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SECTION V 

SUMMARY 
 
The endothelium plays a key role in onset and progression of coronary 
vascular disease, endothelial dysfunction has indicated prospectively to be 
related with the occurrence of new coronary vascular events, and there is 
support that dysfunction is not irreversible. Intracoronary acetylcholine 
testing can only be justified if it is a safe test, with prognostic significance in 
large cohort studies,  without an alternative such as forearm 
measurements. 
 
This thesis describes the aspects of endothelial function testing in coronary 
vascular disease by discussing the following statements: 
a. Evaluation of different methods to measure coronary endothelial 
function in patients with angina pectoris: pre and contra 
b. Aspects of acetylcholine-induced coronary endothelial function 
testing in clinical practice: different patients have different outcome 
c. Treatment of endothelial dysfunction with ACE-inhibitors: a pre-
clinical setting 
The different methods of statement a. are described in section II, clinical 
practice is shown in section III, and experimental ACE-inhibitor therapy in 
section IV. 
 
Section II 
Since Edward Jenner first attributed angina pectoris to coronary artery 
disease in 1786 and Furchgott described that the presence of endothelial 
cells is required to elicit vascular relaxation in 1980, tests were developed 
to measure the function of the endothelium. In similarity with angina 
pectoris after exposure to cold, the first endothelial function tests were 
based on the response of coronary vessels to a cold stimulus. Chapter 1 
studied the effects on blood pressure, heart frequency, coronary blood flow 
velocity and coronary vessel tone in response to cold in patients with 
angina pectoris during a heart catheterisation. Coronary vessel tone 
increased in response to both different techniques of expose to cold. 
However, a difference in heart rate response discriminates between both 
tests. Sympathetic activation increases oxygen demand by rate pressure 
product and differentiates between patients with and without significant 
coronary artery disease. A combined sympathetic and parasympathetic test 
was more powerful in vasoconstriction, even in patients without significant 
stenosis. The concept of endothelial dysfunction as a generalised disease 
state makes that the implementation of forearm endothelial function testing 
in clinical practice is an attractive diagnostic alternative. However the 
underlying mechanism as well as the vessels that are investigated are quite 
diverse. Chapter 2 compared the endothelium dependent intracoronary 
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acetylcholine response with two most frequently used forearm 
measurements: A) local intra-brachial infusion of acetylcholine with 
measurement of the blood flow in the microvasculature.  B) local NO 
release after forearm limb ischemia with measurement of the brachial flow 
in this large peripheral artery.  Our results demonstrated a weak correlation 
between forearm vasoreactivity and the coronary response provided that 
the same stimulus (i.e. acetylcholine) is used. However its invasive nature 
will limited repetitive measurements. Because of the weak correlation, the 
intracoronary acetylcholine test is still the “golden standard” to measure 
endothelial function. The invasive character of the test may not be the 
reason to withhold endothelial function measurement, as these patients are 
nominated to undergo a catheterisation because of suspected coronary 
artery disease. The Intervention CArdiology Risk Stratification (ICaRiS) 
study prospectively evaluates endothelial function in response to 
intracoronary acetylcholine in patients with angina pectoris. Chapter 3 
describes that routine use of acetylcholine testing during diagnostic 
coronary angiography is feasible but adverse responses occur: angina 
pectoris (13%), heart rhythm disturbances (3%) or coronary spasm (0.7%).  
Care has been taken especially in younger patients suffering a myocardial 
infarction without an angiographically significant stenosis. This indicates an 
important role of endothelial dysfunction in relation with a myocardial 
infarction. 
 
Section III 
This section will start with two clinical reviews. Chapter 4 describes the role 
of the endothelium in cardiovascular disease, historical perspectives of 
endothelial function testing, the prognostic value of endothelial dysfunction, 
and treatment strategies. Chapter 5 describes the pathogenesis of 
atherosclerosis, the role of the endothelium in vasomotor tone, the release 
of nitric oxide (NO) and its relation with vascular disease. The next chapters 
will discuss endothelial function in different patient cohorts. Chapter 6 
describes coronary endothelial function in patients with or without a history 
of a myocardial infarction in the ICaRiS cohort. The results confirmed that 
endothelial dysfunction was related to the extent of coronary artery disease 
in the group of patients without a previous myocardial infarction. In the 
group with a previous myocardial infarction an inverse relation between 
endothelial function and the extent of coronary artery disease was present, 
suggesting an important contribution of endothelial dysfunction in onset of a 
myocardial infarction. Plaque rupture and thrombosis may be responsible 
for as many as 50 percent of cases of acute coronary syndromes and 
myocardial infarction. Advances in molecular genetics have made it 
possible to identify DNA that should yield information about which genes 
are expressed in lesions from different persons and at different sites and 
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SECTION V 

may provide clues regarding genetic differences in responsiveness. 
Chapter 7 studied the association of the promoter polymorphism for 
myeloperoxidase (MPO), an oxidant generating enzyme implicated in 
coronary artery disease through its ability to oxidize LDL and consume the 
vasodilator nitric oxide, in the ICaRiS cohort with clinical as well as 
functional aspects. This study demonstrates that MPO influences 
endothelial-dependent responses to acetylcholine as well as endothelial-
independent responses to nitro-glycerine. This influence is gender 
dependent;  the promoter polymorphism is associated with differences in 
vasodilative responses in females, but not in males. In the previous studies 
endothelial function was investigated in a heterogeneous group of patients 
with the clinical suspicion of symptomatic CAD. The next studies evaluate 
the prognostic value of endothelial dysfunction in patients with extensive 
coronary artery disease. Chapter 8 prospectively studied coronary flow 
reserve in a reference coronary artery as a useful predictor of adverse 
outcome in a population with two-vessel disease undergoing coronary 
angioplasty. After two year follow-up, the highest coronary flow reserve was 
significantly associated with a prolonged event-free survival. It underscores 
the prognostic significance of generalised endothelial dysfunction in 
patients with significant multivessel coronary artery disease even after a 
successful PTCA. In chapter 9 consecutive patients previously submitted 
to percutaneous coronary intervention (PTCA) were selected for a maximal 
workload test at bicycle ergometry and redo coronary angiography at 6 
months with concomitant intracoronary acetylcholine testing. This study 
demonstrates that exercise-induced ischemia late after successful PTCA is 
related to distal coronary endothelial dysfunction. After recognition of these 
patients by acetylcholine test, reversal of endothelial dysfunction by 
medical intervention is optional. Its clinical relevance in prognosis has to be 
evaluated in future studies. 
 
Section IV 
These clinical implications underscore further research to study the 
prognostic significance of endothelial dysfunction in large cohorts 
(forthcoming; ICaRiS). Thereafter, “evidence-based medicine” guidelines, 
based on large prospective randomised clinical trials are needed to study 
treatment of endothelial dysfunction. ACE-inhibitors already demonstrate 
improvement of endothelial dysfunction. In chapter 10 we evaluated the 
role of the SH-group in improvement of endothelial dysfunction in 
experimental myocardial-induced endothelial dysfunction. It demonstrates 
that ACE-inhibition with a SH-group has a potential advantage in 
improvement of endothelial dysfunction through increased activity of NO 
after release from the endothelium. Its relevance in patients with acute or 
chronic heart failure has to be investigated. 
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