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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. 
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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. 

91 1 
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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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APPENDIX X 

Thee ILIA S study group was as follows: 

SteeringSteering Committee: 

JJJ Piek*  (Chairman), SAJ Chamuleau*, MGW Dijkgraaf*, Ms BLF van Eck-Smit5, JGP Tijssen*. 

Participating'Participating' centers: 

Academicc Medical Center Amsterdam (130): SAJ Chamuleau*, MGW Dijkgraaf1, BLF van Eck-

Smit5,, A de Jong*, KT Koch*, FO Kooij+, RAM van Liebergen*, M Meuwissen*, JJ Piek*, AL 

Spijkerboer5,, JGP Tijssen*, HJ Verberne5; University Hospital Groningen (23): SHJ Monnink *, 

DAA Piers5, RA Tio*, H Wijkstra*; Free University Medical Center Amsterdam (21): CC de 

Cock*,, HJ Pijpers5, M Vis*; University Hospital Maastricht (15): J van Asseldonk*, SHJG Braat5, 

EDD de Muinck*, M Spanjers*; Catharina Hospital Eindhoven (9): GJW Bech*, DAKJCM 

Huysmans5,, NHJ Pijls*; QLVG Hospital Amsterdam (3): DJ van der Heijden*, GJ Laarman*, J 

vann Unnik5, S Zonneveld*. 

**  Department of Cardiology 

55 Department of Nuclear Medicine 

**  Department of Clinical Epidemiology and Biostatistics 

CriticalCritical  Event Committee: 

JGPP Tijssen (Chairman), HWM Plokker (St. Antonius Hospital, Nieuwegein, The Netherlands), 

EAA van Royen (Rijnland Hospital, Leiderdorp, The Netherlands). 
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