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Improves Endothelial Function in
Patients With Refractory Angina Pectoris
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The goal of this study was to investigate the influence of short-term external counterpulsation
(ECP) therapy on flow-mediated dilation (FMD) in patients with coronary artery disease
(CAD).
BACKGROUND In patients with CAD, the vascular endothelium is usually impaired and modification or
reversal of endothelial dysfunction may significantly enhance treatment. Although ECP
therapy reduces angina and improves exercise tolerance in patients with CAD, its short-term
effects on FMD in patients with refractory angina pectoris have not yet been described.
METHODS
We prospectively assessed endothelial function in 20 consecutive CAD patients (15 males),
mean age 68 ⫾ 11 years, with refractory angina pectoris (Canadian Cardiovascular Society
[CCS] angina class III to IV), unsuitable for coronary revascularization, before and after
ECP, and compared them with 20 age- and gender-matched controls. Endotheliumdependent brachial artery FMD and endothelium-independent nitroglycerin (NTG)mediated vasodilation were assessed before and after ECP therapy, using high-resolution
ultrasound.
RESULTS
External counterpulsation therapy resulted in significant improvement in post-intervention
FMD (8.2 ⫾ 2.1%, p ⫽ 0.01), compared with controls (3.1 ⫾ 2.2%, p ⫽ 0.78). There was
no significant effect of treatment on NTG-induced vasodilation between ECP and controls
(10.7 ⫾ 2.8% vs. 10.2 ⫾ 2.4%, p ⫽ 0.85). External counterpulsation significantly improved
anginal symptoms assessed by reduction in mean sublingual daily nitrate consumption,
compared with controls (4.2 ⫾ 2.7 nitrate tablets vs. 0.4 ⫾ 0.5 nitrate tablets, p ⬍0.001 and
4.5 ⫾ 2.3 nitrate tablets vs. 4.4 ⫾ 2.6 nitrate tablets, p ⫽ 0.87, respectively) and in mean CCS
angina class compared with controls (3.5 ⫾ 0.5 vs. 1.9 ⫾ 0.3, p ⬍0.0001 and 3.3 ⫾ 0.6 vs.
3.5 ⫾ 0.5, p ⫽ 0.89, respectively).
CONCLUSIONS External counterpulsation significantly improved vascular endothelial function in CAD
patients with refractory angina pectoris, thereby suggesting that improved anginal symptoms
may be the result of such a mechanism. (J Am Coll Cardiol 2003;42:2090 –5) © 2003 by
the American College of Cardiology Foundation
OBJECTIVES

Patients with symptomatic coronary artery disease (CAD)
are usually treated with conventional drug therapy including
nitrates, beta-receptor blocking agents, and calcium channel
blockers (1), or coronary revascularization when appropriate, either by percutaneous transluminal coronary intervention (PCI) (2) or coronary artery bypass grafting (CABG)
(2– 6). However, a number of patients do not respond
satisfactorily to such therapy, or are unsuitable candidates
for invasive treatment.
See page 2096
Enhanced external counterpulsation therapy (ECPT) has
been studied for over 40 years as a noninvasive method for the
treatment of CAD (7). It may be a successful alternative
therapy for symptomatic CAD patients who are either unsuitable for coronary revascularization or refractory to conventional
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pharmacologic treatment or repeat interventions, including
CABG and/or PCI (8 –14). The exact mechanisms by which
ECPT exerts its beneficial effects are unknown, but one of its
effects is considered to be the development and recruitment of
collateral vessels (15). Recent studies suggest that shear stress
induced by ECPT might result in the release of a variety of
growth factors and the subsequent stimulation of angiogenesis
in coronary beds (16).
It is known that the vascular endothelium plays a key role in
circulatory homeostasis through its ability to regulate the
vascular milieu by the synthesis and release of biologically
active substances, such as endothelium-derived relaxing factor
(17,18). The endothelium influences not only vascular tone,
but also vascular remodeling, as well as hemostasis and thrombosis through platelet, coagulant, and fibrin effects (19,20). In
atherosclerotic arteries, these endothelium functions are impaired and potentiate an adverse pathophysiology through
increased vasoconstriction (i.e., paradoxical vasoconstriction)
(20,21) and thrombosis (20). It has been suggested that by
reducing cardiovascular risk factors, the modification or reversal of endothelial dysfunction may be of significant therapeutic
benefit in the treatment of CAD (20,22).
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Abbreviations and Acronyms
CABG ⫽ coronary artery bypass grafting
CAD ⫽ coronary artery disease
CCS ⫽ Canadian Cardiovascular Society
ECP ⫽ external counterpulsation
ECPT ⫽ external counterpulsation therapy
FMD ⫽ flow-mediated dilation
NO
⫽ nitric oxide
NTG ⫽ nitroglycerin
NYHA ⫽ New York Heart Association
PCI
⫽ percutaneous transluminal coronary
intervention
%FMD ⫽ diameter percent change caused by
endothelium-dependent flow-mediated
vasodilation
%NTG ⫽ endothelium-independent percent change from
baseline in nitroglycerin-mediated vasodilation

Over the past decade, a noninvasive technique has been
developed to evaluate endothelium-dependent, brachial artery flow-mediated dilation (FMD) (23–25). This stimulus
provokes the endothelium to release nitric oxide (NO) with
subsequent vasodilation that can be imaged and quantitated
as an index of vasomotor function. The advantages of this
high-frequency ultrasonographic imaging of the brachial
artery are two-fold; it is noninvasive and also facilitates
repeated measurements (25).
Because the impact of ECPT on endothelial function has
not yet been investigated, we designed a study to test the
impact of short-term ECPT on FMD in CAD patients
with refractory angina pectoris, unsuitable for coronary
revascularization. We hypothesized that ECPT would improve FMD in CAD patients with refractory angina pectoris.

METHODS
Study design and population. Twenty consecutive patients were recruited from a supervised external counterpulsation (ECP) program at the Heart Institute of the Sheba
Medical Center and comprised the ECP group. Twenty
age- and gender-matched consecutive CAD patients who
did not want to participate in the ECP program represented
the control group. Study inclusion criteria included men and
women age ⬎20 years with CAD documented by prior
myocardial infarction, coronary artery bypass surgery, or
coronary angiography or angioplasty. Refractory angina
pectoris (Canadian Cardiovascular Society [CCS] angina
class III or IV), obligatory in all patients and rendering them
unsuitable for coronary revascularization (either CABG or
PCI), was determined by two criteria (26): objective ischemia producing severe symptoms, and/or exhaustive attempts of all known conventional therapies. Patients with
refractory angina (CCS angina class III or IV) had to be
either markedly limited or incapable of performing even
ordinary physical activity without discomfort. Objective
evidence of ischemia, as demonstrated by exercise treadmill
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testing, stress imaging studies or coronary physiologic studies, continuing symptoms despite maximal tolerated medical
therapy, and a consensus on the lack of feasibility of
revascularization either by PCI or CABG, was considered
to be mandatory. Exclusion criteria included unstable angina, congestive heart failure New York Heart Association
(NYHA) functional class ⬎II, aortic regurgitation, valvular
heart disease, acute myocardial infarction ⬍3 months, left
main stenosis ⬎50%, systemic hypertension ⬎180/110 mm
Hg, permanent pacemaker, atrial fibrillation, or ventricular
premature beats that would interfere with ECP triggering,
clinically evident peripheral vascular disease, deep vein
thrombosis, phlebitis and hemorrhagic diathesis, use of
anticoagulants, pregnancy, abdominal aortic aneurysm, history of drug or alcohol abuse, chronic liver disease, or refusal
to sign the informed consent. The institutional review board
approved the study, and all participants signed the written
informed consent form.
Patients were instructed to continue taking their regular
medications and maintain their usual diet throughout the
study. Before and after a full 35-h ECP course of treatment
in the ECP group or after a 2-month period in the control
group, and after an overnight fast, patients underwent a
physical examination, brachial artery reactivity testing, CCS
angina class assessment, and were asked to list the number
of anginal episodes experienced and the number of nitroglycerin (NTG) tablets taken during the preceding 7 days.
The ECP system. The ECP device (CardioAssist System,
Cardiomedics, Inc., Irvine, California) contains a portable
control console containing pumps and valves and reusable
fabric cuffs that contain inflatable plastic bladders, which are
fastened with Velcro around the patient’s calves, thighs, and
buttocks. During diastole, the cuffs are sequentially inflated
first around the calves, then around the thighs, and finally
around the buttocks, and are synchronized with the patient’s
electrocardiogram. Compression of the cuffs during diastole
forces blood from the legs and buttocks up to the heart,
increasing the flow of blood through the coronary arteries to
the heart muscle. The decompression of the cuffs during
systole reduces the work effort of the heart. The pressures
applied to the cuffs range from 0 to 310 mm Hg. Blood
pressure changes are monitored by finger plethysmography.
Duration time for each full ECP course was 35 h,
extended over a 7-week period. Individual treatment sessions, operating 5 days a week, lasted 1 h per session. Vital
signs were recorded at each treatment session, lower extremities were examined for areas of redness or ecchymosis,
adverse experiences were reported, the number of anginal
episodes and the number of NTG tablets taken during the
preceding 24-h period were registered. An adverse reaction
was defined as the development of any new symptom or
complaint from the time of the first ECP session.
Vascular function protocol. Endothelial function in the
form of endothelium-dependent brachial artery FMD was
measured as previously described (24,25,27,28). Briefly,
FMD was assessed in the subject’s right arm in the
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recumbent position in a temperature-controlled room
(220°C) after a 10-min equilibration period, by a single
ultrasonographer blinded to treatment assignment. Using a
15-6 MHz linear array (15-6L HP) ultrasound (HP
SON09-09OS 5500 CV system, Agilent Technologies Inc.,
Andover, Massachusetts), the brachial artery was longitudinally imaged approximately 5 cm proximal to the antecubital crease, where the clearest image was noted. When a
reasonable image was obtained, the surface of the skin was
marked, and the arm and the ultrasound probe were kept in
the same position by the ultrasonographer throughout the
study. An electrocardiogram was monitored continuously,
and blood pressure was taken in the left arm every minute
throughout the study.
Study phases. ENDOTHELIUM-DEPENDENT FMD. Following a 2-min baseline period, a frozen 3-cm longitudinal
image of vessel without color flow was obtained and frozen
for 5 s. The image was then unfrozen and switched to a
pulse wave Doppler for 5 s at a sweep speed of 50 mm/s. A
pneumatic tourniquet placed around the forearm proximal
to the target artery was inflated after the baseline phase to a
pressure of 50 mm Hg above the subject’s systolic blood
pressure (or until no blood flow was noticed through the
brachial artery by the Doppler probe), and this pressure was
held for 5 min. Increased flow was then induced by sudden
cuff deflation. A continuous scan was performed at deflation, 60 and 90 s after cuff deflation, with frozen and
Doppler measurements recorded at similar intervals to the
baseline phase.
NTG-INDUCED (NON-ENDOTHELIUM-DEPENDENT) VASODI-

Thirteen minutes after cuff deflation, a second
2-min baseline-resting scan was recorded to confirm vessel
recovery. After the administration of a sublingual NTG
tablet (Nitrostat, 0.4 mg, Parke-Davis, New Jersey), scanning was performed continuously for 5 min.
Data analysis. The ultrasound images were recorded on an
S-VHS videotape with an SLV-RS7 videocassette recorder
(SONY, California). The diameter of the brachial artery
was measured from the anterior to the posterior interface
between the media and adventitia (“m line”) at a fixed
distance (29). The mean diameter was calculated from four
cardiac cycles synchronized with the R-wave peaks on the
electrocardiogram. All measurements were made at end
diastole to avoid possible errors resulting from variable
arterial compliance (30). The internal diameter was calculated with PC Prosound software (USC, Los Angeles,
California) using a Horita Data Translation Image Processing board (DT2862-60Hz; Mission Viejo, California) (24).
The diameter percent change caused by endotheliumdependent flow-mediated vasodilation (%FMD) and
endothelium-independent percent change from baseline in
NTG-mediated vasodilation (%NTG) were expressed as
the percent change relative to that at the initial resting scan.
The intraobserver variability for repeated measurements is
0.0 ⫾ 0.07 mm in our laboratory.

LATION.
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Table 1. Baseline Characteristics of Study Population
Variable

ECP Group
(n ⴝ 20)

Control Group
(n ⴝ 20)

Age (yrs)
Body mass index (kg/m2)
CCS angina class IV
CCS angina class III
Systemic hypertension
Diabetes mellitus
Current smoker
Hypercholesterolemia
Previous myocardial infarction
Previous coronary angioplasty
Previous coronary bypass
Beta-receptor antagonist
Calcium antagonists
Diuretics (lasix)
Aspirin
Long-acting nitrates
ACE inhibitors
Lipid-lowering agents

68 ⫾ 11
26 ⫾ 4
15 (75)
5 (25)
10 (50)
7 (35)
0
15 (75)
14 (70)
12 (60)
10 (50)
14 (70)
9 (45)
4 (20)
19 (95)
16 (80)
13 (65)
15 (75)

67 ⫾ 12
25 ⫾ 7
14 (70)
6 (30)
7 (35)
8 (40)
0
16 (80)
13 (65)
13 (60)
11 (55)
13 (65)
7 (35)
5 (25)
19 (95)
17 (85)
12 (60)
16 (80)

Values are expressed as mean ⫾ SD or n (%). All p ⫽ NS.
ACE ⫽ angiotensin-converting enzyme; CCS ⫽ Canadian Cardiovascular Society; ECP ⫽ external counterpulsation.

Statistical analysis. Group data are expressed as mean ⫾
SD. Differences between clinical characteristics and brachial
artery vasodilator responses were evaluated and analyzed by
unpaired t tests for two-group comparisons, and one-way
analysis of variance for multiple-group comparisons. Comparison of biochemical measurements was performed using
the unpaired Student t test and Wilcoxon signed-rank test.
The Wilcoxon-Mann-Whitney U test was used to calculate
differences over time and to compare the treatment groups.
A value of p ⬍ 0.05 was considered significant.

RESULTS
Our study population was comprised of 40 CAD patients,
20 patients (15 males) in the ECP group and 20 (17 males)
in the control group, with a mean age of 68 ⫾ 11 years
(range 44 to 82), and mean body mass index of 26 ⫾ 4
kg/m2 (range 20 to 37 kg/m2) (Table 1). No significant
group differences in baseline characteristics were seen (Table
1). Baseline lipid values were within the National Cholesterol Education Program Adult Treatment Panel III treatment goal. Overall group mean low-density cholesterol at
study entry was 91 ⫾ 14 mg/dl (2.35 mmol/l) (range 43
[1.11] mmol/l to 132 [3.41] mmol/l). All patients had
refractory angina pectoris, and 75% had CCS angina class
IV (Table 1). There were no significant changes in concomitant medication use and no serious adverse effects throughout the study.
Treatment effect on endothelial function. At baseline,
the total study population had FMD of 3.0 ⫾ 2.6% and
NTG-mediated vasodilation of 10.2 ⫾ 2.4%. There were no
significant differences at baseline FMD (Fig. 1) or NTGmediated dilation between the two groups. External counterpulsation therapy resulted in a significant improvement in
post-intervention FMD (8.2 ⫾ 2.1%, p ⫽ 0.01 compared

JACC Vol. 42, No. 12, 2003
December 17, 2003:2090–5

Figure 1. The percent change in endothelium-dependent brachial artery
flow-mediated vasodilation (%FMD) from baseline in external counterpulsation (ECP) (closed circles) (n ⫽ 20) and control (open circles) (n ⫽ 20)
groups at baseline and after two months.

with baseline), a finding not evident in the control group
(3.1 ⫾ 2.2%, p ⫽ 0.78 compared with baseline) (Fig. 1). At
the end of the trial, ⌬FMD (post-intervention %FMD ⫺
baseline %FMD divided by baseline %FMD) was significantly higher in the ECP group compared with the control
(1.7 ⫾ 0.1% vs. 0.1 ⫾ 0.1%, p ⬍0.01, respectively). There
was no significant effect of treatment on NTG-induced
vasodilation between the ECP and control groups (10.7 ⫾
2.8% vs. 10.2 ⫾ 2.4%, p ⫽ 0.85, respectively).
Treatment effect on symptoms. External counterpulsation
treatment significantly improved anginal symptoms assessed
by reduction in mean sublingual nitrate consumption per
day compared with the control group (4.2 ⫾ 2.7 nitrate
tablets vs. 0.4 ⫾ 0.5 nitrate tablets, p ⬍0.001 and 4.5 ⫾ 2.3
nitrate tablets vs. 4.4 ⫾ 2.6 nitrate tablets, p ⫽ 0.87,
respectively) and improvement in mean CCS angina class
compared with the control group (3.5 ⫾ 0.5 vs. 1.9 ⫾ 0.3,
p ⬍0.0001, and 3.3 ⫾ 0.6 vs. 3.5 ⫾ 0.5, p ⫽ 0.89,
respectively) (Fig. 2). At the end of the study, no patient
from the ECP group had CCS angina class IV; 1 patient
(5%) had CCS angina class I, 17 patients (85%) had class II,
and 2 patients (10%) had class III. These two patients had
CCS angina class IV at baseline. In the control group,
however, there was no significant change in the CCS angina
class from baseline (Fig. 2).
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CAD patients with angina (10,15). This hypothesis is also
supported by the recent observation that sustained exercise
in dogs increased endothelial NO synthase gene expression
and coronary vascular NO production (32). Serum NO
levels, myocardial perfusion, and coronary flow reserve were
also increased by ECPT in patients with chronic stable
angina (15). Recently, Bonetti et al. (33) also demonstrated
that ECP improved endothelial function assessed by reactive hyperemia peripheral arterial tonometry (a novel, noninvasive technique to assess peripheral microvascular endothelial function in the finger) in 23 symptomatic CAD
patients despite administration of optimal medical therapy.
There are several potential mechanisms that underline
the beneficial effects of ECPT in CAD patients with
refractory angina pectoris; ECPT reduces exercise-induced
myocardial ischemia (11) in association with improved left
ventricular diastolic filling and a decrease in plasma brain
natriuretic peptide levels (12); ECPT enhances the vascular
endothelium by increasing shear stress to express plateletderived growth factor A and B, vascular endothelial growth
factor, and fibroblast growth factor-2 from vascular smooth
muscle and endothelial cells, leading to open or enhanced
development of collateral channels (16,34) and angiogenesis
(16); ECPT decreases cardiac afterload (35).
Our current results demonstrate a significant improvement in peripheral vascular endothelium-dependent FMD
in CAD patients with refractory angina pectoris, treated by
short-term ECP, suggesting that ECP-increased NO production and release from peripheral arteries lead to a
decrease in peripheral vascular resistance (15).
In the present study, patients were used as their own

DISCUSSION
This study demonstrates for the first time that short-term
ECP intervention compared with controls results in significant improvement of brachial artery endothelial function in
CAD patients with severe refractory chronic angina pectoris. Endothelial dysfunction is not only confined to the
coronary arteries but may represent a systemic disorder that
also affects the peripheral vascular beds, including both
conduit arteries and small resistance vessels in the extremities (31). Our results reinforce the hypothesis that shear
stress induced by ECPT could lead to increased endothelial
cell production and the release of NO, a powerful mediator
of generalized vasodilation in coronary beds, leading to
improved myocardial perfusion and coronary flow reserve in

Figure 2. Bar graphs showing the beneficial effects of short-term
external counterpulsation (ECP) before (open bars) and after (closed
bars) two months of treatment on (A) mean Canadian Cardiovascular
Society (CCS) angina class, and (B) mean number of daily sublingual
nitroglycerin tablets consumed in the ECP group (n ⫽ 20), compared
with no significant change in the control group (n ⫽ 20) (C and D).
Data are expressed as mean ⫾ SD.
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controls. Whereas CAD is largely unpredictable in its
course, regression would not be expected to occur over a sixto seven-week period in a group of patients whose angina
had been disabling or progressive over a period of months or
years. The enrolled patients did not undergo any simultaneous therapy such as strict diet, aggressive lipid reduction,
weight loss, or a supervised exercise program. Sublingual
antianginal medications were significantly decreased during
the course of the study in all patients, and CCS angina class
significantly improved. The study cohort was predominantly
male, and, therefore, definitive conclusions regarding efficacy in females should await future studies.
External counterpulsation therapy was well-tolerated by all
patients enrolled in the study. No patient withdrew after
enrollment, and there were no complications resulting from
ECPT.
Study limitations. We studied a small number of stable
CAD patients with near-optimal lipid values. In addition, it
is possible that the impact of ECP intervention on the
brachial artery FMD was underestimated due to the relatively low-risk population. Following our results, further
studies are indicated comprising a larger number of CAD
patients who are at higher risk.
There is both biologic and measurement variability in the
ultrasound assessment of brachial artery FMD. However,
previous studies have demonstrated the feasibility of this
approach, if performed carefully, for detecting change in
relatively small sample sizes (24,25,36).
Perhaps the major limitation of this study is the lack of a
double-blind treatment for patients with refractory angina
pectoris.
Conclusions. In conclusion, our study demonstrates that
ECPT in CAD patients with refractory angina pectoris,
unsuitable for coronary interventions, results in significant
improvement in brachial artery endothelial function and
anginal symptoms, suggesting a potential mechanism
whereby ECPT could beneficially improve anginal
symptoms.
Acknowledgments
The authors wish to thank the nurses in the Intensive
Cardiac Care Unit for their devotion and patient dedication
while operating the ECP, and Mrs. Vivienne York for her
editorial assistance.
Reprint requests and correspondence: Dr. Michael Shechter,
Heart Institute, Chaim Sheba Medical Center, 52621 Tel
Hashomer, Israel. E-mail: shechtes@netvision.net.il.

REFERENCES
1. Shub C. Stable angina pectoris: 3. Medical treatment. Mayo Clin Proc
1990;65:256 –73.
2. The RITA-2 Trial Participants. Coronary angioplasty versus medical
therapy for angina: the second randomized intervention treatment of
angina (RITA-2) trial. Lancet 1997;350:461–8.

JACC Vol. 42, No. 12, 2003
December 17, 2003:2090–5
3. Chaitman BR, Rosen AD, Williams DO, et al. Myocardial infarction
and cardiac mortality in the Bypass Angioplasty Revascularization
Investigation (BARI) randomized trial. Circulation 1997;96:2162–70.
4. Parisi AF, Folland ED, Hartigan P, for the Veterans Affairs ACME
Investigators. A comparison of angioplasty with medical therapy in the
treatment of single-vessel coronary artery disease. N Engl J Med
1992;326:10 –6.
5. Bourssa MG, Pepine CJ, Forman SA, et al., for the ACIP Investigators. Asymptomatic Cardiac Ischemia Pilot (ACIP) study: effects of
coronary angioplasty and coronary artery bypass graft surgery on
recurrent angina and ischemia. J Am Coll Cardiol 1995;26:606 –14.
6. Thadani U. Treatment of stable angina. Curr Opin Cardiol 1999;14:
349 –58.
7. Soroff HS, Hui JCK, Giron PG. Current status of external counterpulsation. Crit Care Clin 1986;2:277–95.
8. Lawson WE, Hui JCK, Soroff HS, et al. Efficacy of enhanced external
counterpulsation in the treatment of angina pectoris. Am J Cardiol
1992;70:859 –62.
9. Lawson WE, Hui JCK, Zheng ZS, et al. Three-year sustained benefit
from enhanced external counterpulsation in chronic angina pectoris.
Am J Cardiol 1995;75:840 –1.
10. Masuda D, Nohara R, Inada H, et al. Improvement of regional
myocardial and coronary blood flow reserve in a patient treated with
enhanced external counterpulsation: evaluation by nitrogen13-amonia
PET. Jpn Circ J 1999;63:407–11.
11. Arora RR, Chou TM, Jain D, et al. The Multicenter Study of
Enhanced External Counterpulsation (MUST-EECP): effect of
EECP on exercise-induced myocardial ischemia and anginal episodes.
J Am Coll Cardiol 1999;33:1833–40.
12. Urano H, Ikeda H, Ueno T, Matsumoto T, Murohara T, Imaizumi T.
Enhanced external counterpulsation improves exercise tolerance, reduces exercise-induced myocardial ischemia and improves left ventricular diastolic filling in patients with coronary artery disease. J Am Coll
Cardiol 2001;37:93–9.
13. Arora RR, Chou TM, Jain D, et al. Effects of enhanced external
counterpulsation on health-related quality of life continued 12 months
after treatment: a substudy of the Multicenter Study of Enhanced
External Counterpulsation. J Invest Med 2002;50:25–32.
14. Barsness G, Feldman AM, Holmes DR, Holubkov R, Kelsey SF,
Kennard ED. The International EECP Patient Registry (IEPR):
design, methods, baseline characteristics, and acute results. Clin
Cardiol 2001;24:435–42.
15. Masuda D, Nohara R, Hirai T, et al. Enhanced external counterpulsation improved myocardial perfusion and coronary flow reserve in
patients with chronic stable angina. Eur Heart J 2001;22:1451–8.
16. Soran O, Crawford LE, Schneider VM, Feldman A. Enhanced
external counterpulsation in the management of patients with cardiovascular disease. Clin Cardiol 1999;22:173–8.
17. Cherry PD, Furchgott RF, Zawadzki JV, Jothianandan D. The role of
endothelial cell in the relaxation of isolated arteries by bradykinin. Proc
Natl Acad Sci USA 1983;79:2106 –10.
18. Fruchgott FR. The discovery of endothelium-derived relaxing factor
and its importance in the identification of nitric oxide. JAMA
1996;276:1186 –8.
19. Rubanyi GM. The role of endothelium in cardiovascular homeostasis
and disease. J Cardiovasc Pharmacol 1992;22 Suppl 4:S1–14.
20. Vogel RA. Coronary risk factors, endothelial function, and atherosclerosis: a review. Clin Cardiol 1997;20:426 –32.
21. McLenachan JM, Williams JK, Fish RD, Ganz P, Selwyn AP. Loss of
flow-mediated endothelium-dependent dilation occurs early in the
development of atherosclerosis. Circulation 1991;84:1272–7.
22. Anderson TJ, Meredith IT, Yeung AC, Frei B, Selwyn AP, Ganz P.
The effects of cholesterol lowering and antioxidant therapy on
endothelium-dependent coronary vasomotion. N Engl J Med 1995;
332:488 –93.
23. Laurent S, Lacolley P, Brunel P, Laloux B, Pannier B, Safar M.
Flow-mediated vasodilation of brachial artery in essential hypertension. Am J Physiol 1990;258:H1004 –11.
24. Shechter M, Sharir M, Labrador MJ, Forrester J, Silver B, Bairey
Merz CN. Oral magnesium therapy improves endothelial function in
patients with coronary artery disease. Circulation 2000;102:2353–8.
25. Correti MC, Anderson TJ, Benjamin EJ, et al. Guidelines for
ultrasound assessment of endothelial-dependent flow-mediated vaso-

JACC Vol. 42, No. 12, 2003
December 17, 2003:2090–5

26.
27.
28.
29.

30.

dilation of the brachial artery: a report of the International Brachial
Artery Reactivity Task Force. J Am Coll Cardiol 2002;39:257–65.
Kim MC, Kini A, Sharma SK. Refractory angina pectoris: mechanisms and therapeutic options. J Am Coll Cardiol 2002;39:923–34.
Celermajer DS, Sorensen KE, Gooch VM, et al. Non-invasive
detection of endothelial dysfunction in children and adults at risk of
atherosclerosis. Lancet 1992;340:1111–5.
Correti MC, Plotnick MC, Vogel RA. Technical aspects of evaluating
brachial artery vasodilation using high frequency ultrasound. Am J
Physiol 1995;268:H1397–404.
Wendelhag I, Gustavsson T, Suurkula M, Berglund G, Wikstrand U.
Ultrasound measurement of wall thickness in the carotid artery:
fundamental principles and description of computerized analyzing
system. Clin Physiol 1991;11:565–77.
Reneman RS, Van Merode T, Hick P, Muytjens MM, Hoeks APG.
Age-related changes in carotid wall properties in man. Ultrasound
Med Biol 1986;12:465–71.

Shechter et al.
External Counterpulsation Therapy

2095

31. Anderson TJ, Gerhard MD, Meredith IT, et al. Systemic nature of
endothelial dysfunction in atherosclerosis. Am J Cardiol 1995;75:71B–4B.
32. Sessa WC, Pritchard K, Seyedi N, Wang J, Hintze TH. Chronic exercise
in dogs increases coronary nitric oxide production and endothelial cell
nitric oxide synthase gene expression. Circ Res 1994;74:349–53.
33. Bonetti PO, Barsness GW, Keelan PC, et al. Enhanced external
counterpulsation improves endothelial function in patients with coronary artery disease (abstr). J Am Coll Cardiol 2003;41:370A.
34. Flynn MS, Kern MJ, Donohue AJ, Aguirre FV, Bach RG, Caracciolo
EA. Alterations of coronary collateral blood flow velocity during
intraaortic balloon pumping. Am J Cardiol 1993;71:1451–5.
35. Soroff HS, Hui J, Giron F. Current status of external counterpulsation.
Crit Care Clin 1986;2:277–95.
36. Dupuis J, Tardif JCM, Cernacek P, Theroux P. Cholesterol reduction
rapidly improves endothelial function after acute coronary syndromes:
the RECIFE (Reduction of Cholesterol in Ischemia and Function of
the Endothelium) trial. Circulation 1999;99:3227–33.

