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CHAPTER ELEVEN
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Abstract

Background Unknown is the predictive value of the coronary artery diameter without
the administration of vasomotor stimuli. A small reference diameter of the target vessel
has been demonstrated to be an adverse prognostic factor in patients undergoing revas-
cularisation. The present study investigated the prognostic value of the proximal non-
stenotic left anterior descending coronary artery (LAD) diameter in patients referred for
a first diagnostic angiogram without a previous revascularisation.

Methods A total of 277 patients (mean age 57 year, 61% male) were eligible for analysis.
The proximal non-stenotic diameter of the LAD was measured by quantitative coronary
angiography without prior nitrate infusion. We defined a small LAD as a diameter ≤ 2.5
mm. Cardiovascular events were defined as cardiac death, myocardial infarction, and
hospitalizations for unstable angina.

Results During a median follow-up of 47 months, 24 major cardiac events occurred. The
cumulative survival for patients with a small LAD was significantly lower, than for
patients with a large LAD (hazard ratio 2.51; 95% confidence interval 1.11-5.66,
p= 0.03). In the multivariate analysis, a LAD diameter ≤ 2.5 mm remained a significant
predictor of cardiovascular events after adjustment for age, gender, and the presence of
significant coronary artery disease (hazard ratio 2.32; 95% confidence interval 1.01-5.34,
p = 0.048).

Conclusion In patients referred for a first diagnostic angiogram without a previous
revascularisation, the diameter of the proximal non-stenotic LAD is an independent pre-
dictor of cardiovascular events.
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Introduction

The traditional model of atherosclerosis states that the gradual accumulation of athero-
matous material in the arterial lumen results in a progressive luminal narrowing, which
may lead to symptomatic disease. Initially, the atheromatous material accumulates in the
vessel wall without significant intra-luminal obstruction [1]. Simultaneously, compensa-
tory remodelling of the vessel wall prevents luminal narrowing to a stage that consider-
able atherosclerosis disturbs the balance [2-4]. The arterial intra-luminal expansions at
sites of coronary atherosclerotic lesions, known as stenoses, are local expressions of the
generalized atherosclerotic process. At the time that intra-luminal narrowing is detected
by coronary angiography, the complete coronary vasculature is involved in the athero-
sclerotic process. This so called diffuse atherosclerosis can disturb endothelial function,
reduce coronary flow reserve, evolves in a substrate for plaque rupture and subsequent-
ly contribute to myocardial ischemia [5]. It is important to establish the presence of dif-
fuse atherosclerosis at an early stage to prevent its future clinical manifestation. However,
measurement of the absolute vessel size as a marker for diffuse atherosclerosis has not
been used in contrast to the measurement of the target vessel size in patients undergoing
revascularisation. Several studies described an adverse prognosis in patients who under-
went a revascularisation procedure with a target vessel size below 2.5 mm [6-8]

Unknown is the prognostic value of the vessel size in patients without previous revas-
cularisation. More explicitly, at present, the prognostic value of the vessel size has only
been described after vasomotor stimuli, such as acetylcholine or nitroglycerin [9-11]. In
this study we hypothesized that the intra-luminal diameter of the proximal non-stenotic
left anterior descending coronary artery (LAD) is of prognostic value in patients referred
for a first diagnostic angiogram without a previous revascularisation.

Methods
2.1 Patients
All consecutive patients between 18 and 80 years with stable angina referred for a first
diagnostic coronary angiography to evaluate chest pain were screened for this study.
Patients were excluded in case of unstable angina, recent (< 3 months) myocardial
infarction, valvular heart disease requiring surgical intervention, clinical evidence of
heart failure, a history of previous coronary intervention (PTCA or CABG) or any dis-
ease that results in a very restricted life expectancy.
A total of 312 patients with stable angina were included. Of these, 35 patients were
excluded from further analysis: 13 patients had a recent myocardial infarction and 
the coronary angiograms of 22 patients were not suitable for quantitative coronary
angiography (QCA)[12].

2.2 Definitions
Body surface area was calculated as 0.20247 x Height(m)0.725 x Weight(kg)0.425 [13].
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 antihypertensive therapy by the primary physician.
Hypercholesterolemia was defined as a fasting serum cholesterol value > 6.0 mmol/l or a
history of hypercholesterolemia for > 3 months that led to the initiation of lipid lower-
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ing therapy by the primary physician. Diabetes was defined as high blood glucose levels
requiring glucose lowering therapy. The smoking status was divided into 2 categories: no
cigarette smoking for > 3 months or currently a cigarette smoker. Coronary artery dis-
ease was defined as the presence of ≥ 1 significant stenosis on the coronary angiogram.
A stenosis was defined as >50% luminal narrowing in a coronary artery.

Small LAD was defined as a diameter of the proximal non-stenotic LAD £ 2.5 mm and
a large LAD as a diameter of the proximal non-stenotic LAD > 2.5 mm (6). The LAD
diameter was measured by QCA.

2.3 Follow-up
Follow-up data were obtained using questionnaires. In addition, hospital records were
reviewed. We analyzed the data available at 1 January 2003. Complete information about
vital status during the whole study period could not be obtained in 8 patients due to geo-
graphical reasons. 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 (CK) > 2 times upper limit of normal with CK-MB > 10% of CK 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.

2.4 Quantitative Coronary Angiography
QCA was performed by a previously described and validated automatic contour detec-
tion technique (CMS, Medis Co., Nuenen, the Netherlands) (14). End-diastolic frames of
non-stenotic proximal segment of the LAD were selected for QCA analysis. User interac-
tion was limited to the definition of the start and end points of the coronary segment to
be analyzed. In case of overlap with other branches, the independent analyst manually
edited automatic contour detection. Before the coronary angiogram, vasoactive agents
were discontinued for at least 3 days (24 hours if recurrent angina was expected).
Considered as vasoactive agents were long acting nitrates, calcium channel blockers,
angiotensin converting enzyme inhibitors and angiotensin II receptor blockers (adrener-
gic blockers were allowed). Smokers did not smoke for at least 4 hours before examina-
tion. Intracoronary nitroglycerin was not given before the measurement of the LAD
diameter.

2.5 Statistical Analysis
Baseline characteristics are presented as mean (standard deviation) by the subgroups of
patients based on their LAD diameter. Categorical data are presented per group percent-
age. For the normally distributed continuous variables differences between subgroups
were evaluated by the T-test. Differences between subgroups were evaluated by the use of
the Fisher exact test or the Chi-square test. Cumulative event rates were estimated by
Kaplan Meier survival curves and Cox regression analyses were used to examine the
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potential relationships between clinical variables and events during the follow-up 
period. A p-value < 0.05 was considered statistically significant. All calculations were per-
formed with SPSS version 10.1 software (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.

Table 1. Baseline characteristics of the total study population and the population separated
by the size of left anterior descending coronary artery (LAD).

Variable Overall Large LAD (>2.5 mm) Small LAD (≤2.5 mm)
(n = 277) (n = 208) (n = 69)

Mean age (SD), years 57 (12) 56 (12) 60 (11)
Male gender 169 (61%) 124 (60%) 45 (65%)
Mean body surface area (SD), m2 1.93 (0.18) 1.94 (0.18) 1.93 (0.18)
Hypertension 147 (53%) 113 (54%) 34 (49%)
Hypercholesterolemia 176 (64%) 134 (64%) 42 (61%)
Diabetes 30 (11%) 21 (10%) 9 (13%)
Current smoking 79 (29%) 60 (29%) 19 (28%)
Presence of significant CAD 135 (49%) 95 (46%) 40 (58%)

Values shown are either mean (standard deviation) or total number (percentage). CAD: coronary artery disease,

Results

A total of 277 patients with stable angina were eligible for analysis. These 277 patients
had a median age of 57 years (IQR 50-66) and 61% of them were male. Signs of ischemia
on exercise or nuclear test were present in 61.9 % of the patients, and 94.2% had angina
according to Canadian Cardiovascular Society classification. Our study patients were
mainly Caucasian (98%) and ethnic origination appeared not to show any significant
effect on vessel diameter. Nevertheless, it should be mentioned that ethnic origin could
be associated with small vessel size such as in eastern subjects. The groups divided by
LAD size were comparable regarding common risk factors (table 1). In respect to cardiac
medication, no significant differences were found between the two groups, except for
beta-blockers that were more often prescribed in the small LAD group.
During a median (interquartile range) follow-up of 47 [35-59] months, 24 patients suf-
fered from a primary endpoint: 5 cardiac deaths, 6 acute myocardial infarctions, and 13
hospitalizations for unstable angina.
14.5 % of the patients with a small LAD developed a cardiovascular event during follow-
up compared to 6.7 % of the patients with a LAD > 2.5 mm (p=0.047). The cumulative
survival for patients with a small LAD was significantly lower, than for patients with a
large LAD (hazard ratio 2.51; 95% confidence interval 1.11-5.66, p= 0.03), as illustrated
in figure 1. The presence of significant coronary artery disease was also significantly asso-
ciated with cardiovascular events (hazard ratio 3.15; 95% confidence interval 1.25-7.97,
p = 0.02). In the multivariate analysis, a LAD diameter ≤ 2.5 mm remained a significant
predictor of cardiovascular events after adjustment for age, gender, and the presence of
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significant coronary artery disease (hazard ratio 2.32; 95% confidence interval 1.01-5.34,
p = 0.048). Adjustment for all predefined traditional cardiovascular risk factors, body
surface area, history of an old myocardial infarction and the use of cardiac medication,
such as ACE-inhibitors, statins, nitrates, Ca-inhibitors, beta-blockers, and diuretics did
not change the results of the multivariate model. When the analysis was limited to sub-
jects with significant coronary artery disease (n=135), the same prognostic value of a
small LAD was found (hazard ratio 2.77; 95% confidence interval 1.10-7.00, p = 0.03).
No significant interaction on cardiovascular events was observed between a significant
stenosis and a small diameter.

Figure 1. Kaplan-Meier analysis. Event-free survival curves of patients with stable angina
were subdivided by small and left anterior descending coronary artery (LAD).

Discussion

This study shows that a diameter ≤ 2.5 mm of the proximal non-stenotic LAD is an inde-
pendent prognostic marker of cardiovascular events in patients with stable angina. To
our knowledge, there are yet no reports on the prognostic value of LAD size in patients
without a previous revascularisation. In prior intervention studies the predictive value of
coronary lumen size has been investigated in subjects with advanced atherosclerosis.
These studies showed that a small reference diameter of the target vessel (<2.5 mm) is a
major adverse prognostic factor [6;15]. The present study investigated the influence of the
vessel caliber at an earlier stage in the diagnostic process.

In this study, coronary artery disease was more pronounced in patients with a small
LAD. This is in line with other data, which have shown that diffuse coronary artery dis-
ease is more severe in patients with focal coronary narrowing [16]. The results in this
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study confirm that the presence of coronary artery disease is a strong predictor for car-
diovascular events. A small LAD diameter related to generalized atherosclerosis remained
an independent variable in the multivariate model. This was also found for advanced
occlusive atherosclerotic disease.

In contrast to a previous report [17], we did not find an association between a small
LAD and age, gender and body surface area. An explanation could be that these factors
influence vessel lumen diameter during our lives, however, the differences between sub-
jects become negligible in progressive coronary atherosclerosis.

Clinical and epidemiological studies have shown that coronary artery disease is more
aggressive in patients with diabetes. Diabetic patients have more diffuse affliction of
vessels, a four to five times higher mortality rate and worse outcome following any inter-
vention [18-20]. In our study, LAD diameter ≤2.5 mm was associated with cardiovascular
events independent of the presence of diabetes.

It should be mentioned that in this study no vasoactive drugs were administered
before QCA. We used this strategy as we aimed to investigate the prognostic value of the
baseline lumen diameter and not the response to vasomotor stimuli. In our conception,
it is uncertain whether normal-appearing arterial segments are truly normal of size fol-
lowing administration of intracoronary nitroglycerin. Moreover, it has previously been
shown that an association exists between the lumen diameter and the presence of diffuse
atherosclerosis without prior nitrate infusion [21]. In addition, our measurements also
take baseline vasomotor tone into account. This may have a pro-atherogenic effect since
sympathetic stress leads to paradoxical vasoconstriction in patients with cardiovascular
risk factors or coronary artery disease and to vasodilatation in low-risk patients [22].

4.1 Limitations
The use of QCA and not intravasculair ultrasound (IVUS) may be considered as a study
limitation as IVUS is a more accurate method for measuring coronary lumen diameter
than QCA. In contrast to QCA, it may have several advantages for detecting atheroscle-
rosis [23;24], as it provides information about luminal, as well as vessel wall morphology.
On the other hand, in small vessels (<3.0mm), IVUS may overestimate vessel lumen
diameter due to the local morphological effect of the catheter and the poorly detected
blood-intimal border. Another limitation of IVUS is that vessels smaller than the diam-
eter of the ultrasound catheter (currently about 1.0 mm) can not be investigated [25;26].
In addition, we want to mention that the present report reflects a post-hoc analysis of
prospective findings and thereby hypothesis-generating. In future studies, it should be
investigated whether the circumflex and right coronary artery have similar mechanistic
characteristics for adverse cardiovascular events and new studies are needed to confirm
the suggestions presented by the current data.

Conclusion

In subjects referred for a first diagnostic angiogram without a previous revascularisation,
both the diameter of the proximal non-stenotic left anterior descending coronary artery
as the presence of significant coronary artery disease are independent predictors of
future cardiac events. These variables can be regarded to represent respectively the extent
of generalized atherosclerosis and the adverse characteristics of severe focal disease.
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In this thesis, we aimed to investigate several issues concerning vascular function and
cardiovascular disease. The first part described the novel markers microalbuminuria and
C-reactive protein and the second part the assessment of coronary vasomotor function.

PART I

Microalbuminuria has been regarded as a reflection of abnormalities in glomerular fil-
tration rate. Glomerular hyperfiltration is considered as one of the pathophysiological
mechanisms for the development of renal disease[1;2]. Furthermore, it is believed that
microalbuminuria is a marker of generalized endothelial damage and has been proposed
to indicate increased endothelial permeability[3-5]. The mechanisms underlying this
increased vascular permeability are unknown. In chapter 1, we have demonstrated that
microalbuminuric subjects had a higher prevalence of cardiovascular risk factors and
plasma level of vascular endothelial growth factor (VEGF). This association between ele-
vated plasma levels of VEGF and the occurrence of microalbuminuria was dependent of
cardiovascular risk factors. Hypoxia is a strong trigger for VEGF production. Therefore,
local hypoxia caused by cardiovascular risk factors may induce VEGF production, which
may enter the systemic circulation. These circulating elevated VEGF-levels may increase
vascular permeability, which results in microalbuminuria in the kidney. Next to hypox-
ia, pressure might be an important player in the development of albuminuria. As shown
in chapter 5, fosinopril, an ACE-inhibitor with blood pressure lowering capacities,
reduced albuminuria significantly after three months of treatment. In addition, cere-
brovascular events in the study were significantly reduced by fosinopril, suggesting that
pressure responses indeed play a role in the etiology of albuminuria.

In chapter 2a, we demonstrated a significant association between left ventricular hyper-
trophy and microalbuminuria, both markers of early cardiovascular end-organ damage.
The most probable explanation for the association between left ventricular hypertrophy
and microalbuminuria is an intermediate factor, which is both associated with microal-
buminuria and left ventricular hypertrophy, such as increased blood pressure, which is
both related to albuminuria and left ventricular hypertrophy [6]. Interestingly, the 
association between left ventricular hypertrophy and microalbuminuria remained statis-
tically significant after adjustment for systolic blood pressure. Furthermore, endothelial
dysfunction [7;8] and activation of the renin-angiotensin system[9] are possible contribu-
tors for the development of both left ventricular hypertrophy and microalbuminuria.
The LIFE study showed that treating patients with electrocardiographic left ventricular
hypertrophy with an AT1-antagonist resulted in a better clinical outcome than with con-
trol therapy, whereas blood pressure control was comparable[10;11]. In addition, in chap-
ter 5 we demonstrate a reduction in cardiovascular events and level of albuminuria after
4 years treatment with fosinopril, an inhibitor of the angiotensin-converting enzyme.
These beneficial effects and the significant association between microalbuminuria and
left ventricular hypertrophy may suggest that angiotensin-II plays an important role in
the pathophysiology of left ventricular hypertrophy, albuminuria and their associated
increased risk for cardiovascular morbidity and mortality.

In addition, as described in chapter 2b, microalbuminuria was significantly associated
with atrial fibrillation, another indicator of cardiovascular end-organ damage.

SUMMARY AND GENERAL DISCUSSION

186

ProefschriftFolkert25-11-04.qxd  25-11-2004  12:41  Pagina 186



Microalbuminuria might be a marker of functional and structural changes that might be
responsible for the development of atrial fibrillation. Experimental data showed an asso-
ciation between atrial fibrillation and a decreased bioavailability of nitric oxide in pigs,
which may indicate a dysfunctional endothelium[12]. Another explanation for the associ-
ation between microalbuminuria and atrial fibrillation might be that both are induced
by a common denominator distinct from atherosclerosis. For instance, increased sympa-
thetic activity is known to facilitate atrial fibrillation [13], and increased sympathetic
response also causes the kidney to increase renin release[14]. In turn, renin converts
angiotensin I to angiotensin II and both renin and angiotensin II can increase urinary
albumin excretion[15;16]. In addition, angiotensin II is one of the mediators responsible
for the development of atrial fibrosis, which might lead to atrial fibrillation [17]. In a 
retrospective analysis of patients with left ventricular dysfunction enrolled in the Studies
Of Left Ventricular Dysfunction study, enalapril was associated with a 78% risk reduc-
tion in the incidence of atrial fibrillation [18]. In addition, Zaman et al [19] prospectively
demonstrated that the number of defibrillation attempts required restoring sinus
rhythm and the incidence rate ratio of readmissions for atrial fibrillation were signifi-
cantly lower in patients treated with ACE-inhibitors. Furthermore, Kumagai and col-
leagues[20] demonstrated a beneficial effect of candesartan on the development of atrial
fibrosis in dogs undergoing four weeks of rapid atrial pacing.

These data suggest that vascular dysfunction as indicated by the presence of microalbu-
minuria may play an important role in the etiology of left ventricular hypertrophy and
atrial fibrillation. Consequently, microalbuminuria may play an important role in risk
stratification as marker of generalized vascular dysfunction accompanied by end-organ
damage in the heart and could be used as easy to obtain target for therapeutic intervention.

Next to the association between microalbuminuria and early signs of cardiovascular 
disease such as left ventricular hypertrophy and atrial fibrillation, we evaluated the prog-
nostic value of albuminuria on cardiac mortality in chapter 3. We demonstrated that
albuminuria predicts short-term risk of cardiac and all-cause mortality in the general
population and this prognostic information was independent of traditional cardiovas-
cular risk factors such as hypertension, hyperlipidemia, smoking and diabetes.

Microalbuminuria is nowadays a well-established cardiovascular risk indicator in sub-
jects with hypertension or diabetes, but also in the general population as described in
chapter 3[21-25]. However, the question remains whether microalbuminuria is a modifi-
able risk factor and can be used as therapeutic target in primary prevention trials. Several
studies demonstrated a beneficial effect of pharmacological intervention on cardio-
vascular disease in albuminuric subjects, but these studies were subgroup analyses or car-
diovascular disease was defined as secondary endpoint[26;27]. No study has prospectively
investigated whether intervention aimed at lowering albuminuria will reduce the risk for
cardiovascular morbidity and mortality. Chapter 4 describes the main results of the
Prevention of Renal and Vascular ENdstage Disease Intervention Trial (PREVEND IT), a
single-center, double-blind, placebo-controlled, randomized clinical trial, which investi-
gated the effects of fosinopril 20mg and pravastatin 40mg on cardiovascular morbidity
and mortality in microalbuminuric subjects (15-300mg/24h). After 4 years of follow-up,
fosinopril reduced cardiovascular events by 40% and had a marked outcome protection
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in the group with a urinary albumin excretion above 50 mg/24h to a level of risk that was
comparable to the group with a urinary albumin excretion below 50 mg/24h. However,
microalbuminuria was still present in 53 % of the subjects after three months of follow-
up, despite the significant reduction of microalbuminuria by fosinopril. Therefore, we
concluded that the results of PREVEND IT favors further (larger) intervention studies in
microalbuminuric patients. Equally important as the prognostic value and the therapeu-
tic consequences, is cost-effectiveness of a new defined cardiovascular risk indicator due
to the fact that an enormous amount of subjects need to be screened, which will have a
huge impact on the cost of health care in the Western world. As described in chapter 5,
treatment with fosinopril during four years might be cost-effective in patients with albu-
minuria to prevent cardiovascular events. Furthermore, treatment with fosinopril is
especially cost effective when using a higher cut-off value for microalbuminuria or
screen older subjects due to the increased incidence of cardiovascular events. These mat-
ters are important when designing future trials investigating microalbuminuria as
screening method for cardiovascular disease and especially the cost-effectiveness of this
new approach of cardiovascular risk assessment.

Carotid intima-media thickness (IMT) is widely accepted as surrogate cardiovascular
clinical endpoint and is often used in clinical trials to evaluate the efficacy of interven-
tions, especially in studies with a short follow-up or a low incidence of cardiovascular
events. In PREVEND IT, fosinopril and pravastatin therapy had no effect on the pro-
gression of IMT of the common carotid artery in middle-aged, albuminuric subjects
(chapter 6). The negative effect on carotid IMT is in line with the results found in the
main study of PREVEND IT. The non-significant effect on cardiovascular events and the
lack of any association between treatment and regression of IMT might be explained by
the lower than previously described risk population as reflected by the lower mean IMT.
Another explanation could be the relatively short follow-up period in this primary pre-
vention setting, which might result in a low power due to the small numbers of events.
Future randomized clinical trials using carotid IMT as surrogate cardiovascular endpoint
have to include subjects at higher cardiovascular risk than described in PREVEND IT or
extent the period of treatment to demonstrate a significant effect on carotid IMT.

As investigated in chapter 3, microalbuminuria predicts risk for cardiovascular disease
beyond the traditional cardiovascular risk factors. In chapter 7, we evaluated the associ-
ation between Framingham risk score, which includes all classic risk factors, and albu-
minuria. At baseline the level of albuminuria was significantly associated with the
Framingham risk score. More importantly, microalbuminuria was an independent pre-
dictor of primary endpoints in subjects with a Framingham risk score < 20 %.
Surprisingly, despite the prognostic value of the Framingham risk score in albuminuric
subjects, the Framingham score underestimates the beneficial effect of treatment. These
data suggest that including albuminuria in the algorithm for the Framingham score
could improve the prediction for those treatments, which have an effect on the level of
urinary albumin excretion.

C-reactive protein (CRP) is an easily measurable acute phase peptide synthesized by
hepatocytes in response to pro-inflammatory cytokines. Many epidemiological studies
have shown that CRP is an important risk indicator for atherosclerosis and coronary
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heart disease [28-33]. In this thesis, C-reactive protein (CRP) has been associated with 
several expressions of cardiovascular disease. First, we demonstrated (chapter 2b) a sig-
nificant positive association between an elevated CRP level and atrial fibrillation. This
association was independent of traditional risk factors predisposing to atrial fibrillation.
This result suggests that besides the traditional risk factors for atrial fibrillation, systemic
inflammation may play an important role in the etiology of atrial fibrillation by induc-
ing structural and/or electrical remodeling of the atria. No direct causal relation can be
made due to the cross-sectional nature of the data, but the population based
Cardiovascular Health Study showed a significant relation between the occurrence of
atrial fibrillation and baseline CRP level during a follow-up of 6.9 years[34]. This associ-
ation between atrial fibrillation and CRP levels could have consequences for the treat-
ment of atrial fibrillation. Several agents lower CRP levels including statins. Kumagai et
al. have treated 20 dogs with atorvastatin and saw that dogs treated with atorvastatin had
a shorter duration of atrial fibrillation. Furthermore, Siu et al.[35] demonstrated in a ret-
rospective study, that statins decrease the recurrence of atrial fibrillation after electrical
cardioversion. This beneficial effect could be mediated by the increased inflammatory
status in patients with atrial fibrillation.

In chapter 2c, we demonstrated a significant association between an elevated CRP level
and electrocardiographic abnormalities. Especially, a clear association was present
between infarct patterns and CRP, but also an abnormal T-axis was significantly associ-
ated with an elevated CRP. The T-axis is a strong independent predictor for fatal and
non-fatal cardiac events. Both chapter 2b and 2c show an independent association
between an elevated level of CRP and electrocardiographic indicators of cardiovascular
disease, which suggest that CRP may play an important role in the development of
cardiovascular disease. However, it remains to be elucidated whether CRP has a causal
relation with cardiovascular disease or is an indicator of several cardiovascular risk fac-
tors such as hyperlipidemia, smoking and obesity.

How is the prognostic value of CRP on cardiac events in the general population? To con-
firm the cross sectional data described in previous chapters prospectively, we describe in
chapter 3 the prognostic value of CRP on cardiac mortality in the general population.
After a follow-up of more than five years, CRP added prognostic value independent of
the traditional cardiovascular risk factors. However, CRP was not the strongest predictor
of cardiac mortality in comparison to other risk indicators such as a history of cere-
brovascular disease, glomerular filtration rate, smoking, male gender and microalbu-
minuria. Furthermore, CRP was equally as not more predictive for non-cardiovascular
mortality, which illustrates the non-specificity of CRP as cardiovascular risk indicator.
CRP as marker of inflammation is thought to reflect the extent of unstable plaques in
coronary arteries. This hypothesis has been tested in high-risk patient with coronary
artery disease, which characteristics differ significantly with our population. CRP may
reflect two different mechanisms in high versus low-risk individuals. In high-risk sub-
jects, CRP might be a marker of unstable atherosclerosis and in the general population
CRP might be a non-specific indicator of sub clinical disease, but further research needs
to be done to clarify this issue.
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Besides its predictive value, CRP screening may play a role in targeting statin therapy in
high-risk subjects. Cervastatin, lovastatin, simvastatin, pravastatin and atorvastatin sig-
nificantly decrease levels of CRP in patients with hyperlipidemia, although there is no
association between the reductions in CRP and lipid levels[36]. Data from the Cholesterol
And Recurrent Events trial demonstrated that in patients with stable coronary artery dis-
ease, the effect of CRP levels on coronary risk may be attenuated by pravastatin therapy
[37]. Furthermore, Walter et al. [38] found retrospectively that statin therapy significantly
attenuates the increased risk for major adverse cardiac events in patients with elevated
CRP levels undergoing coronary stent implantation, suggesting an anti-inflammatory
effect of statins in addition to the well-established lipid-lowering properties.

However, no study has yet investigated whether statins specifically aimed at reducing
CRP will reduce cardiovascular disease. At this moment, the inclusion is started of the
justification for the use of statins in primary prevention Trial (JUPITER)[39], which
investigate whether statin therapy aimed at lowering CRP will reduce cardiovascular dis-
ease in a primary prevention setting.

PART II

In chapter 8, we reviewed the most commonly used methods to assess endothelial
dependent vasomotor function such as the Flow-mediated vasodilatation, Forearm
Blood Flow by plethysmography and endothelium dependent vasodilatation after intra-
coronary acetylcholine infusion. We concluded after reviewing the available literature
that the last two tests are not suitable for primary prevention programs due to their inva-
sive and time-consuming nature. Non-invasive assessment of the flow-mediated vasodi-
latation with ultrasound seems to be the most attractive method to assess endothelium
dependent vasodilatation in low-risk and asymptomatic patients because of its safety and
the potential to measure vascular function repeatedly. However, disadvantages of the
assessment of Flow-mediated vasodilatation are the high variability, its modest associa-
tion with coronary endothelial function and lack of standardization between centers.

Secondly, we discussed pharmacological interventions with ACE inhibitors and statins
on endothelium dependent vasodilatation, which seems beneficial in small sample sizes.
However, several interventions improving endothelial function did not improve clinical
outcome and therefore it remains questionable whether improvement of endothelial
function is a necessity to improve cardiovascular prognosis.

As reviewed in chapter 8, endothelial function has prognostic value in several patient
populations independent of traditional cardiovascular risk factors. However, these stud-
ies demonstrating prognostic value of coronary vasomotor function have predominant-
ly been performed in patients with mild to moderate coronary artery disease. In patients
with more severe coronary artery disease, peripheral endothelial function testing was
used to investigate its predictive value. This discrepancy in study designs may suggest that
endothelium dependent vasodilatation test for assessment of endothelium function can
only be assessed in vessels with intact endothelium, e.g. the brachial or coronary artery
with mild atherosclerosis.
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In chapter 9, coronary vasomotor function was investigated in a more heterogeneous
group of patients than previously described. In this study, vasoconstriction in response
to acetylcholine infusion, which has been accepted as an indicator of vascular dysfunc-
tion, occurred in 65% of the subjects. In perspective of aforementioned limitations
reviewed in chapter 8, this high percentage is not surprising because all subjects under-
went coronary angiography to assess the presence of coronary artery disease. In contrast
to the response to acetylcholine, the nitrate response was significantly impaired in
patients with significant coronary artery disease, which suggests that vasomotor dys-
function is not restricted to the endothelium, but might also be located in smooth mus-
cle cells. Moreover, we found an inverse relation between vasomotor function and the
number of traditional cardiovascular risk factors. The next question needed to be
answered is whether the coronary vasomotor function is also predictive for cardiovascu-
lar disease in this heterogeneous group of patients.

In chapter 10, the results of the Intervention Cardiology Risk Stratification (ICARIS)
study are described. This prospective study was designed to evaluate the prognostic value
of coronary vasomotor function in patients referred for a first diagnostic angiogram.
This study confirmed the prognostic value of significant coronary artery disease assessed
by coronary angiography. In contrast, no predictive value of the response to intracoro-
nary infusion of acetylcholine was demonstrated. How can we explain the apparent dif-
ference between the present study and the previous ones described in the literature?
Acetylcholine may have more discriminative value in the early stages of atherosclerosis,
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 vasoconstriction 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. Though, a significant
relation was observed in our study between the response to nitroglycerin and the occur-
rence of cardiac events when revascularization procedures were included in the compos-
ite endpoint. This relation could be explained by the presence of coronary artery disease,
which may be related to a reduction of vascular wall structure[40]. These data suggests
that in addition to a coronary angiogram, endothelial function assessment does not con-
tribute to the prediction of long-term outcome in a more heterogeneous group of
patients.

Next to assessment of vasomotor function after infusion of stimuli or the assessment of
coronary artery disease, we evaluated the prognostic value of the baseline diameter of the
proximal non-stenotic left anterior descending coronary artery without prior infusion of
vasomotor stimuli (chapter 11). In this sub-study of the ICARIS, we demonstrated a
prognostic value of the vessel size of the left coronary artery independent of the presence
of significant coronary artery disease. These results indicate that besides the presence of
significant coronary artery disease as indicator of severe focal disease, vessel size, as pos-
sible marker of diffuse atherosclerosis, is an independent predictor of future cardiac
events.
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In summary, this thesis aimed to investigate several markers of vascular function and the
effect of early pharmacological intervention. At this point, there is no place in clinical
practice for the use of endothelium dependent vasodilatation as a method for risk assess-
ment or target of pharmacological interventions in primary prevention programs.
Therefore, easy to obtain markers as microalbuminuria and CRP are promising candi-
dates for future screening programs to prevent cardiovascular disease in asymptomatic
subjects. Markers obtained from urine or blood samples score much higher than other
measurements of vascular function in respect of the costs and ease of implementation,
which are important criteria of screening tests. However, despite of all the evidence avail-
able, it is not yet absolutely proven in primary prevention trials whether lowering these
markers will result in a significant cost-effective reduction in cardiovascular events. Large
randomised clinical trials with CRP and albuminuria guided therapy are needed and will
hopefully confirm the already acquired evidence in primary and secondary prevention of
cardiovascular events to finally consider the assessment of these markers as good clinical
practice next to the already available risk assessment tools such as the Framingham risk
score.
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