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Abstract 
 BACKGROUND: Endothelial dysfunction contributes to the manifestation of stable and unsta-
ble coronary syndromes in patients with established coronary artery disease (CAD). Enhanced 
external counterpulsation (EECP) is a noninvasive therapeutic modality for patients with CAD, 
non responsive to medical and/or surgical treatment. The aim of this research was to determine 
the long-term effect of EECP on endothelial function via releasing angiogenic factors, NO (nitric 
oxide) and VEGF (vascular endothelial growth factor), in patients with CAD. 
 METHODS: The study was performed on 19 consecutive patients with ischemic coronary artery 
disease. All subjects were treated with EECP 1-h per day, 5 days a week, over 7 weeks (totally 35 h). 
Serum level of VEGF and nitrite (stable NO metabolite) concentration was measured before EECP, 
after 24th day, at the end of course (35th day), and at 1 and 3 months after completion of EECP 
treatment. 
 RESULTS: After 35 hours of EECP, there was a trend toward increase (31.5 ± 14.7%) in nitrite 
level compared with baseline (11.12 ± 3.17 vs 9.65 ± 1.36 mg/l) but it wasn’t significant. Results 
of 1and 3 month follow-up after treatment showed that, the nitrite levels significantly increased 
compared with the baseline. During the course of EECP therapy, plasma VEGF levels increased 
progressively. Significant increase in plasma levels of VEGF were began from second sampling 
session of our study (24th day) and reached to maximum 3 month after EECP therapy. 
 CONCLUSION: In this prospective study that assessed the effects of EECP on plasma nitrite 
and VEGF levels, it has been demonstrated that EECP progressively increases nitrite and VEGF 
levels during the course of therapy. These significant changes continued 3 months after EECP 
therapy. 
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Introduction 
Endothelial dysfunction contributes to the manifesta-
tion of stable and unstable coronary syndromes in 
patients with established coronary artery disease 
(CAD).1 In addition, coronary endothelial dysfunction 
may lead to myocardial ischemia even in the absence 
of extensive obstructive CAD.2 
 Several pharmacological strategies have produced 
recovery of endothelial function, including ACE inhi-
bitors, statins, and L-arginine.3,4 However, many pa-
tients remained severely symptomatic despite exten-
sive medical therapy. 

 Enhanced external counterpulsation (EECP) is a 
noninvasive treatment for CAD that has been ap-
proved by the Food and Drug Administration (FDA), 
as a therapeutic modality for patients with no re-
sponse to medical and/or surgical treatment. EECP is 
regarded as a valuable therapeutic choice for patients 
with CAD and refractory angina.5 Up to 80% of pa-
tients who go through EECP therapy have a positive 
clinical response.6 EECP improves long-term progno-
sis in patients with coronary artery disease.7 EECP 
also increases exercise capacity, improves myocardial 
perfusion and quality of life.6,8,9 
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 However, despite growing evidence for the clinical 
benefit and safety of EECP, the mechanisms contri-
buting to its beneficial effects remain unclear.10 It has 
been proposed that the favorable effects of EECP in 
clinical studies may be the result of new blood vessel 
formation (angiogenesis), and enhancement of colla-
terals from preexisting vessels.12 EECP is associated 
with an immediate increase in blood flow in various 
vascular beds, including coronary arteries.11 
 This increased blood flow may lead to enhanced 
vascular shear stress, a key factor for endothelial pro-
duction and release of nitric oxide (NO).3,14 
Furthermore, shear stress might result in the release 
of a variety of growth factors such as vascular endo-
thelial growth factor (VEGF).15 
 Previous studies in animal models have been 
shown that EECP provided effective augmentation of 
angiogenesis and relevant VEGF expression.12,16 
 However, these studies have limited value in 

extrapolating their findings to the effects of a pro-
longed course of EECP because of the lack of an ap-
propriate chronic EECP animal model and short term 
EECP application in them. The mechanism(s) of ac-
tion, whereby EECP produces persistent long-term 
benefits, remains largely speculative. 
 The aim of this research was to determine whether 
treatment with EECP has any augmenting effects on 
two important angiogenic molecules, NO and VEGF 
before EECP, after 24th day, at the end of course (35th 
day), and at 1 and 3 months after completion of 
EECP treatment.  

Materials and Methods 
The study was approved by the ethical committee of 
the Isfahan University of Medical Sciences. 19 con-
secutive patients who were referred for EECP treat-
ment to Chamran hospital and agreed to participate 
after full clarification of the risk and benefits of 
EECP, were prospectively enrolled in the study. Pa-
tients were required to give informed consent. Nine-
teen patients (13 male, 6 female) with a mean age of 
61.65 ± 8.68 years, established ischemic coronary ar-
tery disease and were not amenable to standard forms 
of revascularization. 

Exclusion criteria included unstable angina, se-
vere valvular heart disease, uncontrolled hypertension 
(180/100), congestive heart failure, acute myocardial 
infarction < 3 months, patient with pacemaker, atrial 
fibrillation, left main coronary artery occlusion, and 
allergy to latex.  

All patients underwent a standard 35-h course of 
EECP (1 h daily, 5 days a week, over 7 weeks).The 
EECP device (TS2 Vasomedical, Westbury, New 

York) is composed of an air compressor, a computer 
module, a set of cuffs, and a treatment table. Cuffs 
were wrapped around patient’s calves, thighs, and 
lower buttocks.  

EECP involved the sequential inflation and defla-
tion of cuffs with air in a sequence synchronized with 
the patient's cardiac cycle via microprocessor inter-
preted electrocardiographic signals. EECP was per-
formed at external cuff pressures of 0.35–0.40 kg/cm2. 

Venous blood samples were drawn through a 25 
gauge needle immediately before EECP, after 24th 
day, at the end of course (35th day), and at 1 and 3 
months after completion of EECP treatment. All 
blood samples were obtained at the same time of the 
day. After an immediate centrifugation at 5,000 rpm 
for 10 minutes at 4°C, serum was collected and stored 
at - 70°C until use. 

Serum VEGF concentration was measured using 
enzyme-linked immunosorbent assay using available 
reagents and recombinant standards (R&D Systems, 
USA) according to manufacturers instruction. The 
VEGF assay has a minimum sensitivity of 3.0 pg/ml. 

The serum levels of nitrite (stable NO metabolite) 
was measured using a colorimetric assay kit (Promega, 
USA) that involves the Griess reaction as previously 
described.22 The detection limit was 0.25 µM nitrite. 

Data are expressed as means ± standard deviation. 
Repeated-measure analysis of variance followed by 
paired Student’s t-test, was used to detect differences in 
plasma nitrite or VEGF levels between baseline (before 
EECP) and sequential time points. SPSS v13/Win was 
used for data analysis.                      

Results 
The baseline characteristics of patients are shown in 
Table 1. No major adverse cardiovascular events were 
noted during the study period. 
 Figure1 illustrates plasma levels of VEGF during 
the course of EECP therapy and 1 and 3 month fol-
lowing EECP termination. After 35 hours of EECP, 
there was a trend toward increase (31.5 ± 14.7%) in 
nitrite level compared with baseline (11.12 ± 3.17 vs 
9.65 ± 1.36 mg/l) but it wasn’t significant. Results of 
1and 3 month follow-up after treatment showed that 
the nitrite levels significantly increased compared with 
the baseline 83.27 ± 29.03% and 280.80 ± 48.32%, 
respectively (16.47 ± 3.47 and 28.43 ± 6.04, P < 0.05). 
During the course of EECP therapy, plasma VEGF 
levels increased progressively (Figure 2). Significant 
increase of plasma levels of VEGF were began from 
second sampling session of our study (24th day) and 
reached to maximum 3 month after EECP therapy. 
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Table 2. Baseline Characteristics of Patients Undergoing 
EECP Treatment 
 

Age (year) 61.65 ± 8.68 

Female ,n (%) 6 (30.0) 

male,n (%) 14 (70.0) 

  

Cardiovascular risk factors  

Family history of premature CAD, n (%) 70% 

Hypertension, n (%) 12 (60.0) 

Hyperlipidemia, n (%) 6 (30.0) 

Smoking history, n (%) 9 (45.0) 

Diabetes, n (%) 5 (25.0) 

  

Cardiac history and status  

Prior MI, n (%) 5 (25.0) 

Prior CABG, n (%) 2 (10.0) 

  

Beta-receptor antagonist 6 (30.0) 

Calcium antagonists 8 (40.0) 

Aspirin 15 (75.0) 

Long-acting nitrates 9 (45.0) 

ACE inhibitors 14 (70.0) 

Lipid-lowering agents (statins) 7 (35.0) 

 

 
Fig 1. Plasma nitrite (stable NO metabolite) levels before, 
during, and at 1 and 3 months after EECP treatment  
(P < 0.05). 

Discussion  
In this prospective study that assessed the effects of 
EECP on plasma nitrite and VEGF levels, it has been 
demonstrated that EECP progressively increases ni-
trite and VEGF levels during the course of therapy. 

These significant changes continued 3 months after 
EECP therapy. 

 

 
Fig 2. Plasma VEGF levels before, during, and at 1 and 3 
months after EECP treatment (P < 0.05). 

 

In support of our finding, EECP treatment has 
been shown to be associated with both an immediate 
and a midterm increase in plasma levels of nitric oxide 
in patients with CAD.17,18 Moreover, it has been 
shown that EECP exerts both immediate and prolong 
favorable effects on peripheral endothelial function in 
patients with symptomatic CAD.19 

Endothelial shear stress from increased diastolic 
augmentation after EECP therapy was shown to in-
crease NO production.20 Likewise Akhtar et al21 
showed that EECP therapy has a sustained, dose-
related effect in stimulating production of NO. Endo-
thelial NO synthase (eNOS) expression can be regu-
lated by transcriptional activity, mRNA stability, and 
posttranslational modifications.22 It has been shown 
that short- and long-term increases in shearstress re-
sult in enhanced NO production and eNOS bioactivi-
ty through all above mentioned mechanisms i.e. in-
crease eNOS expression, eNOS transcript stability, 
and eNOS phosphorylation.23,24 Furthermore, Leven-
son et al revealed that even single session of EECP 
increased the cGMP production in patients with co-
ronary artery disease.25 

VEGF and its receptors are central regulators of 
vasculogenesis, and angiogenesis.26 

Sustained increase of VEGF levels in our study 
can also be explained by increased shear stress. He-
modynamic forces such as fluid shear stress play an 
active role in many physiological and pathophysiolog-
ical processes of the cardiovascular system. Shear 
stress modifies the function of endothelial cells 
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throughout a complex interplay between cytoskeletal 
and biochemical elements and cause changes in struc-
ture, metabolism, and gene expression.27 

It has been demonstrated that shear stress in-
creases endothelial cell VEGF mRNA and protein 
expression in porcine arterial endothelial cells.28 

In line of our results, Arora et al23 showed a 
trend toward increased VEGF levels after EECP 
therapy in human subjects.29 Similar finding has been 
reported by Chen et al24 in the porcine model of 
hypercholesterolemia.30 

By demonstrating that EECP markedly increases 
plasma nitrite and VEGF, our study provides evi-
dences to support the hypothesis that EECP im-
proves endothelial function. This hypothesis is further 
supported by previous studies that demonstrated by 
endothelium-dependent brachial artery indexes (reac-
tive hyperemia/peripheral arterial tonometry and 
flow-mediated dilation) that EECP improves endo-
thelial function in patients with symptomatic coronary 
artery disease, even after the first hour of therapy.31 

Improvement in angiogenic endothelial function 
is considered a potential, involved in the clinical bene-
fit associated with EECP.32 EECP is a noninvasive 
treatment that is safe and effective, immediately after 
a course of treatment. However, the duration of ben-
efit is less certain.33 

References 
1. Bonetti PO, Lerman LO, Lerman A. Endothelial dys-

function: a marker of atherosclerotic risk. Arterioscler 
Thromb Vasc Biol 2003; 23(2): 168-75. 

2. Zeiher AM, Krause T, Schachinger V, Minners J, 
Moser E. Impaired endothelium-dependent vasodila-
tion of coronary resistance vessels is associated with 
exercise-induced myocardial ischemia. Circulation 
1995; 91(9): 2345-52. 

3. Osto E, Coppolino G, Volpe M, Cosentino F. Restor-
ing the dysfunctional endothelium. Curr Pharm Des 
2007; 13(10): 1053-68. 

4. Javanmard SH, Nematbakhsh M, Sanei MH. Early 
prevention by L-Arginine attenuates coronary athe-
rosclerosis in a model of hypercholesterolemic ani-
mals; no positive results for treatment. Nutr Metab 
(Lond) 2009; 6: 13. 

5. Manchanda A, Soran O. Enhanced external counter-
pulsation and future directions: step beyond medical 
management for patients with angina and heart fail-
ure. J Am Coll Cardiol 2007; 50(16): 1523-31. 

6. Barsness GW. Enhanced External Counterpulsation 
in Unrevascularizable Patients. Curr Interv Cardiol 
Rep 2001; 3(1): 37-43. 

7. Lawson WE, Hui JC, Cohn PF. Long-term prognosis 
of patients with angina treated with enhanced external 

counterpulsation: five-year follow-up study. Clin 
Cardiol 2000; 23(4): 254-8. 

8. Arora RR, Chou TM, Jain D, Fleishman B, Crawford 
L, McKiernan T, et al. The multicenter study of en-
hanced external counterpulsation (MUST-EECP): ef-
fect of EECP on exercise-induced myocardial ische-
mia and anginal episodes. J Am Coll Cardiol 1999; 
33(7): 1833-40. 

9. Arora RR, Chou TM, Jain D, Fleishman B, Crawford 
L, McKiernan T, et al. Effects of enhanced external 
counterpulsation on Health-Related Quality of Life 
continue 12 months after treatment: a substudy of the 
Multicenter Study of Enhanced External Counterpul-
sation. J Investig Med 2002; 50(1): 25-32. 

10. Bonetti PO, Holmes DR, Jr., Lerman A, Barsness 
GW. Enhanced external counterpulsation for ischem-
ic heart disease: what's behind the curtain? J Am Coll 
Cardiol 2003; 41(11): 1918-25. 

11. Werner D, Schneider M, Weise M, Nonnast-Daniel 
B, Daniel WG. Pneumatic external counterpulsation: 
a new noninvasive method to improve organ perfu-
sion. Am J Cardiol 1999; 84(8): 950-8. 

12. Wu G, Du Z, Hu C, Zheng Z, Zhan C, Ma H, et al. 
Angiogenic effects of long-term enhanced external 
counterpulsation in a dog model of myocardial infarc-
tion. Am J Physiol Heart Circ Physiol 2006; 290(1): 
H248-H254. 

13. Zhang Y, He X, Chen X, Ma H, Liu D, Luo J, et al. 
Enhanced external counterpulsation inhibits intimal 
hyperplasia by modifying shear stress responsive 
gene expression in hypercholesterolemic pigs. Circu-
lation 2007; 116(5): 526-34. 

14. Yamamoto K, Takahashi T, Asahara T, Ohura N, 
Sokabe T, Kamiya A, et al. Proliferation, differentia-
tion, and tube formation by endothelial progenitor 
cells in response to shear stress. J Appl Physiol 2003; 
95(5): 2081-8. 

15. Soran O, Crawford LE, Schneider VM, Feldman AM. 
Enhanced external counterpulsation in the manage-
ment of patients with cardiovascular disease. Clin 
Cardiol 1999; 22(3): 173-8. 

16. Luo JY, Wu GF, Xiong Y, Chen GW, Xie Q, Yang 
DY, et al. Enhanced external counterpulsation pro-
motes growth cytokines-mediated myocardial angi-
ogenesis in a porcine model of hypercholesterolemia. 
Chin Med J (Engl) 2009; 122(10): 1188-94. 

17. Masuda D, Nohara R, Hirai T, Kataoka K, Chen LG, 
Hosokawa R, et al. Enhanced external counterpulsa-
tion improved myocardial perfusion and coronary 
flow reserve in patients with chronic stable angina; 
evaluation by(13)N-ammonia positron emission to-
mography. Eur Heart J 2001; 22(16): 1451-8. 

18. Qian XX, Wu WK, Zheng ZS, Zhan CY, Yu BY, 
Lawson WE, et al. Effect of enhanced external coun-
terpulsation on nitric oxide production in coronary 
disease. J Heart Dis 1999; (1): 193. Abstract 769. 

19. Bonetti PO, Barsness GW, Keelan PC, Schnell TI, 
Pumper GM, Kuvin JT, et al. Enhanced external 

www.mui.ac.ir 



 Masoud Pourmoghadas, et al. 

  ARYA Atherosclerosis Journal 2009 (Summer); Volume 5, Issue 2 65 

counterpulsation improves endothelial function in pa-
tients with symptomatic coronary artery disease. J 
Am Coll Cardiol 2003; 41(10): 1761-8. 

20. Tseng H, Peterson TE, Berk BC. Fluid shear stress 
stimulates mitogen-activated protein kinase in endo-
thelial cells. Circ Res 1995; 77(5): 869-78. 

21. Akhtar M, Wu GF, DU ZM, Zheng ZS, Michaels AD. 
Effect of external counterpulsation on plasma nitric 
oxide and endothelin-1 levels. Am J Cardiol 2006; 
98(1): 28-30. 

22. Tai SC, Robb GB, Marsden PA. Endothelial nitric 
oxide synthase: a new paradigm for gene regulation 
in the injured blood vessel. Arterioscler Thromb Vasc 
Biol 2004; 24(3): 405-12. 

23. Li Y, Zheng J, Bird IM, Magness RR. Mechanisms of 
shear stress-induced endothelial nitric-oxide synthase 
phosphorylation and expression in ovine fetoplacental 
artery endothelial cells. Biol Reprod 2004; 70(3): 
785-96. 

24. Balligand JL, Feron O, Dessy C. eNOS activation by 
physical forces: from short-term regulation of con-
traction to chronic remodeling of cardiovascular tis-
sues. Physiol Rev 2009; 89(2): 481-534. 

25. Levenson J, Pernollet MG, Iliou MC, Devynck MA, 
Simon A. Cyclic GMP release by acute enhanced ex-
ternal counterpulsation. Am J Hypertens 2006; 19(8): 
867-72. 

26. Lohela M, Bry M, Tammela T, Alitalo K. VEGFs and 
receptors involved in angiogenesis versus lymphan-
giogenesis. Curr Opin Cell Biol 2009; 21(2): 154-65. 

27. Urbich C, Stein M, Reisinger K, Kaufmann R,  

Dimmeler S, Gille J. Fluid shear stress-induced tran-
scriptional activation of the vascular endothelial 
growth factor receptor-2 gene requires Sp1-dependent 
DNA binding. FEBS Lett 2003; 535(1-3): 87-93. 

28. Conklin BS, Zhong DS, Zhao W, Lin PH, Chen C. 
Shear stress regulates occludin and VEGF expression 
in porcine arterial endothelial cells. J Surg Res 2002; 
102(1): 13-21. 

29. Arora R, Chen HJ, Rabbani L. Effects of enhanced 
counterpulsation on vascular cell release of coagula-
tion factors. Heart Lung 2005; 34(4): 252-6. 

30. Chen XL, He XH, Zhang Y, Qian YT, Liang LG, 
Fang DQ, et al. [Effect of chronic enhanced external 
counterpulsation on arterial endothelial cells of por-
cine with hypercholesteremia]. Di Yi Jun Yi Da Xue 
Xue Bao 2005; 25(12): 1491-3. 

31. Hashemi M, Hoseinbalam M, Khazaei M. Long-term 
effect of enhanced external counterpulsation on endo-
thelial function in the patients with intractable angina. 
Heart Lung Circ 2008; 17(5): 383-7. 

32. Wu G, Du Z, Hu C, Zheng Z, Zhan C, Ma H, et al. 
Angiogenic effects of long-term enhanced external 
counterpulsation in a dog model of myocardial infarc-
tion. Am J Physiol Heart Circ Physiol 2006; 290(1): 
H248-H254. 

33. Loh PH, Cleland JG, Louis AA, Kennard ED, Cook 
JF, Caplin JL, et al. Enhanced external counterpulsa-
tion in the treatment of chronic refractory angina: a 
long-term follow-up outcome from the International 
Enhanced External Counterpulsation Patient Registry. 
Clin Cardiol 2008; 31(4): 159-64. 

 

www.mui.ac.ir 




