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CHAPTER 8 

ABSTRACT 
 

Background Endothelial 'dysfunction' is considered to be an early step in 
the development of atherosclerosis and has been shown to have a long-
term predictive value for future cardiac events in patients with mild 
atherosclerosis. The aforementioned hypothesis is supported through 
coronary vasomotor testing in which flow reserve measurements have been 
shown to predict cardiovascular events in patients undergoing angioplasty 
or deferral of angioplasty. In this study the prognostic value of reference-
artery coronary flow reserve measurements in patients with extensive 
coronary artery disease was evaluated during a two year follow-up period. 
 
Methods In this report the value of coronary flow reserve (CFR) was 
prospectively assessed in a reference coronary artery as a useful predictor 
of adverse outcome. The study population comprised subjects with two-
vessel disease undergoing coronary angioplasty. 
 
Results During a follow-up of 2 year, 38 out of 152 patients 
experienced 55 cardiovascular events. Patients were equally divided over 
three groups, based on the CFR. The highest CFR showed an improved 
event-free survival compared to the lower two CFR groups (p=0.042).  
 
Conclusion The present study emphasises the prognostic value of flow 
reserve measurements in a reference artery of patients with multi-vessel 
coronary artery disease. 
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artery narrowing (>50%), or any serious disease that may interfere with the 
follow-up.  
 
Data collection. Baseline screening included a history of coronary risk 
factors, physical examination, fasting whole blood collection, such as a lipid 
profile and blood glucose. All patients underwent coronary angiography 
with concomitant intracoronary derived Doppler flow-velocity measurement. 
Baseline average peak flow velocity (APV), hyperaemic APV and its ratio 
(CFR) were determined. Subsequently, at least one of the lesions was 
treated by coronary angioplasty. Coronary lesion severity was measured by 
quantitative coronary angiography (QCA). Patients were studied 
prospectively for the occurrence of cardiac events for one year.  
 
Angiography.  Coronary angiography and intracoronary 
hemodynamic measurements, were performed according to a standard 
procedure. All patients received aspirin (100 mg), orally the night before the 
procedure; heparin was given (5.000 IU) as an intravenous bolus at the 
beginning of the procedure. In all patients cardiac catheterisation was 
performed by the percutaneous femoral approach, using a 6 French guiding 
catheter without side holes. Coronary angiography was performed after the 
administration of an intracoronary bolus nitro-glycerine (0.1 mg), in at least 
two different, preferably orthogonal views displaying each index lesion with 
minimal foreshortening and no vessel overlap.  
 
Intracoronary derived Doppler flow velocity measurement. 
Intracoronary flow velocity was measured in a reference (<40% 
angiographic luminal narrowing) coronary artery; i.e. "reference vessel". An 
intracoronary bolus of 0.1 mg nitro-glycerine was administered every 30 
minutes. The measurement was performed at baseline and during 
hyperaemia. Hyperaemia was induced by administering an intracoronary 
bolus of adenosine (15 µg in the right coronary artery and 20 µg in the left 
coronary artery). Blood flow velocity was measured with a 0.014" Doppler 
guide wire (FloWire; Endosonics/Jomed, Rancho Cordova, CA). The 
FloWire was positioned to allow full development of a parabolic flow profile. 
Baseline and hyperaemic flow velocity data were obtained and the Doppler 
signals were processed by a real time spectral analyser, using the 
Flowmap (formerly Endosonics, Rancho Cordova, CA).  
 
Quantitative coronary angiography. Quantitative Coronary 
Angiography (QCA) was performed by a previously described and validated 
automatic contour detection technique (11), using the CMS-QCA software 
version 3.32 (MEDIS, Leiden, Netherlands). Image calibration was 
performed on the saline-flushed catheter. Coronary lesion severity was 
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expressed as the percent diameter stenosis (% DS) from reference 
diameter. Coronary lesion severity was assessed in two, if possible, 
orthogonal views. The projection showing the most severe coronary 
narrowing in percentage diameter stenosis was used in the analysis. 
 
Events. Patients were followed for 2 years to document the 
occurrence of major adverse cardiac events (MACE) after initial coronary 
angioplasty. Objective clinical endpoints were defined as: 1) hospitalisation 
for recurrent angina with documented ischemia; 2) revascularisation (PTCA 
or coronary artery bypass grafting); 3) myocardial infarction as identified 
from medical history, standard electrocardiography and/or elevation of 
cardiac isoenzymes; 4) cardiac death. An independent critical event 
committee to confirm the occurrence of one of these events reviewed the 
complete data set. The committee also verified whether the event was 
possibly related to the initial PTCA-lesion. 
 
Statistical analysis. Baseline characteristics are presented as mean (SD). 
Categorical data are presented per group percentage. Statistical 
comparisons were made by the F-test if data were normally distributed; 
otherwise (p-value Shapiro-Wilk test for normality < 0.05), they were made 
by the nonparametric Kruskal-Wallis test. A paired t-test was used to 
evaluate within-patient changes of hemodynamic characteristics during 
adenosine bolus. Cumulative event rates were estimated by Kaplan-Meier 
survival ("freedom of event") analysis for categorical variables. Continuous 
variables were categorized by grouping categories of compatible risk. 
Probability values were determined by the use of the log-rank statistic. 
Multivariate analysis was performed by Cox-regression analysis. All 
clinically relevant risk factors were considered for the analysis. Univariately 
significance at a level of 0.2 stepwise backward regression method was 
used. A p-value < 0.05 was considered statistically significant. SAS version 
6.12 (Cary, N.C, USA) was used for all statistical analyses. 
 
Ethics. Written informed consent was obtained from all patients 
before the study and the Institutional Review Board of the participating 
centres approved the study protocol. The study was performed in conform 
to the principles outlined in the Declaration of Helsinki.  
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INTRODUCTION 
 

Coronary artery disease (CAD) is a widespread disease with a high 
incidence. The extent of CAD is closely related to morbidity and mortality 
(1). The endothelium is an active cell layer responsible for interaction 
between blood born components and vessel wall (2). It plays an essential 
role in vascular homeostasis because of its ability to prevent abnormal 
vasoconstriction, platelet activation and smooth muscle cell proliferation. 
Endothelial 'dysfunction', more specifically endothelial vasomotor 
dysfunction, is considered to be a first sign in the development of 
atherosclerosis. It has been shown to have a predictive value for future 
cardiac events (3-5). With endothelium dependent vasomotor testing, 
endothelial function in larger epicardial arteries can be evaluated. In 
addition, coronary vasomotor function in the resistance vessels can be 
evaluated through coronary flow reserve measurements. These 
measurements have been used to guide coronary angioplasty procedures. 
At present, available clinical evidence provided by prognostic studies 
regarding coronary endothelial function have been limited to patients with 
no or single vessel coronary artery disease (4;5) . Evaluation of the 
prognostic value of flow reserve measurements is limited to measurements 
in the diseased vessel (6;7). The value of endothelial testing in the 
presence of extensive CAD remains unclear. In severely stenotic coronary 
arteries, vasomotor function is significantly disturbed (8-10). In such 
patients blood flow measurements in coronary arteries without significant 
CAD might have a superior clinical impact. We hypothesize that, in a 
population with two-vessel disease, the coronary flow reserve (CFR) of the 
reference coronary artery may represent a useful predictor of an adverse 
outcome. The two-year adverse outcome was determined by cardiac 
events, which could be related to progression of atherosclerosis or 
restenosis. 
 
 

METHODS 
 

Patient population. Included were 152 patients with stable angina or 
unstable angina (Braunwald classification I or II) who were accepted for 
coronary angioplasty (PTCA). Patients had two-vessel disease, which was 
defined by significant stenosis on visual assessment after mutual 
agreement between an interventional cardiologist and a cardiac surgeon. A 
CFR measurement in the reference (<40% angiographic luminal narrowing) 
coronary artery was performed and all patients were prospectively studied. 
Excluded were patients with recent myocardial infarction, clinical evidence 
of heart failure, a history of previous CABG, significant left main coronary 
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RESULTS 
 
Characteristics of the study population. The characteristics of the 152 
patients at study entrance are listed in table 1.  
 
N 152 
Age, years 61 (10) 
Male gender 72 % 
Body Mass Index (kg/m2)  26.8 (2.8) 
CCS classification   class 1,2 
    class 3 
    class 4 

16 % 
58 % 
26 % 

History of myocardial infarction 37 % 
History of previous PTCA 11 % 
Family history 57 % 
Hypertension 38 % 
Dyslipidemia 57 % 
Smoking    former 
    current   

47 % 
26 % 

Diabetes mellitus 7 % 
fasting total cholesterol (mmol/l) 5.4 (1.2) 
fasting triglyceride (mmol/l) 1.8 (1.0) 
Medication   Diuretics 
    ACE inhibitors 
    Statins 
    Calcium channel blockers 
    Nitrates 
    Beta blockers 

7 % 
19 % 
57 % 
58 % 
67 % 
82 % 

Table 1: Value is mean (SD) or %; CCS indicates Canadian Cardiovascular Society 
classification 
 
The coronary blood flow response to adenosine in the reference vessel was 
obtained in the left anterior descending (35 %), circumflex (50 %) or right 
(15 %) coronary artery. Adenosine significantly increased heart rate from 
65 b.p.m. (SD 12) to 67 b.p.m. (SD 12); p = 0.017, systolic blood pressure 
decreased significantly from 137 mmHg (SD 26) to 134 mmHg (SD 24);  
p < 0.001 and diastolic blood pressure decreased significantly from 72 
mmHg (SD 12) to 68 mmHg (SD 11); p < 0.001. The mean average peak 
flow velocity at baseline was 19.0 cm/sec. (SD 7.1) and at hyperaemia was 
51.9 cm/sec. (SD 17.8). The mean coronary flow-velocity reserve (CFR) 
was 2.8 (SD 0.7). The mean follow-up time was 639 days (90% central 
range: 143 to 1014 days). During follow-up, a total of 38 patients 
experienced 55 cardiovascular events. Three patients had a procedure 
related complication (2 patients experienced an acute myocardial infarction 
within a few hours after initial PTCA, resulting in one redo PTCA; in 1 
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patient revascularisation failed and immediately coronary artery bypass 
grafting was carried out). In summary, 23 patients experienced 1 event, 7 
patients had 2 events and 4 patients had 3 events (Table 2). 
 
Number of events Number 

Of patients 
"de novo" or PTCA related event Number 

of patients 
1 24 MI (P) 

MI (N) 
revascularisation (P) 
revascularisation (N) 

1 
1 
13 
9 

2 8 MI (P) & revascularisation (N) 
MI (N) & revascularisation (N) 
revascularisation (P + P) 
revascularisation (P+ N) 

1 
1 
4 
2 

3 5 MI (P) & MI (N) & revascularisation (N) 
MI (P) & revascularisation (P+P) 
MI (P) & revascularisation (P+N) 
revascularisation (P+P+P) 
revascularisation (N+P+P) 

1 
1 
1 
1 
1 

Table 2: MI = myocardial infarction; revascularisation = coronary angioplasty or 
bypass grafting; N = de Novo; P = PTCA related. One patient experienced a 
sudden death. The relation with either the PTCA vessel or a de novo lesion could 
not be established. 
 
Prognostic value of CFR in a reference coronary segment. The 
primary variable of interest in this study was the CFR in the reference 
vessel. Using grouping method to identify risk in different levels of CFR, 
resulted in a categorisation of  the lowest 2 tertiles versus the highest tertile 
with a cut-off point CFR ≤ 3.2. All events were verified by an independent 
event committee to confirm the occurrence and the nature of the events. 
The events were scored as either PTCA related or unrelated, so-called 'de 
novo' events. The highest CFR group showed an improved combined 
(PTCA-related and "de novo") event-free survival compared to the lowest 
CFR (p = 0.042; Figure 1).  
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Figure 1: Kaplan-Meier survival curves of MACE for coronary flow reserve in 
tertiles. Coronary flow reserve (CFR) in the reference artery was predictive for 
event free survival. Patients in the lowest CFR tertile (� 3.2) showed a worse 
survival than patients in the two upper tertiles (>3.2). 
 
For PTCA-related events, event-free survival was not significantly (p = 
0.068) prolonged in patients with high compared to low CFR. Also no 
difference was present for "de novo" events (p = 0.35). Of all other clinically 
relevant risk factors related to the occurrence of cardiovascular events, only 
the CFR ≤ 2.5 (6) in the dilated segment after angioplasty showed 
statistical significance (p = 0.020) for the occurrence of a PTCA related 
event. 
 
 

DISCUSSION 
 
The present study emphasizes the prognostic significance of coronary flow 
reserve measurements in references arteries of patients with significant 
multivessel coronary artery disease after a short (two year) follow-up 
period. The highest coronary flow reserve was significantly associated with 
a prolonged event-free survival. Coronary vasomotor function can be 
assessed in large epicardial vessels through endothelium dependent 
vasodilators such as acetylcholine. In addition coronary vasomotor function 
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can be assessed at the resistance vessel level. In this case, infusion of 
directly vasodilating drugs will cause a decreased coronary vascular 
resistance and hence an increased coronary flow. This increment in flow is 
subsequently responsible for an increased shear stress. Therefore, in 
addition to the direct effect, an endothelium dependent component is 
involved as well. 
Recently, the first studies on the prognostic value of endothelial dysfunction 
were published (4;5). In the first study, Suwaidi et al. found that endothelial 
dysfunction in the left anterior descending coronary artery as measured 
with acetylcholine infusion was related to events in a group of patients 
without significant lesions. The authors used the combination of QCA and 
intravascular ultrasound Doppler flow velocity measurements to calculate 
the flow. In the lowest tertile, all events were found during a follow-up 
period of 11 - 52 months (mean 28 months). In the second study by 
Schächinger et al. the effect of various endothelium-dependent 
manoeuvres on epicardial diameter was assessed in patients with pre-
existing single-vessel disease or during a diagnostic catheterisation. They 
found that all endothelium dependent responses as well as the 
endothelium-independent reaction to nitro-glycerine infusion, discriminated 
high and low risk patients. Considering the flow-dependent dilatation in their 
study, patients in the lowest tertile had the most events during a follow-up 
1.1 - 10.6 year (median 7.7 years). These previous studies were being 
conducted in patients with mild sclerosis or one-vessel disease. Our data 
extend these findings to patients with more extensive coronary artery 
disease. 
In prior studies, the prognostic value of coronary flow reserve 
measurements has been described for balloon angioplasty as well as 
coronary stenting (6;12-15). Interestingly, the use of flow reserve 
measurements in relation to the flow reserve in a reference artery, the so-
called relative flow reserve has previously been shown (16). Our study 
corroborates these results for the flow reserve in a reference artery as 
such. In patients with extensive CAD during a follow-up period of 1 year, 
the flow dependent response in a reference coronary artery appeared to be 
a prognostic factor in patients undergoing PTCA. The finding that CFR 
measurement in a reference artery is predictive for events related to the 
PTCA vessel, seems surprising as endothelial dysfunction is 
heterogeneously distributed. However, in the aforementioned two studies 
(4;5) not all events in the dysfunctional endothelium groups were related to 
the coronary artery studied. In the study by Suwaidi et al. (LAD 
measurements with mild coronary sclerosis), 2 patients had multi-vessel 
coronary artery disease requiring bypass surgery during follow-up. In the 
study by Schächinger et al. it should be mentioned, that also extra cardiac 
events were found. 
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In the DEBATE study, the prognostic value of intracoronary flow velocity 
was determined distal to the dilated segment after balloon angioplasty. The 
DEBATE study showed a value of hyperaemic CFR <  2.5 after PTCA 
predictive for restenosis (6). As a result, flow reserve guided coronary 
angioplasty has been proven to be as good as stenting (12;15).  Next to the 
measurements in a reference artery, our study also underscores the 
prognostic significance of CFR measurements in the dilated segment for 
clinical events after angioplasty. 
 
 
Clinical implications. During balloon angioplasty, the inflation of the 
balloon will disrupt the morphologic structure of the vessel wall and lumen 
such as dissections, plaque rupture, and lacerations. It can be assumed 
that in these cases of pseudo-angiographic success, flow reserve 
assessment in the dilated vessel will be abnormal. Therefore the clinical 
implication of the prognostic significance of coronary vasomotor testing in 
patients with multivessel disease is strengthened.  
 
Limitations of the study. The follow-up period was relatively short 
compared to other prognostic studies (4;5). During this period more events 
were PTCA-related (67%) than 'de novo' (33%).  The significance of this 
difference may be related to the fact that restenosis is another 
pathophysiologic process than progression of atherosclerosis (2).  
 
 

CONCLUSIONS 
In addition to previous studies in patients with mild coronary artery disease, 
the present study supports the hypothesis that coronary vasomotor testing 
is also of prognostic significance in patients with extensive (multivessel) 
coronary artery disease. Furthermore, both the dilated segment and the 
reference coronary artery can be used as a prognostic factor in patients 
undergoing PTCA.  
 
Acknowledgement. This study is supported by a grant of the Dutch 
Insurance Board (Ziekenfondsraad) (Ontwikkelingsgeneeskunde project no. 
96-036). 
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