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INTRODUCTION 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)) OVERVIEW OF CURRENT TECHNIQUES 

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)) INTRACORONARY DERIVED PHYSIOLOGICAL PARAMETERS FOR 

DIAGNOSISS OF MULTI-VESSEL 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 VALUE OF CFVR AND FFR IN RELATION 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. 

RECOMMENDATIONSS FOR CLINICAL PRACTICE 

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 DIRECTIONS 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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