain, muscle 

weakness, dyspnea and daily activity were observed in 14 patients (29.2%), 11 patients (22.9%), 24 patients 

(50%) and 28 patients (58.3%), respectively.  Finally 31 patients (64.6%) were satisfy form this treatment. The 

complication included low back pain in 6 patients (12.5%) and paresthesia in 4 patients (8.3%).  

Conclusion: In conclusion, the results of our study show EECP therapy is a safe treatment and can reduced 

systolic and diastolic blood pressure, increase hemoglobin level and LVEF and improve clinical condition of 

CAD patients.  

Keywords: coronary artery disease, enhanced external counter pulsation, left ventricular ejection fraction, 

clinical parameters, paraclinical parameters  

 

 

Introduction 

Coronary artery disease (CAD) is the most  

common reason of mortality in the world (1). It’s  

estimated nearly one patients in each 30 patients  

with stable CAD experiencing acute myocardial  

infarction (AMI) or cardiovascular death each year  

(2). CAD can induce chronic myocardial ischemia  

that causes stable angina and affected the patient’s  

daily activity and their quality of life (3).  
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Management of CAD could be variable from 

medical treatment to invasive surgical and non-

surgical coronary interventions (4, 5). But there are  

some patients who aren’t response to medical  

therapy and not suitable for invasive treatment.  

Therefore, this subgroup of patients need an 

alternative therapy (5). One of the new alternative  

treatment that suggested for this patients is  

enhanced external counter pulsation (EECP) (6).  

EECP is a non-invasive outpatient therapy and  

consist of 3 sets of cuffs on the upper thigh, lower  

thigh and calves of each leg are inflated with  

compressed air during the diastolic phase of the  

cardiac cycle and are deflated in early systole (7).  

The use of EECP is suggested for treatment of  

chronic angina when the pharmacotherapy was  

failed and patients weren’t suitable for invasive  

procedure (5, 8). Nevertheless, the role of EECP 

Still not properly approved. Therefore, we design  

this study to investigate the clinical and  

paraclinical effects of EECP therapy in patients  

with CAD.  

 

Materials and methods:  

We performed a retrospective analysis of data  

related to all patients who received EECP 

treatment at Shafa hospitals in Sari, Iran from 21  

March 2013 to 21 March 2015. Our exclusion 

criteria’s were inclusive cardiac arrhythmia,  

coagulation disorder, deep vein thrombosis,  

pregnancy, abdominal aortic aneurysm, new AMI,  

cardiac valvular disorder, CABG within past 3  

months, blood pressure greater than 

180/110mmHg, percutaneous coronary 

intervention in past 6 months, anticoagulant  

therapy with international normalized ratio (INR) 

3< and less than 10 -1hr sessions EECP (9).   

The therapeutic system of EECP were consist of a  

treatment table, a control console, an air  

compressor, and an integrated set of pneumatic  

cuffs that are positioned on the calves, thighs and  

upper thighs/buttocks. The cuffs were inflated with  

compressed air (up to 300 mm Hg) sequentially  

from distal to proximal in early diastole and  

rapidly deflated immediately prior to the onset of  

systole (9). This sequence were sync with cardiac  

cycle via microprocessor-interpreted  

electrocardiogram signals.  

All patient’s data included demographic data,  

history of underlying disease, clinical sign and  

symptom, laboratory data (hemoglobin,  

triglyceride (TG), cholesterol, Low-density 

lipoprotein (LDL), High-density lipoprotein  

(HDL)) and left ventricular ejection fraction  

(LVEF) in before and after treatment by EECP 

were collected.   

 

Statistical Analysis  

Data were analysis by SPSS 18. Patient’s  

characteristics were described using means,  

standard deviations, and percentages wherever  

appropriate. We used the chi-square test for  

comparisons of categorical variables and Student t  

test for continuous variables. P values < 0.05 were  

considered statistically significant  

  

Results:  

This study included 48 patients (include 25 men)  

with mean age of 62.20±10.15 years. The mean of  

patient’s body mass index (BMI) was 26.59±1.77 

kg/m
2
. Based on history, 14 patients had  

hypertension (29.2%), 25 patients had DM 

(52.1%), 13 patients had DLP (27.1%), 11 patients  

had history of MI (22.9%) and 14 patients had  

history of smoking (29.2%). Also, the evaluation  

of drug history shown 38 patients (79.2%) used  

atorvastatin, 38 patients (79.2%) used aspirin, 24 

patients (79.2%) used clopidogrel, 11 patients used  

angiotensin converting enzyme inhibitor (ACE-I),  

37 patients (79.2%) used β-blocker, 40 patients  

(83.3%) used Nitrate and 13 patients (79.2%) used  

calcium channel blocker.  

Patient’s blood pressure and paraclinic data, before  

and after treatment with EECP, were summaries in  

the table 1. As you can see in this table, the mean 

of TG, Cholesterol, LDL and HDL were not  

significantly change after EECP therapy. However,  

the mean of Hemoglobin (10.47±0.81mg/dl vs.  

10.20±1.03mg/dl, P=0.019) and LVEF 

(40.10±5.40% vs. 36.04±5.64%, P<0.0001) were  

significantly increased after EECP therapy. Also,  

the mean of systolic (112.81±6.75mmHg vs.  

124.27±9.56mmHg, P<0.0001) and diastolic  

(71.35±5.90mmHg vs. 75.52±5.38mmHg,  

P<0.0001) blood pressure were significantly 

decrease after treatment with EECP.   

Clinical improvement of chest pain, muscle  

weakness, dyspnea and daily activity were  

observed in 14 patients (29.2%), 11 patients  

(22.9%), 24 patients (50%) and 28 patients  
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(58.3%), respectively.  Finally 31 patients (64.6%)  

were satisfy form this treatment.    

Only two type of minor complication were  

observed that included low back pain in 6 patients  

(12.5%) and paresthesia in 4 patients (8.3%).   

 

Table 1. Patient’s blood pressure and paraclinic 

data, before and after treatment with EECP 

factors Before 

EECP 

therapy 

after EECP 

therapy 

P value 

SBP 

(mmHg) 

124.27±9.5

6 

112.81±6.7

5  

P<0.000

1 

DBP 

(mmHg) 

75.52±5.38 71.35±5.90  P<0.000

1 

TG 

(mg/dl) 

212.20±60.

71 

210.31±56.

93 

P=0.333 

Cholestero

l (mg/dl) 

182.52±38.

63 

183.08±37.

30 

P=0.603 

LDL 

(mg/dl) 

97.22±30.2

9 

97.35±28.7

6 

P=0.883 

HDL 

(mg/dl) 

42.89±5.39 43.66±4.90 P=0.130 

Hemoglob

in (mg/dl) 

10.20±1.03 10.47±0.81 P=0.019 

LVEF (%) 36.04±5.64 40.10±5.40 P<0.000

1 

EECP: enhanced external counter pulsation, SBP: 

systolic blood pressure, DBP: diastolic blood 

pressure, TG: triglyceride, LDL: low density 

lipoprotein, HDL: high density lipoprotein, LVEF: 

left ventricular ejection fraction 

 

Discussion  
EECP suggested as a one of the alternative 

treatment in CAD patients who aren’t response to 

medication therapy and their condition aren’t 

suitable for invasive procedure such as PCI, 

angioplasty or CABG (8, 10). Therefore this study 

design to assessment the clinical and paraclinical 

effects of enhanced external counter pulsation 

therapy in patients with coronary artery disease.  

Our results shown that EECP therapy can reduce 

both SBP and SBP. Same with this results, 

Dockery et al. in their prospective before and after 

study and Braith et al. in their randomized sham-

controlled study shown EECP therapy can 

significantly decrease SBP and DBP (10, 11). The 

previous studies shown sequence of pneumatic cuff 

inflation and deflation in EECP therapy lead to 

decrease in systemic vascular resistance, improve 

endothelial dysfunction and Nitric oxide level (9, 

12). Finally these changes can lead to decrease 

systemic blood pressure.   

In this study, the mean of lipid profile included TG, 

cholesterol, LDL and HDL were not significantly 

change after EECP therapy. Braith et al. find same 

results. In their study, there were not significantly 

difference observed between two groups(10). It’s 

seems, EECP therapy had not affected TG, 

cholesterol, LDL and HDL level.  

Conditions that decrease in myocardial oxygen 

supply can lead to ischemia and angina (13). The 

main factors in oxygen supply are oxygen tension 

and the hemoglobin concentration that determine 

oxygen-carrying capacity of the blood (14). In this 

study the clinical sign and symptom of patients 

were improved after EECP therapy. Also, the level 

of hemoglobin and LVEF was significantly 

increased after EECP. It’s seems, increase in 

hemoglobin level in one hand and improve of 

cardiac output (LVEF) in other hand were the main 

reasons of patients clinical improvement. Same 

with our study, Kozdag et al. and Beck et al. 

reported that EECP therapy can improve clinical 

and biochemical parameters in CAD patients (9, 

15).  

In conclusion, the results of our study show EECP 

therapy is a safe treatment and can reduced systolic 

and diastolic blood pressure, increase hemoglobin 

level and LVEF and improve clinical condition of 

CAD patients.  
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