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ChapterChapter 1 

I N T R O D U C T I O N N 

CoronaryCoronary artery disease and revascularization therapy 

Coronaryy artery disease is the leading cause of morbidity and mortality in the Western world. 

Anti-anginall  medication is the treatment of first choice for patients with (effort) chest pain due to 

coronaryy artery disease. A revascularization procedure can be considered if angina persists despite 

optimall  medical strategy. I t is anticipated that in the year 2001 over the 1.6 million percutaneous 

transluminall  coronary angioplasty (PTCA) procedures wil l be performed worldwide (see Figure 

!)

AA tota l of 1,600,000 PTCA procedure s in 2001 

 USA 

890,0000 «Europe 
 Rest 

FIGUREFIGURE 1: Overview of number of anticipated PTCA's in the year 2001, divided by continent. 

I nn the Netherlands, approximately 16,000 PTCA procedures and 15,000 coronary artery 

bypasss grafting (CABG) surgical procedures were performed in the year 2000. The performance 

off  percutaneous coronary procedures involves periprocedural complications (i.e. death in 0.3%, 

myocardiall  infarction due to embolization after balloon expansion in 1-2%, emergency CABG in 

0.4%,, and puncture side hematoma in 1% of the patients), and long-term complications (i.e. 

restenosiss of the treated lesion within 6 months, requiring repeat revascularization in 15-25% of 

thee patients).1" In view of these potential complications, adequate patient selection for PTCA is 

mandatory.. A decision for revascularization therapy should principally be based on objective 

evidencee of myocardial ischemia in the area of interest.1" Numerous reports have been published 

regardingg the appropriate selection of patients for coronary revascularization and this is one of 

thee most important and widely studied decisions in cardiovascular medicine. The aim of this 

thesiss involves a direct comparison between non-invasive and invasive diagnostic techniques for 

clinicall  decision-making in multi-vessel coronary artery disease. 

340,000 0 

440,000 0 
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GeneralGeneral introduction 

CoronaryCoronary angiography and intracoronary derived hemodynamic parameters 

Coronaryy angiography is used to determine the site of a coronary narrowing and its geometric 

severity.. However, the geometric severity of a lesion (e.g. percentage diameter stenosis) does not 

predictt its functional severity; this is known as the 'illusion of luminology' (see Figure 2), "° i.e. 

onlyy visualization of the vessel lumen without appropriate analysis of possible atherosclerotic 

changess in the vessel wall. 

„„  3 mm „ 

FIGUREFIGURE 2: Illustration of the 'Illusion of luminology', showing that the actual morphology of the stenosis is not quite clear 

fromfrom an angiographical view, as angiography is a two-dimensional picture, merely depending on the view angle. 

Thee translation of angiographically determined arterial stenosis to physiologically relevant 

reductionss in coronary blood flow dates to the seminal work of Gould et al in 1974." Recently, 

intracoronaryy derived hemodynamic parameters using sensor-tipped angioplasty guidewires have 

beenn introduced as an alternative strategy, allowing selective assessment of functional severity of 

coronaryy narrowings during angiography.14'22'21 Coronary lesion severity can be assessed by (1) 

evaluationn of the hemodynamic characteristics of a coronary lesion by spectral analysis of the 

coronaryy Doppler blood flow velocity" (parameter: coronary flow velocity reserve, CFVR; see 

Figuree 3), or (2) transstenotic coronary pressure gradient measurements during hyperemic 

conditions24266 (parameter: myocardial fractional flow reserve, FFR; see Figure 4). 

II I 



ChapterChapter 1 

Flowiree Dop pier crystal Erytroytes s 

FIGUREFIGURE 3: Schematic view of a coronary artery. An ultra thin Dopplerguidemre (Flowire*; 00.014 inch or 0.035 cm) 

isis equipped with a Doppler crystal, that transmits waves. These waves are reflected by the passing erythrocytes. A software 

programprogram calculates blood'flow velocity (in cm I sec) from the so-called Doppler shift. 

AA poor correlation between anatomical information of coronary angiography and the 

intracoronaryy derived functional hemodynamic parameters (i.e. FFR and CFVR) has been 

reported.. ' In particular, intermediate lesions (defined as 40-70% diameter stenosis) have been 

associatedd with wide range of functional estimates of coronary lesion severity (see Figure 5). 

Previouss validation studies showed good agreement (80-90%) between these parameters and the 

resultss of non-invasive stress tests.~ These studies were predominantly performed in patients 

withh single vessel disease. The intracoronary hemodynamic techniques facilitate clinical decision-

makingg during diagnostic cardiac catheterization, allowing 'ad-hoc' angioplasty within the same 

session.. Measuring CFVR or FFR offers the advantage of avoiding a repeat cardiac 

catheterizationn after non-invasive stress testing. These parameters are described in more detail in 

Chapterr 2. 

Thee CFVR is defined as the ratio of hyperemic and baseline average peak flow velocity 

(APV).. CFVR is determined by the integrity of both the epicardial conduit artery and the distal 

microvascularr bed. Another index, the so-called relative CFXA\ (rCFl-TL), is defined as the ratio 

betweenn CFVR of the target vessel and CFVR of the angiographically normal reference coronary 

artery,, thus theoretically focusing on the contribution of the epicardial narrowing by correcting 

forr microcirculatory disturbances. Homogeneity in behaviour of the coronary microcirculation 

withinn a heart is a prerequisite for this index. The concept of rCFVR was introduced by Gould 

andd colleagues and validated in experimental and clinical studies.1' FFR is defined as the ratio of 

thee pressure distal to the narrowing and the aortic pressure during maximal hyperemia (see Figure 

4).. The concept of FFR is considered to be independent of hemodynamic and microcirculatory 

confoundingg factors. I t has been suggested that FFR and rCFVR are more lesion specific 

parameterss than CFVR.' '' However, intracoronary derived hemodynamic parameters like FFR 

andd CFVR may also depend on the status and behaviour of the coronary micro-circulation, next 

too heart rate and blood pressure.' 

12 2 



GeneralGeneral introduction 

FIGUREFIGURE  4: Concept of fractional flow reserve (FFR). Schematic view of a coronary artery without (upper panel) and with 

(lower(lower panel) a narrowing and the accompanied myocardial circulation (capillary bed). Blood flow in to the myocardium (Q) 

equalsequals perfusion pressure divided by microvascular resistance, according to the L/iw of Ohm. During maximal vasodilatation 

thisthis resistance is minimal (R,,m,). FFR is defined as the quotient of myocardial perfusion pressure with a coronary 

narrowingnarrowing (Pj-P,) and the normal perfusion pressure (P„-P r). Pj/P., is used for daily clinical practice. 

Problemss of coronary flow reserve, including limitations for CFVR and FFR, are nicely 

summarizedd by Hoffman.18 Several studies investigated the relationship between flow and 

pressure.. However, simultaneous measurement of intracoronary derived Doppler flow and 

pressuree distal to coronary narrowings using the ultra thin guidewires has not been performed in 

aa large cohort of patients. Such a direct comparison between the several clinically used 

parameterss (FFR, CFVR and relative CFVR) may provide insight into their differences, which is 

relevantt for clinical decision-making. 

13 3 
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FIGUREFIGURE 5: Percentage diameter stenosis, as measured with QCA versus the results ofCFl H (Figure 5-A, data from 

DEBATEDEBATE 1 trial19) and versus FFR (Figure 5-B, data from theAAlC, Amsterdam, The Netherlands) measurements. A 

widewide range of physiologic parameter values can be appreciated in the range of"40-70% diameter stenosis, the so-called 

'intermediate''intermediate' lesions. 
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GeneralGeneral introduction 

CoronaryCoronary circulation and the autoregulatory mechanism 

Coronaryy physiology can be modeled using the Law of Ohm. driving pressure is flow times 

resistance,, or in equation: 
VV = I x R 

wheree "K"can be read as the pressure drop over the myocardium ('driving pressure1); 'T' as the 

flowflow in epicardial conduit artery; and "R" as the microvascular coronary resistance. 

DrivingDriving pressure is in normal vessels based on the aortic pressure minus the venous pressure (Pa -

Pv);; however in case of a coronary narrowing, the pressure distal to this narrowing determines 

mainlyy the driving pressure (Pd — Pv). The absolute blood flow in the human coronary artery can be 

measuredd using PET. For practical reasons however, flow velocity, as measured with a Doppler 

flowflow wire (see Figure 3) is frequendy used as a substitute for absolute flow in the cardiac 

catheterizationn laboratory. Previous studies showed a good correlation between flow velocity 

measuredd with the Doppler guidewire and volume flow as measured with a electromagnetic flow 

probe.22 2 

CoronaryCoronary microvascular resistancevessels fall apart in 2 types: small resistance vessels (<100 \xm) 

andd large resistance vessels (100-400 iim).45,46 The small vessels are metabolic dependent, whereas 

thee large vessels are flow dependent. This was suggested in studies showing that adenosine dilates 

onlyy the smaller resistance vessels.47 In contrast, an increase in shear stress can also lead to 

vasodilatation,, caused by relaxation of larger resistance vessels.48,49 Nitric oxide (NO) is necessary 

forr both mechanisms of vasodilatation.50'51 

Inn patients with coronary narrowings, autoregulation of coronary circulation compensates 

underr baseline conditions for the drop in pressure distal to a stenosis by decreasing the arteriolar 

coronaryy resistance through vasodilatation of the resistance vessels. Thus, coronary flow is 

maintainedd at normal levels to meet myocardial oxygen demand downstream. This compensatory 

mechanismm acts as long as the coronary flow does not reach the maximally obtainable flow at the 

pressuree level present distal to the stenosis. In case of an increased oxygen demand, blood flow 

hass to increase. This is achieved by metabolic vasodilation of the resistance vessels, which will 

leadd to an increase in blood flow up to the maximally obtainable level at the prevailing perfusion 

pressure.. It is known from earlier studies that this autoregulatory compensation is already 

operativee at rest in case of severe (>70-80%) coronary narrowings. Thus, this compensatory 

vasodilatationn leads to a diminished flow increase during hyperemia, resulting in a reduced 

coronaryy flow reserve. In daily clinical practice, an index of this 'reserve' is used by measuring 

bloodd flow velocity, using a Doppler flow wire, under baseline and maximal hyperemic 

conditions. . 

Inn the cardiac catheterization laboratory, stress can be pharmacologically induced in several 

ways,, for instance using papavarine, adenosine or ATP, administered either intravenously (i.v.) or 

ass an intracoronary bolus (i.e.). Pharmacologically induced hyperemia is more pronounced man 

reactivee hyperemia. Side effects of adenosine include mild chest pain when administered i.v. and, 

15 5 
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rarely,, atrioventricular block when administered i.c. in die right coronary artery. Several studies 

reportedd no differences in hyperemic response (with SPECT imaging) between adenosine, 

dipyridamole,, dobutamine and exercise stress.13,34 Travin reported that for SPECT the 'diagnostic 

accuracyy for adenosine is similar to that of dipyridamole'.13 According to a recent publication, the 

combinat ionn of sestamibi and dipyridamole seems to be the combination of choice for SPECT 

imagingg in mild to moderate coronary artery disease.'5 Another study showed no difference in 

hyperemicc response, as measured by intracoronary Doppler flow velocity, between adenosine and 

A T PP (both intravenously and intracoronary administered) in comparison with papaverine. 

Thesee findings indicate that the choice of agent and routing for inducing hyperemia depends on 

locall  expertise and availability. 

T H EE 'ILIAS ' STUDY: A M U L T I - C E N T E R STUDY 

I nn 1997, coronary angiography was considered the 'gold standard' in the diagnosis of coronary 

arteryy disease. However, this method has several limitations. First, there are shortcomings in 

visuall  interpretations of angiograms due to interobserver and intraobserver variability.'7 

Furthermore,, visual assessment of coronary lesions yields overestimation in lesions with >50% 

diameterr stenosis and underestimation of lesions with < 50% diameter stenosis.16 Quantitative 

coronaryy angiography (QCA) is performed to overcome these shortcomings of the visual 

interpretationn of coronary lesions by means of a computer-assisted analysis.™ However, several 

studiess indicated a poor correlation between the QCA parameters (percent area stenosis, percent 

diameterr stenosis) with coronary flow reserve measurements59 or the results of non-invasive 

stresss testing60'61; interobserver variability is also described.38,62 Finally, the association between 

minimall  cross sectional area and positron emission tomography (PET) demonstrates considerable 

scatter,, indicating that a single measurement in one patients, in particular in intermediate 

coronaryy lesions, corresponds to a wide range in myocardial flow levels related to the coronary 

narrowing.6'11 Consequendy, QCA is of limited value for patient management during cardiac 

catheterization.. The decision to perform coronary angioplasty of the intermediate lesion depends 

onn additional information provided by non-invasive or invasive diagnostic methods. 

Thee limitations of coronary angiography has led to the development of other diagnostic 

toolss like FFR and CFVR (as discussed in the previous section) for direct intracoronary 

evaluationn of the functional severity of coronary lesions during cardiac catheterization. CFVR is 

frequentlyy used for functional assessment of coronary narrowings, predominantly in patients with 

singlee vessel disease. ' ' l Recendy, several reports in small groups of patients with single vessel 

diseasee described the safety to postpone angioplasty in patients in whom only normal 

translesionall  hemodynamic data were obtained.63'64 These studies indicate that the distal coronary 

flowflow reserve can be used as an alternative for scintigraphy for patient management in coronary 

16 6 
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arteryy disease. However, a prospective comparative study concerning cost-effectiveness between 

thesee two techniques in patients with multi-vessel disease has not been performed. 

Thesee considerations served as the background for the conduction of a multi-center study 

inn the Netherlands: the Intermediate Lesions: Intracoronary flow Assessment versus 'J""Tc-MIBI SPECT 

(ILIAS )) study. The study focussed on patients with stable angina, multi-vessel disease and an 

(clinically)) intermediate lesion who were referred for a PTCA procedure of a severe narrowing in 

anotherr artery. The aim of the ILIA S study was investigate if CFVR could serve as an alternative 

approachh to decide upon performance or deferral of PTCA of this intermediate lesion. 

Consequently,, next to a clinical follow-up period of 12 months, an economic evaluation was an 

importantt part of this study. The study was sponsored by the Dutch Health Insurance Board 

(Ziekenfondsraad,, grant OG 96-036). 

PatientPatient example 

AA 44 year old male experienced progressive anginal complaints for 10 months, and were graded 

ass functional class CCS II I at the time of presentation. The patient had no previous cardiac 

historyy for cardiovascular disease. Risk factors for coronary artery disease included smoking 

(patientt had cessated smoking 9 months ago), hypercholesterolemia, and a positive family history 

forr cardiovascular disease. Patient was treated with aspirin, beta blockade, nitrate and cholesterol 

loweringg medication. 

Exercisee E CG was positive. Myocardial perfusion scintigraphy revealed 'a reversible 

perfusionn defect infero-postero-lateral' (see Figure 6-A). Coronary angiography was performed 

withinn one week after SPECT, showing a coronary narrowing in the mid RCA and a narrowing in 

proximall  part of the LCx. Quantitative coronary angiography (QCA) was performed to 

determinee the anatomic severity: the diameter stenosis was 59% in the RCA and, 62% in the LCx 

respectivelyy (see Figure 6-B and 6-C). 

17 7 
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-FIGURE-FIGURE 6: Results of myocardial perfusion scintigraphy (A, see previous page): The 'bulls eye' reconstruction (left panel) is 

presentedpresented with the global coronary anatomy: "LA D - left anterior descending, CX - left circumflex, RCA - right coronary 

artery.artery. 'The stress picture (left, upper panel) shows a infero-postero-lateral reversible perfusion defect, in contrast to the rest 

picture.picture. Coronary angiography, showing a stenosis in the mid RCA (B) and a narrowing in the proximal TlCx (C). 

Basedd on the angiographic findings it is difficul t to determine the 'culprit' lesion that is 

responsiblee for the reversible perfusion defect on SPECT. 

Intracoronaryy measurements (in this casus both CFVR and FFR, for illustrative purposes) 

weree performed to determine the functional significance of both lesions. CFVR was 1.3 in the LCx; 

FFRR was 0.37. Both values are abnormal and indicative of a functional significant coronary 

narrowing,, as CFVR of 2.0 and FFR of 0.75 are used as cut-off values in daily clinical practice. 

CFVRR was 2.4 in the RCA; FFR was 0.88. These values can be considered as 'normal'. CFVR was 

alsoo measured in the angiographically normal reference artery (LAD ) and yielded a value of 2.7. 

Basedd on these data, it was decided to «vascularize the lesion in the LCx with a balloon 

angioplastyy procedure; an expectative policy was adopted for the narrowing in the RCA. The 

proceduree was successful and patient was discarded from the hospital the next day. At 1 year 

clinicall  follow-up, patient did not experience any cardiac event, nor did he have anginal 

complaints. . 

Thiss patient example clearly shows how intracoronary derived hemodynamic parameters 

cann be helpful for clinical decision-making in the catheterization laborator}', particularly for 

intermediatee coronary narrowings and/or in patients with multi-vessel coronary artery disease. 

is s 
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OUTLIN EE OF TH E THESI S 

Thee purpose of this thesis was to investigate the value of intracoronary derived physiological 

parameterss for clinical decision-making regarding patients with multi-vessel coronary artery 

disease.. In general, this thesis is divided in diree parts. First, an overview of the current 

techniquess employed for clinical decision-making in patients with coronary artery disease is 

providedd {Chapters 1 and 2). Second, the value of intracoronary derived physiological parameters 

(CFVR,, relative CFVR, and FFR) for the diagnosis of multi-vessel disease is described {Chapters 3, 

4,4, and 5). Finally, the prognostic value of these parameters is described in relation to the results of 

SPECT.. This will include an economic evaluation, necessary for appropriate clinical decision-

makingg in this patient cohort {Chapters 6, 7, and 8). 

Thee role of CFVR, relative CFVR, and FFR is undisputed for clinical decision-making, as is 

demonstratedd in numerous validation studies with the results of non-invasive stress tests (see 

ChapterChapter 2)P'2g~2]'36'41'44'65'6*  However, these studies were predominantly performed in relatively 

smalll  groups of patients with single vessel coronary artery disease. Therefore, the role of several 

intracoronaryy derived diagnostic methods (FFR, CFVR, and rCFVR) for clinical decision-making 

inn a large cohort of patients with multi-vessel coronary artery disease is presented in Chapter 3. In 

ChapterChapter 4, a direct comparison is presented between CFVR and FFR, as this has not been 

performedd till  now. The role of variability in microvascular resistance is described to explain 

discordantt results between these parameters. Homogeneity of the microvascular resistance within 

thee same heart is a prerequisite for the concept of relative CFVR. In Chapter 5 it is investigated 

whetherr this assumption is correct in patients with multi-vessel coronary artery disease. Thus, in 

thesee chapters the role of coronary microvascular resistance was investigated as (a) it is of clinical 

importancee when comparing CFVR and FFR, and (b) it may provide insight in the processes that 

aree operative in the coronary micro-circulation in patients with coronary artery disease. 

AA large prospective multi-center study was conducted to investigate the prognostic value of 

CFVRR in relation to the results of SPECT regarding intermediate lesions in the presence of multi-

vessell  disease: the Intermediate Lesions: Intracoronary flow Assessment versus 99mTc-MIBI SPECT (ILIAS) 

study.. The aim of the ILIA S study was to investigate if CFVR could serve as an alternative 

approachh to decide upon performance or deferral of PTCA of this intermediate lesion. Thee main 

resultss are described in Chapter 6. The value of FFR for risk stratification in this patient cohort 

waswas also investigated and is described in Chapter 7. The direct comparison between SPECT and 

CFVRR strategies allowed an economic evaluation, that is of importance for patient management. 

AA cost-effectiveness analysis of several strategies for management of the intermediate lesion using 

Montee Carlo simulation is presented in Chapter 8. 

19 9 
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INTRODUCTIO N N 

Adequatee patient selection for revascularization procedures of coronary lesions is of 

utmostt importance, in view of the potential procedural complications and the occurrence of 

restenosis.. ' There is accumulating evidence that preoccupation with coronary "luminology" may 

bee misguiding, especially in patients with intermediate coronary lesions in the presence of multi-

vessell  coronary artery disease. Therefore, objective evidence for functional severity (i.e. 

ischemia)) is considered mandatory for clinical decision-making in patients with coronary artery 

disease.. " 

Inn general, apart from clinical patient information, two types of strategy are available for 

selectionn of patient for percutaneous transluminal coronary angioplasty (PTCA) or coronary 

arteryy bypass grafting (CABG): a non-invasive strategy (e.g. stress echocardiography, myocardial 

perfusionn scintigraphy) and an invasive strategy (i.e. coronary angiography, assessment of 

intracoronaryy hemodynamic parameters). The purpose of this article is to provide a brief 

overvieww of the currents methods, used for clinical decision-making in patients with coronary 

arteryy disease. 

BACKGROUN D D 

CoronaryCoronary angioplasty in Europe 

Inn 1996, over 327,000 percutaneous transluminal coronary angioplasty (PTCA) procedures were 

performedd in Europe. The annual growth rate in Europe increased during the last decennium, 

upp to approximately 20% per year (figure 1) ; that would implicate more than 650,000 procedures 

inn 2000. It can be anticipated that the number of coronary angioplasty procedures will further 

increasee due to alterations in the indication for this procedure and aging of the population. The 

majorityy (50-70%) of the patients eligible for PTCA have multi-vessel coronary artery disease. An 

intermediatee (40-70% diameter stenosis) coronary lesion was encountered in 30% of these 

patients.. The rate of multi-vessel PTCA (i.e. more than 1 PTCA within a patient during the same 

procedure;; 15-20%) and 'ad-hoc' PTCA (i.e. PTCA performed at the time of the diagnostic 

catheterization;; 20-30%) is increasing over the past years. The rapid increase of coronary 

revascularizationn procedures, together with restricted financial resources, warrants an appropriate 

selectionn of the patients. The aim of risk stratification is to distinguish patients with a high 

likelihoodd of future major cardiac events who may benefit from invasive treatment. Therefore, 

forr clinical decision-making in patients widi coronary artery disease, it is important to 

demonstratee that (1) there is evidence of myocardial ischemia, as a prerequisite for coronary 

revascularization10,, and that (2) deferral of a revascularization procedure is safe, based on a 

normall  (i.e. indicative for absence of myocardial ischemia) test. 
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Europe e 

FIGUREFIGURE 1: Development of cardiac interventions during the 1990s in Europe. Data are obtained from the coronary circulation working 

groupgroup of the European Society of Cardiology and represent more than 30 European countries (total population: > 500 million people). 

ASSESSMENTT OF CORONARY STENOSIS SEVERITY 

1.1. Non-invasive diagnostic methods 

Non-invasivee stress testing is frequently used for the evaluation of coronary artery disease (CAD) 

inn patients with anginal complaints. This includes: electro-cardiographic exercise testing, 

myocardiall  perfusion scintigraphy, stress-echocardiography and positron emission tomography 

(PET).. These diagnostic techniques for documentation of myocardial ischemia should be applied 

priorr to diagnostic cardiac catheterization. ' 

Electro-cardiographicc exercise testing 

Electro-cardiographicc exercise testing is easy to perform and often applied for documentation of 

myocardiall  ischemia; it is in most cases accurate for documentation of myocardial ischemia in 

singlee vessel disease. However, this technique is of limited value in patients with an abnormal 

restt ECG, patients who performed submaximal exercise, and, more in general, in women and the 

elderlyy (>70 years). It is used for screening of patients with anginal complaints. In case of non 

conclusivee test results or (suspected) multi-vessel coronary artery disease, complementary stress-

echocardiographyy or myocardial perfusion scintigraphic stress testing is in general performed to 

determinee presence, extent and location of myocardial ischemia. 

Myocardiall  perfusion scintigraphy 

Thee role of nuclear cardiology in clinical decision-making is important, especially for the 

diagnosiss of coronary artery disease and risk stratification. Among the various techniques of 

nuclearr cardiology, stress myocardial perfusion scintigraphy (MPS) is the most widely applied 
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diagnosticc technique Its purpose is to assess the adequacy of myocardial blood flow during 

stresss conditions. MPS can be performed with either planar or tomographic imaging techniques 

(nowadayss more or less the standard). The latter has distinct advantages, as the heart is 

reconstructedd out of series of planar projection images. The relative distribution of the 

radiotracerr (e.g. thallium-201, technetium-99m) within the myocardium is then analysed in 

tomographicc slices in several orientations. This allows the separation of individual territories. 

Att present, single photon emission computed tomography (SPECT, see figure 2) is most 

frequentlyy used in daily clinical practice. The sensitivity and specificity of this technique is high in 

thee diagnosis of coronary artery disease. The overall sensitivity and specificity of SPECT 

approximatess 90% and 80% respectively with lower values for individual vessel allocation. ' 

FIGUREFIGURE 2: Hxample of myocardial perfusion scintigraphy. Single photon emission computed tomography (SPECT) is performed during 

restrest and after infusion of dipyridamole; an infero-postero-lateral reversible perfusion defect is appreciated. 

Nextt to the diagnostic value of MPS, several studies have addressed the prognostic value of a 

normall  SPECT examination. In a review of Iskander and Iskandrian, the results of several large 

trialss on risk assessment are summarized. They conclude that patients with stable chest pain 

syndromess and normal stress SPECT images have a very low (0-2%) risk of death and non-fatal 

myocardiall  infarction during a mean follow-up period of 20 months. It is highly unlikely that 

coronaryy revascularization can improve survival in these patients. The cardiac event rate at 1 year 

wass lower in high risk patients with a normal versus abnormal SPECT (1.4% versus 8.6%, 

respectively).. Similarly, a normal SPECT predicts a low event rate (0.88% / year) during a long 

termm follow-up (6 years) in a large population of patients with low-to-intermediate likelihood of 

coronaryy artery disease." On the other hand, the extent of perfusion image abnormalities is 

positivelyy associated with the risk for cardiac complications. However, the presence of just one 

abnormall  territory does not exclude the presence of left main or multi-vessel coronary artery 

disease,, that is known to be associated with an enhanced cardiac r isk." 

Inn general, it is accepted that pharmacological induced stress yields similar results as 

physicall  exercise." "" This is of use in certain patient groups (e.g. for those who are unable to 
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performm sufficient exercise). Pharmacological stress agents fall into two categories: coronary 

vasodilatingg agents such as dipyridamole and adenosine, and cardiac positive inotropic agents 

suchh as dobutamine and arbutamine. * For both, in the presence of CAD, perfusion image 

abnormalitiess result from heterogeneity of coronary blood flow reserve. For MPS, usually 

vasodilatingg agents are used; they work directly on the coronary vessels to increase blood flow. 

Thesee agents have high accuracy's for diagnosing coronary artery disease, and they have excellent 

safetyy records with acceptably low occurrences of side effects. The choice of the pharmacological 

stresss will depend on local expertise and availability. ' 

Stress-echocardiography y 

Stress-echocardiographyy provides an alternative technique for the diagnosis of coronary artery 

diseasee yielding similar diagnostic accuracy rates as SPECT in experienced laboratories. ' ' 

Stress-inducedd new wall motion abnormalities are used for the diagnosis of myocardial ischemia. 

Smartt et al. concluded that stress-echocardiography may be advantageous in patients with lower 

probabilitiess of CAD, because of a greater specificity than SPECT. Combining the results of 

stress-echocardiographyy and SPECT did not improve the diagnostic accuracy. Advantages of 

thiss technique include: no radiation, and the easiness to incorporate stress-echo in daily 

cardiologyy practice. 

Usually,, pharmacological induced stress is used for stress-echocardiography, using cardiac 

positivee inotropic agents. Inotropic agents work indirectly by increasing myocardial work load, 

whichh then leads to vasodilatation and, hence, an increase in coronary blood flow. 

Positronn emission tomography 

Cardiacc positron emission tomography (PET) has flourished over the past 20 years, but it is only 

moree recently that cardiology has begun to benefit from the advantages provided by PET. The 

uniquee features of PET are clearly described by Camici. The applications of PET to cardiology 

includee quantification of myocardial blood flow, myocardial metabolism, and identification of 

hibernatingg myocardium. 

Quantificationn of regional myocardial blood flow can be performed using oxygen-15 

labelledd water and nitrogen-13 labelled ammonia during rest or pharmacological induced 

vasodilatation.. In this way, it is possible to determine the coronary vasodilator reserve, which is 

ann useful index for assessment of functional significance of coronary narrowings. PET is up till 

noww the most reliable non-invasive test to determine the functional significance of coronary 

arteryy stenoses. ' However, this technique is laborious and expensive. More important, the 

equipmentt is present in a limited number of institutions, restricting the application of this 

techniquee for clinical purposes. 
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2.2. Invasive diagnostic methods 

Coronaryy angiography 

Invasivee coronary angiography is considered the "gold standard" for the diagnosis of CAD. 

However,, this method has several limitations for functional assessment of coronary lesion 

severity.. First, there are shortcomings in visual interpretations of angiograms due to interobserver 

andd tntraobserver variability. ' The preoccupation with coronary "luminology" may be 

misguidingg as angiography depicts coronary anatomy from a planar two-dimensional silhouette of 

thee lumen. Confounding factors include vessel tortuosity, overlap of structures, and the effects of 

lumenn shape. Furthermore, visual assessment of coronary lesions yields overestimation in lesions 

withh >50% diameter stenosis and underestimation of lesions with <50% diameter stenosis. ' 

Quantitativee coronary angiography (QCA) is performed to overcome these shortcomings of the 

visuall  interpretation of coronary lesions by means of a computer-assisted analysis. Severity of 

coronaryy narrowings can be analysed using this contour detection software. QCA is highly 

reproduciblee demonstrating minimal variations in the geometric measurements (2-3%) on 

sequentiall  repeated studies of the same stenosis. The fluid dynamic equations used for 

predictingg pressure loss across the stenosis by geometric characteristics correlates well with the 

coronaryy flow reserve. ' The assessment of the physiologic significance of a coronary lesion 

usingg quantitative lesion geometry has been tested in several studies. These studies indicated a 

poorr correlation between several parameters (percent area stenosis, percent diameter stenosis) 

withh coronary flow reserve measurements ' or the results of non-invasive stress testing, ' 

whilee these studies exhibited a fair correlation with the minimal cross-sectional area. 

Althoughh quantitative coronary angiography provides additional information compared to 

thee visual interpretation of coronary lesion severity, there are several limitations of this technique. 

Failuress in fully automatic arterial border detection involves coronary lesions at bifurcations, 

diffusee coronary artery disease, excessive vessel tortuosity or overlap or both and poor image 

quality.. Furthermore, calibration and frame selection by the observer contributes to the 

interobserverr variability. ' Finally, the association between QCA parameters and the results of 

PETT demonstrates considerable scatter, indicating that a single measurement in one patient, in 

particularr in intermediate coronary lesions, corresponds to a wide range in myocardial flow levels 
ii  ^ J  ̂ ^u 13,41,44,45 

relatedd to the coronary narrowing. 

Inn summary, angiographical estimations of arterial dimensions (visually or using contour 

detectionn software programs) during coronary angiography have been shown to be poor 

predictorss of functional of coronary narrowings. ' Consequentiy, quantitative coronary 

arteriographyy is of limited value for patient management during cardiac catheterization, in 

particularr for intermediate coronary narrowings. 
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Intracoronatyy derived hemodynamic parameters 

Recently,, intracoronary derived hemodynamic parameters using sensor-tipped angioplasty 

guidewiress have been introduced as an alternative strategy, allowing selective assessment of 

functionall  severity of coronary narrowings during angiography. ' ' A poor correlation between 

anatomicall  information of coronary angiography and these intracoronary derived functional 

hemodynamicc parameters is found. ' Previous validation studies showed good agreement (80-

90%)) between these parameters and the results of non-invasive stress tests. ' The intracoronary 

hemodynamicc techniques facilitate clinical decision-making during diagnostic cardiac 

catheterization,, allowing to perform 'ad-hoc' angioplasty within the same session. Measuring 

CFVRR or FFR offers the advantage of avoiding a repeat cardiac catheterization after non-invasive 

stresss testing. 

Coronaryy lesion severity can be assessed by (1) evaluation of the hemodynamic 

characteristicss of a coronary lesion by spectral analysis of the coronary blood flow velocity 

(parameter:: coronary flow velocity reserve, CFVR), or (2) transstenotic coronary pressure 

gradientt measurements during hyperaemic conditions " (parameter: fractional flow reserve, 

FFR). . 

Maximumm hyperaemia is necessary for determination of both CFVR and FFR. In the 

cardiacc catheterization laboratory, stress can be pharmacologically induced in several ways, for 

instancee using papavarine, adenosine or ATP, administered either intravenously (i.v.) or as an 

intracoronaryy bolus (i.e.). Pharmacological induced hyperaemia is more pronounced than 

reactivee hyperaemia. Side effects of adenosine include mild chestpain (not anginal!) when 

administeredd i.v. and, rarely, atrioventricular block when administered i.c. in the right coronary 

artery.. A recent study showed no difference in hyperaemic response, as measured by 

intracoronaryy Doppler flow velocity, between adenosine and ATP (both intravenously and 

intracoronaryy administered) in comparison with papaverine. These findings indicate that the 

choicee of agent and routing for inducing hyperaemia depends on local expertise and availability. 

Coronaryy flow velocity reserve (CFVR) 

Coronaryy blood flow velocity assessment using Doppler catheters have been validated in 
57 7 

experimentall  work. However, in the clinical setting, the use of intracoronary Doppler catheters 

waswas restricted to measurements in regions proximal to the stenosis of interest due to the size (3F) 

off  the catheters. The development of a small diameter (0.014 inch) Doppler tipped angioplasty 

guidewiree extended measurements of coronary flow velocity beyond the coronary stenoses. The 

Dopplerr guidewire has comparable features to existing steerable angioplasty guidewires. The 

pulsedd Doppler circuitry emits ultrasound signals at 15 MHz. The blood flow velocity assessment 

hass been validated against electromagnetic flow measurements (1^=0.96-0.99) in vitro and in 

vivo.. * The administration of a potent coronary vasodilator such as adenosine results in more 

thann 3-fold augmentation of coronary blood flow in normal coronary vessels. In the presence 
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off  a severe epicardial stenosis, the maximum vasodilator response is markedly attenuated. After 

assessmentt of the distal flow velocity parameters during baseline and hyperaemic conditions, the 

coronaryy flow velocity reserve (CFVR) can be calculated as the ratio of the hyperaemic and 

baselinee flow velocity (see figure 3). 

FIGUREFIGURE 3: Example of CFVR measurement. The average blood flow velocity (APV) is increasing during maximum hyperemia from 

2424 to 55 cm I sec; thus, the CFVR is 2.3 

Severall  validation studies showed that the diagnostic accuracy of CFVR versus the results 

off  non-invasive stress testing is high, both in single and in multi-vessel disease (75-90%; table 

^^ 50,59-62 y a ] u es 0f  t n e CFVR below 2.0 are highly associated with reversible perfusion defects on 

MPS.. Based on these data, most cardiac catheterizations laboratories adopted a cut-off value for 

CFVRR of 2.0 for decision-making in clinical practice. 

Kernn et al. and Ferrari et al. described the safety to postpone angioplasty in a small group 

off  patients in whom only normal translesional hemodynamic flow velocity data were 

obtained.63'644 Recently, a prospective multi-center study in patients with angina (CCS 2-4) and 

angiographicc proven CAD showed that deferral of PTCA is safe based on a CFVR>2.0 (ILIA S 

study65),, showing low clinical event rates (death, myocardial infarction and revascularization; 6%) 

att 1 year follow-up. 

Fractionall  Flow Reserve (FFR1 

Intracoronaryy pressure derived fractional flow reserve (FFR), introduced by Pijls and De Bruyne, 

iss defined as the maximum myocardial blood flow in the presence of a stenosis, divided by the 

theoreticall  maximum flow in the absence of that stenosis—that is, maximum flow when the 

vessell  is normal.51'5 ' 6 The FFR represents that fraction of normal maximum flow that is still 

achievablee despite the presence of the stenosis (see figure 4). FFR is measured using an ultrathin 

guidewiree (0.014 inch) with a electronic pressure sensor, during maximum hyperemia. It has been 

demonstratedd that a FFR value < 0.75 discriminates functionally significant coronary narrowings 

(tablee I).47-51-67 its diagnostic accuracy to predict inducible ischemia correctly was approximately 

95%. . 
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TABLETABLE 1: Results of previous validation studies for intracoronary derived CFVR and FFR versus the results of 

non-invasivenon-invasive stress testing. Based on these trials, there is consensus of using a cut-off value for CFVR of 2.0 and 

forfor FFR ofO. 75 in daily clinical practice. 

FirstFirst author Year' Year' No.No. of 
patients patients 

NonNon invasive 
stress-test stress-test 

Agreement Agreement Reported Reported 
cut-offcut-off value 

CFVR R 

Miller r 

Joye e 

Deychack k 

Tron n 

Heller r 

Danzi i 

Verberne e 

Chamuleau u 

1994 1994 

1994 1994 60 0 

1995 1995 

1995 1995 

1997 1997 

1998 1998 

1999 1999 

2001 2001 

59 9 

62 62 

33 3 

30 0 

17 7 

62 2 

55 5 

30 0 

37 7 

127 7 

SPECT T 

SPECT T 

SPECT T 

SPECT T 

SPECT T 

Stress-echo o 

SPECT T 

SPECT T 

89% % 

94% % 

96% % 

84% % 

88% % 

87% % 

8 5% % 

7 5% % 

2.0 0 

2.0 0 

1.8 8 

2.0 0 

1.7 7 

2.0 0 

1.9 9 

1.7 7 

FFR R 

Pijls s 

Dee Bruyne 

Pijls s 

Bartunek k 

Abe e 

Chamuleau u 

1995199541 41 

1995199514 14 

1996199651 51 

1997199715 15 

20002000 76 

20012001 62 

60 0 

60 0 

45 5 

37 7 

46 6 

127 7 

X-ECG G 

X-ECG G 

XX ECG & 
SPECTT & 

Stress-echo o 

Stress-echo o 

SPECT T 

SPECT T 

9 8% % 

87% % 

9 3% % 

9 5% % 

911 % 

77% % 

0.74 4 

0.72 2 

0.75 5 

0.68 8 

0.75 5 

0.74 4 

CFVRR indicates coronary flow velocity reserve; FFR, fractional flow reserve; SPECT, Single Photon Emission 
Computedd Tomography; X-ECG, exercise electrocardiography. 
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FIGUREFIGURE 4: FFR is defined as the ratio of the pressure distal to a coronary narrowing and the aortic pressure, both 

measuredmeasured during maximal hyperemia. Hyperemia was induced using a bolus of intracoronary adenosine. The F FR was in 

thisthis case 0.62. 

Bechh et al. reported a retrospective analysis of safe deferral of PTCA on the basis of an 

FFR>0.755 in 100 patients with chest pain, referred for PTCA of an intermediate stenosis.'h 

Recently,, prospective multi-center study in patients (with stable angina and angiographic proven 

CAD)) showed that deferral of PTCA is safe based on a FFR>0.75 (DEFER trial6) showing low 

clinicall  event rates (death, myocardial infarction and revascularization; 7%) at 1 year follow-up. 

I nn the near future, more insight in coronary hemodynamic alterations wil l be obtained by 

combiningg the advantages of both intracoronary derived flow velocity and pressure. 

Simultaneouslyy derived parameters using both wires is not ideal from a practical point of view. 

Therefore,, a combined wire with a Doppler crystal and a pressure sensor, or using pressure and 

thermodilutionn within one wire, are the choices for optimal (invasive) identification of both 

epicardiall  and microvascular resistances. These developments may further improve the diagnostic 

valuee of intracoronary derived hemodynamic parameters. 
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FIGUREFIGURE 5: Anatomy versus functional significance of coronary narrowings: the 'illusion of luminology'. Two 

differentdifferent patients with a narrowing of 60% diameter stenosis in the right coronary artery are depicted. The 

functionalfunctional significance, as measured by the coronary flow velocity reserve (CFVR), is highly abnormal in patient 

22 (CFVR 1.5), in contrast to patient I (CFVR 3.1). 

SUMMAR Y Y 

Widelyy used non-invasive stress modalities, like exercise electrocardiography, myocardial 

perfusionn scintigraphy and stress echocardiography, are the tests of first choice for the diagnosis 

off  coronary artery disease. It has been shown in numerous studies that non-invasive assessment 

off  perfusion abnormalities is an adequate strategy for risk stratification. Moreover, non-invasive 

stresss testing should be performed before a diagnostic cardiac catheterization to document the 

presencee of myocardial ischemia, as a prerequisite for coronary revascularization. 

Coronaryy angiography is die gold standard for identifying coronary artery disease; however 

thiss technique is limited in Assessing functional severity of coronary narrowings ('illusion of 

luminology';; see also figure 5). The recently introduced intracoronary hemodynamic parameters 

(CFVRR and FFR) can identify functional severity of specific lesions and have shown a good 

agreementt with the results of non-invasive stress test in validation studies. Furthermore, there is 

accumulatingg evidence that it is safe to defer a FTCA procedure, based on normal FFR and 

CFVRR values. As these indices are derived during an invasive cardiac catheterization procedure, 

itss use is recommended during a so called 'ad-hoc' PTCA setting. Furthermore, they are 

particularlyy useful for clinical decision-making in patients with documented multi-vessel coronary 

artery'' disease, as both indices allow selective evaluation of coronary narrowings in different arteries. 

Revascularizationn procedures are costly and always have a potential risk. I t is important to 

bee aware that, using above mentioned methods, unnecessary interventions (lacking potential 

benefit)) may be avoided. 
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ABSTRACT T 

OBJECTIVESS TO perform a direct comparison between the results of perfusion scintigraphy 

andd intracoronary derived hemodynamic parameters (fractional flow reserve, FFR; absolute and 

relativee coronary flow velocity reserve, CFVR and rCFVR respectively) in patients with two-

vessell  disease. 

BACKGROUNDD There is limited information on the diagnostic accuracy of intracoronary 

derivedd parameters (CFVR, FFR and rCFVR) in patients with multivessel disease. 

METHODSS Dipyridamole 99mTc-MIBI SPECT was performed in 127 patients. Presence of 

reversiblee perfusion defects in the region of interest was determined. Within 1 week, angiography 

wass performed; CFVR, rCFVR and FFR were determined in 161 coronary lesions following 

intracoronaryy administration of adenosine. The predictive value for the presence of reversible 

perfusionn defects on MIBI SPECT of CFVR, rCFVR and FFR was evaluated by the area under 

thee curve of the receiver-operating-characteristic curves (AUC's). 

RESULTSS Mean percentage diameter stenosis was 57% (range 35-85%), as measured by 

quantitativee coronary angiography. Using a per-patient analysis, the AUC's for CFVR 

,, rCFVR ) and FFR ) were not statistically significant 

different.. Agreement with the results of MIBI SPECT was 76%, 78% and 77%, respectively. A 

per-lesionn analysis, using all 161 measured lesions, yielded similar results. 

CONCLUSIONSS The diagnostic accuracy of three intracoronary derived hemodynamic 

parameterss compared to the results of perfusion scintigraphy is similar in patients with two-vessel 

coronaryy artery disease. Cut-off values of 2.0 for CFVR, 0.65 for rCFVR and 0.75 for FFR 

respectively,, can be used for clinical decision making in this patient cohort. Discordant results 

weree obtained in 23% of the cases that requires prospective evaluation for appropriate patient 

management. . 
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INTRODUCTIO N N 

Decisionss regarding intracoronary interventions should be based on objective evidence of 

functionall  significance of coronary narrowings. Therefore, documentation of myocardial 

ischemiaa related to the culprit lesion is important for clinical decision making. Non-invasive 

diagnosticc tests, such as perfusion scintigraphy, are widely applied for evaluation of coronary 

arteryy disease. However, perfusion scintigraphy has a limited capability in particular in multivessel 

diseasee to assign the perfusion defect to a specific epicardial coronary narrowing, especially in the 

soo called watershed regions. The introduction of guide wires, equipped with pressure or Doppler 

sensors,, allows selective hemodynamic evaluation of coronary narrowings. ' Validation studies of 

fractionall  flow reserve (FFR, based on intracoronary pressure measurements) and coronary flow 

velocityy reserve (CFVR, based on intracoronary Doppler flow measurements) demonstrated 

goodd agreement with the results of perfusion scintigraphy, both in severe and in intermediate 

narrowedd coronary arteries. * These studies were performed predominandy in patients with 

single-vessell  disease. It has been postulated mat FFR is a more lesion specific parameter, while 

CFVRR is determined by the resistances of bom the epicardial coronary narrowing and die distal 

microvascularr bed. '' Consequently, it can be anticipated that these intracoronary parameters 

mayy yield conflicting results. However, a direct comparison of pressure and flow-derived indices 

hass only been performed in a small cohort of patients with single-vessel disease. 

Thee purpose of this study was to compare the predictive value of CFVR, rCFVR and FFR 

forr detection of reversible defects as assessed by perfusion scintigraphy in a large cohort of 

patientss with two-vessel disease. 

METHOD S S 

StudyStudy population 

Patientss wim two-vessel coronary artery disease and stable angina (class 1-3 according to the 

Canadiann Cardiovascular Society; CCS) or unstable angina (Braunwalds classification I or II) were 

eligiblee for inclusion in this study. Furdiermore, an angiographically normal reference vessel had 

too be available. A total of the 127 patients were prospectively studied and gave informed consent. 

Exclusionn criteria were: factors precluding dipyridamole infusion and/or assessment of 

intracoronaryy measurements (e.g. occlusions, coronary anatomy); factors influencing coronary 

hemodynamicc parameters (left ventricular hypertrophy, severe valvular heart disease, 

cardiomyopathy,, insulin dependent diabetes, Q-wave myocardial infarction in the region of 

interest,, previous coronary bypass grafting of the segment of interest). 
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StudyStudy protocol 

Al ll  patients underwent dipyridamole myocardial perfusion scintigraphy within one week prior 

angiography,, during which intracoronary measurements were performed. Patients had two 

coronaryy narrowings, resulting in a total of 254 lesions; in 59 lesions (23%) intracoronary 

measurementss were not performed based on the operator's interpretation (e.g. technically 

impossible;; total coronary occlusions, lesion location etc.); in 34 severe lesions (13%) it was not 

possiblee to measure both flow velocity and pressure. Thus, both flow velocity and pressure 

derivedd hemodynamic parameters were measured in 161 lesions. Angioplasty of the lesions was 

performedd if a reversible defect was present in the area of interest on MIBI SPECT and, if 

available,, the CFVR was less than 2.0. 

Thiss study protocol was approved by the Medical Ethics Committee of our institution; all 

patientss gave written informed consent. 

MyocardialMyocardial perfusion scintigraphy 

Singlee photon emission computed tomography (SPECT) was performed using Wmtechnetium 

labeledd methoxyisobutylisonitrile (MIBI) , according to a two day stress/rest protocol. 

Dipyridamolee (0,56 mg/kg intravenously during 4 minutes) was used as hyperaemic agent. Anti-

anginall  medication was discontinued 48 hours before the stress MIBI SPECT. All patients fasted 

thee day of the MIBI SPECT. 'JtJnTc-MIBI (  400 MBq) was injected 4 minutes after the onset of 

thee administration of dipyridamole and the next day for the rest images. SPECT acquisition was 

performedd using a three headed gamma-camera equipped with low energy high resolution 

collimatorss {Siemens, Hoffman Estate, Illinois), starting 1 hour following administration of MIBI . 

Acquisitionn was performed using a 360° non-circular orbit, a 64x64 matrix size, and an 

acquisitionn time of 60 frames of 45 seconds. Standard filtered back projection was performed 

withoutt applying attenuation correction. Stress and rest tomographic images were displayed side 

byy side in the short axis, horizontal long axis and vertical long axis reconstruction panel. 

AA panel of experienced nuclear medicine physicians, blinded to the angiographic data, 

evaluatedd the scintigraphic images. Stress and rest images were semi-quantitatively scored as 

normall  or abnormal. Perfusion defect severity was classified as dubious, mild, moderate or severe 

defect.. Improvement at rest of more than one grade was considered to be a 'reversible' perfusion 

defect.. Improvement of just one grade or no improvement was considered to be a 'persistent' 

perfusionn defect. The result was considered 'positive' when a reversible defect was allocated to 

thee perfusion territory of the coronary artery of interest. Defects located in the anterior wall and 

septall  region were allocated to the LAD; defects in the lateral wall to the LCx; and inferior 

defectss to the RCA. Apical defects were considered to be located in the LAD region unless the 

defectt extended to the lateral (LCx) or inferior (RCA) wall. In the watershed regions the 

extensionn of a defect to either anterior wall (LAD), lateral wall (LCx) or inferior wall (RCA) was 

decisivee for the allocation to the vascular bed of a coronary artery. 
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Angiography Angiography 

Alll  patients were treated with aspirin (100 mg) prior to the procedure; heparin was given (5.000 

IU)) as an intravenous bolus at the beginning of the procedure. Coronary angiography, including 

diee intracoronary hemodynamic measurements, was performed according to standard procedure 

byy percutaneous femoral approach, using a 6 french guiding catheter without sideholes. Coronary 

angiographyy was performed after the administration of an intracoronary bolus nitroglycerin (0.1 

mg),, in at least two different, preferably orthogonal, views displaying each index lesion with 

minimall  foreshortening and no vessel overlap. Coronary lesion severity was measured by 

quantitativee coronary angiography, using the CMS-QCA software version 3.32 {MEDIS, heiden, 

NetherlandsNetherlands as previously described . Percentage diameter stenosis was assessed in two views; 

thee most severe one was used in the analysis. 

IntracoronaryIntracoronary measurements 

Att the time of performing the intracoronary measurements, the observer was not aware of the 

resultss of the MIBI SPECT. If possible, intracoronary flow velocity was measured distally to bom 

lesionss and also in an angiographically normal coronary artery. It was at the operators discretion 

too exchange wires to obtain subsequent intracoronary pressure measurements distal to the 

lesion(s).. An intracoronary bolus of 0.1 mg nitroglycerin was administered every 30 minutes. All 

measurementss were performed at baseline and during hyperaemia. Hyperaemia was induced by 

administeringg an intracoronary bolus of adenosine (15 ug in the right coronary artery and 20 ug 

inn the left coronary artery). 

Translesionall  blood flow velocity was measured with a 0.014" Doppler guide wire 

(FloWire(FloWire , Endosonics, Rancho Cordova, CA). The Flo Wire was advanced distal to the stenosis, 

avoidingg placement adjacent to side branches. A distance from the stenosis greater than 5 times 

thee vessel diameter was maintained in order to avoid post-stenotic turbulent flow and to allow 

fulll  development of a parabolic flow profile. Distal flow baseline and hyperaemic velocity data 

weree obtained and the Doppler signals were processed by a real time spectral analyzer, using the 

Flowmapp (Endosonics, Rancho Cordova, CA) . CFVR was computed as the ratio of hyperemic/basal 

averagee peak blood flow velocity . CFVR was also obtained in an angiographically normal 

referencee coronary artery. Relative CFVR (rCFVR) was defined as the ratio of CFVR of the 

narrowedd vessel and CFVR of the reference coronary artery. 

Intracoronaryy pressure was measured with a 0.014" pressure guide wire, connected to the 

pressuree console (RADIMedical Systems, Uppsala, Sweden). After calibration with the pressure 

console,, the accuracy of the system was verified using the aortic pressure as measured through 

thee guiding catheter. The wire was advanced with the pressure sensor at least 3 cm distal to the 

lesion.. During maximal hyperemia, FFR was calculated as the ratio of the mean distal and the 

meann aortic pressure. 
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DataData analysis 

Dataa analysis was performed using the SPSS 10.0.5 software package for Windows (SPSS Inc. 

1999,1999, Arlington, VA, USA). As 34 of the 127 patients contributed 2 lesions which were measured 

withh the hemodynamic parameters, within-patient effects could not be excluded beforehand. 

Therefore,, we performed a per-patient analysis instead of aper-lesion analysis. Of the 34 patients 

withh 2 lesions, one randomly chosen lesion was used for analysis. Of note, this procedure was 

repeatedd 8 times to verify consistency. Furthermore, for completeness the results of the per-

lesionn analysis were also calculated. 

Forr the three intracoronary hemodynamic parameters (CFVR, rCFVR and FFR), the area 

underr curve (AUC) was calculated using the receiver operating characteristic (ROC) curve in 

comparisonn with the dichotomized results of MIB I SPECT. A direct comparison between of the 

AUC'ss of the 3 parameters was performed using the software package 'ROC Curve Analyzer' 

(writtenn by R.M. Centor & J. Keighdey). Accuracy was calculated for predefined and widely used 

cut-offf  values as determined in earlier studies in single vessel disease (CFVR 2.0, FFR 0.75 and 

rCFVRR 0.65; see also table 3) and for the best cut-off value (BCV) of the current data set, defined 

ass the highest sum of sensitivity and specificity. Furthermore, the kappa statistic was used to 

evaluatee the cut-off values of the hemodynamic parameters versus the results of MIB I SPECT. 

Valuess are presented as mean  standard deviation (SD), unless indicated otherwise. Linear 

regressionn analysis was used to compare CFVR, rCFVR and FFR. Continuous data were 

comparedd using the students-t-test; binomial data were compared using the X2- tes t- A p-value of 

lesss than 0.05 was considered statistically significant. 

RESULT S S 

Baselinee characteristics of the 127 studied patients were: 7 3% was male, the mean age was 61 

(range:: 37-80). Patient had the following risk factors: 70% smoking; 3 3% hypertension; 58% 

hypercholesterolemia;; 9% non-insulin dependent diabetes; and 54% positive cardiac family 

history.. Most patients had moderate to severe anginal complaints (2% CCS 1; 18% CCS 2; 59% 

CCSS 3; 2 1% Braunwald I or II) . Patient used cardiac medication as follows: 79% beta blockers; 

58%% calcium antagonists; 6 5% nitrates; 56% statins; 19% ACE inhibitors. Initial hemodynamic 

dataa are presented in table 1 of the in total 161 lesions measured and the 127 lesions studied for 

thee per-patient analysis. Al l patients underwent myocardial perfusion scintigraphy within 1 week 

beforee cardiac catheterization. In total, a reversible perfusion defect on MIB I SPECT was found 

inn 52 (32%) of the 161 areas of interest. 
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TABLETABLE 1: Angiographic and hemodynamic data of in total 161 coronary ksions (127 patients), and for the 

randomlyrandomly chosen 127 lesion for the per-patient analysis. 

CoronaryCoronary lesions: 

RCA A 

LA D D 

LCx x 

DSS in % (range) 

HemodynamicHemodynamic parameters (mean+SD): 

CFVR R 

b-APV V 

h-APV V 

CFVRR reference vessel 

b-APV V 

h-APV V 

rCFVR R 

FFR R 

"fatal "fatal 

P P 
aorta a 

161161 lesions: 

51 1 

76 6 

34 4 

57 7 

2.21 1 

17.1 1 

36.2 2 

2.88 8 

18.3 3 

51.0 0 

0.79 9 

0.75 5 

73.3 3 

97.1 1 

(32%) ) 

(47%) ) 

(21%) ) 

(35-85) ) 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

0.76 6 

9.6 6 

17.6 6 

0.70 0 

6.9 9 

17.6 6 

0.27 7 

0.18 8 

18.0 0 

13.6 6 

127127 lesions: 

37 7 

63 3 

27 7 

57 7 

2.25 5 

16.5 5 

36.7 7 

2.90 0 

18.2 2 

50.6 6 

0.82 2 

0.76 6 

73.2 2 

94.5 5 

(29%) ) 

(50%) ) 

(21%) ) 

(35-85) ) 

 0.72 

 8.7 

 16.1 

 0.65 

 7.1 

 17.4 

 0.27 

 0.17 

 18.3 

 14.1 

Noo significant differences were present. 

b-APVV  indicates baseline average peak flow velocity; CFVR, coronary flow velocity reserve; DS, diameter stenosis; 

FFR,, fractional flow reserve; h-APV, hyperemic APV; LAD , left anterior descending artery; LCx, left circumflex 

artery;; Postal, pressure distal to lesion during hyperemia; Pao r ta, aortic pressure during hyperemia; RCA, right 

coronaryy artery; rCFVR, relative CFVR; SD, standard deviation. 
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TABLETABLE2:2: Per-patient analysis (n—127): Accuracy 'sfor CFVR, rCFVR and FFR versus the results o/MIBI 

SPECT,SPECT, calculated for best and predefined cut-off values; the area under the curves for CFVR, rCFVR and FFR 

(0.70,(0.70, 0.72 and 0.76 respectively) did not significantly differ. 

CFVR R 

rCFV R R 

FFR R 

Best t 
CV V 

1.7 7 

0.60 0 

0.74 4 

Accuracy y 

76%* * 

78%* * 

77%* * 

95%%  CI 

68-83 3 

70-85 5 

69-84 4 

kappa a 

0.40 0 

0.44 4 

0.47 7 

Predefined d 
CV V 

2.0 0 

0.65 5 

0.75 5 

Accuracy y 

69%t t 

75%f f 

75%f f 

95%%  CI 

60-76 6 

66-82 2 

66-82 2 

kappa a 

0.28 8 

0.37 7 

0.43 3 

*andd f: Differences were not statistically significant 

CVV  indicates cut-off value; CFVR, coronary flow velocity reserve; CI, confidence interval; FFR, fractional flow reserve; 

rCFVR,, relative CFVR. 

Usingg a per-patient analysis, the AUC (as measured by ROC analysis) was 0.70 for CFVR, 0.72 for 

rCFVRR and 0.76 for FFR, respectively. The direct comparison of the ROC analysis by AUC's of 

thee hemodynamic parameters did not significandy differ (CFVR vs. FFR, p=0.15; CFVR vs. 

rCFVR,, p=0.27; FFR vs. rCFVR, p=0.32). In table 2 the accuracy is presented for BCV and 

predefinedd cut-off values for the current data set. There were no significant differences in 

accuracy's,, as illustrated by the 95% confidence intervals. Kappa values indicated moderate 

agreementt at determined BCV (table 2). Also the per-lesion analysis, using all 161 lesions, yielded 

similarr best cut-off values (1.7 for CFVR, 0.60 for rCFVR, and 0.74 for FFR, respectively) and 

didd not reveal significant differences between the AUC's (0.72 for CFVR, 0.73 for rCFVR, and 

0.777 for FFR, respectively). The accuracy data were similar to the per-patient analysis, ranging 

fromm 68-77%. Plots for CFVR, rCFVR and FFR of sensitivity and specificity, as calculated with 

ROCC analysis (with the patient as unit of analysis) are presented in figures la-c. Linear regression 

analysiss of CFVR versus FFR (y=0.13x+0.48; r=0.53; p<0.001), CFVR versus rCFVR 

(y=0.24x+0.29;; r=0.62; p<0.001) en rCFVR versus FFR (y=0.87x+0.16; r=0.55; p<0.001) 

yieldedd similar results. 
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TABLETABLE J: Results of previous validation studies for intracoronary derived CFVR, FFR and rCFVR versus the 

resultsresults of non-invasive stress testing 

FirstFirst  author Year (reference) 
No.No. of 

patients patients 
NonNon invasive 

stress-test stress-test 
Reported Reported 

cut-offvalue cut-offvalue 

CFVR: : 

Miller r 

Joye e 

Deychack k 

Heller r 

Danzi i 

Verberne e 

1994' 1994' 

1994* 1994* 

19951995 '' 

199719971 1 

19981998 " 

19991999 s 

33 3 

30 0 

17 7 

55 5 

30 0 

37 7 

SPECT T 

SPECT T 

SPECT T 

SPECT T 

Stress-echo o 

SPECT T 

2.0 0 

2.0 0 

1.8 8 

1.7 7 

2.0 0 

1.9 9 

FFR R 

Pijls s 

Dee Bruyne 

Pijls s 

Bartunek k 

1995' 1995' 

1995 1995 

1996' 1996' 

1997' 1997' 

60 0 

60 0 

45 5 

37 7 

X-ECG G 

X-ECG G 

X-ECG,SPECT&Stress-echo o 

Stress-echo o 

0.74 4 

0.72 2 

0.75 5 

0.68 8 

rCFV R R 

Verberne e 1999 1999 37 7 SPECT T 0.65 5 

CFVRR indicates coronary flow velocity reserve; FFR, fractional flow reserve; rCFVR, relative CFVR; SPECT, Single 

Photonn Emission Computed Tomography; X-ECG, exercise electrocardiography; 

FIGUREFIGURE IA-C (see next page): Plots for CFVR (A), rCFVR (B) and FFR (C) of sensitivity and specificity, as calculated 

withwith ROC analysis on aper-patient basis (n—127). The BCV (best cut-offvalue), defined as the highest sum of sensitivity 

andand specificity, is indicated. 
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DISCUSSION N 

Thiss is the first report of a direct comparison of between the results of MIBI SPECT and 

intracoronaryy hemodynamic parameters in a large cohort of patients (127) with two-vessel 

coronaryy artery disease. There were no significant differences in the predictive value of CFVR, 

rCFVRR and FFR using receiver operator characteristic curves for reversible perfusion defects. 

DirectDirect comparison of CFVR, rCFVR andFFR 

CFVRR is determined by the integrity of both the epicardial conduit artery and the distal 

microvascularr bed. rCFVR is defined as the ratio between CFVR of the target vessel and CFVR 

off  the angiographically normal reference coronary artery, thus theoretically focusing on the 

contributionn of the epicardial narrowing by correcting for microcirculatory disturbances. This 

conceptt of rCFVR was introduced by Gould and colleagues and validated in experimental and 

clinicall  studies. The concept of FFR was introduced by Pijls and De Bruyne and considered to 

bee independent of hemodynamic and microcirculatory confounding factors. ' ' 

I tt has been suggested that FFR and rCFVR are more lesion specific parameters than 

CFVR.. ' ' However, in the present study (127 patients) we could not demonstrate a better 

correlationn between rCFVR and FFR (r=0.55) compared to CFVR and FFR (r=0.53), suggesting 

thatt the aforementioned confounding factors influencing CFVR are less pronounced than 

previouslyy presumed to be operative in patients with coronary artery disease. This interpretation 

alsoo explains why the rCFVR did not improve the diagnostic accuracy of the CFVR, which is in 

contrastt to the findings of Baumgart et al. in a small cohort of patients with single vessel 

disease.. A uniform CFVR distribution is described in patients without coronary artery disease. 

However,, an apparently angiographically normal reference artery does not exclude presence of 

atheroscleroticc disease. This was shown in numerous studies using intravascular ultrasound, 

wheree multivessel disease (among other parameters) was an independent predictor of diffuse 

vessell  wall abnormalities in angiographically normal reference segments. Heterogeneity of the 

CFVRR in target and reference vessels within patients with multivessel coronary artery disease 

couldd also explain the failure of the rCFVR in improving the relation of Doppler flow data with 

FFRR in our cohort of patients. 

CFVR,CFVR, rCFVR andFFR versus the results of perfusion scintigraphy 

Previouss validation studies using Doppler or pressure guidewires were predominantly performed 

inn patients with single vessel disease (see table 3), showing cut-off values of 1.7-2.0 for 

CFVR3'4'7'8'18'199 0.65 for rCFVR8; and 0.68-0.75 for FFR.2'5,6'20. The results of this study show 

thatt cut-off values validated for single vessel are in accordance with the values obtained in two-

vessell  disease. The practical usefulness of the intracoronary derived indices is reflected in the 

applicabilityy in a general set of patients. Therefore, currendy used cut-off values in clinical 
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practicee (CFVR: 2.0; FFR: 0.75, rCFVR: 0.65) were compared to the ones found in the present 

study.. This study supports die use of a cut-off value for FFR of 0.75 for clinical decision making 

inn both single and two-vessel disease. Accordingly, a cut-off value of 0.65 can be used for die 

rCFVRR in clinical practice. For CFVR, a cut-off value of 2.0 is widely used for single vessel 

disease.. However, the present study reports a best cut-off value of 1.7 for two vessel disease. As 

shownn in figure la, the sensitivity is equal for the range in the so-called 'gray zone' 1.7-2.0 

(approximatelyy 50-55%). Furthermore, several studies have demonstrated a safe deferral of 

PTCAA at CFVR values > 2.0. " These arguments are in favour of using a CFVR cut-off value 

off  2.0 for clinical decision making. Therefore, we suggest a cut-off value of 2.0 for CFVR in 

patientss with single or two-vessel coronary artery disease. As shown in table 2, no significant 

differencess were observed in accuracy between CFVR, FFR and rCFVR using these predefined 

cut-offf  values. 

Thee aforementioned studies showed a 80-90% agreement with the results of several non-

invasivee tests. Our results of patients with two-vessel disease showed a lower agreement 

(approximatelyy 77%, table 2) using the BCV's. This may be related to the patient population, i.e. 

multivessell  versus single vessel coronary artery disease. It is known that perfusion scintigraphy 

hass a limited capability, in particular in multivessel disease, to assign the perfusion defect to a 

specificc epicardial coronary narrowing." It is possible that the assignment of the reversible 

perfusionn defect, as detected by MIBI SPECT, to the perfusion territory of one of the three main 

coronaryy arteries (RCA, LAD and LCx) was inappropriate, especially in the so-called watershed 

regions.. Knowledge of the anatomical distribution pattern of the coronary arteries is a 

prerequisitee for appropriate allocation of the culprit coronary artery. However, in this study, the 

panell  of nuclear medicine physicians and the interventional cardiologist were blinded to 

angiographicc data and the results of MIBI SPECT respectively, to ensure an objective 

comparison.. Finally, hyperemia was differendy induced during scintigraphy (intravenously 

dipyridamole)) and cardiac catheterization (intracoronary adenosine). Recently, similar diagnostic 

accuracyy was reported for exercise stress testing, adenosine and dipyridamole in inducing 

maximall  hyperemia for myocardial perfusion scintigraphy. Furthermore, a recent study showed 

noo difference in hyperemic response, as measured by intracoronary Doppler flow velocity, 

betweenn adenosine and ATP (both intravenously and intracoronary administered) in comparison 

withh papavarine. These findings indicate that different agents for vasodilation and routes of 

administrationn were not a major drawback of the current study. 

Limitations Limitations 

Inn this study, 161 of the 254 lesions present were evaluated with CFVR, FFR and rCFVR; so 93 

lesionss were not measured with both intracoronary flow velocity and pressure. This was related 

too factors precluding assessment of intracoronary measurements (e.g. occlusions, coronary 

anatomy,, lesion location etc.). As, at present, intracoronary flow velocity and pressure have to be 
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measuredd with two different guidewires, it was at the operators discretion to use both wires in a 

particularr lesion. In general, the more severe lesions were not suitable for evaluation with both 

floww velocity and pressure measurements. Most lesions studied were of intermediate severity 

(meann QCA 57%; range 35-85%). However, clinical decision making remains challenging in this 

cohortt of intermediate lesions and QCA is a poor predictor for the occurrence of events. 

Thee detection of a reversible perfusion defect as detected by perfusion scintigraphy as 

welll  as the allocation of this defect to a coronary artery was performed by an experienced panel 

off  nuclear medicine physicians. In this study, 100 (79%) of the 127 patients (with in total 254 

lesions)) showed one or more reversible defects on scintigraphic images. As mentioned above, 

floww velocity and pressure measurements were performed in 161 of the in total 254 lesions. QCA 

off  these 161 lesions ranged from 35-85% diameter stenosis. Only 52 (32%) of the 161 areas of 

interestt were identified by the panel by allocation of the perfusion defect to the territory of the 

culpritt coronary vessel. This could explain the lower agreement found in the current study 

betweenn the results of perfusion scintigraphy and the hemodynamic parameters. 

ClinicalClinical  implications 

Thee value of intracoronary hemodynamic measurements is important for clinical decision 

making,, both during elective angiography in patients with coronary artery disease and in the 

settingg of ad hoc PTCA. This study shows that CFVR, rCFVR and FFR are all three useful 

hemodynamicc parameters for clinical decision making during cardiac catheterization in patients 

withh two-vessel coronary artery disease. The currendy used cut-off values for clinical decision 

makingg in single vessel disease (CFVR 2.0; FFR 0.75; and rCFVR 0.65) can be applied in patients 

two-vessell  disease. In our opinion, FFR is preferable from a practical point of view for clinical 

decisionn making in patients with coronary artery disease, as (1) the cut-off value of 0.74 found in 

thee present study is close to the value (0.75) widely used in single vessel disease, and (2) FFR is 

easyy to measure, in particular for inexperienced operators. However, the present study shows that 

ROCC analysis did not reveal significant differences between FFR, CFVR and rCFVR. Long term 

follow-upp is mandatory in these patients with discordant results between the invasive indices and 

thee results of perfusion scintigraphy to establish which of these diagnostic methods has the 

highestt clinical relevance from a prognostic point of view. 
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ABSTRAC T T 

BACKGROUNDD Fractional flow reserve (FFR) and coronary blood flow velocity reserve 

(CFVR)) represent physiological quantities used for evaluation of coronary lesion severity and 

clinicall  decision making. A comparison between the outcomes of both diagnostic techniques 

hass not been performed in a large cohort of patients with intermediate coronary lesions. 

METHODSS FFR and CFVR were assessed in 126 consecutive patients with 150 

intermediatee coronary lesions between 40-70% diameter stenosis by visual assessment. 

RESULTSS Agreement between outcomes of FFR and CFVR, categorized at cut-off 

valuess of 0.75 and 2.0, respectively, was observed in 109 (73%) coronary lesions, while 

discordantt outcomes were present in 41 (27%) cases. In 26 of these lesions, FFR was <0.75 

andd CFVR>2.0 (group A); in 15 lesions, FFR was >0.75 and CFVR<2.0 (group B). 

Minimumm microvascular resistance, defined as the ratio of mean distal pressure to average 

peakk blood flow velocity during maximum hyperemia, showed a large variability (overall 

range:: 0.65-4.64 mmHg/cm/s) and was sigrrificandy higher in group B compared to group A 

77 vs. 1.91 0 mmHg/cm/s; p=0.034). 

CONCLUSIONSS Our findings demonstrate the prominent role of microvascular resistance 

inn modulating the relationship between FFR and CFVR and emphasize the importance of 

combinedd pressure and flow velocity measurements for evaluation of coronary lesion 

severityy and microvascular involvement. 
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INTRODUCTIO N N 

Coronaryy angiography is considered a gold standard in the diagnosis of coronary artery 

disease,, although its value is limited for evaluating the functional significance of intermediate 

coronaryy lesions.1 Intracoronary physiological parameters have been introduced to assess 

functionall  coronary lesion severity during cardiac catheterization. These parameters, 

myocardiall  fractional flow reserve (FFR) and coronary flow velocity reserve (CFVR), showed 

ann excellent agreement with non-invasive stress testing at cut-off values varying between 

0.72-0.755 for FFR and 1.7-2.0 for CFVR,24 which would suggest agreement between 

outcomess of FFR and CFVR in the same patient. However, distal pressure depends on flow 

acrosss the stenosis, which is determined by both the epicardial and microvascular resistance. 

AA change in the latter affects distal pressure and flow in opposite directions. Therefore, 

discordancee between die results of these diagnostic techniques can be expected in patients 

withh intermediate coronary lesions. 

METHOD S S 

StudyStudy Population 

Inn 126 consecutive patients with stable angina (CCS class I-III ) with 150 intermediate 

coronaryy lesions (40-70% diameter stenosis on visual assessment) FFR and CFVR were 

assessed.. Patients were included when one or more vessels with a single coronary lesion, 

eligiblee for angioplasty, were present. Exclusion criteria were: severe renal disease, severe 

valvularr disease, previous coronary artery bypass grafting, recent myocardial infarction (<6 

weeks)) or collateral development. Patients with diabetes mellitus, hypertension, left 

ventricularr hypertrophy or restenosis were not excluded from this study. The Institutional 

Ethicss Committee approved die study protocol. All patients gave written informed consent. 

CardiacCardiac Catheterization 

Cardiacc catheterization was performed following routine procedures and quantitative 

measurementss of coronary stenosis dimensions were obtained using an automated contour 

detectionn algoridim (MEDIS, Leiden, Netherlands). Throughout the procedure, nitroglycerin 

(0.11 mg i.e.) was administered every 30 minutes, heart rate was monitored and aortic pressure 

wass measured via the guiding catheter. 
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HemodynamicHemodynamic Measurements 

Intracoronaryy pressure was measured with a 0.014-in pressure-monitoring guidewire {KADI 

Medical,Medical, Uppsala, Sweden), which was first calibrated, equaled with the aortic pressure in the 

guidingg catheter and then positioned with the pressure-sensor about 3 cm distal to the 

coronaryy lesion in the target vessel. Mean aortic and distal pressures were obtained during 

baselinee and maximum hyperemia induced by a bolus of intracoronary adenosine, 15 (ig for 

thee right and 20 |ig for the left coronary artery. FFR was calculated as the ratio of mean 

distall  pressure to mean aortic pressure during maximum hyperemia. 

Followingg the intracoronary pressure measurements, the pressure-wire was exchanged with a 

0.014-inn Doppler-tipped guidewire (F/oWire, Endosonics) that was advanced to the same 

positionn distal to the target lesion. Baseline and hyperemic average peak flow velocity (APV) 

weree obtained on-line (FloMap; Endosonics), CFVR was calculated as the ratio of hyperemic to 

baselinee APV. CFVR was also obtained in an angiographically normal reference vessel when 

presentt (n=l 16). The relative CFVR (rCFVR) was calculated for 139 lesions as the ratio 

betweenn the CFVR of the target vessel and that of the reference vessel. Values of FFR and 

CFVRR were categorized according to previously established cut-off values at 0.75 and 2.0, 

respectively.2,44 A velocity-based index of microvascular resistance during hyperemia (h-MRv) 

wass determined as the ratio of mean distal pressure to APV during maximum hyperemia. 

StatisticalStatistical Analysis 

Dataa are expressed as mean+SD or n(%). Continuous data were compared using a paired or 

unpairedd Student's /-test as appropriate, and a Chi-square test was performed for categorical 

dataa using SPSS version 9.0 (SPSS Inc., Arlington). A value of p<0.05 was considered 

statisticallyy significant. 

RESULT S S 

Figuree 1A shows a scatterplot of FFR and CFVR together with the cut-off values used. 

Linearr regression analysis demonstrated moderate relationships between FFR vs. CFVR 

(r=0.60,, p<0.001) and FFR vs. rCFVR (r=0.64, p<0.001). Concordant outcomes between 

FFRR and CFVR were obtained in 109 (73%) of the coronary lesions. Within these, FFR and 

CFVRR were below their respective cut-off in 36 cases, while in 73 coronary lesions both 

indicess were above their threshold. Discordant outcomes between FFR and CFVR were 

obtainedd in 41 (27%) coronary lesions. CFVR was >2.0 and FFR<0.75 in 26 cases (group A)t 
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whilee FFR was >0.75 and CFVR<2.0 in 15 cases (group B). Agreement between 

dichotomizedd values of FFR and CFVR revealed a kappa of 0.42 (p<0.001). Figure IB 

showss the average pressure gradient-flow velocity relation underlying the association 

betweenn FFR and CFVR for each group and illustrates the change of stenosis resistance 

betweenn baseline and hyperemic conditions. The following results focus on the two groups 

withh discordant outcomes. 

F I G U REE 1A 
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FIGUREFIGURE 1 

(A)) Scatterplot of FFR vs. CFVR (n=150). Data were categorized based on cut-off values. Group A: FFR<0.75 

andand CF\ ^R>2.0, Group B: FFR>0.75 and CFVR<2.0. 

(B)) (see next page) Pressure gradient-flow velocity relation showing average data at baseline and hyperemia for all 

groups.groups. The lines are quadratic fits of the formy—ax+bx2. 
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Theree were no significant differences in clinical characteristics between patients with 

discordantt outcomes (group A vs. group B), except for the presence of hypertension, which 

wass higher in group B (57% vs. 22%; p=0.015). Quantitative measurements of angiographic 

dimensionss showed comparable reference diameters 3 mm vs. 5 mm, 

p=0.17)) and minimum lumen diameters 3 mm vs. 1 mm, p=0.34) for 

coronaryy lesions in groups A and B, respectively. Percent diameter stenosis was slightly 

higherr in group A (61 9 % vs. 55+7%, p=0.018). Mean heart rate (70+11 bpm vs. 2 

bpm)) and aortic pressure (100  19 mmHg vs. 2 mmHg) during intracoronary 

measurementss were similar both within and between patients of groups A and B. 

Significantt differences between the discordant groups were found for mean distal pressure at 

hyperemia,, CFVR and baseline APV for both the target and reference vessel, rCFVR, and 

FFRR (Table 1). Note that rCFVR and FFR change in opposite directions between these two 

groups.. For the entire study population, h-MRv of the target vessel ranged from 0.65 to 4.64 

m m H g / c m /ss (Figure 2A). It was significantly higher in group B compared to g r o u ps 

(Tablee 1, Figure 2B), while there was no difference in h-MRv of the reference vessel between 

thesee two groups. Within group B, h-MRv was higher for the target than for the reference 

vessell  (p=0.048). 
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FIGURE!: FIGURE!: 

(A)(A) Frequency distribution ofh-MRp measured in all target vessels (n—150). The insert shows a model of the 

coronarycoronary circulation with stenosis resistance (Ks) in series with microvascular resistance (Rm). For a given Rs, distal 

pressurepressure (Pj) and therefore, FFR will  be higher when R„ is elevated at hyperemia, but CFVR will  be lower. 

(B)(B) Relative frequency ofh-MRv obtained in groups with discordant outcomes in FFR and CFVR. The vertical 

dasheddashed and solid lines indicate the median h-MRv for group A and group B, respectively. 
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TABLETABLE 1: Hemodynamic data of coronary lesions with discordant results in FFR and CFVR 

Targett  Vessel 

CFVR-target t 

b-APVV (cm/s) 

h-APVV (cm/s) 

FFR R 

h-MAPP (mmHg) 

h-MDPP (mmHg) 

h-MRvv (mmHg/cm/s) 

Referencee Vessel 

CFVR-reference e 

b-APVV (cm/s) 

h-APVV (cm/s) 

h-MRvv (mmHg/cm/s) 

rCFV R R 

CFVRR >2.0 

FFR<0.75 5 

(Groupp A) 

(n=26) ) 

2.65+0.43 3 

14.5+7.1 1 

4 4 

6 6 

4 4 

3 3 

1.911 0 

(n=24) ) 

3.19+0.58 8 

6 6 

53.0Ü5.3 3 

3 3 

0.8310.18 8 

CFVR<2.0 0 

FFR>0.75 5 

(Groupp B) 

(n=15) ) 

* * 

2 2 

* * 

1 1 

* * 

(n=13) ) 

f f 

55.4+17.4 4 

1.911 2 

Valuess are meantSD. *p<0.0001,fp<0.01 and +.p<0.05 compared to group A. 

BB indicates baseline; h, hj-peremia; APV, average peak flow velocity; MAP, mean aortic pressure; MDP, mean 

distall  pressure; MRv, microvascular resistance index; rCFVR, relative coronary flow velocity reserve. 
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DISCUSSION N 

Inn this study, we compared cut-off-based outcomes for FFR and CFVR in intermediate 

lesionss and found discordant results in 27% of the cases. The observed variability in 

microvascularr resistance plays a prominent role in the discordance between outcomes of 

FFRR and CFVR. It exists both across individuals and across perfusion territories5'6 and it is 

relatedd to variability in microvascular structure and is influenced by disease. However, our 

measurementss do not allow differentiation between these two causes. Homogeneity in the 

structuree and behavior of the micro-circulation of the reference and stenotic vessels is a 

prerequisitee for the concept of rCFVR.7 The variability in h-MRv in our more diverse, large 

patientt cohort (n=126) may explain the lower correlation between FFR and rCFVR 

comparedd to the findings by Baumgart et al. in a small group of patients (n=21).7 

Inn the presence of a stenosis, variability in microvascular resistance has an impact on 

thee hemodynamic parameters for stenosis evaluation of the interrogated vessels, since both 

FFRR and CFVR are influenced by the combination of stenosis and microvascular resistance, 

ass can be inferred from the electrical analog shown in Figure 2A. If h-MRv increases, CFVR 

willl  decrease and FFR increase despite an anatomically fixed stenosis. In the absence of a 

stenosis,, variability in h-MRv has littl e effect on FFR («1 by definition), but would be 

reflectedd in CFVR. 

Inn the lesions of group A, both b-APV and h-MRv were low, resulting in a CFVR 

indicativee of a non-significant coronary narrowing (>2.0). However, the hyperemic pressure 

gradientt caused FFR to be <0.75. Despite an anatomically similar stenosis, the opposite is 

truee for group B. Here, the discordance between FFR and CFVR arises not only because of a 

loww CFVR resulting from a high b-APV, which can be explained by a higher oxygen demand 

off  the heart in the presence of hypertension. These patients also had a significantly higher h-

MRvv which kept hyperemic flow and thus, stenotic pressure gradient at a level 

commensuratee with FFR > 0.75. 

Thee combination of stenosis (epicardial) and microvascular resistance at hyperemia 

affectss both FFR and CFVR and can lead to opposite outcomes in these physiological 

parameterss with respect to their cut-off values, wherever they are chosen. Both distal 

pressuree and flow velocity measurements are required in order to quantify this interaction, 

preferablyy simultaneously. The latter point is a possible limitation of this study, since the 

intracoronaryy signals were obtained sequentially in order to avoid changes in stenosis 

characteristicss due to the presence of two guidewires. However, external hemodynamic 

conditionss such as heart rate and aortic pressure remained constant during assessment of 
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pressuree and flow velocity, so one may expect reproducible responses to the vasodilatory 

stimulus. . 

Recentt clinical studies suggest that PTCA can be safely deferred in patients with 

coronaryy lesions characterized by either FFR>0.75 or CFVR>2.0.8'9 The present study shows 

thatt in about a quarter of patients with intermediate lesions, interventional procedures may 

bee indicated or deferred, depending on whether a pressure- or flow velocity-derived 

parameterr was used to reach the decision. However, a complete hemodynamic assessment 

restss on the separate evaluation of stenosis and microvascular resistance, which requires 

combinedd measurement of distal pressure and flow. The impact of combined measurements 

onn clinical decision-making regarding coronary interventions remains to be determined. 
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ABSTRACT T 

BACKGROUNDD Homogeneity of microvascular resistance in different perfusion areas of the 

samee heart is generally assumed, e.g. for the concept of relative coronary blood flow reserve. We 

investigatedd whether this assumption is true in patients with multi-vessel coronary artery disease. 

METHODSS Twenty-seven patients with stable angina and documented two-vessel coronary 

arteryy disease, who were referred for coronary angioplasty were analyzed. In all patients, an 

angiographicallyy normal coronary artery (Reference) and two diseased coronary arteries with a 

singlee lesion were present. Artery 1 and 2 groups refer to the lesions where the latter is the more 

severee one. In each patient, distal blood flow velocity and pressure were measured in all three 

mainn coronary vessels during baseline and maximal hyperemia (induced by i.c. adenosine), using a 

Dopplerr and pressure guidewire, respectively. The ratio of mean distal pressure to average peak 

bloodd flow velocity was used as an index for the microvascular resistance (MRv). 

RESULTSS The MRv was significantly lower during hyperemia as compared to baseline 

conditionss for all three vessels (median values for: Reference artery, 1.7 versus 6.5, p<0.001; 

Arteryy 1, 2.1 versus 6.4, p<0.001; Artery 2, 2.6 versus 4.9, p<0.001; respectively). A statistically 

significantt difference was found between the hyperemic MRv of the different arteries (p=0.0207). 

CONCLUSIONSS These results show that heterogeneity of resistances of the microcirculation 

existss during hyperemia between different perfusion areas in patients with multi-vessel coronary 

arteryy disease. This finding implies that hemodynamics of a reference vessel has a limited value in 

definingg the diseased state of different vessels in the same patient. 
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INTRODUCTIO N N 

Inn recent years, research on the clinical aspects of the coronary microcirculation has made 

substantiall  advances, due to developments in non-invasive and invasive diagnostic techniques.' It 

hass been proposed that the severity of coronary artery disease can be more accurately described 

byy maximal flow capacity and coronary flow reserve, rather man angiographic findings.2 Apart 

fromm stenosis characteristics, these indices are influenced by the behaviour of the downstream 

microvascularr resistance.3 

Severall  intracoronary derived physiological parameters have been introduced to 

characterizee functional stenosis severity in patients with coronary artery disease, allowing clinical 

decision-making.. These parameters are based on intracoronary pressure measurements (fractional 

floww reserve, FFR) or intracoronary derived Doppler flow velocity measurements (coronary flow 

velocityy reserve, CFVR).4 For these concepts, particularly for the rCFVR, homogeneity in the 

behaviorr of the myocardial resistance beds of the major perfusion areas within the same heart is 

assumed.. This assumption conflicts with the heterogeneity of myocardial blood flow found in 

differentt coronary perfusion areas in healthy volunteers.5 Recently, a paradoxical increase of 

microvascularr resistance downstream of a severe coronary narrowing during tachycardia was 

reported,, that was abolished after angioplasty.6 It is therefore questionable whether the diagnosis 

off  stenosis-impeded perfusion is improved by incorporating data obtained distal to an 

angiographicallyy normal artery in the same heart. 

Thee ratio of mean distal pressure to average peak blood flow velocity can be used as an 

indexx of microvascular resistance (MRv).7'8 In the present study, the MRv of the three main 

coronaryy perfusion territories was determined in 27 patients with two-vessel coronary artery 

disease,, using intracoronary derived pressure and Doppler flow velocity measurements. The 

purposee of this study was to investigate the spatial distribution of the resistance in the coronary 

microcirculationn in patients with coronary artery disease. 

METHOD S S 

StudyStudy population 

Patientss with two-vessel coronary artery disease and angina (class 1 -4 according to the Canadian 

Cardiovascularr Society; CCS) were eligible for inclusion in this study. All patients were referred to 

ourr center for a PTCA procedure. Both intracoronary pressure and Doppler flow velocity data 

weree obtained in all three main coronary arteries. Exclusion criteria were: factors precluding 

assessmentt of intracoronary measurements (e.g. occlusions, coronary anatomy); factors 

influencingg coronary hemodynamic parameters (left ventricular hypertrophy, severe valvular heart 
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disease,, cardiomyopathy, insulin dependent diabetes, Q-wave myocardial infarction, previous 

coronaryy bypass grafting). 

StudyStudy protocol 

Twenty-sevenn patients underwent routine coronary angiography, during which intracoronary 

measurementss were performed. Coronary lesion severity was determined by quantitative coronary 

angiographyy (QCA). Main coronary arteries (i.e. right coronary artery, RCA; left anterior 

descendingg coronary artery, LAD ; and the left circumflex artery, LCx) were functionally divided 

perr patient into: an angiographically normal reference artery (Reference); an artery with the less 

severee narrowing (Artery / ); and an artery with the more severe narrowing (Artery 2). Thus, 

measurementss in each artery represented a different myocardial perfusion area. Both blood flow 

velocityy and pressure derived hemodynamic parameters were measured sequentially distal to the 

coronaryy narrowings and in the reference artery in all patients. The study protocol was approved 

byy the Medical Ethics Committee of our institution; all patients gave written informed consent. 

QuantitativeQuantitative coronary angiography (QCA) 

Coronaryy angiography was performed according to standard procedure, as previously described.9 

Coronaryy lesion severity was measured by QCA, using the CMS-QCA software version 3.32 

(MEDIS,(MEDIS, Leiden, The Netherlands).™ Coronary lesion severity was expressed as the percent 

diameterr stenosis (%DS) and minimal lumen diameter (in mm; MLD ) using an automated 

contourr detection algorithm, and the reference diameter was measured (in mm). Coronary lesion 

severityy was assessed on a end-diastolic frame in two, if possible, orthogonal views. The 

projectionn showing die most severe coronary narrowing in %DS was used. 

IntracoronaryIntracoronary hemodynamic measurements 

Measurementss were performed in all patients in the LAD , LCx and RCA. An intracoronary bolus 

off  0.1 mg nitroglycerin was administered every 30 minutes to ensure maximal epicardial 

vasodilation.. Al l measurements were performed at baseline and during hyperemia. Hyperemia 

wass induced by administering an intracoronary bolus of adenosine (15 ug in the right coronary 

arteryy and 20 ug in the left coronary artery). 

Translesionall  blood flow velocity was measured with a 0.014" Doppler guidewire 

(FloWire(FloWire ,JOMED, Rancho Cordova, CA, USA). The Doppler guidewire was advanced distal to 

thee stenosis; care was taken to avoid post-stenotic turbulent flow and the distal tip was not placed 

adjacentt to side branches. Distal baseline and hyperemic blood flow velocity data were obtained 

andd the Doppler signals were processed by a real time spectral analyzer.11 CFVR was computed 

ass the ratio of hyperemic to basal average peak blood flow velocity.12 CFVR was also obtained in 

ann angiographically normal reference coronary artery. Relative CFVR (rCFVR) was defined as the 

ratioo of CFVR of a narrowed vessel and CFVR of the reference coronary artery. 
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Intracoronaryy pressure was measured with a 0.014" pressure guide wire, connected to the 

pressuree console (RADI MedicalSystems, Uppsala, Sweden). After calibration with the pressure 

console,, the accuracy of the signal was verified using the aortic pressure as measured through the 

guidingg catheter. The wire was advanced with the pressure sensor at least 3 cm distal to the 

lesion.. During maximal hyperemia, FFR was calculated as the ratio of die mean distal and the 

meann aortic pressure. No pressure wire was introduced in the reference vessels; the pressure as 

measuredd with the guiding catheter was used to calculate the MRv in these vessels. 

Ann index of minimal microvascular resistance during maximum hyperemia (h-MRv, in 

mmHg/cm/sec)) was defined as the ratio of mean distal pressure to average peak blood flow 

velocity.88 Similarly, the baseline MRv (b-MRv) was defined as the ratio of the distal pressure to 

APVV during baseline conditions. Pressure and blood flow velocity data were obtained sequentially 

usingg two separate guidewires. The ability of the resistance vessels to dilate under maximal 

hyperemicc conditions (induced by the administration of adenosine) was expressed as b-MRv 

minuss h-MRv. An approach using volume flow calculations11 was discarded, as no QCA data 

weree available under hyperemic conditions. 

Thee coronary circulation was modeled as having three types of resistances: the stenosis 

resistancee (RJ, the resistance vessels (R^J, and the minimal microcirculation resistance (RmJ-1 

Ass indicated in Figure 1, b-MRv represents the sum of the latter two, whereas h-MRv is 

minimumm microvascular resistance during hyperemia (assuming that die resistance vessels are 

maximallyy dilated), and thus, b-MRv - h-MRv represents the resistance vessels during baseline 

conditions. . 
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FIGUREFIGURE  1: Model of the coronary circulation with three resistances each reflecting a certain behavior: the stenosis resistance 

(RJ,(RJ, the arteriolar resistance vessels (R„,), and the minimal microcirculation resistance (R*m). As indicated, b-MKv 

representsrepresents the combination ofR„sandR„j„,  whereas b-MRti represents K„„  (assuming that the resistance vessels are 

maximallymaximally vasodilated), and thus, b-MRp - h-MKv represents R„,. P„  and P, refers to the arterial and venous pressure, 

respectively:respectively: Q indicates the flow. 

bMRvv - hMRv hMRv 

StatisticalStatistical considerations 

Dataa were expressed as mean + standard deviation (SD). Skewed data distributions were 

presentedd as median and range, and non-parametric statistical tests were performed: the 

Wilcoxonn signed ranks test was used for paired comparisons within patients; the Page test for 

orderedd alternatives was applied to compare the MRv value for the three different perfusion 

areass within patients, based on their division in Reference artery, Artery 1, and Artery 2. 

Regressionn analysis was performed to compare the results of CFVR, FFR and rCFVR. Data 

analysiss was performed using the SPSS 10.0.5 software package for Windows (SPSS Inc. 1999, 

Arlington,Arlington, VA). A p-value of less than 0.05 was considered statistically significant. 
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TABLETABLE 1: Baseline characteristics of the 27 patients. 

Patients s Male e 

Meann age in years (range) 

Heartt rate (beats/min) 

Meann systolic blood pressure (mmHg) 

Meann diastolic blood pressure (mmHg) 

18(67%) ) 

622 (43-78) 

9 9 

8 8 

2 2 

Histor y y Peripherall  vascular disease 

Previouss MI 

Previouss PTCA 

22 (7%) 

100 (37%) 

4(15%) ) 

Riskk factors Smokingg (current) 

Smokingg (previously) 

Hypertension n 

Hypercholesterolaemia a 

Non-insulinn dependent diabetes mellitus 

Positivee family history 

88 (30%) 

122 (44%) 

100 (37%) 

188 (67%) 

3(11%) ) 

177 (63%) 

Medication n Beta-blockers s 

Calciumm antagonists 

Nitrates s 

Acetylsalicyl-acids s 

ACEE inhibitors 

Lipidd lowering drugs 

233 (85%) 

111 (41%) 

200 (74%) 

277 (100%) 

66 (22%) 

188 (67%) 

Anginall  complaints CCSS class 1 

CCSS class 2 

CCSS class 3 

CCSS class 4 

0 0 

77 (26%) 

133 (48%) 

77 (26%) 

Dataa are expressed as n (%). CCS indicates Canadian Cardiovascular Society; MI , myocardial infarction; PTCA, 

percutaneouss transluminal coronary angioplasty. 
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FIGUREFIGURE 2: Box-W'bisher plots ofQCA data (top and bottom of box: 25 tb and 75th percentile; horizontal line in box: 

median;median; line outside the box: range). The significance of the changes was calculated using the Vage test. 
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RESULTS S 

Thee baseline characteristics of the 27 patients are depicted in Table 1. The division of 

RCA/LAD/LCxx was 2/7/18 for Reference vessels, 11/11/5 for Artery 1, and 14/9/4 for Artery 

2,2, respectively. In Figure 2, the classification in perfusion areas is expressed in terms of %DS, 

ML DD and diameter of the reference locations. The stenosis degree was most severe in Artery 2, 

ass illustrated by QCA analysis: median diameter stenosis for Reference vessels was 16% (range: 7-

35%);; for Artery 1, 54% (range: 39-68%), and for Artery 2, 70% (range: 54-85%). It should be 

notedd that there was some overlap in stenosis degree, especially between Artery 1 and Artery 2, 

becausee the most severe lesion of one heart (per definition in Artery 2) may be comparable in 

severityseverity with a stenosis in Artery 1 of a different heart. There was no difference between the 

averagee diameters of the reference locations between the three groups (median reference 

diameter:: 2.90, 2.76, and 2.94 mm, respectively) and therefore the groups are not differentiated 

byy this parameter. Accordingly, the MLD significandy decreased from the Reference vessel to 

Arteryy 1 to Artery 2 (median MLD: 2.33,1.37, and 0.85 mm, respectively). 

Hemodynamicc data of all patients during baseline and hyperemic conditions are 

summarizedd in Table 2. The MRv was significandy lower during hyperemia as compared to 

baselinee conditions for all three vessels (median values for: Reference artery, 1.69 versus 6.50, 

p<0.001;; Artery 1, 2.08 versus 6.38, p<0.001; Artery 2, 2.56 versus 4.94, p<0.001; respectively). 

MRvv data for Artery 1 and Artery 2 are compared to those of the respective Reference Artery in 

Figuree 3. No significant trend was detected between die baseline MRv of the three arteries (Page 

test:: Z score -1.225; p=0.1093). However, pair wise comparisons revealed that the baseline MRv 

off  Artery 2 was significandy lower than the MRv's of Artery 1 and Reference artery (Figure 3a). 

Inn contrast, a statistically significant difference was found between the hyperemic MRv's of the 

differentt arteries (Page test: Z score 2.041; p=0.0207), which was confirmed by pair wise 

comparisonss (Figure 3b). 

FIGUREFIGURE J (see next page): Results of of MRv depicted per vessel First, Box-Whisker plots are shown (left panel; top 

andand bottom of box: 25th and 75 th percentile; horizontal line in in box: median). Individual data are depicted in the right 

panel;forpanel;for the measured MRv in the reference vessel (x-axis), both the MRv in Artery andA.rtery 2 are depicted for the same 

heartheart (n—27). The latter plot also shows the line of identity. 
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(A)(A) There was no significant decrease of the of the b-MRv from Reference-Artery 1-Artery 2 (p—0.1093). However, it can 

bebe appreciated that the b-MRv of Artery 2 is lower than for Reference vessels (p=0.078) and for Artery 1 (p—0.022). 
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ArteryArtery 1 (p=0.029). 
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TABLETABLE  2: Physiological data of all patients (n=27) during baseline and hyperemic conditions. 

Arteryy Parameter Median (range) 

Baseline e 

Pd d 
APV V 
MRv v 

Pd d 
APV V 
MRv v 

Pd d 

APV V 
MRv v 

87 7 
18.0 0 
6.50 0 

91 1 
15.0 0 
6.38 8 

71 1 
14.0 0 
4.94 4 

(67 7 
(5.6 6 
(3.32 2 

(65 5 
(4.3 3 
(6.68 8 

(23 3 
(7.5 5 
(2.21 1 

-- 128) 
-- 26.0) 
-- 13.21) 

-- 113) 
-- 40.0) 
-- 17.91) 

-- 118) 
-- 37.0) 
-- 9.10) 

Hyperemia a 

Pd d 
APV V 
MRv v 

Pd d 

APV V 
MRv v 

Pd d 
APV V 
MRv v 

84 4 
49.0 0 
1.69 9 

78 8 
37.0 0 
2.08 8 

46 6 
21.0 0 
2.56 6 

(62 2 
(25.0 0 
(0.94 4 

(47 7 
(17.0 0 
(0.85 5 

(20 0 
(9.0 0 
(0.75 5 

-- 118) 
-- 84.0) 
-- 3.16) 

-- 102) 
-- 76.0) 
-- 4.24) 

-- 107) 
-- 56.0) 
-- 4.67) 

Pdd indicates distal pressure (mm Hg); APV, average peak velocity (cm/sec); MRv, microvascular resistance 
indexx (mmHg/cm/sec) 

Thee difference between b-MRv and h-MRv, representing the resistance of the arterioles at 

baselinee (R^, was significantly higher for the Reference vessels and Artery 1 than for Artery 2 

(Pagee test: Z score -3.402; p<0.0001), as illustrated in Figure 3c. Hence, the effect of the 

compensatoryy vasodilatation at baseline induced by the pressure drop resulting from a stenosis 

wass noticeable in this patient group. Furthermore, from Figures 3a, 3b and 3c it can be 

appreciatedd that the frequency distributions of the resistances in the different perfusion areas 

showw a considerable variation within each group but also between groups at the same conditions 

off  baseline versus hyperemia. 

Regressionn analyses of CFVR versus FFR, and rCFVR versus FFR are depicted in Figure 4. 

Noo improvement in correlation with the results of FFR was observed using rCFVR instead of 

CFVR R 
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FIGUREFIGURE 4: Regression analysis of CFVR versus FFR (upperpanel) and rCFVR versus FFR (lower) data. 
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DISCUSSION N 

Thiss study demonstrates diat 1) a strong heterogeneity was present between different perfusion 

areass in patients with multi-vessel disease and 2) despite this heterogeneity there was a statistical 

significantt increase of hyperemic MRv of the diseased arteries. The severity of coronary artery 

diseasee was associated with significantly higher values of the hyperemic resistance. Hence, 

coronaryy artery disease not only induces a reduction of tone at baseline, as is to be expected from 

aa normal physiological response, but also increases the hyperemic resistance. This finding implies 

thatt hemodynamics of a reference vessel has a limited value in defining the diseased state of 

differentt vessels in the same patient. 

TheThe autotegulatory mechanism 

Inn patients with coronary narrowings, autoregulation of coronary circulation compensates under 

baselinee conditions for the drop in pressure distal to a stenosis by decreasing the arteriolar 

coronaryy resistance through vasodilatation of the resistance vessels.15 It is known from earlier 

studiess diat this autoregulatory mechanism is operative in case of severe (>70-80%) coronary 

narrowings.33 This mechanism is nicely illustrated by our data. As shown in Figure 1, die 

resistancee vessels are represented by b-MRv minus h-MRv. It was shown that this value was 

significandyy lower for die most narrowed arteries (see Figure 3c), suggesting that, indeed, die 

autoregulatoryy mechanism resulted in a lowering of this resistance. The differences in MRv under 

baselinee conditions (see Figure 3a) were not seen because of die variability between patients, but 

pairr wise comparison showed a significant lower MRv for Artery 2 within patients than for the 

referencee group. 

SpatialSpatial heterogeneity of the resistance in the coronary microcirculation 

Thee present study showed spatial heterogeneity of die microvascular resistance index during 

hyperemicc conditions (see Figure 3b), representing R^. Despite the large variability between the 

groups,, the h-MRv downstream of the most severely diseased vessel (Artery 2) was demonstrated 

too be significandy higher. This suggests that the differences in h-MRv are modulated by the 

pressuree changes as a result of epicardial coronary artery disease. This finding is independent of 

thee autoregulatory mechanism that acts solely on the R^ represented by b-MRv — h-MRv, whose 

valuee was lower in the narrowed arteries (Figure 3c). Several explanations of the higher h-MRv 

foundd downstream of Artery 2 are possible. First, we hypothesize that regional differences of 

microvascularr disease can be present within die coronary artery tree. As endothelial disease is not 

aa local disease, we therefore cannot exclude the possibility that these findings are a result of 

differentt stages of atherosclerotic disease within a heart.16 Second, the pressure dependency of 

thee microvascular vessels could play a role 6'1719
5 as this pressure is different across a heart (see 

Tablee 2). Finally, it was suggested that diere is a possible role of several growth factors as 
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modulatorss of vascular tone, resulting in spatial heterogeneity.20 Further research is mandatory to 

elucidatee the underlying mechanism. 

ComparisonComparison with other studies 

Inn 1990, a study in dogs found that coronary flow reserve is spatially heterogeneous and 

determinedd by two distinct perfusion patterns: the resting (control) pattern and the maximal 

perfusionn pattern. Normal hearts, therefore, contain small regions that may be relatively more 

vulnerablee to ischemia. This may explain the patchy nature of infarction with hypoxia and at 

reducedd perfusion pressures as well as the difficulty of using global parameters to predict regional 

ischemia."1 1 

Recentiy,, Chareonthaitawee et al. showed that there is variability of myocardial blood flow 

ass measured with PET, both between and within 169 healthy volunteers.5 They demonstrated 

spatiall  heterogeneity between four perfusion regions (anterior, septal, inferior and lateral) within 

eachh individual during baseline and hyperemic conditions. These data are in accordance with 

previouss reports22 and partly match with our results, obtained in patients with multivessel 

coronaryy artery disease. Our data showed no difference in baseline APV between perfusion areas 

off  the same heart (p-0.5), in contrast to the hyperemic APV (p=0.00003), which was 

significandyy lower in more diseased vessels. 

PatientPatient studies for clinical decision-making 

Validationn studies for FFR and CFVR showed good agreement with the results of non-invasive 

stresss tests, which is important for clinical decision-making in the cardiac catheterization 

laboratory.44 Recently, the rCFVR was introduced as a new promising parameter, as it theoretically 

correctss for any possible microvascular disease within a heart.12,21,24 It was shown that relative 

coronaryy flow reserve was less dependent on aortic pressure and rate-pressure product, in 

comparisonn with absolute CFVR.1" However, we showed earlier in a large cohort of patients that 

thee agreement between invasively derived Doppler flow velocity parameters and the results of 

SPECTT did not improve using the rCFVR (78%) instead of the absolute CFVR (76%) or FFR 

(77%).''' Regression analysis did not show an improved correlation between Doppler derived 

parameterss and FFR using the rCFVR (correlation coefficient of 0.75 and 0.76, respectively; see 

Figuree 4). Heterogeneity of the microvascular resistances downstream of target and reference 

vesselss in patients with multi-vessel disease may explain why the relationship of hemodynamic 

parameterss with the results of SPECT did not improve using rCFVR instead of FFR or CFVR, 

sincee the concept of rCFVR is based on similarities between perfusion areas. 
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Limitations Limitations 

Floww velocity and pressure were sequentially measured after exchanging the Flowire for die 

pressuree wire. No significant hemodynamic changes in blood pressure and heart rate occurred 

betweenn die measurements. For practical reasons, we used the aortic pressure as measured with 

thee guiding catheter to determine MRv in the reference vessel. 

Ann apparently angiographically normal reference artery does not exclude presence of 

atheroscleroticc disease.16,25 Our QCA data showed a median diameter stenosis of 16% in the 

referencee vessels. 

Finally,, the possible contribution of collateral flow to the area of interest cannot be 

determinedd without measuring flow velocity in the contralateral vessel during balloon 

occlusion.26,277 Although no visible collaterals were present in these patients (according to Rentrop 

classification),, we cannot exclude a confounding effect of recruitable collateral flow, especially in 

areass supplied by the severely narrowed coronary arteries. 

ClinicalClinical  implications 

Forr clinical practice, the fact that the spatial heterogeneity in MRv exists during hyperemia 

indicatess that die role of relative CFVR for patient management is of limited value considering 

thee more extensive acquisition requirements (both stenotic and reference vessel must be 

instrumentedd with a Doppler guidewire), since homogeneity of microvascular resistances in the 

adjacentt perfusion regions is a prerequisite for this index. Our results, obtained by measuring 

MRvv using die intracoronary derived Doppler flow and pressure, can be of interest for future 

researchh to determine the status of the microcirculation, in particular in patients with Syndrome 

X28,299 or diabetes mellitus30. To the best of our knowledge, this is the first report showing that 

heterogeneityy of resistances of the microcirculation during hyperemia is present in different 

perfusionn areas in patients widi coronary artery disease. 

ACKNOWLEDGEMENT S S 

Thiss study was supported by the Dutch Healdi Insurance Board (grant OG 96-036) and by a 

grantt of die Netherlands Heart Foundation (grant 2000.090). J.J. Piek is clinical investigator for 

diee Netherlands Heart Foundation (grant D96.020) 

81 1 



ChapterChapter 5 

REFERENCES S 

1.. Chilian WM. Coronary microcirculation in health and disease. Summary of an NHLBI workshop. 

Circulation.Circulation. 1997;95:522-528. 

2.. White CW, Wright CB, Doty DB, et al. Does visual interpretation of the coronary arteriogram 

predictt the physiologic importance of a coronary stenosis? N Engl] Med. 1984;310:819-824. 

3.. Gould KL , Lipscomb K, Calvert C. Compensatory changes of the distal coronary vascular bed 

duringg progressive coronary constriction. Circulation. 1975;51:1085-1094. 

4.. Kern MJ, De Bruyne B, Pijls NH. From research to clinical practice: current role of intracoronary 

physiologicallyy based decision making in the cardiac catheterization laboratory. ] Am Coll Cardiol. 

1997;30:613-620. . 

5.. Chareonthaitawee P, Kaufmann PA, Rimoldi O, et al. Heterogeneity of resting and hyperemic 

myocardiall  blood flow in healthy humans. Cardiovasc Rfs. 2001;50:151-161. 

6.. Sambuceti G, Marzilli M, Fedele S, et al. Paradoxical increase in microvascular resistance during 

tachycardiaa downstream from a severe stenosis in patients with coronary artery disease : reversal by 

angioplasty.. Circulation. 2001;103:2352-2360. 

7.. Sambuceti G, Marzilli M, Marraccini P, et al. Coronary vasoconstriction during myocardial ischemia 

inducedd by rises in metabolic demand in patients with coronary artery disease. Circulation. 

1997;95:2652-2659. . 

8.. Meuwissen M, Chamuleau SAJ, Siebes M, et al. Role of variability in microvascular resistance on 

fractionall  flow reserve and coronary blood flow velocity reserve in intermediate lesions. Circulation. 

2001;103:184-187. . 

9.. Chamuleau SAJ, Meuwissen M, Van Eck-Smit BLF, et al. Fractional flow reserve, absolute and 

relativee coronary blood flow velocity reserve in relation to the results of technetium-99m sestamibi 

singlee photon emission computed tomography in patients with two-vessel coronary artery disease. J 

AmAm Coll Cardiol. 2001;37:1316-1322. 

10.. Van der Zwet PM, Reiber JH. A new approach for the quantification of complex lesion morphology: 

thee gradient field transform; basic principles and validation results. ] Am Coll Cardiol, 1994;24:216-

224. . 

11.. Doucette JW, Corl PD, Payne HM, et al. Validation of a Doppler guide wire for intravascular 

measurementt of coronary artery flow velocity. Circulation. 1992;85:1899-1911. 

12.. Gould KL , Kirkeeide RL, Buchi M. Coronary flow reserve as a physiologic measure of stenosis 

severity.. ] Am Coll Cardiol. 1990;15:459-474. 

13.. Spaan J AE, VerburgJ. Limitation of coronary flow reserve by a stenosis. In: Spaan J AE, ed. Coronary 

bloodblood flow: Mechanics, distribution, and control. Dordrecht: Kluwer academic publishers; 1991:333-361. 

14.. Siegel S, Castellan Jr NJ. The Page test for ordered alternatives. In: Nonparametric statistics statistics for the 

behavioralbehavioral science. Second ed. New York: Mac Graw-Hill; 1988:184-189. 

15.. Spaan J AE, PiekJJ, Siebes M. Coronary circulation and hemodynamics. In: Sperelakis N, Kurachi Y, 

Terzicc A, Cohen MV, eds. Heart Physiology and Pathophysiology. Fourth ed. San Diego: Academic Press; 

2001:19-44. . 

16.. Mintz GS, Painter JA, Pichard AD, et al. Atherosclerosis in angiographically "normal" coronary 

arteryy reference segments: an intravascular ultrasound study with clinical correlations. ] Am Coll 

Cardiol.Cardiol. 1995;25:1479-1485. 

17.. Spaan J A, Cornelissen AJ, Chan C, et al. Dynamics of flow, resistance, and intramural vascular 

volumee in canine coronary circulation. American Journal of Physiology Heart <&  Circulatory Physiology. 

200O;278:H383-403. . 

82 2 



HeterogeneityHeterogeneity of coronary microvascular resistance 

18.. Chilian W. Microvascular pressures and resistances in the left ventricular subepicardium and 

subendocardium.. Ore Res. 1991;69:561-570. 

19.. Kanatsuka H, Lamping K, Eastham C, et al. Heterogeneous changes in epimyocardial microvascular 

sizee during graded coronary stenosis. Evidence of the microvascular site for autoregulation. Circ Res. 

1990;66:389-396. . 

20.. Tiefenbacher CP, Chilian WM, Heterogeneity of coronary vasomotion. Basic Res Res Cardiol. 1998;93:446-

454. . 

21.. Austin RE, Jr., Aldea GS, Coggins DL, et al. Profound spatial heterogeneity of coronary reserve. 

Discordancee between patterns of resting and maximal myocardial blood flow. Circ Res. 1990;67:319-

331. . 

22.. Deussen A. Blood flow heterogeneity in the heart. Basic Res Res Cardiol. 1998;93:430-438. 

23.. Baumgart D, Haude M, Goerge G, et al. Improved assessment of coronary stenosis severity using the 

relativee coronary flow velocity reserve. Circulation. 1998;98:40-46. 

24.. Haude M, Baumgart D, Verna E, et al. Intracoronary Doppler and quantitative coronary angiography 

derivedd predictors of major adverse cardiac events after stent implantation. Circulation. 

2001;103:1212-1217. . 

25.. Glagov S, Weisenberg E, Zarins CK, et al. Compensatory enlargement of human atherosclerotic 

coronaryy arteries. N Engl J Med. 1987;316:1371-1375. 

26.. Seiler C, Fleisch M, Billinger M, et al. Simultaneous intracoronary velocity- and pressure-derived 

assessmentt of adenosine-induced collateral hemodynamics in patients with one- to two-vessel 

coronaryy artery disease. J Am Coll Cardiol. 1999;34:1985-1994. 

27.. Piek JJ, van Liebergen RA, Koch KT, et al. Comparison of collateral vascular responses in the donor 

andd recipient coronary artery during transient coronary occlusion assessed by intracoronary blood 

flowflow velocity analysis in patients. ] Am Coll Cardiol. 1997;29:1528-1535. 

28.. Bottcher M, Botker HE, Sonne H, et al. Endothelium-dependent and -independent perfusion reserve 

andd the effect of L-arginine on myocardial perfusion in patients with syndrome X. Circulation. 

1999;99:1795-1801. . 

29.. Buus NH, Bottcher M, Botker HE, et al. Reduced vasodilator capacity in syndrome X related to 

structuree and function of resistance arteries. Am J Cardiol. 1999;83:149-154. 

30.. Nahser PJ, Jr, Brown RE, Oskarsson H, et al. Maximal coronary flow reserve and metabolic coronary 

vasodilationn in patients with diabetes mellitus. Circulation. 1995;91:635-640. 

83 3 



ChapterChapter 5 

84 4 



CHAPTE R R 6 6 

Prognosticc value of coronary blood flow velocity and 

myocardiall  perfusion in intermediate coronary narrowings 

andd multi-vessel disease7 

TT Resubmitted (with revisions) for publication to 'Journal of the American College ofCardiology' 2001 

StevenSteven A.]. Chamuleau', Rene A. Tio , CarelC. de Cock , Ebo D. de Muinck , Nico H.J. Pi/Is, Berthe L.F. van Eck-Smié, 

KarelT.KarelT. Koch', Marti/n Meuwissen', Marcel G.W. Dijkgraaf, Angelina de Jong', Hein J. Verberne', Rob A.M. van Liebergen', 

GertGert Jan Laarman , Jan G.P. Tijssen', Jan J. Piek', 

onon behalf of the "Intermediate Lesions: Intracoronary flow Assessment versus ""Tc-MIBI SPECT" (ILIAS) investigators1. 

DepartmentsDepartments of Cardiology, Nuclear Medicine, and Clinical Epidemiology & Biostatistics 

'' Academic Medical Center — University of Amsterdam 

22 University Hospital Groningen 

''Free''Free University Medical Center Amsterdam 

44 University Hospital Maastricht 

^Catharina^Catharina Hospital Eindhoven 

66OLVGOLVG Hospital Amsterdam 

ss Other members of the IEIAS study group are listed at the end of the paper. 



ChapterChapter 6 

ABSTRACT T 

OBJECTIVESS The study aimed to investigate the role of intracoronary derived coronary flow 

velocityy reserve (CFVR) and myocardial perfusion scintigraphy (SPECT) for management of an 

intermediatee lesion in patients with multi-vessel coronary artery disease. 

BACKGROUNDD Evaluation of the functional significance of intermediate coronary narrowings 

(40-70%% diameter stenosis) is important for clinical decision-making and risk stratification. 

METHODSMETHODS In a prospective multi-center study, SPECT was performed in 191 patients 

withh stable angina and multi-vessel disease, scheduled for angioplasty (PTCA) of a severe 

coronaryy narrowing. CFVR was determined selectively distal to an intermediate lesion in another 

arteryy using a Doppler guidewire. PTCA of the intermediate lesion was deferred when SPECT 

wass negative or CFVR>2.0. Patients were followed for one year to document major cardiac 

eventss (death, infarction, revascularization), related to the intermediate lesion. 

RESULTSS Reversible perfusion defects were documented in the area of the intermediate 

lesionn in 30 (16%) patients, while CFVR was positive (<2.0) in 46 (24%) patients. PTCA of the 

intermediatee lesion was deferred in 182 patients. During follow-up, 19 events occurred (3 

myocardiall  infarctions, 16 revascularizations). CFVR was a more accurate predictor of cardiac 

eventss than SPECT (relative risk for CFVR 3.9, 95% CI: 1.7-9.1, p<0.05; and for SPECT 0.5, 

95%% CI: 0.1-3.2, n.s.). The event rate was 6% in patients with CFVR>2.0. Multivariate analysis 

revealedd CFVR as the only significant predictor for cardiac events. 

CONCLUSIONSS Deferral of PTCA of intermediate lesions in multi-vessel disease is safe when 

CFVR>2.0.. This selective evaluation of coronary lesion severity during cardiac catheterization 

allowss a more accurate risk stratification than SPECT, that is of importance for clinical decision-

makingg in this patient cohort. 

86 6 



IntermediateIntermediate lesions: coronary flow velocity andSPECT 

INTRODUCTIO N N 

Duringg the last decade, an enormous growth in the number of percutaneous transluminal 

coronaryy angioplasty (PTCA) procedures has evolved. According to large registries, PTCA is 

increasinglyy performed for multi-vessel coronary artery disease (50-70%), including intermediate 

lesionss in approximately 30% of the procedures. Adequate patient selection for PTCA is of 

utmostt importance in view of the potential procedural complications and the incidence of 

restenosis.1,22 Angiographic estimates using quantitative coronary angiography have been shown 

too be poor predictors of its functional significance. " The recommended diagnostic approach in 

multi-vessell  coronary artery disease involves non-invasive cardiac stress imaging modalities (i.e. 

echocardiographyy and myocardial perfusion scintigraphy) to identify the functional significance 

off  coronary lesions 6~u
) although these techniques are limited in dieir ability to allocate wall 

motionn or perfusion defects to the 'culprit' lesion. 

Recendy,, intracoronary derived hemodynamic parameters using sensor-tipped angioplasty 

guidewiress have been introduced as an alternative strategy, allowing selective assessment of 

functionall  severity of coronary narrowings. Previous validation studies showed good agreement 

(80-90%)) between these parameters and the results of non-invasive stress tests. ' Intracoronary 

hemodynamicc techniques facilitate decision-making during diagnostic cardiac catheterization, 

allowingg to perform ad hoc angioplasty within the same session. 

Too date, a direct comparison between the non-invasive and invasive tests for clinical 

decision-makingg regarding intermediate coronary lesions in patients with multi-vessel coronary 

arteryy disease has not been performed. Therefore, the purpose of the study was to compare the 

valuee of intracoronary derived coronary flow velocity reserve (CFVR) with myocardial perfusion 

scintigraphyy in die context of clinical decision-making in these patients - the "intermediate 

.Lesions:: intracoronary flow vissessment versus "Tc-MIB I 5PECT" (ILIAS) study. 

METHOD S S 

PatientPatient selection 

Patientss with stable or unstable angina (class 1-3 according to the Canadian Cardiovascular 

Society;; CCS or Braunwald's classification I or II) were screened between April 1997 and 

Octoberr 1999 for study participation in 6 cardiac intervention centers in the Netherlands. 

Coronaryy narrowing severity was determined by visual assessment by a 'heart-team', consisting of 

ann interventional cardiologist and a cardiac surgeon. Patients with multi-vessel coronary artery 

disease,, showing one intermediate (defined as 40-70% diameter narrowing) and at least one 

severee coronary narrowing (> 70% diameter narrowing) in another artery at diagnostic cardiac 

cauSeterization,, were selected. Patients were eligible for entering the study if the severe lesion was 
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acceptedd for PTCA, and if, from a clinical point of view, no definite strategy was formulated for 

thee intermediate lesion. Exclusion criteria were: patients with unstable angina (according to 

Braunwald'ss classification III) ; factors precluding dipyridamole infusion and/or assessment of 

intracoronaryy flow velocity; factors influencing coronary hemodynamic parameters (e.g. left 

ventricularr hypertrophy, insulin dependent diabetes, previous myocardial infarction in the area of 

interest,, previous PTCA or coronary bypass grafting of the segment of interest, significant left 

mainn coronary artery stenosis). The protocol was approved by the Institutional Review Boards of 

thee participating institutions; all patients gave written informed consent. 

StudyStudy design 

Patientss were screened when the results of the diagnostic cardiac catheterization were reviewed 

byy the 'heart-team'; in- and exclusion were verified. All patients underwent single photon 

emissionn computed tomography (SPECT) imaging for non-invasive assessment of functional 

severityy of the intermediate lesion. A SPECT was defined negative if no reversible perfusion defect 

waswas determined in the area of the intermediate lesion. For the purpose of this study, a negative 

SPECTT includes normal perfusion, reversible perfusion defects not allocated to the area of 

interest,, and persistent defects. 

PTCAA of the severe lesion was scheduled within one week after SPECT. Coronary 

angiographyy was performed using the percutaneous femoral approach. During this procedure, 

CFVRR measurements were performed distal to the intermediate lesion to determine its functional 

severity.. A CFVR of > 2.0 was considered negative. ' ' Coronary lesion severity was measured 

offlin ee by quantitative coronary angiography (QCA), using the CMS-QCA software version 3.32 

(MED1S,(MED1S, heiden, Netherlands) as previously described. The intermediate lesion was treated with 

PTCAA if both SPECT and CFVR were positive. Otherwise, the intermediate lesion was left 

untreated.. The cardiac catheterization procedure was completed by performing PTCA of the 

severee lesion. 

Clinicall  follow-up was performed at 3, 6 and 12 months. In the event of persistent or 

recurrentt anginal complaints, SPECT imaging was repeated. CFVR was measured again when 

repeatt coronary angiography was performed. The protocol warranted a (repeat) PTCA of the 

intermediatee lesion or coronary artery bypass grafting (CABG) during follow-up only if angina 

waswas related to the intermediate lesion as determined by a positive SPECT or a positive CFVR (i.e. 

CFVR<2.0). . 

SingleSingle photon emission computed tomography (SPECT) 

SPECTT was performed using ^techneuurn-sestamibi, according to a two day stress/rest 

standardd protocol, as previously described. Dipyridamole (0,56 mg/kg intravenously during 4 

minutes)) was used as a hyperaemic agent. Data acquisition and reconstruction were performed 

accordingg to the procedure guideline for myocardial perfusion imaging of the Society of Nuclear 
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Medicine.. Briefly, SPECT acquisition was performed with a 3 headed gamma-camera equipped 

withh low energy high resolution collimators. Images were reconstructed using filtered back 

projection;; no attenuation correction was used. 

Ann expert panel of nuclear medicine physicians, blinded to the angiographic data, evaluated 

thee scintigraphic images. Perfusion defect severity was classified as dubious, mild, moderate or 

severe.. Improvement at rest of more than one grade was considered to be a 'reversible' perfusion 

defect.. Improvement of just one grade or no improvement was considered to be a 'persistent' 

perfusionn defect. The result was considered 'positive' when a reversible defect was allocated to 

thee perfusion territory of the coronary artery of interest. Defects located in the anterior wall and 

septall  region were allocated to the left anterior descending artery (LAD); defects in the lateral 

walll  to the left circumflex coronary artery (LCx); and inferior defects to the right coronary artery 

(RCA).. Apical defects were considered to be located in the LAD region unless the defect 

extendedd to the lateral (LCx) or inferior (RCA) wall. In the watershed regions the extension of a 

defectt to either anterior wall (LAD), lateral wall (LCx) or inferior wall (RCA) was decisive for 

allocationn to the vascular bed of a coronary artery. 

CoronaryCoronary How velocity reserve (CFVR) measurements 

Floww velocity was measured with a 0.014" Doppler guidewire (FloWire , Endosomcs, Rancho 

Cordova,Cordova, CA). This wire was advanced distal to the coronary narrowing. Distal flow velocity data 

att baseline and during hyperaemia (induced by an intracoronary bolus of adenosine, 15 fig in 

right,right, and 20 fxg in the left coronary artery) were obtained; Doppler signals were processed by real 

timee spectral analysis. The operator was not aware of the results of the SPECT at the time of 

thee intracoronary measurements. CFVR was computed as the ratio of hyperaemic/basal average 

peakk blood flow velocity. CFVR values were prospectively categorized according to the 

previouss established cut-off value of 2.0. ' ' 

OutcomeOutcome events 

Thee primary outcome was defined as the occurrence of one of the following events, related to 

thee intermediate lesion, during one-year follow-up: cardiac death, myocardial infarction (defined 

ass a total creatine kinase concentration of more than twice the upper limit and/or documented 

STT elevation or new Q-waves in at least two electrocardiographic leads), or (repeat) PTCA of the 

intermediatee lesion or CABG. An independent Critical Event Committee assigned the events to 

diee intermediate or the severe lesion, using all available clinical and angiographical data but 

blindedd to the initial results of CFVR and SPECT. Moreover, they indicate if these events were 

'ischemiaa driven' (i.e. objective evidence of ischemia in the area of interest). 
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TABLETABLE 1: Baseline characteristics of the 191 patients, available for analysis 

Patients s Male e 

Agee in years (mean, range) 

71% % 

611 (32-80) 

Histor y y Peripherall  vascular disease 

Previouss myocardial infarction 

Previouss PTCA 

Previouss CABG 

99 (5%) 

744 (39%) 

222 (12%) 

0 0 

Riskk factors Smoking g 

Hypertension n 

Hypercholesterolaemia a 

Non-insulinn dependent diabetes mellitus 

Positivee cardiac family history 

1444 (75%) 

744 (39%) 

113(59%) ) 

166 (8%) 

1066 (56%) 

Anginall  complaints CCSS class 1 

CCSS class 2 

CCSS class 3 

Braunwaldd I or II 

188 (9%) 

655 (34%) 

955 (50%) 

133 (7%) 

CCSS indicates Canadian Cardiovascular Society. 

DataData analysis 

Patientss were included in the final analysis if results of both SPECT and CFVR were available. 

Basedd on these results, 4 groups were identified: (A) both SPECT and CFVR negative, (B) 

SPECTT negative, CFVR positive, (C) SPECT positive and CFVR negative, and (D) both SPECT 

andd CFVR positive, (figure 1). Primary outcome event rates for the dichotomized results of 

SPECTT and CFVR were calculated separately for those patients in which a PTCA was deferred 

basedd on the protocol (groups A, B, and C), including relative risks and 95% confidence intervals 

(CI). . 

Univariatee analysis was performed on relevant clinical, angiographic and scintigraphic data for 

predictionn of primary outcome events. Multivariate backward stepwise logistic regression analysis 

wass performed for the prediction of the primary outcome event (model 1), using those 

parameterss that revealed a p<0.1 widi univariate analysis. Continuous variables were 

dichotomizedd on their median. Subsequently, the dichotomized results of CFVR (model 2) were 

addedd to model 1 and the predictive value of these two models were compared using the chi-

squaree statistic. 
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RESULTS S 

AA total of 201 patients gave informed consent; 10 patients were excluded from analysis because 

resultss of SPECT or CFVR were not available for various reasons. Thus, 191 patients were 

evaluatedd according to the study protocol (table 1). The intermediate lesion was located in the 

RCAA in 20%, LAD in 47%, and LCx in 33%. The mean percentage diameter stenosis on QCA 

waswas 54% (range 34-74%) for the intermediate lesions and 79% (range 50-99%) for the severe 

lesions. . 

SPECTT showed one or more reversible perfusion defects in 157 patients (82%), and 

persistentt defects in 67 patients (35%). More specifically, in 30 patients (16%), a reversible 

perfusionn defect was allocated to the region of the intermediate lesion by the panel of nuclear 

medicinee physicians; no persistent perfusion defects were present in these regions. A reversible 

defectt was allocated to the initial severe lesion in 153 (80%) of the patients. 

Inn total, 46 patients (24%) had a CFVR<2.0 in the coronary artery with the intermediate 

lesion.. Discordant results between SPECT and CFVR concerning the intermediate lesion were 

observedd in 58 (37 in group B and 21 in group C) of the 191 patients (30% disagreement; kappa 

0.058,, p=0.41). A PTCA of the intermediate lesion was performed in 9 (group D) and deferred in 

1822 (groups A, B, and C) patients, according to the study protocol.. 

FIGUREFIGURE 1 (see next page): Trial design of the ILIAS-study. A positive SPECT was defined as a reversible perfusion 

defectdefect in the area of the intermediate lesion; a positive C F VR was defined as a CFVK<2.0. The number of patient who 

enteredentered the different groups, and the events assigned to the intermediate lesion, are depicted. 
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OutcomeOutcome events 

Noo follow-up was available in 2 patients (both group A). These patients were excluded from 

furtherr analysis. During the one-year of follow-up 59 cardiac events occurred. Cardiac deaths did 

nott occur. The Critical Event Committee assigned 19 of these 59 events to the intermediate 

lesionn (primary outcome): 3 myocardial infarctions, 3 CABG and 13 PTCA procedures. In total, 

88 (6%) events occurred in group A, 9 (24%) in group B, 1 (5%) in group C, and 1 (11%) in group 

D.. The Critical Event Committee considered objective evidence that is indicative for myocardial 

ischemiaa present in 13 of the 16 revascularizations (81%) (see Table 2). There was uncertainty 

regardingg presence of myocardial ischemia in 2 patients, while it was absent in 1 patient. 

TABLETABLE 3: Primary outcome events, related to the intermediate lesion, presented for the dichotomized results of 

CFVRCFVR and SPECT for those patients in whom a PTCA PTCA was deferred and follow-up was available (group A, A, B, 

andC;n=180). andC;n=180). 

nn Events (%) 95% CI 

CFVR R 

Negativee (CFVR>2.0) 143 

Positivee (CFVR<2.0) 37 

SPECT T 

Negativee (no reversible perfusion defect in AOI) 159 17 (10.7%) 6.5-16.8 

Positivee (reversible perfusion defect in AOI) 21 1 (4.8%) 0.3-25.9 

0.1-3.2 0.1-3.2 

99 (6.3%) 3.1-12.0 

99 (24.3%) 12.4-41.6 

1.7-9.1 1.7-9.1 RR RR 3.9* 3.9* 

RR RR 0.5* 0.5* 

**  p < 0.05 between both RRs 

AOII  indicates area of interest; CFVR, coronary flow velocity reserve; CI, confidence interval; RR, relative risk; 

SPECT,, single photon emission computed tomography. 

Primaryy outcome event rates for patients with positive and negative test results of SPECT 

versuss positive and negative test results of CFVR were determined separately for the 180 patients 

off  group A, B, and C (table 3). The relative risk for the primary outcome event of a positive 

CFVRR was 3.9 (95% CI: 1.7-9.1; p<0.05). In contrast, the relative risk of a positive SPECT was 

0.55 (95% CI: 0.1-3.2; n.s.). These relative risks were statistically significantly different (p<0.05). 

Univariatee analysis showed that sex, age, percentage diameter stenosis on QCA, positive 

familyy history for cardiac disease, and CFVR (cut-off value 2.0) were significant predictors 
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(p<0.1)) of primary outcome events. For other geometric parameters measured with QCA 

(percentagee area stenosis, minimal lumen diameter and reference diameter), no significant 

predictivee value was detected using univariate analysis. The multivariate models are depicted in 

tablee 4. CFVR was the only significant predictor in model 2. Model 2 constituted a statistically 

significantt improvement over model 1 (Axi2z::5.89; p=0.013). 

TABLETABLE 4: Results of 2 multivariate logistic regression models for prediction of primary outcome events, using the 

180180 patients (group A, B, and C) in whom a PTCA of the intermediate lesion was deferred and follow-up was 

available,available, model 1 is based on clinical, angiographic and scintigraphic data; data; in model 2 the value ofCFVsX is 

addedadded to model 1 

parameter r 

Sexx (male) 

Familyy history 

%% DS > 55 on 

CFVRR < 2.0 

QCA A 

OR R 

0.41 1 

2.51 1 

2.13 3 

--

Modell  1 

tf=*-412) tf=*-412) 

95%% CI 

0.154.15 5 

0.76-8.35 5 

0.77-5.88 8 

--

P P 

0.09 9 

0.13 3 

0.14 4 

--

OR R 

0.50 0 

2.30 0 

2.18 8 

3.74* * 

Modell  2 * 

tftf =14.304) 

95%% CI 

0.174.44 4 

0.67-7.83 3 

0.77-6.20 0 

1.31-10.70 0 

P P 

0.20 0 

0.18 8 

0.14 4 

0.013 3 

*p<0.05;; * Model 2 (including CFVR) versus Model 1: p=0.013 (see text). 

ORR indicates Odds Ratio (for the presence of the parameter); 95% CI, 95 % confidence interval; %DS, percentage 

diameterr stenosis; CFVR, coronary flow velocity reserve. 

DISCUSSION N 

Thee present study shows that intracoronary measurement of a Doppler flow velocity parameter 

(CFVR)) is useful for management of an intermediate lesion in multi-vessel coronary artery 

disease.. Deferral of PTCA, based on a cut-off value of CFVR>2.0, is safe, as demonstrated by a 

loww event rate (6%) in contrast to a high event rate in case of an CFVR<2.0 (24%; relative risk 

3.9);; this prognostic value was more accurate than for SPECT (relative risk 0.5) . Measurement of 

CFVRR allows selective evaluation of functional severity of intermediate coronary lesions, that 

facilitatess risk stratification and may avoid unnecessary coronary interventions. 

CFVRCFVR versus SPECT for clinical decision-making 

Thee protocol was designed to perform a comparison between a standard test (SPECT) and an 

intracoronaryy diagnostic technique (CFVR). Within one week, all patients underwent both tests, 

conformm the recommendations for study designs for a comparison of two diagnostic tests. As 
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patientss were already scheduled for a PTCA procedure of a severe lesion, CFVR of the 

intermediatee lesion was measured during the same session. 

Extentt and severity of perfusion abnormalities on SPECT are the markers for 

cardiovascularr risk. ' As expected, severe myocardial perfusion defects were mainly located in 

thee region of the severe lesion, all treated with PTCA. However, this study protocol was designed 

too separately assess the functional status of multiple stenoses. This required an allocation of me 

perfusionn defects to the severe and intermediate lesion and was scored as positive or negative, 

necessaryy for the clinical decision to perform or defer PTCA of that particular lesion. 

Thee incidence of cardiac events, related to the intermediate lesion, was relatively low 

(19/191,, 9.9%). Nevertheless, CFVR had a better predictive value than SPECT for the 

occurrencee of primary outcome events, predominantly associated with coronary 

revascularizations,, after an expectative strategy' (group A, B, and C) for the intermediate lesion 

(relativee risk for CFVR 3.9, and for SPECT 0.5, respectively; p<0.05, see table 3). These results 

suggestt that SPECT is less adequate for clinical decision-making in these patients with multi-

vessell  disease, with respect to intermediate coronary lesions. The value of CFVR is also reflected 

byy the results of the multivariate logistic model, showing that CFVR<2.0 is the only statistically 

significantt predictor of cardiac events during one-year of follow-up (table 4). 

Thesee findings may be explained by the ability of CFVR to evaluate coronary narrowings 

selectively,, in contrast to SPECT with its inherent limitation to allocate perfusion defects to the 

culpritt lesion in multi-vessel disease. This may account for the lower concordance (70%) between 

SPECTT and CFVR than reported in previous validation studies, predominantly concerning single 

vessell  disease (80-90%) 13'U16, Moreover, the pressure drop across the intermediate lesion may 

inducee a reduction of flow to collateral dependent vascular territories in a minority of patients, 

resultingg in a larger reversible perfusion defect of the vascular territory of the severe lesion rather 

thann in a separate reversible defect in the area of the intermediate lesion 2\ 

DeferralDeferral of PTCA 

Thee aim of risk stratification is to identify patients with a high likelihood of future major cardiac 

eventss who may benefit from invasive treatment. The present study showed that deferral of 

PTCAA is safe in patients with CFVR>2.0, since they had a low event rate of 6% (group A and C). 

Thiss contrasts with 24% event rate, predominandy determined by the need for revascularization 

inn case of a positive CFVR. Against this, if deferral would have been based solely on negative 

SPECTT (i.e. no reversible perfusion defect in the area of the intermediate lesion), these patients 

wouldd have experienced a cardiac event rate of 1 1% (group A and B), which is higher than would 

bee expected. 

Forr non-invasive stress testing, low event rates (death and non-fatal myocardial infarction) 

havee been described for patients with coronary artery disease, with and without reversible 

perfusionn defects determined by SPECT (4-27% and 0-5% respectively) 23-242628. However, the 
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compositee endpoint in the present study included clinical and/or ischemia driven 

revascularizationn procedures, next to death and non-fatal myocardial infarction. For invasive 

diagnosticc strategies, safe deferral of PTC A with low event rates (5-10%) has also been reported 

usingg Doppler flow parameters 29'30. These studies did not include a comparison with standard 

non-invasivee diagnostic techniques for clinical decision-making. 

Limitations Limitations 

Thee incidence of reversible perfusion defects in the area of the intermediate lesion (16%) and a 

CFVR<2.00 of this lesion (24%) was relatively low, indicating that patients' complaints were 

predominandyy determined by the severe coronary narrowing. Consequently, the absolute number 

off  cardiac events, related to the intermediate lesion, during follow-up was low. Nevertheless, 

thesee data showed that a clinically important risk stratification is possible using CFVR with 

respectt to cardiac events in those patients in whom a PTCA was deferred. 

Scintigraphicc and flow velocity data analysis was performed at the participating centers, 

insteadd of independent core laboratories. Nevertheless, this approach reflects daily practice for 

clinicall  decision-making in patients with coronary artery disease. 

Hyperemiaa was induced differendy in this study for SPECT (dipyridamole) and CFVR 

(adenosine).. However, diagnostic accuracy's for adenosine were reported similar to those of 

dipyridamolee for SPECT.31 

I tt was anticipated that a high number of 'hard' events (i.e. myocardial infarction, death) 

relatedd to the intermediate lesion, would not occur during a relative short follow-up period of 12 

months.. Therefore, the endpoint was predominantly associated with revascularization 

procedures(16/19,, 84%); thus the liard' event rate was 1.6%. The independent Critical Event 

Committeee considered objective evidence that is indicative for myocardial ischemia present in 13 

off  these 16 revascularizations (81%, Table 2) based upon the clinical and angiographic findings, 

thee results of perfusion scintigraphy and/or CFVR measurements. These results indicate that the 

needd for revascularization was not driven by hidden biases of patients and/or physicians. 

Thee results of this study were obtained in a selected cohort of patients with stable angina 

andd multi-vessel disease as diagnosed during a cardiac catheterization, and therefore can not be 

extrapolatedd without any reserve to other patient cohorts selected for elective coronary 

angioplasty. . 
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ClinicalClinical  implications 

Itt is commonly accepted that diagnostic cardiac catheterization should be preceded by objective 

evidencee that is indicative for myocardial ischemia. This includes non-invasive stress testing using 

perfusionn scintigraphy in case of non-conclusive electrocardiographic exercise testing. However, 

thee present study showed that the role of SPECT is limited for clinical decision-making about 

intermediatee lesions in the presence of multi-vessel coronary artery disease. 

Deferrall  of PTCA of intermediate lesions in multi-vessel disease is safe when CFVR is 

negative.. Implementation of CFVR measurements during cardiac catheterization facilitates 

immediatee PTCA if necessary, that avoids additional scintigraphic testing and repeat cardiac 

catheterization,, reducing patient discomfort and procedural costs. Selective evaluation of 

coronaryy lesion severity during cardiac catheterization using CFVR allows risk stratification as it 

identifiess patients who will have a significandy higher event rate during follow-up. 
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ABSTRACT T 

BACKGROUNDD Intracoronary derived pressure based fractional flow reserve (FFR) is of 

importancee for clinical decision making in patients with single vessel coronary artery disease 

(CAD). . 

OBJECTIVESS In the present study, we investigated the prognostic value of FFR in patients 

withh intermediate lesions in the presence of multivessel CAD. 

METHODSS We analyzed 107 patients with stable angina pectoris and an intermediate 

coronaryy narrowing in the presence of multivessel disease. AH patients underwent myocardial 

perfusionn scintigraphy and showed no perfusion defects in the region of the intermediate lesion. 

Att angiography, FFR was determined distal to the intermediate lesion. FFR was abnormal (i.e. 

<0.75)) in 15/107 (15%) lesions. Angioplasty of the intermediate lesion was deferred based on the 

absencee of a perfusion defect. Patients were followed for 1 year to document major cardiac 

eventss (death, myocardial infarction, coronary artery bypass grafting (CABG), percutaneous 

transluminall  coronary angioplasty (PTCA)), related to the intermediate lesion. 

RESULTSS At 1 year follow-up, a total of 12 (11%) events occurred in the whole group, 

relatedd to the intermediate lesion. The event rate was significantly higher if PTCA was deferred 

despitee a FFR <0.75 compared to the group with FFR >0.75 (4/15; 27% versus 8/92; 9%; 

p<0.041).. The relative risk of FFR for the prediction of cardiac events was 3.1 (95% CI: 1.1-8.9; 

p<0.05). . 

CONCLUSIONSS Deferral of PTCA of intermediate coronary narrowings is safe, based on a FFR 

>0.755 in this patient cohort, that coincides with previous reports in patients with single vessel 

CAD.. Furthermore, these results indicate that FFR is useful for clinical decision making and risk 

stratificationn in patients with multivessel CAD. 

104 4 



FractionalFractional flow reserve for risk stratification 

INTRODUCTIO N N 

Assessmentt of functional significance of coronary narrowings of intermediate severity is 

importantt for clinical decision making, particularly in patients with multivessel coronary artery 

diseasee (CAD). For this purpose, intracoronary derived hemodynamic parameters (Doppler flow 

velocityy or pressure) can be used during cardiac catheterization. The diagnostic accuracy of 

fractionall  flow reserve (FFR, based on pressure measurements; cut-off value 0.75) and coronary 

floww velocity reserve (CFVR, based on Doppler flow velocity pressure measurements; cut-off 

valuee 2.0) is similar compared to the results of myocardial perfusion scintigraphy. However, FFR 

iss considered preferable for clinical decision making in patients with CAD, because it is easy to 

measure.. FFR is defined as the ratio of die distal and the aortic pressure during maximum 

hyperemia.. Deferral of percutaneous transluminal coronary angioplasty (PTCA) based on FFR 

valuess above 0.75 has been demonstrated to be safe both in retrospective and prospective 

randomizedd studies, in particular in patients with single vessel CAD. On the contrary, it has not 

beenn demonstrated that deferral of PTCA despite of a FFR <0.75 results in a unacceptable high 

eventt rate. The present analysis investigates the prognostic value of intracoronary pressure 

derivedd FFR after deferral of PTCA of an intermediate lesion in patients with multivessel CAD. 

METHOD S S 

PatientPatient selection 

Patientss with stable or unstable angina pectoris (class 1 -3 according to the Canadian 

Cardiovascularr Society or Braunwald's classification I or II) were eligible for participation. 

Coronaryy narrowing severity was expressed as percentage diameter stenosis. Patients with 

multivessell  CAD and one intermediate (defined as 40-70% diameter stenosis) were selected if no 

perfusionn defect (reversible or persistent) was present in the area of interest on single photon 

emissionn computed tomography (SPECT). Furthermore, all patients were referred for a PTCA 

proceduree of a severe narrowing in another coronary artery. Exclusion criteria were: patients with 

unstablee angina pectoris (according to Braunwald's classification III) ; factors precluding 

dipyridamolee infusion and/or assessment of intracoronary pressure; factors influencing coronary 

hemodynamicc parameters (e.g. left ventricular hypertrophy, insulin dependent diabetes, previous 

Q-wavee myocardial infarction, previous PTCA or coronary artery bypass grafting (CABG) of the 

segmentt of interest, significant left main coronary artery stenosis). The study was carried out at 

severall  institutions for interventional cardiology in the Netherlands. The protocol was approved 

byy the Institutional Review Board of the participating institutions; all patients gave written 

informedd consent. 
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StudyStudy design 

Al ll  patients underwent SPECT imaging for non-invasive assessment of functional severity of the 

intermediatee lesion. A PTCA of the severe lesion was scheduled within one week after SPECT. 

Coronaryy angiography was performed using the percutaneous femoral approach. During this 

procedure,, FFR measurements were performed distal to the intermediate lesion to determine its 

functionall  severity. A PTCA of the intermediate lesion was deferred because SPECT did not 

showw a defect in the perfusion area of this lesion. Thus, in this study FFR was measured for 

observationall  purposes. The cardiac catheterization procedure was completed by performing 

PTCAA of the severe lesion. Clinical follow-up was performed at 3, 6 and 12 months. In the event 

off  persistent or recurrent anginal complaints, SPECT imaging was repeated. The protocol 

warrantedd a (repeat) PTCA of the intermediate lesion or CABG during follow-up only if angina 

wass related to the intermediate lesion. 

SingleSingle photon emission computed tomography (SPECT) 

SPECTT was performed using 99mtechneuum-sestamibi, according to a two day stress/rest 

protocol.. Dipyridamole (0,56 mg/kg intravenously during 4 minutes) was used as hyperemic 

agent.. Anti-anginal medication was discontinued 48 hours before the stress SPECT. Acquisition 

andd display of tomographic images was performed according to routine procedure. 

Ann expert panel of nuclear medicine physicians, blinded to the angiographic data, 

evaluatedd the scintigraphic images for the presence of reversible and/or persistent perfusion 

defects.. The result was considered 'positive' when a perfusion defect was allocated to the 

perfusionn territory of the coronary artery of interest. Defects located in the anterior wall and 

septall  region were allocated to the left anterior descending artery; defects in the lateral wall to the 

leftt circumflex artery; and inferior defects to the right coronary artery. Apical defects were 

consideredd to be located in the left anterior descending artery region unless the defect extended 

too the lateral or inferior wall. In the watershed regions the extension of a defect to either anterior 

wall,, lateral wall or inferior wall was decisive for allocation to the vascular bed of a coronary 

artery. . 

Thus,, SPECT was considered 'negative' if no perfusion defect (reversible or persistent) 

wass determined in the area of the intermediate lesion. For the purpose of the study, a negative 

SPECTT includes normal perfusion in the area of interest and perfusion defects, not allocated to 

thee area of interest. 

FractionalFractional flow reserve (FFR) measurements 

FFRR was measured with a 0.014" pressure guidewire (RADI, Uppsala, Sweden). This wire was 

advancedd distal to the coronary narrowing. Aortic and distal pressure data at baseline and during 

hyperaemiaa (induced by an intracoronary bolus of 15-20 ug adenosine) were obtained. The 

operatorr was not aware of the results of SPECT at the time of the intracoronary measurements. 
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FFRR was computed as the ratio of distal and aortic pressure during maximum hyperemia. FFR 

valuess were categorized according to the previous established cut-off value of 0.75. ' ' 

OutcomeOutcome events 

Thee primary outcome was defined as the occurrence of one or more of the following events, 

relatedd to the intermediate lesion, during one-year follow-up: cardiac death, myocardial infarction 

(definedd as a total creatine kinase concentration of more than twice the upper limit and/or 

documentedd ST elevation or new Q-waves in at least 2 electrocardiographic leads), or PTCA of 

thee intermediate lesion or CABG. Revascularization procedures (PTCA, CABG) were preceded 

byy repeat SPECT in case of recurrent or persistent anginal complaints. A Critical Event 

Committee,, blinded to the initial results of FFR, assigned the events to the intermediate or the 

severee lesion. 

DataData analysis 

Alll  values are expressed as mean  standard deviation (SD); the mean of continuous variables 

weree compared using a t-test. FFR and percentage diameter stenosis on quantitative coronary 

angiographyy were compared using linear regression analysis. A direct comparison of the event 

ratess in the 2 groups, based on the dichotomized results of FFR, was performed using the 

Pearsonn chi-square test on a per patient basis. The relative risk, including 95% confidence 

intervalss (95% CI), for prediction of cardiac events was calculated. 

RESULTS S 

Inn total, 107 patients were analyzed. The percentage diameter stenosis of these lesions, as 

measuredd with quantitative coronary angiography, ranged from 35-74%. FFR was less than 0.75 

inn 15 lesions. Baseline characteristics of all patients are depicted in table 1 per group, based on 

thee dichotomized results of FFR. There were no differences in baseline characteristics between 

thesee groups. All angiographic and hemodynamic parameters are depicted in table 2. In figure 1, 

thee percentage diameter stenosis is depicted versus the FFR value (linear regression analysis: y=-

0.004xx + 1.03; p<0.001). The R2 statistic was 9.3%, indicating that despite the statistically 

significantt slope the majority of the variability in FFR can not be explained by variation in 

percentagee diameter stenosis. 

Clinicall  follow up at 1 year was completed in all patients. A total of 12 events occurred 

(11%),, related to the target lesion (see table 3). No deaths occurred. Myocardial infarction 

occurredd in 3 patients. A revascularization procedure was performed in 9 patients; 7 (78%) of 

themm were ischemia driven, as determined by (non-) invasive stress testing. A statistical significant 

differencee was present between the FFR >0.75 and FFR <0.75 group: 8/92 (8.7%; 95% CI: 4.1-
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16.9)) and 4/15 (26.7%; 95% CI: 8.9-55.2), respectively; chi-square 4.18, p=0.041. The relative risk 

wass 3.1 (95% CI: 1.1-8.9; p<0.05), i.e. FFR <0.75 was a good predictor for cardiac events during 

11 year of follow-up. 

TABLETABLE 1: Baseline characteristics 

Men n 

Meann age in years (range) 

Meann heartrate 

Meann systolic bloodpressure (mmHg) 

Meann diastolic bloodpressure (mmHg) 

Peripherall  vascular disease 

Previouss myocardial infarction 

Previouss coronary angioplasty 

Previouss coroanry bypass 

Smokingg (current) 

Smokingg (previously) 

Systemicc hypertension 

Dyslipidemia a 
(totall  cholesterol level >6.5 mmol/1) 

Non-insulinn dependent diabetes mellitus 

Positivee cardiac family history 

Beta-blockers s 

Calciumm antagonists 

Nitrates s 

Acetylsalicyl-acids s 

Lipi dd lowering drugs 

CCSS class 1 angina 

CCSS class 2 angina 

CCSS class 3 angina 

Braunwaldd I or I I angina 

FFRR > 0.75 

(n=92) ) 

666 (72%) 

611 (34-80) 

67+13 3 

2 2 

3 3 

55 (5%) 

388 (41%) 

111 (12%) 

0 0 

244 (26%) 

466 (50%) 

377 (40%) 

555 (60%) 

111 (12%) 

488 (52%) 

777 (84%) 

488 (52%) 

588 (63%) 

899 (97%) 

566 (61%) 

22 (2%) 

155 (16%) 

533 (58%) 

222 (24%) 

FFRR <0.75 

(n=15) ) 

133 (87%) 

622 (35-78) 

9 9 

139121 1 

79+13 3 

0 0 

88 (53%) 

0 0 

0 0 

33 (20%) 

99 (60%) 

22 (13%) 

88 (53%) 

0 0 

100 (67%) 

111 (73%) 

88 (53%) 

122 (80%) 

155 (100%) 

99 (60%) 

0 0 

11 (7%) 

99 (60%) 

55 (33%) 
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TABLETABLE 2: Angiographic and hemodynamic parameters. 

FFRR > 0.75 

(n=92) ) 

FFRR <0.75 

(n=15) ) 

Rightt coronary artery 

Leftt anterior descending artery 

Leftt circumflex artery 

Diameterr stenosis (%) 

Minimall  lumen diameter (mm) 

Referencee diameter (mm) 

Fractionall  flow reserve 

Hyperemicc aortic pressure 

Hyperemicc distal pressure 

Hyperemicc heartrate 

255 (27%) 

400 (43%) 

277 (30%) 

52.8+8.6 6 

6 6 

6 6 

7 7 

6 6 

6 6 

1 1 

22 (13%) 

122 (80%) 

11 (7%) 

7 7 

8 8 

9 9 

9 9 

8 8 

6 6 

1 1 

p<0.001 p<0.001 

p<0.001 p<0.001 

0.9 9 

0.8 8 

a. a. 
Ü.0.7 7 

0.6 6 

0.5 5 

0.4 4 

oo O O ffl Ö 

AO O 

o o 
oo O 

oo o 
;;  O O O 

AA 0 o O ° < / 
OO oo o o o o 

o o 

o o 

II ' I ' I ' I ' I ' I 
300 40 50 60 70 80 

Percentag ee diamete r stenosi s by OCA 

F/GUREF/GURE 1: Percentage diameter stenosis versus FFR of the intermediate stenosis for all patients (n=107). The dashed line 

indicatesindicates the cut-off value for FFR ofO. 75. Patients with (*) or without (if) an event duringfollow-up are indicated. 
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DISCUSSION N 

Thesee results clearly demonstrate that deferral of PTCA of intermediate coronary narrowings is 

safe,, based on a FFR > 0.75 in patients with multivessel CAD. Moreover, the event rate is 

significantlyy higher if a PTCA is deferred despite of a FFR <0.75 (8.7% versus 26.7%; relative 

riskk 3.1). This is the first study showing that this cut-off value is useful for clinical decision 

making,, and thus risk stratification, in patients with intermediate stenoses and multivessel CAD, 

evenn if myocardial perfusion scintigraphy did not show perfusion defects in the area of interest. 

ComparisonComparison with other studies 

Safee deferral of PTCA based on FFR>0.75 has been demonstrated in previous studies, with 

relativelyy low event rates (6-10%) at 1 year follow-up. A retrospective analysis of 100 patients 

admittedd for PTCA of an intermediate lesion, but in whom the planned intervention was deferred 

basedd on a FFR>0.75 showed a low event rate at a mean of 18 months follow-up (8%, of which 

4%% target stenosis related). Furthermore, their average Canadian Cardiovascular Society Class 

decreasedd from 2.0 at baseline to 0.7 at follow-up. The authors conclude that in patients with 

chestt pain referred for PTCA of an intermediate lesion, deferral of the intervention on the basis 

off  a FFR>0.75 is safe and associated with much lower clinical event rate than if the procedure 

hadd been performed as initially planned. It is important to know that the clinical event rate after 
99 11 

PTCAA is 20-25%, although this rate is decreasing in the stenting-era. 

Thesee promising results lead to the conduction of a large prospective, multi-center study 

(DEFERR trial). In this study, patients were included for whom PTCA was planned but who did 

nott have objective evidence for myocardial ischemia. In total, 325 patients were randomized 

betweenn performance or deferral of PTCA. All patients with a FFR <0.75 underwent PTCA as 

plannedd anyhow. In 181 patients, a FFR>0.75 was measured of the target lesion. In these 

patients,, the event free survival was at 1 year follow-up 92% in the 'deferral' group versus 89% in 

thee 'performance' group; at 2 year follow-up the event free survival was 89% and 83% , 

respectively.. Recently, in the COMPRESS trial in 71 patients with an intermediate coronary 

lesion,, therapy was stratified based on the FFR (cut off value 0.75). In 47 patients a PTCA was 

deferred,, based on a FFR >0.75. At 12 months follow-up, the clinical event rate in this group was 

12.8%;; this was significantly lower than in the group with FFR <0.75 (n=24), who underwent a 

PTCAA accordingly (33.4%). In the above mentioned studies, clinical event rate was defined as the 

occurrencee of MACE (death, MI , CABG, PTCA), which is in accordance with our study. In 

summary,, all these studies demonstrate safe deferral of PTCA based on FFR >0.75 in patients 

withh intermediate coronary narrowings. This was emphasized by a recent editorial of Wilson, 

statingg that there is strong evidence that patients with non-thrombotic, stenotic narrowings with 

aa FFR>0.75 are not likely to benefit from angioplasty. The present study was performed in 

patientss with multivessel disease, in contrast to previous reports conducted in patients with single 
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vessell  disease. Therefore, the use of FFR for clinical decision making can be extended to a more 

generall  population of patients with coronary artery disease. 

DeferralDeferral ofPTCA in spite ofFFR<075 

Inn the current patient group, a PTCA of the target stenosis was deferred based on the result of 

SPECT,, i.e. the absence of a perfusion defect in the area of interest. Therefore, we were able to 

observee the clinical outcome after deferral of PTCA of coronary narrowings, despite of a FFR 

<0.75.. First, the results confirm that deferral of PTCA based on a FFR >0.75 is safe. Moreover, 

thee opposite is also of clinical importance, i.e. the event rate was significandy higher if a PTCA is 

deferredd in spite of a FFR <0.75 (8.7% versus 26.7%); the relative risk was 3.1. To the best of 

ourr knowledge, this is the first study reporting a marked increased event rate after deferral of 

PTCAA in spite of FFR <0.75. 

Limitations Limitations 

Wee performed an observational analysis in a selected group of patients. For inclusion in this 

analysis,, no perfusion defect had to be present on SPECT in the area of interest and, thus, a 

PTCAA was deferred. This design allowed us to observe the occurrence of cardiac events in case 

off  a negative SPECT, even if FFR was <0.75. The results provide clear evidence for the 

prognosticc value of FFR in patients with multivessel disease, allowing risk stratification which is 

importantt for patient management. 

Thee event rate in the whole group of patients with no perfusion defect in the area of 

interestt is high (12/107; 11%). The composite endpoint in the present study included clinical 

and/orr ischemia driven revascularization procedures, next to death and non-fatal myocardial 

infarction.. For non-invasive stress testing, low event rates (death and non-fatal myocardial 

infarction;; 0-5%) have been described for patients without perfusion defects determined by 

SPECTT in patients with single vessel disease. This is in accordance with the present study, 

thatt showed a 'hard' event rate of 3.7% (4/107; see table 3). Our findings (i.e. 11% event rate) 

mayy be explained by the inability of SPECT to selectively evaluate coronary narrowings within a 

patient,, due to its inherent limitation to interpret watershed regions in multivessel disease.3 

Thee endpoints were predominandy associated with revascularization procedures (9/12, 

75%).. The independent Critical Event Committee considered objective evidence of myocardial 

ischemiaa present in 7 of these 9 revascularizations (78%) based upon the clinical and 

angiographicc findings, and the results of (non-) invasive diagnostic tests. These results indicate 

thatt the need for revascularization was not driven by hidden biases of patients and/or physicians. 

I l l l 



ChapterChapter 7 

ClinicalClinical  implications 

Thesee results underline the importance of FFR for clinical decision making in the cardiac 

catheterizationn laboratory and confirm previous reports in patients witf i single vessel disease. 

FFRR allows risk stratification in patients with coronary narrowings of intermediate severity in the 

presencee of multivessel coronary artery disease and FFR has an additional prognostic value in 

thesee patients in case of the absence of a perfusion defect in the area of interest with SPECT. In 

summary,, FFR measured during cardiac catheterization is more useful than SPECT as a 

diagnosticc tool for management of patients with multivessel coronary artery disease. 
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ABSTRAC T T 

OBJECTIVESS A cost-effectiveness analysis was performed of different management strategies 

too decide upon PTCA of an intermediate lesion in patients with multi-vessel coronary artery 

diseasee who were scheduled for PTCA of a severe lesion in another artery. The strategies were 

basedd on myocardial perfusion scintigraphy (SPECT) and /or intracoronary derived blood flow 

velocityy reserve (CFVR). 

METHODSS Clinical and costs data were prospectively collected in a multi-center study with 

onee year follow-up (N=191). Four management strategies, assuming performance of PTCA after 

positivee test results, were compared: SPECT, CFVR (cut-off value of 2.0), and combined 

strategiess with one (Extensive) or two (Restrictive) positive test(s). Effect was defined as the 

probabilityy of a cardiac event free first year after management of the intermediate lesion. 

RESULTSS A strategy based on CFVR was most effective; the Restrictive strategy had the 

lowestt costs. Overall, probabilistic sensitivity analyses revealed that the Restrictive strategy was 

mostt cost-effective; with increasing willingness-to-pay (WTP) values (above €20,000) a CFVR 

strategyy gradually became equally cost-effective. 

CONCLUSIONSS A Restrictive strategy is most preferable to decide upon performance of PTCA 

off  the intermediate lesion. The CFVR strategy is equally preferable, if one highly values an 

additionall  cardiac event (predominandy revascularizations) free year. 
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INTRODUCTIO N N 

Intermediatee lesions (40-70% diameter stenosis) can be treated in the same procedure of the 

electivee percutaneous transluminal coronary angioplasty (PTCA) of a severe coronary narrowing 

(>70%% diameter stenosis). Extending the procedure in order to prevent the intermediate lesion to 

causee new events is feasible and probably cost saving in the end. Objective evidence of functional 

severityy is mandatory before one accurately can decide to treat the intermediate lesion. The 

standardd diagnostic approach is non-invasive stress testing, for instance by single photon 

emissionn computed tomography (SPECT).1"3 

Recently,, intracoronary measurement of hemodynamic parameters during the cardiac 

catheterizationn has been introduced to selectively determine functional severity.4"6 The results of 

thee "Intermediate Lesions: Jntracoronary flow Assessment versus "Tc-MIB I .SPECT" (ILIAS) 

studyy showed that intracoronary derived flow velocity reserve (CFVR) was a better predictor than 

SPECTT for the occurrence of cardiac events (predominandy revascularizations), related to the 

intermediatee lesion, in die first year following diagnosis (relative risk for CFVR 3.9, 95% CI: 1.7-

9.2;; and for SPECT 0.5, 95% CI: 0.1-3.2; p<0.05).7 

Inn this paper, the results of the ILIA S study are presented in an economic perspective. 

Severall  alternative diagnostic strategies for SPECT to determine functional significance of 

intermediatee coronary narrowings were formulated, using CFVR either to supplement or to 

replacee SPECT. For acceptance of CFVR in daily clinical decision-making, proof of cost-

effectivenesss is mandatory. This depends, among others, on the so-called society's 'willingness-

to-pay'' (WTP). Applying a diagnostic strategy to a patient will result in some health benefit at 

somee costs. Strategies can be evaluated by studying the costs differences in relation to the 

differencess in effects. Obviously, if a new strategy is cheaper and more effective than the 

referencee strategy, it is also more cost-effective. However, if the new treatment is both more 

expensivee and more effective, then one should wonder whether it offers enough value for 

money.. We are only willing to pay the extra costs for the additional health benefit if the ratio of 

thesee extra costs to the additional health benefit lies below some predefined limit. This WTP level 

dependss on the effects to be observed; e.g., we are willing to pay more to prevent immediate 

cardiacc death compared with a high cholesterol level. 

Thee aim of the present study was to economically evaluate four specific management 

strategiess to decide upon PTCA of an intermediate lesion in patients with multi-vessel disease. 

Therefore,, these strategies for patient management using SPECT and/or CFVR were evaluated 

withh regard to costs and effects as observed in the ILIA S study, taking into account society's 

WTPP to prevent cardiac events. 
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METHOD S S 

PatientPatient population and protocol 

Thee details of the ILIA S study have been described previously. In brief, 191 patients with one 

intermediatee coronary narrowing in die presence of multi-vessel coronary artery disease were 

enrolledd in 6 centers in the Netherlands. Al l patients were referred for PTCA of a severe 

narrowingg in another coronary artery. Two diagnostic test were compared to decide upon PTCA 

off  the intermediate lesion: single photon emission computed tomography (SPECT) and 

intracoronaryy derived Doppler flow velocity measurements coronary flow velocity reserve, 

CFVR).. The protocol was approved by the Institutional Review Board at each clinical site, and 

patientss gave written informed consent. 

Alll  patients underwent both SPECT and CFVR within 1 week. A PTCA of die 

intermediatee lesion was only performed if both test results were positive, i.e. reversible perfusion 

defectt in the area of interest on SPECT and a CFVR<2.0; otherwise , the intermediate lesion was 

leftt untreated. Patients were followed for one-year to document the occurrence of major cardiac 

eventss (death, myocardial infarction or 'ischemia driven' target lesion revascularization), related to 

thee intermediate lesion. The primary outcome was the occurrence of major cardiac events related 

too the intermediate lesion after an expectative policy. 

TABLETABLE 1: Clinical outcome of the ILIAS study with respect to the intermediate lesion (n—191) 

Groupp SPECT CFVR R 
PTCA A 

performed? ? 
nn Event rate at 1 year 

A A 

B B 

C C 

D D 

Negative e 

Negative e 

Positive e 

Positive e 

Negative e 

Positive e 

Negative e 

Positive e 

No o 

No o 

No o 

Yes s 

124 4 

37 7 

21 1 

9 9 

88 (6%) 

99 (24%) 

11 (5%) 

11 (11%) 

SPECTT indicates single photon emission computed tomography; CFVR, coronary flow velocity reserve (positive if 
CFVR<2.0);; PTCA, percutaneous transluminal coronary angioplasty. 

SummarySummary of the ILIAS  clinical outcomes 

Thee main results are summarized in Table 1. Based on the test results, a PTCA of the 

intermediatee lesion was deferred in 182 patients. In total, 19 events occurred, related to the 

intermediatee lesion: no cardiac death, 3 CABG, 3 myocardial infarctions and 13 PTCA 

procedures.. Measurement of CFVR (cut-off value 2.0) was a significantly better predictor of the 

primaryy outcome than SPECT (relative risk for CFVR 3.9, 95% CI: 1.7-9.2; and for SPECT 0.5, 
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95%% CI: 0.1-3.2; p<0.05). Multivariate analysis revealed CFVR as the only significant predictor 

forfor cardiac events (predominandy revascularizations) . 

TABLETABLE  2: Overview of probabilities, used for decision modeling, as derived from the IUAS study. 

Probabilit yy (p) on Valuee 95% CI 

Positivee SPECT 

Positivee CFVR 

Positivee CFVR, conditional on negative SPECT 

Positivee CFVR, conditional on positive SPECT 

Event,, after PTCA* 

Event,, if CFVR is negative 

Event,, if SPECT is negative 

Event,, if both SPECT and CFVR are negative 

Event,, if CFVR is negative, conditional on positive SPECT 

**  Using the effectiveness data from the intermediate lesion - the patients who actually received a PTCA of the intermediate lesion, a 

probabilityprobability ofO. 111 was calculated f or the probability of an event after PTCA. Given the few patients in this group (n=9), that 

probabilityprobability is a weak estimate and might at best be considered as an absolute minimum estimate. The probability of an event after PTCA 

0,157 7 

0,241 1 

0,230 0 

0,300 0 

0,209 9 

0,0621 1 

0,106 6 

0,0645 5 

0,0476 6 

(0,111-0,218) ) 

(0,183-0,309) ) 

(0,169-0,304) ) 

(0,154-0,496) ) 

(0,155-0,275) ) 

(0,031-0,118) ) 

(0,0650-0,166) ) 

(0,024-0,096) ) 

(0,00249-0,259) ) 

ofof the severe lesion (40/191, 20.9%) is in accordance with previous reports in other research ' 

probabilityprobability of an event after PTCA of the intermediate lesion in the model. 

andand was therefore chosen as the 
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Managementt  strategies 

AA decision tree was applied in order  to investigate whether  CFVR can serve as a diagnostic tool 

(eitherr  to supplement or  to replace SPECT) for diagnosis and treatment of the intermediate 

lesionn in multi-vessel disease. CFVR is considered positive if its value is below the cut-off of 2.0. 

Figur ee 1 shows the decision tree for  management of this intermediate lesion. Four  management 

strategiess were defined: 

(1)) SPECT, i.e. management based on SPECT alone; hence, a PTCA is performed if a reversible 

perfusionn defect is detected; 

(2)) CFVR, i.e. management based on CFVR alone; hence, a PTCA is performed if CFVR<2.0; 

(3)) Extensive, i.e. a combined strategy starting with SPECT, only followed by CFVR if SPECT is 

negative;;  a PTCA is performed if SPECT ör  CFVR is positive; 

(4)) Restrictive, i.e. a combined strategy starting with SPECT, only followed by CFVR if SPECT is 

positive;;  a PTCA is performed if SPECT and CFVR is positive. 

FIGUREFIGURE 1: Decision tree for economic assessment of of management of the intermediate lesion in patients with multi-vessel 

disease.disease. The 4 strategies are: decision-making using the results of: SPECT alone (1), CFVR alone (2), SPECT 

conditionallyconditionally followed by CFVR measurement; PTCA is performed depending on the test results, i.e. an Extensive policy 

(3)(3) with patients receiving PTCA treatment if at least one test is positive, or a Restrictive policy (4) with patients receiving 

PTCAPTCA treatment if both test results are positive. 

normal l 

SPECTT !-pSabn 

abnormal,, PTCA 

pSabn n 

normal l 

CFVRR i-pcabn 

abnormal,, PTCA 

Diagnosticc pCatm 

guidelinee abnormal, PTCA 

Extensive,, SPECT p S a b n 

(cSPECT+cFU_Snor+pSnorEVENT«cEVENT)) / (1-pSnorEVENT) 

(cSPECT+cPTCA+cFUU PTCA+pEVENT*cEVENT) / ( l -pEVENT) 

(cCFR+cFU^Cnor+pCnorEVENT'cEVENT)) / (1-pCnorEVENT) 

(cCFR+cPTCA+cFUU PTCA+pEVENT*cEVENT) / ( l - pEVENT) 

(cSPECT+cPTCA+cFU_PTCA+pEVENT*cEVENT)/ ( l -pEVENT) ) 

abnormal,, PTCA 
normal,, CFVR pS„orCab„ (cSPECT+cCFR+cPTCA+cFUJ-TCA+pEVENT-cEVENT) / ( l - pEVENT, 

]] -pSabn normal 
I-- SnotCibn (cSPECT+cCFR+cFU J n o i t n o r + p S n o i C n o r E V E N T ' c E V E N T ) / ( l -p$norCnorEVENT) 

abnormal.. PTCA 
abnormal,, CFVR pSab„Cabn (cSPECT*cCFR+cPTCA+ CFU_PTCA+pEVENT<cEVENT) / ( I -pEVENT) 

Restrictive,, SPECT vSab" (cSPECT+cCFR+cFU_SabnCnor+pSabnCnorEVENT*cEVENT)/( l-pSabnCnorEVENT) 

normal l 

l-pSabn n 

l-pSatmCabn n 

(cSPECT+cFU_Snor+pSi)orEVENT"cEVENT)) / (1-pSnorEVENT) 

LEGEND:: Effect is defined as the probability of an event-free 1 year follow-up period, related to the intermediate 

lesionn (EVENT). 

pp indicates probability; c, cost; FU, follow-up; Snor, negative SPECT result; Sabn, positive SPECT results; Cnor, 

negativee CFVR result; Cabn, positive CFVR result; EVENT, event during first year FU, related to the intermediate 

lesion.. For example: pSnorCnorEvent means: 'the probability of an event, conditional on a negative test result for both 

SPECTT and CFVR'. 
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Healthh effects 

Inn this economic evaluation, health effects and costs associated with die four management 

strategiess are considered over a 12-month follow-up period following diagnosis and eventual 

PTCAA of the intermediate lesion. Effect was defined as the probability of an event-free follow-up 

period.. This probability depends on the functional severity of the intermediate lesion as indicated 

byy the test results and whether or not PTCA of the intermediate lesion has been performed. Test 

outcomess and the probabilities of event-free 12-month follow-up period are depicted in Table 2 

andd were derived from the ILIA S study results (summarized in Table 1). 

Costs s 

Costss were derived from the ILIA S study and were expressed in 1999 euro (€). Only the costs 

relatedd to disease management of the intermediate lesion were taken into account. Essentially, 

thesee costs were examined from a societal perspective, focusing on the direct (non-)medical costs 

generatedd during diagnosis and the follow-up period, irrespective of payer source. An overview 

off  unit costs is given in Table 3. A detailed description of the recording of the data, attribution of 

events,, use of resources and unit costing is described in the Appendix. 

TABLETABLE  3: Overview of unit costs, used for decision modeling, as derived from the ILJAS study. 
PricesPrices are expressed in Euro's (1 Dutch guilder — € 0,4537802) 

Costss (c) of Value Range (Vz - 2 times) 

SPECT T 
personnel l 

material l 
overhead d 

CFVR R 

personnel l 
material l 

overhead d 

Additionall  PTCA of intermediate lesion 
(ad-hoc,, as a part of an ongoing PTCA procedure of severe lesion) 

Eventt (weighted mean) 

Myocardiall  infarction 
PTCA A 
CABG G 

Follow-up* * 

Diagnosticc cardiac catheterization 
Repeatt SPECT 

Medication n 
Consultationn cardiologist 

Travell  expenses 

**  calculated per outcome group (see Methods section) 

5488 (274-1,096) 

134 4 
123 3 
291 1 

9400 (470-1,880) 

36 6 
610 0 
294 4 

1,2766 (638-2,552) 

7,3622 (3,681-14,724) 

7,597 7 
5,884 4 

13,533 3 

690 0 
548 8 
177 7 
57 7 
6 6 
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ComparisonComparison of management strategies 

First,, CFVR, Extensive and Restrictive strategies were evaluated economically against SPECT as 

thee reference strategy for the intermediate lesion. For each comparison of two strategies die ratio 

off  the extra costs to the additional health benefit—the incremental cost-effectiveness ratio—was 

determined.. In case of a negative incremental cost-effectiveness ratio, dominance occurs, i.e. the 

dominantt strategy is associated with both more effect and lower costs. In case of a positive 

incrementall  cost-effectiveness ratio, the ratio closest to and below a given WTP level suggests the 

mostt preferable strategy. Thus, the incremental cost-effectiveness ratio reflects the additional 

costss to be invested for the more effective strategy. If no definite strategy is preferable after 

comparisonss with the reference strategy, comparison of remaining non-dominated strategies was 

performed. . 

SensitivitySensitivity analyses using Monte Carlo simulation 

Too account for uncertainties in all probability (test outcomes and health effect) and cost 

parameterss simultaneously, probabilistic sensitivity analysis was performed using Monte Carlo 

simulation.88 Beta distributions were assumed for the probability parameters , triangular 

distributionss were assumed for the costs parameters with the calculated cost value as the most 

likeliestt one within a range of half and twice this value. For each of the 25,000 runs in the Monte 

Carloo simulation the diagnostic strategy with the highest net benefit10 given some willingness-to-

payy level was taken as the preferred option. Since the willingness-to-pay level may vary by 

changingg ethics or macro-economics, the diagnostic strategies under scrutiny were evaluated at 

differentt willingness-to-pay levels to account for this potential variability. Therefore, the overall 

simulationn results reflect the acceptability of each diagnostic strategy and are presented for five 

willingness-to-payy scenarios (0, 10,000,20,000, 50,000 and 100,000 Euro). Additionally, the 

resultss from the Monte Carlo simulation were used in multinomial logistic regression analysis to 

derivee the model parameters for which the treatment decision was most sensitive, given a WTP 

valuee of €20,000. 
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RESULTS S 

ProbabilitiesProbabilities and costs 

Testt outcomes of SPECT and CFVR, and the probabilities of event-free 12-month follow-up 

periodd are depicted in Table 2. Most cardiac events were revascularization procedures (16/19, 

84%).. Table 3 shows the unit costs for different (health care) resources associated with the 

diagnosiss and subsequent treatment of the intermediate lesion. 

EconomicEconomic evaluation 

Pointt estimates of the costs and effects per strategy are depicted in Table 4. The incremental 

cost-effectivenesss ratio can be calculated from this table. Figure 2 shows the comparisons of the 

threee alternative strategies with the SPECT strategy, using diese point estimates. It can be 

appreciatedd that a strategy based on SPECT is dominated by the Restrictive strategy. The SPECT 

strategyy is less effective than the CFVR or Extensive strategy. However, the amount to pay to 

preventt an event is € 11,061 for CFVR and € 150,448 for the Extensive strategy, respectively. 

Thee Restrictive policy had the lowest cost-effectiveness ratio and dominated the strategy 

basedd on SPECT and the Extensive strategy. CFVR was the strategy with the highest effect; die 

Restrictivee strategy was associated with die lowest costs. The strategy based on CFVR was more 

effectivee than the Restrictive policy (0.902 versus 0.896), however also more costly (€ 2,236 

versuss € 1,804; Table 4); die incremental cost-effectiveness ratio was € 66,041. Hence, if 

society'ss WTP exceeds € 66,041, die CFVR strategy is most cost-effective; below this amount 

diee Restrictive strategy is society's best choice. 

SensitivitySensitivity analyses using Monte Carlo simulation 

Thee results of die Monte Carlo simulation are summarized in Figure 3. For every of die 25,000 

simulationss the most cost-effective strategy was calculated at a given WTP value. The willingness-

to-payy (WTP) determines the most cost-effective strategy. Overall, the Restrictive strategy should 

bee preferred (91% of all simulations if WTP is € 0, to 45% if WTP is €100,000). Moreover, a 

strategyy based on CFVR alone is increasingly preferable as the WTP raises (8% if WTP is € 0 up 

too 49% if WTP is € 100,000). 

Thee most sensitive parameters that constituted die data in Figure 3 were the probability of 

ann event after a negative CFVR, die probability of an event after a negative SPECT, the 

probabilityy of a positive CFVR, and die costs of a strategy based on CFVR. 
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TABLETABLE  4: The costs and effect per management strategy. 

SPECT T 

Strategy y 

CFVRR Extensive Restrictive e 

CostsCosts (in €): 

SPECT T 

CFVRR measurement 

Additionall  PTCA 

Event t 

Follow-upp costs 

548 8 

0 0 

201 1 

898 8 

322 2 

0 0 

940 0 

307 7 

718 8 

271 1 

548 8 

792 2 

448 8 

849 9 

316 6 

548 8 

147 7 

60 0 

766 6 

282 2 

TotalTotal costs 1,969 2,236 2,236 2,954 2,954 1,804 1,804 

Effect Effect 

Eventt free first year after diagnosis 
(withh respect to the intermediate lesion) 

0.878 8 0.902 2 0.885 5 0.896 6 

SPECT T 
Costs:: € 1,969 
Effect:: 0.878 

€€ 150,448 

Extensiv e e 
Costs:: € 2,954 
Effect:: 0.884 

€€ 11,061 

Dominates s 

CFVR R 
Costs:: € 2,236 
Effect:: 0.902 

€€ 66,041 

Restrictiv e e 
Costs:: € 1,804 
Effect:: 0.895 

FIGUREFIGURE 2: Incremental cost-effectiveness ratios of the 4 management strategies. The arrows indicate either dominance or the 

amountamount oj extra money needed to prevent an additional event related to the intermediate lesion. 
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FIGUREFIGURE 3: Multivariate sensitivity analysis using 18 variables (6 costs, 12probabilities). This Monte Carlo simulation 

modelmodel (25.000 samples) was performed for 5 different willingness-to-pay values (WTP, x-axis); per WTP value the 

percentagepercentage of samples (y-axis) in which a strategy demonstrated the highest net benefit that is chosen per strategy is depicted. 
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DISCUSSION N 

I nn this prospective economic evaluation, the Restrictive strategy (SPECT and only subsequent 

CFVRR if SPECT is positive) had the lowest cost-effectiveness ratio for diagnosis and treatment 

off  the intermediate lesion in multi-vessel disease. However, management based on CFVR alone 

appearedd to be most effective, and this strategy has practical advantages (i.e., 1 instead of 2 

investigations,, and thus more patient comfort) over a combined strategy. Society's willingness-to-

payy for an event free year determines the most cost-effective strategy. If SPECT has been 

performedd before the cardiac catheterization, a Restrictive strategy is most adequate for 

managementt of intermediate lesions in daily clinical practice. However, if SPECT has not been 

performedd before a patient is admitted, we recommend to perform only CFPTl measurements 

(cut-offf  value of 2.0), allowing subsequent clinical decisions. 

Cost-effectivenessCost-effectiveness analysis 

Cost-effectivenesss analysis in diagnosis of cardiac disease helps to improve patient outcome and 

limi tt costs of health care. Thus, cost-effectiveness research is increasingly attracting the attention 

off  both policy makers and the medical profession n. Recently, the rationale and methods of cost-

effectivenesss analysis in cardiac disease were described '". We followed these recommendations in 

general,, i.e. prospectively acquired data of a multi-center trial were evaluated within a team 

approach,, combining the expertise of cardiologists, nuclear medicine physicians, economists, and 

clinicall  epidemiologists. We designed a decision model in order to investigate whether CFVR can 

servee as a diagnostic tool (either to replace or to supplement SPECT) for diagnosis and treatment 

off  the intermediate lesion (Figure 1) and performed multivariate sensitivity analysis using Monte 

Carloo simulation. 

AA discrepancy is present in the interpretation of costs and effectiveness, both on patient 

levell  and in societal perspective. In the current study, three alternative strategies using CFVR 

weree evaluated against the classical approach (SPECT), as the prognostic value of CFVR is better 

inn this patient cohort". We calculated that additional costs for an event-free-year saved were € 

11,0611 up to € 150,448 (Figure 2). Eventual replacement depends merely on the so called 

willingness-to-payy of the society. A Bayesian approach was incorporated in the analysis to clarify 

thee issue of 'willingness-to-pay' (see Figure 3). It can be appreciated that for a WTP value of € 

20,0000 the Restrictive strategy is preferred in 6 5% and CFVR strategy in 35% of all simulations; 

givenn this W TP value, SPECT or Extensive strategy is preferred in less than 0.5%. These results 

aree important for policy makers to decide whether or not to reimburse the costs of CFVR 

measurementt for the diagnosis of coronary artery disease. 
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DesignDesign of the economic subansdysis 

Inn the current analysis we considered for the combined strategies that all patients underwent 

SPECTT before cardiac catheterization, in which PTCA of the severe lesion is planned. Thus, we 

excludedd the possibility of starting with CFVR, followed by SPECT and, if necessary, a repeat 

cardiacc catheterization during which PTCA of the intermediate lesion will be performed. It is 

obviouss that this combined policy of SPECT and CFVR will be very cosdy, next to patient 

discomfortt and increased risk. 

Inn this study, relatively small differences in effectiveness (first year event free survival: 

0.878-0.902,, see table 4) were observed. However, in terms of risk for an event, the differences 

aree substantial, e.g. 9.8% for CFVR versus 12.2% for SPECT; that is an increase of 24%. 

Moreover,, significant and clinically relevant conclusions can be obtained from this economic 

assessmentt of the clinical data. The results demonstrate mat cost-effectiveness analysis is very 

usefull  for both policy makers and cardiologists for decision-making in daily clinical practice. 

Basedd on these relatively small differences in effectiveness between the different strategies and 

givenn the fact that the event rate in the whole population was 10.4% (19/182), one could think of 

thee possibility to defer angioplasty of the intermediate lesion anyway, without expensive and 

diagnosticc testing using SPECT and/or CFVR measurements. It is obvious that such strategy is 

associatedd with low costs (€ 1,233) in comparison with the other strategies (see table 4). 

However,, for two reasons such strategy is not favored in clinical practice. First, performing 

CFVRR allows the cardiologist to perform a clinically important risk stratification, necessary for 

adequatee patient management. Second, the quality of life of the patients is not incorporated in 

thiss analysis. An expectative strategy for the intermediate lesion resulted in 10% event rate during 

onee year follow-up; these events were predominantly associated with revascularization 

proceduress and, thus, with a period of stable anginal complaints in the majority of patients. 

ComparisonComparison with other studies 

Too the best of our knowledge, this is the first report on cost-effectiveness analysis between 

SPECTT and CFVR for management of patients with multi-vessel coronary artery disease. 

Previouss studies on cost-effectiveness for SPECT1314 and CFVR15 were performed, although the 

patientt groups were not comparable with the population investigated in the ILIA S study. 

Pattersonn et al.14 compared exercise ECG, SPECT, positron emission tomography (PET) and 

angiographyy for diagnosis of coronary artery disease, based on a madiematical model with data 

fromm literature. PET appeared to be the most cost-effective test. In this model, the fee for 

SPECTT ($1,200) was incorporated; this is higher man the value we calculated for SPECT (€ 548), 

basedd on the real costs. Of note, the fee in the Netherlands for performing SPECT is about € 

500.. The EMPIRE study 13 was a retrospective review of patients newly presenting with 

symptomss suggestive for coronary artery disease. All participating centers supplied information 
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onn costs and charges for procedures. For myocardial perfusion imaging, mean costs were 

calculated:: £ 220, which is somewhat lower than the value we calculated for SPECT (€ 548). 

Inn the DEBATE II trial (provisional stent placement guided by Doppler flow velocity 

measurements)) l3, direct medical front-office costs were calculated. For measuring CFVR only 

thee costs of a Doppler flow guidewire (€ 483) were reported; we report a price of € 568 for a 

Dopplerr flow guidewire (based on real cost data from the Academic Medical Center Amsterdam 

19999 hospital ledger and the buying-department). Moreover, in the present study we additionally 

calculatedd direct medical back-office costs (overhead). 

Inn particular, the costs of a Doppler guidewire (€ 568, as a part of the total costs of CFVR, 

i.e.. € 940) contributed considerably to the costs of a strategy based on CFVR. It is expected, 

basedd on marketing developments, that the price of a Doppler guidewire will be reduced in the 

nearr future. Univariate sensitivity analysis revealed that the CFVR strategy' will dominate (i.e. 

moree effective, less costs) at least SPECT if the unit costs of the Doppler guidewire are below € 

3577 (total costs of a strategy based on CFVR are € 729). 

Limitations Limitations 

Duringg the follow-up period of the ILIA S study, nineteen events occurred that were assigned to 

thee intermediate lesion: 3 myocardial infarctions, 3 CABG and 13 PTCA procedures. There were 

noo cardiac deaths. Thus, events were predominantiy associated with revascularization procedures, 

whichh is important for the willingness-to-pay. 

Costt data were calculated per arm of the decision tree and not per included patient. 

However,, sensitivity analysis on costs data revealed that a reasonable variability in these cost data 

didd not affect the main results (compare Figures 2 and 3). 

Thee diagnostic gain in this patient population was relatively low, i.e. the observed numbers 

off  positive test-results for the intermediate lesion were low (16% positive SPECT and 24% 

positivee CFVR, respectively). Apparently, it illustrates that an intermediate lesion in the presence 

off  multi-vessel disease is often not functional significant. The indication for assessment of 

functionall  severity of the intermediate lesion was mediated by the planned intervention for the 

severee lesion. Therefore, the relatively 'early' diagnosis of the intermediate lesion is inherent to 

thee chosen protocol. We attempted to create a model that simulates an increase of the diagnostic 

gain,, by increasing the number of patients with positive results on both tests (group D), 

respectingg the observed ratio over the groups A, B and C. Furthermore, the observed event rates 

inn these 4 groups were extrapolated in this new model. Interestingly, the Restrictive strategy was 

dominatedd by the CFVR strategy by increasing the diagnostic gain (i.e. more positive test results 

onn both SPECT and CFVR), suggesting that the value of CFVR is even greater in more diseased 

coronaryy arteries. 
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ClinicalClinical  implications 

Thee Restrictive strategy is the most cost-effective strategy to decide upon PTCA in patients with 

intermediatee coronary narrowings in the presence of multi-vessel disease; CFVR is the most 

effectivee strategy with respect to cardiac events, particularly revascularization procedures. 

Therefore,, society's willingness to pay (and thus potential reimbursement) determines which 

strategyy is the favorite one. 

Withh increasing WTP values, the decision between the Restrictive and CFVR strategy 

becomess arbitrary. In general, for daily clinical practice in this patient cohort we recommend the 

following;; only measurement of CFVR during cardiac catheterization if SPECT has been 

performedd and showed reversible perfusion defects in the area of interest; then, only 

performancee of PTCA if CFVR<2.0 (i.e. a Restrictive strategy). However, if SPECT has not been 

performedd before a patient is admitted to the cardiac catheterization laboratory (e.g. unstable 

angina,, ad-hoc setting), we recommend to perform CFVR measurements, and subsequent clinical 

decisionss can be based on this CFVR value, with a cut-off value of 2.0. 
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APPENDIX X 

Recording-Recording- data, attribution of events and use of resources 

Clinicall  event and resource use data were prospectively recorded during initial assessment and 

duringg the 12 months follow-up with specially designed Case Report Forms. Detailed 

informationn was available on sources for performing SPECT, coronary angiography, CFVR 

measurements,, and PTCA. 

Thee intracoronary flow velocity assessment of the intermediate lesion and, eventually, the 

PTCAA of the intermediate lesion itself were part of an ongoing catheterization procedure of the 

severee lesion. Events occurring during the procedure or in the one-year of follow-up may relate 

too either the severe or the intermediate lesion. Events were assigned to either of them by an 

independentt and blinded Critical Event Committee.7 For consistency, attribution rules for the use 

ofof resources to the type of lesion were formulated. 

Thee use of the following resources was attributed to the severe lesion solely: 

•• medication and diagnostic angiography during the screening phase 

•• the PTCA of the severe lesion 

•• all subsequent overnight in-hospital stays in case no peri-procedural event was attributed to 

thee intermediate lesion. 

Thee use of the following resources was attributed to the intermediate lesion: 

•• scintigraphic testing 

•• extra procedure time, guiding catheters (in case of lesions in left and right coronary arteries), 

andd balloons for intracoronary flow velocity assessment and, eventually, PTCA of the 

intermediatee lesion respectively, 

•• extra inpatient days, diagnostic examinations and therapeutic procedures above the average 

forr PTCA of the severe lesion, if an event attributable to the intermediate lesion occurred 

duringg the initial PTCA procedure 

•• all health care resources related to the treatment of an event that occurred during follow-up 

andd was attributed to the intermediate lesion. 

Alll other use of resources during follow-up, including triple medication (beta-blockers, calcium 

antagonists,, nitrates), out-patient hospital monitoring, and out-of-hospital consultations by the 

generall practitioner, as well as out-of-pocket expenses of patients for disease-related travel were 

estimatedd and, subsequendy, attributed to the intermediate lesion by fraction of the intermediate 

lesionn related events to the total number of events. 

UnitUnit  costing 

Mostt emphasis was put on estimating the costs of in- and out-patient hospital care. In general, 

thee management of patients with multi-vessel coronary artery disease in the Netherlands is 

specialist-basedd with only modest involvement of out-of-hospital care providers like the general 
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practitionerr and the physiotherapist. In-direct non-medical costs of lost productivity related to 

thee intermediate lesion were expected to be inconsiderable in the target population (many retired 

patients,, presence of severe lesions). 

Withh the most relevant cost components identified, prior sensitivity analyses were 

performedd with the decision model from figure 2 to assess the required detail in calculating the 

unitt costs.16 The parameters reflected (i) reasonable, but preliminary expert opinion estimates of 

unitt costs of CFVR, SPECT, PTCA, follow-up treatment and revascularization, and (ii) the 

ILIA SS probabilities of intermediate lesion related events after having observed approximately 

75%% of the total number of person-years.17 With all parameter values halved or doubled, the 

decisionn for the most cost-effective diagnostic strategy was quite insensitive for univariate 

changess of the cost parameters. Based on diese results multiple valuation methods including real 

costt data, tariffs, guidelines for cost research in health care, prior research data, and other guides 

weree chosen to derive unit costs. 

Thee unit costs of both diagnostic procedures (SPECT and CFVR) and of the PTCA of the 

intermediatee lesion as a part of the PTCA session for the severe lesion were based on real cost 

dataa for personnel, materials, and overhead from the Academic Medical Center Amsterdam 

(AMC)) 1999 hospital ledger and the buying-department. The overhead costs were calculated 

fromm pro rata cost allocation after discriminating production from non-production centers. The 

costss of non-production centers were lowered with revenues from the external activities by these 

centerss before the 'back-office' costs were allocated to the production centers. The resulting costs 

weree allocated pro rata to the production centers based on the total costs of these centers (no 

correctionn for revenues from external production here) and, consequently, allocated to all 

productionn (including external production) while using weights for different production units 

derivedd from work load data and expert opinion. Tariffs18 and real cost data from prior research 
16'199 - adjusted for the year 1999 using price indices for the health care sector - were used for other 

diagnosticc and therapeutic procedures, including re-PTCA, CABG and the treatment of 

myocardiall  infarction during follow-up (cardiac deadi did not occur in this study). Unit costs for 

in-patientt days, for out-patient hospital and out-of-hospital consultations, and travel expenses per 

kilometerr were based on guidelines for cost accounting in health care.16 The price for triple 

medicationn was derived from the Pharmacotherapeutic Guide 2000/2001. Costs were expressed 

inn 1999 euro (€). 
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INTRODUCTIO N N 

Thee purpose of this thesis was to investigate the value of intracoronary derived physiological 

parameterss for clinical decision-making regarding patients with multi-vessel coronary artery 

disease.. In general, this thesis consisted of three parts. First, an overview of the current 

techniquess employed for clinical decision-making in patients with coronary artery disease is 

providedd {Chapters 1 and 2 ). Second, the value of intracoronary derived physiological parameters 

(CFVR,, relative CFVR, and FFR) for the diagnosis of multi-vessel disease is described (Chapters 3 

4,4, and 5). Finally, the prognostic value of these parameters are described in relation to the results 

off  SPECT, in particular for intermediate coronary narrowings. This included an economic 

evaluation,, necessary for appropriate clinical decision-making in this patient cohort {Chapters 6, 7, 

andand 8). 

(1)) OVERVIE W OF CURRENT TECHNIQUE S 

Inn Chapter 1', a general introduction is provided on coronary artery disease and revascularization 

strategies.. A brief overview regarding the coronary circulation and the autoregulatory mechanism 

iss described, that is necessary for understanding the principles of intracoronary derived 

physiologicc parameters. 

Inn Chapter 2, an overview of current methods used in daily clinical practice for adequate 

patientt selection for coronary revascularization is presented. Widely used non-invasive stress 

modalities,, like exercise electrocardiography, myocardial perfusion scintigraphy and stress 

echocardiography,, are the tests of first choice for the diagnosis of coronary artery disease. It has 

beenn shown in numerous studies that non-invasive assessment of perfusion abnormalities is an 

adequatee strategy for risk stratification. Invasive diagnostic methods are described, including 

coronaryy angiography as the gold standard for identifying coronary artery disease. The recently 

introducedd intracoronary hemodynamic parameters (CFVR and FFR) can identify functional 

severityy of specific lesions and have shown a good agreement with the results of non-invasive 

stresss test in validation studies. Additionally, they have an important prognostic value in single 

vessell  disease. 
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(2)) INTRACORONAR Y DERIVE D PHYSIOLOGICA L PARAMETER S FOR 

DIAGNOSI SS OF MULTI-VESSE L DISEASE 

SummarySummary of the findings 

Validationn of intracoronary hemodynamic measurements with the results of non-invasive stress 

testss has been investigated in patients with single vessel disease. The validation study described in 

ChapterChapter 3 shows in 127 patients and 161 coronary narrowings that CFVR, rCFVR and FFR are 

alsoo useful hemodynamic parameters for clinical decision-making during cardiac catheterization 

inn patients with trvc-vessel coronary artery disease. Furthermore, in this study a direct comparison 

off  these parameters was performed in a large cohort of patients. The results of this chapter show 

diatt ROC analysis did not reveal significant differences between FFR, CFVR and rCFVR in 

relationn to the results of SPECT. The currendy used cut-off values for clinical decision-making in 

singlee vessel disease (CFVR 2.0; FFR 0.75; and rCFVR 0.65) can also be applied in patients two-

vessell  disease. Long term follow-up is mandatory in these patients with discordant results 

betweenn die invasive indices and the results of perfusion scintigraphy to establish which of these 

diagnosticc methods has die highest clinical relevance from a prognostic point of view. 

Inn Chapter 4, cut-off-based outcomes for FFR and CFR were compared in 150 intermediate 

lesions;; discordant results were found in 27% of die cases. The observed variability in minimal 

microvascularr resistance, defined as the ratio of mean distal pressure to average peak blood flow 

velocityy during maximal hyperemia, plays a prominent role in the discordance between outcomes 

off  FFR and CFR It exists both across individuals and across perfusion territories and it is related 

too variability in microvascular structure and is influenced by disease. The results show that in 

aboutt a quarter of patients with intermediate lesions, interventional procedures may be indicated 

orr deferred, depending on whether a pressure- or flow velocity-derived parameter was used to 

reachh the decision. However, a complete hemodynamic assessment rests on the separate 

evaluationn of stenosis and microvascular resistance, which requires combined measurement of 

distall  pressure and flow. The impact of combined measurements on clinical decision-making 

regardingg coronary interventions remains to be determined. 

Inn Chapter 5 it is investigated whether homogeneity of the microvascular resistance (MRv) 

withinn the same heart is present in patients with multi-vessel coronary artery disease, as this is a 

prerequisitee for the concept of relative CFVR. MRv was measured in all three main coronary 

perfusionn areas in 27 patients using intracoronary derived Doppler flow and pressure 

measurements.. The study demonstrated that 1) a strong heterogeneity was present between 

differentt perfusion areas in patients with multi-vessel disease and 2) despite this heterogeneity 

theree was a statistical significant increase of hyperemic MRv of the diseased arteries. The severity 

off  coronary artery disease was associated with significandy higher values of the hyperemic 

resistance.. Hence, coronary artery disease not only induces a reduction of tone at baseline, as is to 

bee expected from a normal physiological response, but also increases die hyperemic resistance. 
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Thiss finding implies that hemodynamics of a reference vessel has a limited value in defining the 

diseasedd state of different vessels in the same patient. This study shows mat heterogeneity of 

resistancess of the microcirculation during hyperemia is present in different perfusion areas in 

patientss with coronary artery disease. 

InterpretationInterpretation of the findings 

First,, intracoronary derived physiological parameters (FFR, CFVR, and relative CFVR) are useful 

too predict the outcome of SPECT results in patients with multi-vessel disease. These data are 

supplementaryy to previous reports in patients with single vessel disease, thereby extending the 

indicationn for the use of these parameters for diagnostic purposes in a more heterogeneous 

patientt population with multi-vessel disease. These results may contribute to revisions of the 

guideliness for coronary interventions.1 Second, the results indicate that all three parameters have 

theirr limitations, although it has been suggested that FFR and rCFVR are more lesion specific 

parameterss than CFVR, and are therefore better suited for diagnosis of epicardial disease.2"4 

However,, a similar diagnostic accuracy of these parameters in relation to the results of SPECT 

wass found {Chapter J). Both FFR and CFVR depend on the coronary microvascular resistance, as 

demonstratedd in Chapter 4. Furthermore, in approximately 25% of the patients discordant results 

cann be obtained between FFR and CFVR, that is of importance for clinical decision-making. 

Finally,, heterogeneity of microvascular resistance within a heart is present (Chapter 5), which may 

explainn the failure of relative CFVR, as compared to CFVR, to improve the diagnostic accuracy 

withh SPECT ('gold standard*). 

(3)) PROGNOSTIC VALU E OF CFVR AN D FFR I N RELATIO N TO SPECT 

SummarySummary of the findings 

Thee main results of the ILIA S study are described in Chapter 6. In total, 201 patients were 

enrolledd in this Dutch multi-center study. The results showed that intracoronary measurement of 

aa Doppler flow velocity parameter (CFVR) is useful for management of an intermediate lesion in 

multi-vessell  coronary artery disease. Deferral of PTCA, based on a cut-off value of CFVR>2.0, is 

safe,, as demonstrated by a low event rate (6%) in contrast to a high event rate in case of an 

CFVR<2.00 (24%; relative risk 3.9); this prognostic value was more accurate than for SPECT 

(relativee risk 0.5). Measurement of CFVR allows selective evaluation of functional severity of 

intermediatee coronary lesions, that facilitates risk stratification and may avoid unnecessary 

coronaryy interventions, reducing patient discomfort and procedural costs. 

Thee results of Chapter 7 underline that FFR is useful for clinical decision-making in the 

cardiacc catheterization laboratory and confirm previous reports in patients with single vessel 

disease.. In total 107 patient were analyzed, in whom a PTCA was deferred. FFR allowed risk 
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stratificationn in patients with coronary narrowings of intermediate severity in the presence of 

multi-vessell  coronary artery disease and FFR has an additional prognostic value in these patients 

inn case of the absence of a perfusion defect in the area of interest with SPECT. In summary, FFR 

iss a useful diagnostic tool during cardiac catheterization for management of patients with multi-

vessell  coronary artery disease. 

Thee economic evaluation of the ILIA S study is described in Chapter 8. Four management 

strategiess were defined in order to investigate whether CFVR could serve as a diagnostic tool 

(eitherr to supplement or to replace SPECT) for diagnosis and treatment of the intermediate 

lesionn in multi-vessel disease. A strategy based on CFVR alone was the most effective strategy. 

However,, the so-called society's 'willingness-to-pay' determines the most cost-effective strategy. 

Thee results, including a multivariate sensitivity analysis, show in general that the Restrictive strategy 

appearedd to be the most cost-effective strategy to decide upon PTCA in patients with 

intermediatee coronary narrowings in the presence of multi-vessel disease. This is a combined 

strategystrategy starting with SPECT, only followed by CFVR if SPECT is positive; a PTCA is 

performedd if SPECT and CFVR are positive. 

InterpretationInterpretation of the findings 

Thesee results indicate that CFVR and FFR have a better prognostic value than SPECT regarding 

intermediatee lesions in die presence of multi-vessel disease. A relatively low event rate (6-9%, in 

particularr revascularization procedures) is described after deferral of PTCA using FFR>0.75 or 

CFVR>2.00 which is in accordance with previous studies in single vessel disease.5 7 Vice versa, 

thesee results do not necessarily imply that performance of PTCA in case of FFR<0.75 or 

CFVR<2.00 is indicated, since this was not the primary outcome of the study. Measurement of 

CFVRR or FFR allows risk stratification, that is of importance for patient management. 

Thee economic evaluation provides useful information on cost-effectiveness of SPECT and 

CFVR.. The conclusions as presented in Chapter 8 may be interesting for reimbursement 

decisions.. Based on die results of this thesis, we recommend to arrange reimbursement for 

CFVRR and FFR measurements during a diagnostic cardiac catheterization in case of coronary 

narrowingss with intermediate lesion severity. As can be expected in view of market 

developments,, the price of a Doppler guidewire and a pressure guidewire can be reduced by 20-

40%.. This will strengthen our recommendation, since it is shown that such decrease will result in 

dominancee (i.e. more effect, lower costs) of 2 CFVR strategies versus SPECT alone {Chapter 8). 

Thee conclusions as described in this thesis are predominandy obtained in a selected cohort 

off  patients with multi-vessel coronary artery disease. One of these conclusions is that SPECT is 

lesss accurate for clinical decision-making in these patients. Unimpeded, SPECT has proven to be 

off  important value, both for risk stratification and clinical decision-making in patients without 

knownn coronary artery disease or in patients with single vessel disease. A complete normal 

perfusionn scintigraphic study is associated with a very low risk (< 0.5% per year), and rates of 
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bothh outcomes increased significantly with worsening of scan abnormalities.814 The limited value 

off  SPECT in patients with multi-vessel coronary artery disease seems to be inherent to the 

difficultyy of accurately assigning a found perfusion defect to a specific narrowing in a coronary 

artery.. Particularly, this problem is operative in the so-called watershed regions. Moreover, the 

perfusionn defect found in the region of a severe lesion could mask the perfusion defect in the 

regionn of the intermediate lesion, if present. Besides, it can not be excluded beforehand that 

possiblee collateral perfusion via the artery with a functional significant intermediate narrowing 

resultss in a larger perfusion defect in the severe lesion, rather than two separate perfusion defects. 

RECOMMENDATION SS FOR CLINICA L PRACTIC E 

Inn the cardiac catheterization laboratory, FFR (cut-off value 0.75) and CFVR (cut-off value 2.0) 

aree useful parameters for diagnosis of functional severity of intermediate lesion in patients with 

multi-vessell  disease. These parameters showed similar results as compared to SPECT; therefore, 

thee technique chosen in daily clinical practice can depend on operators preference and expertise. 

Forr clinical decision-making and subsequent patient management, the societal willingness 

too pay (and thus potential reimbursement) determines which strategy (SPECT, CFVR, or 

combined)) is the favorite one. With increasing WTP values, the decision between the Restrictive 

andd CFVR strategy becomes arbitrary. In general, for daily clinical practice in this patient cohort 

wee recommend the following: only measurement of CFVR during cardiac catheterization if 

SPECTT has been performed and showed reversible perfusion defects in the area of interest; then, 

onlyy performance of PTCA if CFVR<2.0 (i.e. a combined restrictive strategy). However, if 

SPECTT has not been performed before a patient is admitted to the cardiac catheterization 

laboratoryy (e.g. unstable angina, ad-hoc setting), we recommend to perform CFVR 

measurements,, and subsequent clinical decisions can be based on this CFVR value, with a cut-off 

valuee of 2.0. A cost effectiveness analysis for FFR has not been presented in this thesis. 

However,, the price of measuring FFR appears to be more or less similar to that of CFVR, that 

mayy indicate that these findings can be extrapolated to FFR as well. 

FUTUREE DIRECTION S FOR RESEARCH 

I tt is possible to get information about het status of the coronary microvascular bed in the cardiac 

catheterizationn laboratory, by using (simultaneously) acquired intracoronary derived pressure and 

flowflow velocity data. The ratio of mean distal pressure to average peak blood flow velocity can be 

usedd as an index of microvascular resistance (MRv). ' This index can be of interest for future 

researchh to determine the status of the microcirculation, in particular in patients with Syndrome 
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XX " or diabetes mellitus . Furthermore, the stenosis resistance index (SRv, defined as the ratio of 

hyperemicc stenosis pressure gradient (i.e. mean aorta pressure minus mean distal pressure) and 

hyperemicc average peak flow velocity) can also be determined by the combined measurements. A 

recentt study showed better accuracy than FFR and CFVR of this index in relation to the results 

off  SPECT.22 Moreover, the stenosis resistance index is potentially more accurate in identifying 

patientss who wil l develop an event during follow-up.23 Further research is mandatory to elucidate 

thee value of this index. 

AA break-through in technical development has led to the possibility of simultaneous 

measurementt of FFR and CFVR using one single wire, eiuSer based on pressure alone (SMART 

wire,, Florence Medical, Medical, Tel Aviv, Israel}24 or based on pressure and thermodilution (RADI Medical 

Systems,Systems, Uppsala, Sweden)2b. In the nearby future, the so-called "Combo wire"(/OMED, Rancho 

Cordova, California,Cordova, California, USA) wil l be introduced for clinical purposes. This wire is equipped with both 

aa Doppler crystal and a pressure sensor. Next to simultaneous CFVR and FFR measurements, 

thiss wire allows separate evaluation of blood flow velocity parameters, that are necessary for 

calculationn of MRv and SRv. 

Inn view of these developments, simultaneous pressure and flow velocity measurements are 

easilyy performed without exchanging wires, as is the major drawback of the present situation. In 

thee near future it is expected that these single wires become very useful, both for patient 

managementt and research. 
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INTRODUCTI E E 

Hett doel van dit proefschrift was om uit te zoeken of intracoronair verkregen fysiologische 

parameterss van waarde kunnen zijn in de dagelijkse klinische besluitvorming betreffende 

patiëntenn met meertaks-coronarialijden. Dit proefschrift bestaat uit drie delen. Ten eerste wordt 

eenn overzicht gegeven van de huidige technieken die gebruikt worden voor klinische 

besluitvormingg betreffende patiënten met coronarialijden {Hoofdstukken 1 en 2), Daarnaast wordt 

dee waarde beschreven van intracoronair verkregen fysiologische parameters (CFVR, relatieve 

CFVR,, en FFR) voor de diagnose van meertaks-coronarialijden (Hoofdstukken 3, 4, en 5). 

Tenslottee wordt de prognostische waarde belicht van deze parameters (met name voor 

intermediairee vernauwingen) in relatie tot de resultaten van SPECT, inclusief een economische 

evaluatiee die nodig is voor het maken van juiste behandelings-beslissingen in deze patiënten 

{Hoofdstukken{Hoofdstukken 6, 7, en 8). 

(1)) OVERZICH T VA N HUIDIG E TECHNIEKE N 

HoofdstukHoofdstuk 1 bevat een algemene introductie betreffende coronarialijden en revascularisatie 

strategieën.. In een kort overzicht wordt de coronaire circulatie beschreven, inclusief het 

autoregulatiee mechanisme. Deze kennis is nodig om de principes van intracoronair verkregen 

fysiologischefysiologische parameters te begrijpen. 

Inn Hoofdstuk 2 wordt een overzicht gegeven van de huidige technieken die worden gebruikt 

voorr adequate selectie van patiënten die in aanmerking komen voor revascularisatie therapie in de 

dagelijksee klinische praktijk, waarbij een onderscheid wordt gemaakt tussen niet-invasieve en 

invasieveinvasieve methoden Veel gebruikte niet-invasieve technieken als het inspannings-

electrocardiogram,, myocardiale perfusie scintigrafie en stress echocardiografie zijn de 

diagnostischee testen van eerste keuze voor de diagnose van coronarialijden. Het is in vele studies 

aangetoondd dat de niet-invasieve bepaling van perfusie abnormaliteiten een zeer adequate 

strategiee is voor risico stratificatie. Invasieve diagnostische methoden omvat uiteraard coronair 

angiografischh onderzoek als de gouden standaard voor het identificeren van coronarialijden, 

hoewell  deze techniek beperkt is in het bepalen van de functionele ernst van vernauwingen. De 

recentelijkk geïntroduceerde intracoronair hemodynamische parameters (CFVR and FFR) kunnen 

selectieff  de functionele ernst van specifieke vernauwingen identificeren en laten een goede 

overeenkomstt zien met de resultaten van niet-invasieve inspannings-testen in validatie studies. 

Daarnaastt hebben deze parameters een belangrijke prognostische waarde in patiënten met 

ééntaks-coronarialijden. . 
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(2)) INTRACORONAI R VERKREGE N FYSIOLOGISCH E PARAMETER S VOOR DE 

DIAGNOSEE VA N MEERTAKS-CORONARIALIJDE N 

Samenvatting-Samenvatting- van de bevindingen 

Validatiee van intracoronaire hemodynamische metingen met de resultaten van niet-invasieve 

inspannings-testenn is voornamelijk gedaan in patiënten met ///tóréj-coronarialijden. De validatie 

studiee die in Hoofdstuk 3 wordt beschreven laat in 127 patiënten met 161 coronaire vernauwingen 

zienn dat CFVR, rCFVR en FFR ook zeer bruikbare hemodynamische parameters zijn voor 

klinischee besluitvorming tijdens een hartcatheterisatie van patiënten met /sw/»/èj--coronarialijden. 

Inn deze studie werd tevens een directe vergelijking gemaakt tussen deze parameters in een groot 

cohortt van patiënten. De resultaten van dit Hoofdstuk laten zien dat ROC analyse geen 

significantee verschillen kon aantonen tussen FFR, CFVR and rCFVR in relatie tot SPECT. De 

huidigee gebruikte afkapwaarden voor klinische besluitvorming in patiënten met êéntctks-

coronarialijdenn (CFVR 2.0; FFR 0.75; and rCFVR 0.65) kunnen ook worden toegepast bij 

patiëntenn met tweetaks-coronarialijden. In de patiënten met discordante resultaten tussen de 

invasievee indices en de resultaten van perfusie scintigrafie is lange termijn follow-up noodzakelijk 

omm vast te stellen welke van de2e diagnostische technieken de hoogste klinische relevantie heeft 

inn het kader van prognose. 

Inn Hoofdstuk 4 worden binaire uitkomsten van FFR en CFVR, gebaseerd op de 

afkapwaarde,, vergeleken in 150 intermediaire vernauwingen; discordante resultaten werden 

gevondenn in 27% van de gevallen. De geobserveerde variabiliteit in minimale microvasculaire 

weerstandd (MRv), gedefinieerd als de ratio van de gemiddelde distale druk en de gemiddelde piek 

bloedstroomsnelheidd gedurende maximaal hyperemische omstandigheden, speelt een prominente 

roll  in discordantie tussen de uitkomsten van FFR en CFVR. Deze variabiliteit bestaat tussen 

individuenn en tussen perfusie gebieden; het is gerelateerd aan de variabiliteit in microvasculaire 

structuurr en wordt beïnvloed door ziekte. De resultaten laten zien dat in ongeveer een kwart van 

dee patiënten met intermediaire vernauwingen een interventie procedure juist geïndiceerd of juist 

uitgesteldd dient te worden, afhankelijk van of men druk of bloedstroomsnelheids metingen heeft 

uitgevoerd.. Een complete hemodynamische bepaling berust op de separate evaluatie van stenose 

enn microvasculaire weerstand, waarvoor gecombineerde meting van distale druk en bloedstroom 

noodzakelijkk is. De invloed van zulke gecombineerde metingen op klinische besluitvorming ten 

aanzienn van coronaire interventies dient nog verder te worden uitgezocht. 

Inn de studie beschreven in Hoofdstuk 5 wordt onderzocht of er homogeniteit bestaat van de 

microvasculairee weerstand (MRv) binnen hetzelfde hart in patiënten met meertaks-

coronarialijden.. Dit is namelijk een voorwaarde voor het concept van de relatieve CFVR. MRv 

werdd gemeten in de drie grote coronaire perfusie gebieden in 27 patiënten met behulp van 

jntracoronairr verkregen Doppler bloedstroomsnelheid en druk metingen. De resultaten laten zien 

datt 1) er een grote heterogeniteit bestaat tussen de verschillende perfusie gebieden in patiënten 
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mett meertaks-coronarialijden, en dat 2) ondanks deze heterogeniteit er een statistisch significante 

toenamee was van de hyperemische MRv van vernauwde coronair arteriën. De ernst van coronaire 

vernauwingenn was geassocieerd met significant hogere waarden van de hyperemische weerstand. 

Datt betekent dus dat coronarialijden niet alleen een reductie van de weerstand induceert tijdens 

dee rust toestand, zoals verwacht kan worden als een normale fysiologische respons, maar ook een 

verhogingg van de hyperemische weerstand. Deze bevinding impliceert dat de hemodynamiek van 

eenn angiografisch normaal referentie vat een gelimiteerde waarde heeft voor het vast stellen van 

dee ernst van coronarialijden in andere vaten van dezelfde patiënt. Deze studie laat zien dat 

heterogeniteitt van weerstand van de microcirculatie gedurende hyperemie aanwezig is tussen de 

verschillendee perfusie gebieden binnen patiënten met coronarialijden. 

InterpretatieInterpretatie van de bevindingen 

Tenn eerste, intracoronair verkregen fysiologische parameters (FFR, CFVR, en relatieve CFVR) 

zijnn bruikbaar om het resultaat van SPECT te voorspellen in patiënten met meertaks-

coo ronarialijden. Deze data vullen eerdere rapportages in patiënten met ééntaks-coronarialijden 

aan,, waardoor de indicatie voor het gebruik van deze technieken voor diagnostische doeleinden 

wordtt uitgebreid naar een bredere populatie van patiënten met coronarialijden. Deze resultaten 

kunnenn een bijdrage zijn indien de richtlijnen voor coronaire interventies worden bijgewerkt. 

Tenn tweede tonen de resultaten aan dat alle drie de parameters limitaties hebben, ondanks het feit 

datt is gesuggereerd dat FFR en rCFVR meer laesie specifieke parameters zijn dan CFVR, en dus 

beterr geschikt voor de diagnose van epicardiale ziekte.2"4 Echter, alle drie de parameters hebben 

eenn gelijke diagnostische nauwkeurigheid in relatie tot SPECT (Hoofdstuk J). Zowel FFR als 

CFVRR zijn afhankelijk van de coronaire microvasculaire weerstand, zoals beschreven is in 

HoofdstukHoofdstuk 4. Tevens worden discordante resultaten gevonden tussen FFR en CFVR in ongeveer 

25%% van de patiënten; dit is van belang voor de klinische besluitvorming. Tenslotte is aangetoond 

datt heterogeniteit van microvasculaire weerstand binnen een hart aanwezig is (Hoofdstuk 5). Dit 

kann als verklaring dienen waarom de relatieve CFVR, vergeleken met de absolute CFVR, geen 

verbeteringg geeft in de diagnostische nauwkeurigheid in vergelijking met SPECT ('gouden 

standaard'). . 

(3)) PROGNOSTISCHE WAARD E VA N CFVR EN FFR I N RELATI E TOT SPECT 

SamenvattingSamenvatting van de bevindingen 

Dee eindresultaten van de ILIA S studie zijn beschreven in Hoofdstuk 6. In totaal werden 201 

patiëntenn geïncludeerd in deze Nederlandse multi-center studie. Deze resultaten laten zien dat 

intracoronairee meting van de Doppler bloedstroomsnelheid (CFVR) zeer bruikbaar is voor het 

vastt stellen van de functionele ernst van een intermediaire vernauwing bij meertaks-
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coronarialijden.. Het uitstellen van een PTCA, gebaseerd op een afkapwaarde van CFVR>2.0, is 

veilig;; de percentage cardiologische gebeurtenissen (voornamelijk revascularisatie procedures) 

tijdenss 1 jaar follow-up was relatief laag (6%) in contrast tot het hoge percentage in geval van een 

CFVR<2.00 (24%; relatief risico 3.9). Deze prognostische waarde was significant beter dan die 

vann SPECT (relatief risico 0.5) . Her meten van CFVR maakt het mogelijk om selectief de 

functionelee ernst te evalueren van intermediaire coronaire vernauwingen. Hierdoor is adequate 

risicoo stratificatie mogelijk en worden eventueel onnodige interventies voorkomen, wat kan leiden 

tott een reductie van patiënten discomfort en procedurele kosten. 

Dee resultaten die worden beschreven in Hoofdstuk 7 onderstrepen dat FFR is geschikt voor 

dee klinische besluitvorming in het hartcatheterisatie laboratorium en sluiten aan bij eerdere 

studiess in patiënten met ééntaks-coronarialijden. In totaal werden 107 patiënten geanalyseerd, bij 

wiee een PTCA werd uitgesteld op basis van het SPECT resultaat. FFR maakte een risico 

stratificatiee mogelijk in patiënten met coronaire vernauwing van intermediaire ernst in 

aanwezigheidd van meertaks-coronarialijden. Bovendien heeft FFR een additionele prognostische 

waardee in deze patiënten in geval van de afwezigheid van een perfusie defect in het gebied van 

interesse,, vastgesteld met SPECT. Samenvattend is FFR een bruikbare diagnostische techniek 

tijdenss een hartcatlieterisatie voor de behandeling van patiënten met meertaks-coronarialijden. 

Dee economische evaluatie van de ILIA S studie is beschreven in Hoofdstuk 8. Vier 

managementt strategieën zijn gedefinieerd om uit te zoeken of CFVR als diagnostische techniek 

kann fungeren (ofwel aanvullend aan, ofwel ter vervanging van SPECT) voor de diagnose en 

behandelingg van de intermediaire vernauwing in patiënten met meertaks-coronarialijden. De 

strategiee gebaseerd op alleen CFVR bleek het meest effectief te zijn. Echter, de maatschappelijke 

'willingness-to-pay'' bepaalt welk strategie het meest kosteneffectief is. De resultaten, inclusief een 

multivariatee gevoeligheidsanalyse, laten zien dat in het algemeen de Restrictieve strategie het meest 

kosteneffectieff  is om te beslissen of een PTCA moet plaatsvinden van de intermediaire 

vernauwingg in de aanwezigheid van meertaks-coronarialijden. In deze gecombineerde strategie 

wordtt gestart met SPECT, en wordt alleen een CFVR meting gedaan indien SPECT positiefis; 

eenn PTCA wordt alleen uitgevoerd indien zowel SPECT en CFVR positief zijn. 

InterpretatieInterpretatie van de bevindingen 

Dezee resultaten wijzen uit dat CFVR en FFR een betere prognostische waarde hebben dan 

SPECTT met het oog op intermediaire vernauwingen in aanwezigheid van meertaks-

coronarialijden.. Een relatief laag aantal complicaties (6-9%, voornamelijk revascularisatie 

procedures)) wordt beschreven na het achterwege laten van een PTCA op basis van een 

FFR>0.755 of CFVR>2.0; dit komt overeen met eerdere studies in patiënten met ééntaks-

coronarialijden.55 7 Vice versa, deze resultaten impliceren niet noodzakelijkerwijs dat het uitvoeren 

vann een PTCA in geval van een FFR<0.75 of CFVR<2.0 is geïndiceerd omdat dit niet het 
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primairee doel was van deze studies. Het meten van CFVR of FFR maakt risico stratificatie 

mogelijk,, en dat is van belang voor behandelplan voor de patiënt 

Dee economische evaluatie geeft bruikbare informatie aangaande de kosteneffectiviteit van 

SPECTT en CFVR. De conclusies zoals gepresenteerd in Hoofdstuk 8 kunnen interessant zijn voor 

beslissingenn in het kader van het vergoedingensysteem. Op basis van de resultaten van dit 

proefschriftt bevelen wij aan om de CFVR en FFR metingen tijdens een hartcatheterisatie in geval 

vann intermediaire vernauwing op te nemen in dit vergoedingssysteem. Daarnaast kan op basis van 

marktt ontwikkelingen worden verwacht dat de prijs van de Doppler- en drukvoerdraden kan 

wordenn gereduceerd met 20-40%. Dit zal onze aanbeveling versterken omdat zo'n verlaging zal 

leidenn tot het domineren (meer effect, minder kosten) van 2 CFVR strategieën vergeleken met 

SPECTT alleen {Hoofdstuk 8). 

Dee conclusies, beschreven in dit proefschrift, zijn voornamelijk verkregen uit onderzoek in 

eenn geselecteerd cohort van patiënten met meertaks-coronarialijden. Eén van deze conclusies is 

datt SPECT minder accuraat is voor klinische besluitvorming omtrent intermediaire vernauwingen 

inn deze patiënten. Los hiervan heeft SPECT bewezen van uitermate belang te zijn, zowel voor 

risicoo stratificatie als klinische besluitvorming in patiënten die niet bekend zijn met 

coronarialijdenn of met ééntaks-coronarialijden. Een compleet normaal perfusie scintigrafisch 

onderzoekk is geassocieerd met een erg laag risico (< 0.5% per jaar), en de percentages van 

complicatiess nemen significant toe met een verslechtering van de abnormaliteiten zoals 

gedetecteerdd met SPECT." '4 De gelimiteerde waarde van SPECT in patiënten met meertaks-

coronarialijdenn lijk t inherent te zijn aan moeilijkheid om een gevonden perfusie defect accuraat te 

allocerenn naar specifieke vernauwingen in de coronaire boom. In het bijzonder is dit probleem 

aann de orde in de zo genaamde waterscheiding gebieden. Bovendien kan een gevonden perfusie 

defectt in het gebied van een ernstige vernauwing een eventueel perfusie defect in het gebied van 

dee intermediaire vernauwing maskeren. Daarnaast kan het op voorhand niet worden uitgesloten 

datt mogelijke collaterale perfusie via de arterie met een functioneel significante intermediaire 

vernauwingg resulteert in een groter perfusie defect in het gebied van de ernstige vernauwing, in 

plaatss van twee separate perfusie defecten. 
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AANBEVELINGE NN VOOR DE KLINISCH E PRAKTIJ K 

Inn het hartcatheterisarie laboratorium zijn FFR (afkapwaarde 0.75) en CFVR (afkapwaarde 2.0) 

zeerr bruikbare parameters voor het vaststellen van de functionele ernst van intermediaire 

vernauwingenn in patiënten met meertaks-coronarialijden. Deze parameters hebben gelijke 

resultatenn in vergelijking met SPECT; daarom kan de gekozen techniek in de klinische praktijk 

afhangenn van de voorkeur van de cardioloog. 

Dee maatschappelijke 'willingness-to-pay' (en dus potentiële vergoeding door de 

verzekering)) bepaald welke strategie (SPECT, CFVR, of gecombineerd) de meest favoriete is 

voorr klinische besluitvorming en daaruit volgende behandeling van de patiënt. De beslissing 

tussenn de Restrictieve en CFVR strategie wordt steeds meer arbitrair naarmate de WTP waarde 

toeneemt.. De aanbeveling voor de dagelijkse klinische praktijk voor diagnostiek in dit patiënten 

cohortt is in het algemeen als volgt: alleen CFVR meten in het hartcatheterisatie laboratorium als 

SPECTT een reversibele perfusie defect liet zien in het gebied van interesse; vervolgens alleen een 

PTCAA uitvoeren als CFVR<2.0 (dit is de gecombineerde Restrictieve strategie). Echter, het kan 

voorkomenn dat SPECT niet is uitgevoerd voordat een patiënt is aangemeld voor 

hartcatheterisatiee (bijvoorbeeld in geval van instabiele angina of een mogelijke 'ad-hoc' PTCA 

procedure).. In dit geval is de aanbeveling om alleen CFVR te meten en op de uitkomst 

(afkapwaardee 2.0) de klinische beslissing te baseren. In dit proefschrift is geen 

kosteneffectiviteits-analysee gepresenteerd voor FFR metingen. Het is echter zo dat de prijs om 

FFRR te meten min of meer gelijk is aan het meten van CFVR; dit suggereert dat bovengenoemde 

bevindingenn mogelijk geëxtrapoleerd kunnen worden naar FFR. 

RICHTIN GG VOOR TOEKOMSTI G ONDERZOEK 

Hett is mogelijk om een indruk van de coronaire microvasculaire weerstand te krijgen tijdens een 

hartcatheterisatiee door gebruik te maken van (simultaan) verkregen intracoronaire druk en 

bloedstroomsnelheidss metingen. De ratio van de gemiddelde distale druk en de gemiddelde piek 

bloedstroomsnelheidd kan gebruikt worden als een index voor microvascular resistance (MRv). ' 

Dezee index kan interessant zijn voor verder onderzoek naar de status van het microvasculaire 
17-20 0 

vaatbedd , wat bijvoorbeeld van belang kan zijn in patiënten met Syndrome X " of diabetes 

mellituss . Tevens kan met dit soort metingen de zogenaamde stenosis resistance index (SRv) 

wordenn bepaald. De SRv is gedefinieerd als de ratio van de hyperemische stenose druk gradiënt 

(dee gemiddelde aorta druk minus de gemiddelde distale druk) en de hyperemische gemiddelde 

piekk bloedstroomsnelheid. Recentelijk is in een validatie studie aangetoond dat deze index 
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nauwkeurigerr de resultaten van SPECT kan voorspellen dan FFR en CFVR ,22 Deze SRv index is 

potentieell  ook meer accuraat in het identificeren van patiënten die een grotere kans hebben op 

hett doormaken van complicaties tijdens follow-up.21 Verder onderzoek is noodzakelijk om de 

waardee van deze index vast te stellen. 

Eenn doorbraak in technische ontwikkeling heeft geleid tot de mogelijkheid om simultaan 

CFVRR en FFR te meten met gebruikmaking van een enkele voerdraad, ofwel gebaseerd op alleen 

drukmetingenn (SMART wire, Florence Medical, Medical, Tel Aviv, Israel) 24, ofwel gebaseerd druk en 

thermodilutiee (RADI MedicalSystems, Uppsala, Sweden) 2 \ Daarnaast zal op korte termijn de 

zogenaamdee "Combo wke"(JOMED, Rancho Cordova, California, USA) worden geïntroduceerd 

voorr klinische gebruik. Deze voerdraad is uitgerust met zowel een Doppler kristal als een 

druksensor,, waardoor naast simultane CFVR en FFR metingen ook diverse bloedstroom 

parameterss gemeten kunnen worden, noodzakelijk voor de bepaling van SRv en MRv. 

Mett het oog op deze ontwikkelingen kunnen in de nabije toekomst dus simultane druk en 

bloedstroomsnelheidsmetingenn gemakkelijk worden uitgevoerd met een enkele voerdraad zonder 

voerdradenn te hoeven wisselen. Het is te verwachten dat deze vooruitgang de klinische praktijk 

enn het onderzoek naar de coronaire hemodynamiek in belangrijke mate positief zal beïnvloeden 
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Woordd van dank 



Inn dit proefschrift is het voortdurend balanceren tussen 'theory andpractice'. De klinische praktijk is 

vaakk verrassend anders dan men zou verwachten. Mijn theoretische exercitie komt met het 

afrondenn van dit proefschrift ten einde en de 'witte jas' wacht op mij. Hoewel ik in theorie dit 

proefschriftt alleen geschreven heb, is de praktijk dat er wel wat mensen zijn die ik graag wil 

bedanken. . 

Prof.. dr J.J. Piek, beste Jan, ik prijs mij gelukkig jou als promotor te hebben. Zelden heb 

ikk iemand ontmoet die zoveel zaken tegelijk zo energiek te lij f kan gaan. Volgens mij is dat tempo 

alleenn mogelijk volgens de 'Methode Piek'. Je liet mij vrij als jonge onderzoeker, maar stuurde bij 

waarr nodig. Zo werden mijn, soms wat wollige, hersenspinsels ('hoofdzin, bijzin') snel en 

professioneell  teruggebracht tot de essentie. Dankzij jou heb ik het idee dat ik een volwaardig 

onderzoekerr (en een 'schrijvertje') ben geworden in de afgelopen jaren. 

Prof.. dr J.G.P. Tijssen, beste Jan, je hebt mij gestimuleerd om me te bekwamen in 

biostatistiekk en klinische epidemiologie, Daarnaast heb ik van je geleerd dat naast de inhoud ook 

dee vorm van belang is. Het helder presenteren van onderzoeksgegevens is een vak apart, waarin 

ikk in jou een excellente leermeester heb gevonden. 

Drr B.L.F, van Eck-Smit, beste Berthe, ik heb je de afgelopen jaren vaak protocollair 'het 

mess op de keel' mogen zetten, iets wat je natuurlijk niet graag doet bij je co-promotor. Jij bracht 

dee soms wat over enthousiaste invasievt kant van mij terug tot reële proporties. 

Drr M.G.W. Dijkgraaf, beste Marcel, we vormen een mooi tandem. Dankzij een gezonde 

dosiss zelfkritiek en onze inventieve modelbouwerij hebben we het nuttige zeer efficiënt met het 

aangenamee verenigd. En het einde is wat mij betreft nog niet in zicht. 

Dee overige leden van de Promotie-commissie, Prof. dr GJ. Bonsel, Prof. dr J.S. Laméris, 

Prof.. dr mr dr B.AJ.M. de Mol, Prof. dr N.H.J. Pijls, Prof. dr ir J.A.E. Spaan en Prof. dr E.E. 

vann der Wall ben ik zeer erkentelijk voor het beschikbaar stellen van hun expertise ter 

beoordelingg van de inhoud van mijn proefschrift en voor het invulling geven van de oppositie, 

zoalss ik die op 18 december 2001 zal ervaren. 

Voortgangg in de medische wetenschap, zeker ten aanzien van klinische vraagstukken, is 

alleenn mogelijk dankzij vrijwillig e medewerking van patiënten. Al deze patiënten wil ik bij deze 

dankenn voor hun belangelozee inzet en medewerking. Voorts dank ik alle artsen en onderzoekers 

vann de participerendee centra (zie pagina 147) voor hun bijdrage aan de ILIA S studie. Het 

bezoekenn van de verschillende centra was gelukkig altijd meer dan alleen een zakelijke 

aangelegenheid. . 

Lievee mensen van de afdeling Hartcatheterisatie (hoofd: Martin Meesterman, en in het 

verledenn Peter Belgraver): mijn waardering is enorm, want zonder de vele overuren op de 

woensdagmiddagenn was er van dit proefschrift weinig terecht gekomen! De vrolijke sfeer op de 

afdelingg is ook belangrijk voor het plezier van de arts-onderzoeker. Gelukkig heb ik gehoord dat 
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Dankwoord Dankwoord 

Sinterklaass ook dit jaar weer langskomt om julli e te belonen! De heren interventie-cardiologen: 

Karell  Koch, Robbert de Winter, Carl Schotborgh, Matthijs Bax en George Sianos: de afgelopen 

jarenn is julli e reguliere programma regelmatig verstoord met teksten als 'go-tvith-the-floa? of 'it is a 

pleasurepleasure to measure pressure', en het liefst allebei. Meten is weten, en dat hebben julli e geweten, maar 

hett was altijd gezellig! Heel veel dank. 

Dee afdeling Cardiologie (hoofd: Prof. dr K.I. Lie) wil ik graag danken voor het bieden van 

dee mogelijkheid om de verschillende studies uit te voren en de medewerkers van de 

verpleegafdelingenn (F3-Zuid en CCU) wil ik danken voor de goede zorgen voor de ILIA S 

patiënten. . 

Dee medewerkers van de afdeling Nucleaire Geneeskunde (hoofd: Dr B.L.F. van Eck-Smlt), 

inn het bijzonder Astrid Spijkerboer, wil ik bedanken voor de gastvrijheid die de ILIA S patiënten 

enn ik op de vaste dinsdag- en woensdagochtenden mochten genieten. Misschien komt er nog wel 

eenn dag dat jullie met voetbal zullen winnen van de afdeling Cardiologie. 

Dee afdeling Klinische Epidemiologie <&  Biostatistiek (hoofd: Prof. dr P.M.M. Bossuyt) ben ik 

zeerr erkentelijk voor het bouwen van de database en de nuttige en kritische besprekingen. De 

ILIA SS studie laat volgens mij duidelijk zien dat de symbiose tussen julli e afdeling en de kliniek 

noodzakelijkk is voor klinisch relevant onderzoek; daarom waardeer ik de vruchtbare 

samenwerkingg van de laatste jaren ten zeerste. 

Dee afdeling Medische Fysica (hoofd: Prof. dr ir J.A.E. Spaan) ben ik ook zeer dankbaar 

voorr de kritische besprekingen over de meer fundamentele zaken van mijn proefschrift. Dr M. 

Siebess fungeerde als brug tussen de afdeling Cardiologie en Medische Fysica. Beste Jos en Maria, 

onss gemeenschappelijke enthousiasme voor de coronaire hemodynamiek leidde tot leuke en 

leerzamee discussies, waarvoor veel dank. 

Mett de ondtrzosks-fellows van het 'Cardiovascular Research Institute Amsterdam' (CRIA) 

hebb ik de afgelopen jaren heb ik met heel veel plezier direct of indirect samengewerkt. Gelukkig 

waswas er ook voldoende tijd om samen met de dames en heren van de Stolling (Benien, Bernd-Jan, 

Jeroen,, Manon, Philip, Roderik en Suzanne,), onze collegae op de gang van de Lipiden 

Werkgroepp (Angelique, Greetje, Kees, Pernette, en Sanne), en natuurlijk de overige cardiologen 

inn de dop (Anouk, Arno, Ayten, Carol-Ann, Gijs, Joris 2x, Karin, Mattijs, Nancy, Niek, Radha en 

Raymond),, ons bezig te houden met de randvoorwaarden, die verplichte kost zijn voor een 

succesvoll  arts-onderzoeker. Ik prijs mij gelukkig dat Gijs van den Brink als 'getuige' nauw 

betrokkenn is bij alles wat ik doe binnen en buiten het AMC. De bijdrage van de 'manman' van de 

MMLTH-gangg is uiteraard moeilijk te vangen in woorden. 

Jantienn Manders van de AMC Medical Research BV wil ik graag bedanken omdat jij 

eigenlijkk officieel mijn werkgever was! Daarnaast beheerde jij op perfecte wijze de ILIA S gelden. 

Ikk kwam altijd graag even bij je langs om zaken te doen. Merlijn van der Mee wil ik danken voor 

ontwerpenn van de ILIA S website (http://www.ilias.demon.nl). 
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Dee ILIA S trein was al begonnen met rijden toen ik full-time achter het stuur mocht gaan 

zitten.. Rob van Liebergen, Hein Verberne en Prof. dr P.M.M. Bossuyt ben ik zeer erkentelijk 

voorr hun initiële inzet voor het protocol, de financiering en de 'case record forms'. Gedurende 

dee hele studietijd was de inzet van Angelina de Jong als research-assistent onontbeerlijk. Lieve 

Angelina,, doordat jij vele secretariële en logistieke taken uit handen nam, had ik mijn handen vrij 

omm de data te analyseren en dit proefschrift te schrijven. Jouw aandeel aan dit proefschrift is 

groterr dan jezelf misschien denkt. Ik wens je veel succes in je nieuwe functie. 

Enn dan de heren van de Kloppende Spier, waar tegenwoordig ook in toenemende mate 

vrouwenn worden gesignaleerd. Men hoort wel eens: "het was wwrmijn tijd of na mijn tijd, maar 

zekerr niet tijdens mijn tijd". Welnu, voor mij geldt: ik ben juist blij dat ik overal bij mocht zijn! 

Allereerst,, op </r-anciënniteit de mensen van roer mijn tijd: Yolande Appelman, Arnout Somsen, 

Maartenn Groenink, Wouter Kok, Rob van Liebergen (Robbie van L. is eindelijk gevonden!) en 

Reinierr Waalewijn, allen min of meer werkzaam geweest in de authentieke kamer zonder ramen 

mett het VU-postvak in de hoek. Tijdens mijn tijd heb ik mijn uiterste best gedaan om er iets van 

tee maken met Michiel Voskuil (van contrastbel tot voetbal), Niels van Royen (jouw zoon is 

zwaarder,, mijn zoon is langer), Igor Tulevski (hoewel de grondlegger van de concurrerende 

Rechterr Kamer toch onmisbaar voor de late uurtjes), Fons Windhausen (de nieuwe 'master 

QCA'),, en natuurlijk ons kleine zusje, Gerund Heyde, die we altijd beschermen en die in de 

tussentijdd wel even de EPOS studie tot een succes maakt! Tenslotte, Martijn Meuwissen van het 

duoo Jut&Jul van de firma Ust&Bedrog. Martijn, jouw onvoorwaardelijke collegialiteit en 

vriendschapp is een voorbeeld voor iedereen. Ik zal wel even moeten wennen om straks zonder 

jouu door het leven of op vakanticcongresbezoek te moeten gaan. Ik kijk uit naar jouw promotie 

dag!!  Na mijn tijd wens ik Jacobijne Wiersma, Saskia Rittersma, Mark van der Zee, Bartjan 

Verhoef,, Bektas Atasever, en Mechteld Heijne veel sterkte om het imago hoog te houden en 

tussentijdss ook nog te promoveren, zoals hun voorgangers ook deden/doen. 

Mij nn ouders hebben mij de mogelijkheden geboden mij te ontwikkelen, hetgeen de basis 

vormtt van dit proefschrift. Daar ben ik ze zeer dankbaar voor. Ik heb de woorden die zijn 

gesprokenn bij mijn doctoraal examen ter harte genomen. En ik heb eindelijk kunnen bewijzen dat 

ikk het cadeau wèl mooi vind! Tegen mijn kleine broertje Boudewijn (Platini blijkt naast een goede 

voetballerr ook een wetenschapper te zijn) en mijn grote zus Martine (eindelijk ben ik je voor!) 

zegg ik: pas maar op, want straks ben ik zeergeleerd! 

Inn theorie en in de praktijk is er maar één persoon zonder wie de twee belangrijkste 

gebeurtenissenn van de laatste tijd voor mij niet hadden kunnen plaatsvinden: mijn allerliefste 

Caroline.. De ene bevalling is de andere niet, maar zonder jou was er geen enkele bevalling 

geweestt dit jaar! 

160 0 



ListList of publications 

Listt  of publications 



>> An analogue laser  optical disc in comparison with cinefilm for  visual analysis of 
coronaryy narrowings before and after  coronary angioplasty 
S.AJ.. Chamuleau, J.J. Piek, Wijnand B. Hanekamp, Y.E.A. Appelman, K.T. Koch, R.J.G. 
Peters,, W.E.M. Kok, G. Bloemhart, G.A.V. la Riviere, G.K. David. 
International'Journal'of'CardiacInternational'Journal'of'Cardiac Imaging'1998; 14: 19-26 

>> Low molecular  weight heparin as an adjunct to thrombolysis for  acute myocardial 
infarction ;;  the FATIM A study 
S.A.J.. Chamuleau, R.J. de Winter, M. Levi, R. Adams, H.R. Büller, M.H. Prins, K.I. Lie, 
RJ.G.. Peters. 
HEART'1998;HEART'1998; 80: 35-39. 

>> APTT monitorin g to achieve therapeutic anti-coagulation before and after 
introducin gg a nomogram for  adjunctive heparin treatment with thrombolyti c therapy 
forr  acute myocardial infarctio n 
S.A.J.. Chamuleau, RJ. de Winter. 
InternationalInternational journal of Cardiology', 1998; 67: 241-246. 

>> Plaque inflammation in restenotic coronary lesions of patients with stable or  unstable 
angina a 
JJ.. Piek, A.C. van der Wal, M. Meuwissen, K.T. Koch, S.AJ. Chamuleau, P. Teeling, CM. 
vann der Loos, A.E. Becker. 
'Journal'Journal of American College of Cardiology', 2000; 35(4): 963-967 

>> The ILIA S study; a Dutch multi-center  trial : Final report of project OG 96-036. 
S.AJ.. Chamuleau, M.G.W. Dijkgraaf, B.L.F, van Eck-Smit, A. de Jong, J.G.P. Tijssen, J.J. 
Piek k 
DutchDutch Insurance Board, Amstelveen, the Netherlands, October 2000. 

>> Role of variabilit y in microvascular  resistance on fractional flow reserve and coronary 
bloodd flow velocity reserve in intermediate lesions 
M.. Meuwissen, S.AJ. Chamuleau, M. Siebes, C. E. Schotborgh, K.T. Koch, RJ. de Winter, 
M.. Bax, A. dejong, J.A.E. Spaan, J.J. Piek. 
'Circulation'2^\;'Circulation'2^\; 103: 184-187 

^^ Fractional flow reserve, absolute and relative coronary blood flow velocity reserve in 
relationn to the results myocardial perfusion scintigraphy in patients with multi-vessel 
coronaryy artery disease 
S.A.J.. Chamuleau, M. Meuwissen, B.L.F. van Eck-Smit, K.T. Koch, A. de Jong, RJ. de 
Winter,, C.E. Schotborgh, M. Bax, H.J. VerberneJ.P.G. Tijssen, J.J. Piek. 
'Journal'Journal of the American College of Cardiology' 2001; 37: 1316-1322 

>> Recurrent unstable angina after  directional coronary atherectomy is related to the 
extendd of initia l coronary plaque inflammation 
M.. Meuwissen, J J Piek, A.C. van der Wal, S.A.J. Chamuleau, K.T. Koch, P. Teeling, CM. 
vann der Loos, J.G.P. Tijssen, A.E. Becker. 
JournalJournal of the American College of'Cardiology''2001; 37: 1271-1276 

>> Fractionele en coronaire flow reserve: Intracoronair e diagnostiek van 
kransslagaderlijden n 
S.A.J.. Chamuleau, G.J.W. Bech, N.H.J. Pijls, J.J. Piek. 
"Nederlands"Nederlands Tijdschrift voor Geneeskunde' 2001; 145 (37): 1782-1787 

162 2 



ListList of publications 

yy Adequate patient selection for  coronary revascularization: an overview of current 
methodss used in daily clinical practice 
S.AJ.. Chamuleau, B.L.F. van Eck-Smit, M. Meuwissen, J.J. Piek. 
International'journalof'CardiovascularInternational'journalof'Cardiovascular Imaging''2001;17 (6) December 2001 (in press) 

>> Usefulness of fractional flow reserve for  risk stratificatio n of patients with multi -
vessell  coronary artery disease and an intermediate lesion 
S.AJ.. Chamuleau, M. Meuwissen, K.T. Koch, B.L.F. van Eck-Smit, R.A Tio, J.G.P. Tijssen, 
J.J.. Piek, on behalf of the ILIA S investigators. 
Acceptedd for publication 'AmericanJournal'of'Cardiology''2001 

>> Prognostic value of coronary blood flow velocity versus myocardial perfusion in 
intermediatee coronary narrowing» and multi-vessel disease 
S.A.J.. Chamuleau, R.A. Tio, C.C. de Cock, E.D. de Muinck, N.H.J. Pijls, B.L.F. van Eck-
Smit,, K.T. Koch, M. Meuwissen, M.G.W. Dijkgraaf, A. de Jong, HJ. Verberne, R.A.M. van 
Iiebergen,, GJ.Laarman, J.G.P. Tijssen, J.J. Piek, on behalf of the ILIA S investigators. 
Re-submittedd (with revisions) Journal of the American College of Cardiology' 

>> Spatial heterogeneity in resistance of the coronary microcirculatio n in patients with 
multi-vessell  coronary artery disease 
S.A.J.. Chamuleau, M. Siebes, M. Meuwissen, K.T. Koch, J.A.E. Spaan, J.J. Piek. 
Re-submittedd (with revisions) 'Circulation' 

>> The impact of peripheral and coronary artery disease on health-related quality of lif e 
J.C.. de Graaff, D.Th. Ubbink, E.J.C. Kools, S.AJ. Chamuleau, M.J.H.M. Jacobs. 
Submittedd ('Annals of Vascular Surgery') 

>•• Velocity based hyperemic stenosis resistance for  evaluation of functional coronary 
lesionn severity 
M.. Meuwissen, M. Siebes, S.AJ. Chamuleau, B.L.F. van Eck-Smit, K.T. Koch, C.E. 
Schotborgh,, R.J. de Winter, M. Bax, J.G.P. Tijssen, J.A.E. Spaan, J.J. Piek. 
Submittedd ('Circulation') 

>>  Influence of changes in hemodynamic conditions on fractional flow reserve: 
parametri cc analysis of the underlying model 
M.. Siebes, S.A.J. Chamuleau, M. Meuwissen, J.A.E. Spaan, J.J. Piek. 
Submittedd ('American Journal of Physiology') 

>> Looped retrograde coronary Doppler  flow velocity measurements as an alternative for 
suboptimall  antegrade measurements in assessing intracoronar y flow velocity reserve 
B.J.. Verhoeff, S.AJ. Chamuleau, M. Bax, M. Meuwissen, J.J. Piek. 
Submittedd ('Cardiovascular Catheterization and Interventions') 

>>  How to manage an intermediate coronary lesion in patients with multi-vessel 
coronaryy artery disease? A cost-effectiveness analysis of different strategies using 
Mont ee Carlo simulation 
S.A.J.. Chamuleau, M.G.W. Dijkgraaf, B.L.F. van Eck-Smit, J.G.P. Tijssen, J.J. Piek, on behalf 
off the ILIAS investigators. 
Submittedd CEuropean Heart Journal') 

163 3 





CurriculumCurriculum vitae 

CURRICULU MM  VITA E 

Stevenn Anton Jozef Chamuleau werd geboren op 28 oktober 1969 te Amsterdam. Hij volgde zijn 

middelbaree school op het Willem de Zwijger College te Bussum; het VWO-fi diploma werd 

behaaldd in 1988. In hetzelfde jaar werd hij uitgeloot voor de studie Geneeskunde en behaalde hij 

zijnn propaedeuse Biologie. Hij begon zijn studie Geneeskunde aan de Universiteit van 

Amsterdamm in 1989. De doctoraal fase werd in 1994 afgerond en sinds augustus 1997 is hij basis-

arts.. Tijdens zijn studie jaren werden reeds de eerste stappen gezet in de richting van 

wetenschappelijkk onderzoek. Het enthousiasme voor de Cardiologie werd aangemoedigd op de 

afdelingg Hartcatheterisatie, destijds onder leiding van Dr G.K. David, waar hij vanaf 1994 diverse 

onderzoekenn uitvoerde. Dit leidde uiteindelijk tot de start van de ILIA S studie, gesubsidieerd 

doorr de Ziekenfondsraad (Ontwikkelings Geneeskunde Project 96-036). Deze Nederlandse 

multi-centerr studie vormt de basis van diverse publicaties die zijn opgenomen in dit proefschrift. 

Gedurendee de afgelopen jaren kreeg dit proefschrift zijn huidige vorm, onder enthousiaste 

begeleidingg van Prof dr J.J. Piek, Prof. dr J.G.P. Tijssen, Dr B.L.F, van Eck-Smit, en Dr M.G.W. 

Dijkgraaf.. In 2000 ontving hij de prijs "Young Investigator of the Year''' van de Nederlandse en 

Belgischee Interventie-Cardiologie Verenigingen. Tijdens zijn promotie periode volgde hij tevens 

diversee cursussen bij het NIHES (Erasmus Universiteit Rotterdam) en de afdeling Klinische 

Epidemiologiee & Biostatistiek in het AMC (Universiteit van Amsterdam), hetgeen hopelijk zal 

resulterenn in een registratie als klinisch 'Epidemioloog'. Vanaf 1 januari 2002 start hij met de 

vooropleidingg Interne Geneeskunde in het St. Lucas-Andreas Ziekenhuis te Amsterdam 

(opleider:: Dr J.J.M, van Meyel) om na 2 jaar de opleiding tot Cardioloog te beginnen in het 

Academischh Medisch Centrum te Amsterdam (opleider: Prof. Dr K.I. Lie). 

Naastt zijn werkzaamheden als arts-onderzoeker is hij een fervent sporter (tennis en 

voetbal)) en durft hij zich de laatste jaren in toenemende mate een 'wijnkenner' te noemen. Hij is 

getrouwdd met Caroline Juten en zij hebben een zoon: Brecht. 

165 5 



166 6 







Stellingenn behorende bij  het proefschrift 
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MAKIN GG IN PATIENT S WIT H MULTI-VESSE L CORONARY ARTERY DISEASE 

1.. Angioplasty of an intermediate lesion can be deferred when either  its coronary flow 

velocityy reserve (CFVR) exceeds 2.0 or  its fractional flow reserve (FFR) 0.75.(this thesis) 

2.2. Evaluation of coronary lesion severity with CFVR or  FFR measurements during 

cardiacc catheterization allows a more precise risk stratification than with myocardial 

perfusionn scintigraphy, in view of the need of futur e revascularization, (this thesis) 

3.. FFR, CFVR and relative CFVR have the same diagnostic accuracy (relative to 

myocardiall  perfusion scintigraphy) in patients with two-vessel coronary artery 

disease,, (this thesis) 

4.. Coronary microvascular  resistance modulates the relation between FFR and CFVR, 

whichh emphasizes the importance of combined pressure and flow velocity 

measurements,, (this thesis) 

5.. Heterogeneity of coronary microvascular  resistance between various perfusion areas 
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severity,, (this thesis) 
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7.. Het gebruik van intracoronair e fysiologische meetmethoden met miniatuursensoren 

hoortt  (met het oog op het toekomstige vergoedingen-systeem) een onderdeel te zijn 
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Medicine*. Medicine*. 
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10.. Het kunstwerk "Theory and Practice" van Carla Kleekamp (zie voorkant van dit 

proefschrift )) zou ook "Practice and and Theory" kunnen heten.(overweging) 

11.. Je kan beter  in je eendje rijden dan in een tweedehands auto. 

12.. Een kunstmatig verlengde levertijd kan levens redden. (KA.FM. CkamuUau. Leper en 

kunstlever.kunstlever. NedTifdschr Geneeskd 1998;142:1300-5) 

Amsterdam,Amsterdam, 18 december 2001 StevenSteven A.]. Chamukau 





WmËmmmmMm WmËmmmmMm 


	Cover
	Titlepage
	CONTENTS
	CHAPTER 1 General introduction
	CHAPTER 2 Adequate patient selection for coronary revascularization: an overview of current methods used in daily clinical practice
	CHAPTER 3 Fractional flow reserve, absolute and relative coronary blood flow velocity reserve in relation to the results of technetium-99m sestamibi single photon emission computed tomography in patients with two-vessel coronary artery disease
	CHAPTER 4 Role of variability in microvascular resistance on fractional flow reserve and coronary blood flow velocity reserve in intermediate coronary lesions
	CHAPTER 5 Spatial heterogeneity in coronary microvascular resistance in patients with multi-vessel coronary artery disease
	CHAPTER 6 Prognostic value of coronary blood flow velocity and myocardial perfusion in intermediate coronary narrowings and multi-vessel disease
	CHAPTER 7 Usefulness of fractional flow reserve for risk stratification of patients with multi-vessel coronary artery disease and an intermediate lesion
	CHAPTER 8 How to manage an intermediate coronary lesion in patients with multi-vessel disease? A cost-effectiveness analysis of different strategies using Monte Carlo simulation
	CHAPTER 9 Summary and interpretation of the results
	SAMENVATTING
	PLIST OF ILIAS INVESTIGATORS
	LIST OF ABBREVIATIONS
	Woord van dank
	List of publications
	CURRICULUM VITAE
	Stellingen behorende bij het proefschrift
	Cover

