Successful Treatment of Symptomatic Coronary Endothelial Dysfunction
With Enhanced External Counterpulsation
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Enhanced external counterpulsation (EECP) is a valuable
therapeutic option for patients with coronary artery dis-
ease and refractory angina. Although the exact mecha-
nisms by which this technique exerts favorable effects re-
main unclear, improvement in endothelial function is con-
sidered a potential mechanism contributing to the clinical
benefit associated with EECP. We describe a young
woman with severely symptomatic coronary endothelial
dysfunction in the absence of obstructive coronary artery

nhanced external counterpulsation (EECP) is consid-

ered a valuable treatment option for patients with coro-
nary artery disease (CAD) and refractory angina who are
not amenable to standard revascularization procedures.!
Prospective clinical trials and large treatment registries
have shown major reductions in anginal symptoms and
improvements in objective measures of myocardial is-
chemia in response to EECP in patients with symptomatic
CAD** By sequential early diastolic inflation and sys-
tolic deflation of 3 pairs of pneumatic cuffs wrapped
around the lower extremities, EECP increases diastolic
aortic pressure (diastolic augmentation) and reduces sys-
tolic pressure (systolic unloading) while enhancing
venous return.! Although the exact mechanisms by which
these hemodynamic effects translate into clinical benefit
are unknown, improvement in endothelial function is
thought to contribute to the favorable clinical effect of
EECP. We describe a young woman with severely symp-
tomatic coronary endothelial dysfunction in the absence
of obstructive CAD who had a dramatic and sustained
reduction in symptoms after a standard 35-hour course of
EECP.

REPORT OF A CASE
A 29-year-old woman with a 2-year history of recurrent
exercise-induced chest pain was referred to our institution
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disease who experienced a dramatic and sustained reduc-
tion in symptoms in response to a standard 35-hour course
of EECP.
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ACE = angiotensin-converting enzyme; CAD = coronary ar-
tery disease; ECG = electrocardiography; EECP = enhanced
external counterpulsation; LAD = left anterior descending
coronary artery

for evaluation of coronary endothelial function. The patient
was otherwise healthy and had no cardiovasculiar risk fac-
tors. Myocardial perfusion imaging with dipyridamole and
sestamibi performed 2 years previously had identified
anterior ischemia. Coronary angiography was unremark-
able except for the occurrence of focal catheter-induced
spasm of the proximal portion of the right coronary artery
that promptly resolved after administration of nitroglyc-
erin. Subsequently, the patient was treated with calcium
antagonists, which led to a slight reduction of symptoms.
Nitrates were not tolerated because of headaches. How-
ever, 3 months before the current presentation, the patient
was hospitalized because of worsening chest pain. At that
time, electrocardiography (ECG) showed ST-segment de-
pression in the inferolateral leads without elevation of
cardiac enzymes. Repeated coronary angiography revealed
smooth coronary arteries and normal left ventricular func-
tion. The chest pain subsided after administration of nitro-
glycerin and nicardipine. However, despite continued
therapy with various calcium antagonists (nifedipine,
nicardipine, amlodipine, verapamil), a B-blocker (meto-
prolol), and an antidepressant (imipramine), the patient
continued to have daily anginal episodes, with ambula-
tory ECG tracings suggestive of ischemia associated with
these symptoms.

On presentation at our institution, the patient was pain
free. Physical examination (including blood pressure) and
ECG findings were within normal limits. Results of he-
matologic, rheumatologic, and endocrine studies were un- :
remarkable. Coronary angiography, including intravascu-
lar ultrasonography of the left main coronary artery and -
left anterior descending coronary artery (LAD), revealed
structurally normal vessels. Administration of adenosine
into the left coronary system showed an intact endothe-
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Figure 1. Coronary angiography of the left coronary artery at baseline (left) and during
intracoronary infusion of the endothelium-dependent vasodilator acetylcholine (10 mol/L)
(right). A Doppler guidewire within a coronary-infusion catheter is positioned in the left
anterior descending coronary artery. Acetylcholine infusion leads to paradoxical vasocon-
striction with complete obstruction of the otherwise normal left anterior descending coro-
nary artery.

lium-independent microvasculature response, with a nor-
mal coronary flow reserve of 2.5. Coronary endothelial
function testing with intracoronary infusion of graded
doses of the endothelium-dependent vasodilator acetyl-
choline (10~ to 10 mol/L) into the LAD was associated
with a progressive decrease in coronary blood flow and
paradoxical vasoconstriction of the LAD ultimately re-
sulting in complete LAD occlusion, compatible with the
presence of severe endothelial dysfunction of both the
coronary microvasculature and the coronary macro-
vasculature (Figure 1). Importantly, intracoronary admin-
istration of increasing doses of acetylcholine was also
accompanied by typical chest pain. In consideration of
these findings, an angiotensin-converting enzyme (ACE)
inhibitor (lisinopril) and L-arginine supplementation were
added to the patient’s existing treatment regimen.

Despite maximized calcium channel blockade, ACE
inhibitor therapy, L-arginine supplementation, and ni-
trates (as tolerated), the patient’s symptoms worsened
during the subsequent months and severely impaired
her functional capacity (Canadian Cardiovascular Society
class IV angina). Because of her severe, medically refrac-
tory symptoms, the patient elected to undergo a 35-
hour course of EECP. After completion of EECP treat-
ment, the patient was free of angina and was able to
perform her daily activities without the dyspnea or fatiga-
bility experienced before EECP. At the last follow-up
visit 3 months after completion of EECP therapy, the
patient was symptom free with a medical regimen of
calcium channel blockade, ACE inhibition, and L-argi-
nine supplementation.

DISCUSSION

Endothelial dysfunction is considered a key early event in
atherogenesis.® Moreover, coronary endothelial dysfunc-
tion contributes to the manifestation of stable and unstable
coronary syndromes in patients with established CAD.
Importantly, coronary endothelial dysfunction may lead to
myocardial ischemia even in the absence of extensive ob-
structive CAD %*

Although our patient had no traditional cardiovascular
risk factors and no manifestations of advanced atheroscle-
rotic disease, severe coronary endothelial dysfunction was
present. Importantly, the abnormal ECG tracings recorded
during spontaneous symptoms and the fact that
intracoronary acetylcholine administration was associated
with typical chest pain similar to that experienced during
exercise suggest that the patient’s symptoms were indeed
related to coronary endothelial dysfunction.

Several pharmacological strategies have produced long-
term improvement in endothelial function, including ACE
inhibitors, statins, and r-arginine.’® However, clinical re-
sponse to these interventions may vary depending on pa-
tient-related factors, as was true of our patient who re-
mained severely symptomatic despite extensive medical
therapy.

Enhanced external counterpulsation is considered a
valuable therapeutic alternative for patients with CAD and
refractory angina. Up to 80% of patients who undergo
EECP therapy have a positive clinical response.' However,
despite growing evidence for the clinical benefit and safety
of EECP, the mechanisms contributing to its beneficial
effects remain unclear.!" Enhanced external counterpulsa-
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tion is associated with an immediate increase in blood flow
in various vascular beds, including the coronary arter-
ies.!>* This increased blood flow may translate into en-
hanced vascular shear stress, a major stimulus for endothe-
lial production and release of nitric oxide and a key factor
in endothelial homeostasis.'*!* Thus, improvement in en-
dothelial function is considered a potential mechanism in-
volved in the clinical benefit associated with EECP.M! In
support of this hypothesis, EECP treatment was shown to
be associated with both an immediate and a midterm in-
crease in plasma levels of nitric oxide in patients with
CAD.'%" Moreover, we recently showed that EECP exerts
both immediate and prolonged favorable effects on periph-
eral endothelial function in patients with symptomatic
CAD . These previous findings provided the basis for the
off-label use of EECP in the current patient. The dramatic
reduction in symptoms observed in our patient suggests
that EECP may exert a favorable effect on coronary endo-
thelial function.

It is well known that the use of medical devices may be
associated with an enhanced placebo effect.’® Thus, it may
be argued that the reduction in symptoms experienced by
our patient was due to a major placebo effect. Indeed, data
from studies in patients with CAD who experienced con-
siderable reductions in angina even in the absence of an
optimal hemodynamic effect of EECP indicate that a pla-
cebo effect may contribute to the symptomatic benefit of
EECP.*** However, the results from the randomized pla-
cebo-controlled multicenter study of enhanced external
counterpulsation (MUST-EECP) trial, which compared the
effect of active EECP vs a sham EECP procedure, suggest
that placebo effects have only a minor role as a mechanism
responsible for the clinical benefit of EECP3 Moreover,
although a certain placebo effect may be inherent in EECP,
the presence of severe coronary endothelial dysfunction
and the clear association between intracoronary acetylcho-
line infusion and typical symptoms before EECP therapy,
as well as the sustained favorable effect of EECP on the
patient’s symptoms, suggest that improvement in coronary
endothelial function is a likely mechanism responsible for
the observed benefit in our patient.

In summary, by showing major clinical improvement in
response to a standard course of EECP in a patient with
isolated and severely symptomatic coronary endothelial
dysfunction, our case further supports the concept that
enhancement of coronary endothelial function may repre-
sent an important mechanism by which EECP exerts clini-
cal benefit.

REFERENCES

1. Barsness GW. Enhanced external counterpulsation in unrevas
cularizable patients. Curr Interv Cardiol Rep. 2001;3:37-43.

2. Lawson WE, Hui JC, Soroff HS, et al. Efficacy of enhanced exter
nal counterpulsation in the treatment of angina pectoris. Am .
Cardiol. 1992;70:859-862.

3. Arora RR, Chou TM, Jain D, et al. The multicenter study o
enhanced external counterpulsation (MUST-EECP): effect o
EECP on exercise-induced myocardial ischemia and anginal epi
sodes. J Am Coll Cardiol. 1999;33:1833-1840.

4. Lawson WE, Hui JC, Lang G. Treatment benefit in the enhancec
external counterpulsation consortium. Cardiology. 2000;94:31-35

5. Barsness G, Feldman AM. Holmes DR Jr, Holubkov R, Kelsey SF
Kennard ED, International EECP Patient Registry Investigators
The International EECP Patient Registry (IEPR): design, methods
baseline characteristics, and acute results. Clin Cardiol. 2001:
24:435-442.

6. Ross R. Atherosclerosis —an inflammatory disease. N Engl J Med.
1999;340:115-126.

7. Bonetti PO, Lerman LO, Lerman A. Endothelial dysfunction: a
marker of atherosclerotic risk. Arterioscler Thromb Vasc Biol.
2003;23:168-175. '

8. Hasdai D, Gibbons RJ, Holmes DR Jr, Higano ST, Lerman A.
Coronary endothelial dysfunction in humans is associated with
myocardial perfusion defects. Circulation. 1997:96:3390-3395.

9. Zeiher AM, Krause T, Schiichinger V, Minners J, Moser E. Im-
paired endothelium-dependent vasodilation of coronary resistance
vessels is associated with exercise-induced myocardial ischemia.
Circulation. 1995;91:2345-2352.

10.  Anderson TJ. Assessment and treatment of endothelial dysfunction
in humans. J Am Coll Cardiol. 1999;34:631-638.

11, Bonetti PO, Holmes DR Jr, Lerman A, Barsness GW. Enhanced
external counterpulsation for ischemic heart disease: what*s behind
the curtain? J Am Coll Cardiol. 2003:41:1918-1925.

12. Wemer D, Schneider M, Weise M, Nonnast-Daniel B, Daniel WG.
Pneumatic external counterpulsation: a new noninvasive method to
improve organ perfusion. Am J Cardiol. 1999;84:950-952.

13.  Michaels AD, Accad M, Ports TA, Grossman W. Left ventricular
systolic unloading and augmentation of intracoronary pressure and
Doppler flow during enhanced external counterpulsation. Circula-
tion. 2002;106:1237-1242.

14, Niebauer J, Cooke JP. Cardiovascular effects of exercise: role of
endothelial shear stress. J Am Coll Cardiol. 1996;28:1652-1660.

15. Davies PF. Flow-mediated endothelial mechanotransduction.
Physiol Rev. 1995:75:519-560.

16.  Qian XX, Wu WK, Zheng Z8, et al. Effect of enhanced external
counterpulsation on nitric oxide production in coronary disease
[abstract]. J Heart Dis. 1999;1:193. Abstract 769.

17. Masuda D, Nohara R, Hirai T, et al. Enhanced external counterpul-
sation improved myocardial perfusion and coronary flow reserve in
patients with chronic stable angina: evaluation by *N-ammonia
positron emission tomography. Eur Heart J. 2001;22:1451-1458.

18. Bonetti PO, Barsness GW, Keelan PC, et al. Enhanced external
counterpulsation improves endothelial function in patients with
symptomatic coronary artery disease. J Am Coll Cardiol.
2003;41:1761-1768.

19. Kaptchuk TJ, Goldman P, Stone DA, Stason WB. Do medical
devices have enhanced placebo effects? J Clin Epidemiol.
2000;53:786-792.

20. Stys T, Lawson WE, Hui JC, Lang G, Liuzzo J, Cohn PF. Acute
hemodynamic effects and angina improvement with enhanced ex-
ternal counterpulsation. Angiclogy. 2001;52:653-658.

21.  Suresh K, Simandl §, Lawson WE, et al. Maximizing the hemody-
namic benefit of enhanced external counterpulsation. Clin Cardiol.
1998;21:649-653.



