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CHAPTER TEN

Assessing the prognostic value of

coronary endothelial function in patients 

referred for a first coronary angiogram 
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Abstract

At present, the value of endothelial function as a prognostic tool has only been evaluat-
ed in selected groups of patients with mild or minor coronary artery disease but not in
the complete spectrum of patients presenting with angina. Our objective was to evaluate
whether endothelium dependent vasodilatation of the coronary arteries in response to
acetylcholine infusion as marker of endothelial function would have prognostic value in
patients referred for a first coronary angiogram. Our data suggests that endothelial func-
tion assessment does not contribute to the prediction of outcome in patients referred for
a first coronary angiogram.
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Introduction

The endothelial layer has a key role in the preservation of vascular integrity; a distur-
bance in the cellular function of the endothelial layer results in so-called endothelial dys-
function, which subsequently may facilitate the early consecutive stages of atherogenesis.
At present, intracoronary acetylcholine infusion in combination with quantitative coro-
nary angiography is a generally accepted method to assess endothelial function. Several
studies found a predictive value of endothelium dependent vasodilatation in response to
intracoronary infusion of acetylcholine. These studies excluded patients with more
advanced coronary artery disease (CAD), such as three vessel disease or candidates for
revascularization[1-4]. We evaluated whether acetylcholine infusion as a marker of
endothelial function in patients referred for a first coronary angiogram would have addi-
tional prognostic value. Candidates for revascularization were explicitly not excluded.

Methods and Results

Patients between 18 and 80 years suspected for CAD referred for their first coronary
angiography since November 1996 were considered for enrolment in the Intervention
Cardiology Risk Stratification (ICaRiS) study. Subject recruitment and methods are
described in detail previously, and will be explained in short[5]. We excluded patients
with unstable angina pectoris (Canadian Cardiovascular Society class 4), recent (< 3
months) myocardial infarction, valvular heart disease requiring surgical intervention,
clinical evidence of heart failure, a history of previous coronary intervention or any seri-
ous disease that may interfere with follow-up. We excluded patients from acetylcholine
infusion with significant left main coronary artery narrowing, severe angiographic
abnormalities with ischemic electrocardiographic changes and / or progressive angina
during catheterization. A total number of 312 patients underwent a first coronary
angiogram to further assess the presence and severity of CAD. Of these 312 patients, 13
patients had a recent myocardial infarction and were therefore not included in the analy-
sis. Furthermore, 13 patients did not undergo acetylcholine infusion because of left main
or severe 3-vessel disease and due to technical failure, 9 values of the vasomotor response
were unavailable.

Male gender, an age > 60 year, and current smoking were defined as cardiovascular
risk factors. Hypercholesterolemia was defined as a fasting serum cholesterol value > 6.0
mmol/l (>232 mg/dl) or a history of hypercholesterolemia for > 3 months that led to the
initiation of lipid lowering therapy by the primary physician. Hypertension was defined
as a systolic blood pressure > 140 mmHg or a diastolic blood pressure > 90 mmHg
(measured twice), or a history of high blood pressure that led to the initiation of antihy-
pertensive therapy by the primary physician. Diabetes was defined as high blood glucose
levels requiring glucose lowering therapy. Family history of CAD was defined as evidence
of the disease in a parent or sibling before 60 years of age at the time of diagnosis. Based
on angiography, the severity of CAD was categorized into 2 groups: no or minimal CAD
(no angiographic evidence of CAD and non-significant CAD (lesions < 50% luminal
narrowing in a coronary artery)), and significant CAD (1-, 2- and 3-vessel disease).

Before the diagnostic coronary angiogram, vasoactive agents were discontinued for at
least 3 days. After completion of the coronary coronary angiogram, a baseline coronary
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angiogram was done, visualizing the proximal left anterior descending coronary artery.
Then acetylcholine-chloride (concentration 0.16 µg/ml; Clinalfa AG, Läufelfingen,
Switzerland) was infused through the catheter for at least 3 minutes. This results in an
infusion of 120x10-8 mmol/minute, resulting in a final concentration in the coronary
blood of 1x10-8 mol /L (with the assumption that the blood flow in the left main coro-
nary artery was 120 ml/minute). This procedure was repeated using 10-7 mol/L and 10-6

mol/L respectively. Finally, the response to nitroglycerin was recorded one minute after
an intracoronary bolus of 0.5-mg nitroglycerin. The response to both stimuli was meas-
ured by automatic contour detection technique (quantitative coronary angiography) in
the non-stenotic proximal segment of the left anterior descending coronary artery.
Quantitative Coronary Angiography was performed by a previously described and vali-
dated automatic contour detection technique (CMS, Medis Co., Nuenen, the
Netherlands) [6]. The vasomotor response was the change in diameter in response to
maximal concentration acetylcholine and nitroglycerin respectively, expressed as the per-
centage of the median baseline diameter. A negative response represents a vasoconstric-
tion.

Follow-up data were obtained using questionnaires. In addition, hospital records
were reviewed. Our primary endpoint was a composite for: A. cardiac death, which was
defined as death due to a myocardial infarction or sudden cardiac death, B. acute
myocardial infarction was diagnosed when at least two of the following three criteria
were present: 1) myocardial ischemic chest discomfort lasting > 30 minutes, and unre-
lieved by nitroglycerin 2) ST segment elevation ≥ 0.1 mV measured 80ms after J-point or
new abnormal Q-waves ≥ 0.04s in duration in two adjacent leads, 3) serum creatine
kinase > 2 times upper limit of normal with creatine kinase-MB > 10% of creatine kinase
value and C. unstable angina was diagnosed when the following criteria were present: 1)
chest, neck and/or arm discomfort lasting at least 1 minute 2) relieved by short acting
nitroglycerin 3) associated with new, horizontal or downsloping ST segment depression
≥ 0.1 mV measured 80ms after J-point. An independent event classification committee
classified all documented events.

Baseline characteristics are presented as mean (± standard deviation), and categori-
cal data are presented as per group percentages. Differences between subgroups were
evaluated by Student t-test for the normally distributed continuous variables, or with the
Mann-Whitney test, if data were skewed. For categorical data, the Fisher exact test or the
Chi-square test was used. Cumulative event rates were estimated by Kaplan Meier sur-
vival curves for categorical variables. Probability values were determined by the use of
log-rank statistics. Cox regression analyses were used to examine the potential relation-
ships between clinical variables and cardiac events during the follow-up period. Data are
expressed as hazard ratio (HR)[95% confidence interval]. A p-value < 0.05 was consid-
ered statistically significant. All calculations were performed with SPSS version 10.1 soft-
ware (SPSS, Chicago, IL, USA).

Written informed consent was obtained from all patients before the study and the
Institutional Review Board of the University Hospital of Groningen approved the study
protocol. The study was consistent with the principles outlined in the Declaration of
Helsinki.
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Table 1. Clinical characteristics separated by cardiac events

Variable Overall No Events Cardiac events
(n=277) (n=253) (n=24)

Age (years) 57.3 ± 11.6 57.1 ± 11.5 59.0 ± 12.3
Men 61.0 % 60.1 % 70.8 %
Hypertension 53.1 % 52.6 % 58.3 %
Hypercholesterolemia 63.5 % 63.6 % 62.5 %
Current smoker 28.5 % 28.5 % 29.2 %
Diabetes mellitus 10.8 % 9.9 % 20.8 %
Body mass index (kg/m2) 26.4 ± 3.2 26.4 ± 3.3 26.3 ± 2.2
No or minimal CAD 51.3 % 53.8 % 25.0* %
1-vessel coronary disease 20.9 % 20.6 % 25.0 %
2-vessel disease 18.8 % 17.8 % 29.2 %
3-vessel disease 9.0 % 7.9 % 20.8 %
Aspirin 65.3 % 66.0 % 58.3 %
Long acting nitrate 27.1 % 26.9 % 29.2 %
Diuretics 16.2 % 15.4 % 25.0 %
Beta-blockers (%) 65.3 % 66.4 % 54.2 %
Calcium antagonists 41.9 % 40.3 % 58.3 %
Statins 28.5 % 29.2 % 20.8 %
Angiotensin converting enzyme-inhibitors 20.9 % 20.2 % 29.2 %

Values shown are either mean ± standard deviation or percentage, CAD: coronary artery disease, *P < 0.05.

A total of 277 patients were eligible for analysis. All characteristics of the study 
population are presented in table 1. Signs of ischemia on exercise or nuclear test were
present in 61.9 % of the patients, and 94.4% had angina according to Canadian
Cardiovascular Society classification.

During a median (interquartile range) follow-up of 47 (35-59) months, 24 patients
suffered from a primary endpoint: 5 cardiac deaths, 6 acute myocardial infarctions, and
13 hospitalizations for unstable angina pectoris. Differences between patients with and
without an endpoint are listed in table 1.

The median (interquartile range) diameter changes after infusion of the maximum
dose of acetylcholine and nitroglycerin are listed in table 2. Vasoconstriction in response
to acetylcholine occurred in 67.6% of the patients without cardiac events and in 62.5%
of the patients with cardiac events.

Table 2. Coronary vasomotor response separated by cardiac events

Overall No Events Cardiac events
Variable (n=277) (n=253) (n=24)

Diameter at baseline (mm)* 2.96 ± 0.65 2.97 ± 0.64 2.81 ± 0.71
Diameter change after acetylcholine -3.81 (-9.40,1.83) % -3.81 (-9.81,1.76) % -3.83 (-7.84, 3.54) %
Diameter change after nitroglycerin 8.10 (3.41,14.21) % 8.10 (3.46, 14.25) % 7.08 (1.67,13.91) %

Values shown are either *mean ± standard deviation or median (interquartile range) percentage change in diameter 

PROGNOSTIC VALUE OF CORONARY ENDOTHELIAL FUNCTION

169

ProefschriftFolkert25-11-04.qxd  25-11-2004  12:41  Pagina 169



Kaplan-Meier analysis demonstrated that in contrast to the response to acetylcholine
and nitroglycerin (figure 1a, 1b), the severity of CAD had a prognostic value during long-
term follow-up (figure 1c). Adjustment for all predefined traditional cardiovascular risk
factors, baseline diameter, and use of cardiac medication did not alter these results. Our
findings did not change if we used the median acetylcholine response (0.91 [0.40-2.09])
or the lowest tertile (0.69 [0.28-1.75]) as cut-off value to define endothelial dysfunction.
In addition, the results did not alter when we studied the three doses of acetylcholine
responses separately instead of using the maximum dose of acetylcholine (data not
shown). The primary endpoint was a composite for cardiac death, acute myocardial
infarction and unstable angina. A large proportion of the patients underwent a revascu-
larization procedure (n=68). When we included the need for revascularization in the
endpoint definition, Cox regression analysis demonstrated a significant association
between the response to nitroglycerin and the combined endpoint of cardiovascular
events (1.89 [1.23-2.86], p=0.003). The prognostic value of vasoconstriction to acetyl-
choline infusion did not change substantially (1.02 [0.66-1.57], p=0.94) when we added
the need for revascularization in the endpoint definition.

Figure 1. Kaplan-Meier analysis demonstrating the relationship between the occurrence of
cardiac events and a) acetylcholine response divided into vasodilatation and vasoconstric-
tion, b) nitroglycerin response divided into above and below median, and c) coronary artery
disease (CAD) divided by no or minimal CAD and significant CAD. HR: Hazard ratio
(95% confidence interval), NS: non-significant.
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Discussion

The severity of CAD assessed by coronary angiography is a strong predictor for future
cardiac events[7]. The results of this prospective study suggest that a vasoconstrictive
response to acetylcholine, as a marker of endothelial function, does not predict cardiac
events in patients referred for a first coronary angiogram. These data could have conse-
quences for the applicability of the acetylcholine test in clinical practice. Our results are
in contrast to the previous four studies on prognostic value of intracoronary acetyl-
choline infusion for endothelial function testing, that have been published so far[1-4]. In
these previous studies, either patients with non-significant CAD (<30% or < 40%
stenoses) were included[1;4], or patients with mild to moderate CAD without an indica-
tion for revascularisation[3], or patients undergoing coronary angiogram or percuta-
neous coronary intervention for 1 vessel disease[2]. Although endothelial function may
be of prognostic significance in such selected groups of patients, our data imply that in
patients referred for a first coronary angiogram, this is not the case.

How can we explain the apparent difference between the present study and the pre-
vious ones? The key may be found in the extent of atherosclerosis. The interpretation of
the response to acetylcholine may differ during the process of atherogenesis. In the early
stages, the acetylcholine may have more discriminative value, because no structural 
vessel wall changes are present yet. In diseased arteries, the response to intracoronary
acetylcholine infusion frequently results in vasoconstriction due to unopposed smooth
muscle cell activation in the absence of intact endothelium. The high percentage of vaso-
constriction found in our study confirms this concept.

Parallel to the response to acetylcholine, we found no association between the nitro-
glycerin response and the occurrence of the primary endpoint. This finding is in line
with the results showed by Halcox and colleagues[3]. Though, a significant relation was
observed in our study between the response to nitroglycerin and the occurrence of car-
diac events when revascularization procedures were included in the composite endpoint.
This relation could be explained by the presence of CAD, which may be related to a
reduction of vascular wall structure[5]. Schächinger et al[2] demonstrated that the predic-
tive value of the nitroglycerin response is independent of the presence of CAD and supe-
rior to the vasomotor response following acetylcholine infusion. They suggest that an
impaired vasodilator function occurs both in the endothelium, as in the smooth muscle
cells. Interestingly, the same group found that luminal irregularities had a stronger 
predictive value than endothelial function [2]. This is compatible with our data showing
that the anatomical outcome of the angiography had a higher predictive value than the
functional (endothelial) measurements.

Endothelial function may be influenced by cardiac medication, such as angiotensin
converting enzyme inhibitors or statins [8;9]. In previous studies, the number of patients
on these drugs was not described. In our study, these agents were used in a high propor-
tion of patients. When we stratified our population to statin therapy, no differences were
found in the results. Although all vasoactive drugs (long acting nitrates, calcium channel
blockers, angiotensin converting enzyme inhibitors and angiotensin II receptor blockers)
were discontinued 3 days before angiography, a potential effect of these drugs on the
vasomotor response to acetylcholine cannot be excluded. In addition, we only evaluated
the vasomotor response in epicardial vessels and not in the microvasculature by measur-
ing coronary blood flow responses.
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