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CHAPTERR 10 

Introductio n n 
Thee introduction of guide wires, equipped with sensors for measurement of intra-

coronaryy Doppler flow and pressure allows direct evaluation of the result of per-

cutaneouss transluminal coronary angioplasty (PTCA) on coronary hemodynamics. 

Singlee center studies have shown that stent implantation can be optimized using 

intracoronaryy measured blood flow velocity (coronary flow reserve; CFR) and 

pressuree (fractional flow reserve; FFR) parameters.1-2 Furthermore, recent studies 

havee shown that an optimized stent implantation according to Doppler flow 

parameterss (CFR. relative CFR) yields an excellent clinical outcome.3-4 In the 

Dopplerr Endpoints Balloon Angioplasty Trial Europe (DEBATE) II study, optimized 

balloonn angioplasty using angiographical and Doppler flow parameters was follo-

wedd by stent implantation in a subset of patients.5 This post hoc analysis exami-

ness optimal cut-off values for angiographical and Doppler flow parameters in 

orderr to predict long-term {12 months) clinical outcome following stent implanta-

tion. . 

Method s s 
Thee study population of this post hoc analysis consisted of 187 patients with sta-

blee or unstable angina pectoris undergoing Doppler guided stent implantation in 

thee setting of a multi-center study for the treatment of a single de novo coronary 

stenosiss (DEBATE II).5 Briefly, patients with one major native coronary artery and 

aa normal left ventricular function that were eligible for PTCA were included in 

thiss study. In the DEBATE II study 620 patients were first randomized to guided 

balloonn angioplasty (n = 523) or direct stent implantation (n = 97). In the gui-

dedd balloon angioplasty arm, the operators were urged to obtain an optimal 

resultt predefined as a diameter stenosis < 35% and a CFR >2.5. Bail-out stenting 

wass performed in 129 patients and a total of 15 patients were excluded because 

off  technical reasons. The patient population of this sub-study concerned 187 of 

thee remaining 379 patients who underwent stent implantation after a second 

randomization,, irrespective of the result after balloon angioplasty. Coronary cine-

angiographyy was performed using standard procedures. All cinefilms were analy-

zedd by an independent core laboratory without knowledge of the clinical and the 

Dopplerr flow data. Doppler flow velocity measurements were performed distal to 

thee lesion under baseline and hyperemic conditions using a 0.014" Doppler tip-

pedd guide wire (FloWire; JOMED, Rancho Cordova, CA, USA). The Doppler flow 

velocityy signals were recorded on videotape using a Doppler flow spectral analy-

zer.. Distal blood flow velocity reserve was defined as the ratio between adenosi-

nee induced hyperemic blood flow velocity and the baseline blood flow velocity. 

Relativee coronary flow reserve was defined as the ratio between the coronary 

flowflow reserve in the target and an angiographical normal vessel. The appropriate-

nesss of the Doppler flow measurements was verified by an independent core 

laboratory.. Primary endpoint of the study was the occurrence of major adverse 
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cardiacc events (MACE) defined as death from any cause, nonfatal myocardial 

infarctionn or the need for target lesion revascularization, during a 12 month fol-

low-upp period. Chi-square analysis was used to detect a difference in categorical 

patientt characteristics. Receiver operating curve analysis was performed to deter-

minee the best cut-off points for percentage diameter stenosis, CFR and relative 

CFRR that were predictive for MACE at 12 months follow-up, defined as the hig-

hestt sum of sensitivity and specificity of these parameters. A 2 by 2 table analy-

siss was performed to calculate the percentage of MACE for each subgroup of 

patients,, determined by the cut-off values. All angiographic and flow velocity 

variabless were subsequently entered in a univariate binary logistic regression 

analysiss to determine predictors for MACE during follow-up. Contributing factors 

(pp <0.1) were entered into a multivariate regression analysis to determine inde-

pendency.. For all tests, a p-value <0.05 was considered statistically significant. 

Result s s 
Thee baseline characteristics of the study group of 187 patients, who underwent 

additionall  stent implantation following balloon angioplasty, are depicted in Table 1, 

Tablee 1 

BaselineBaseline characteristics of the 187 study patients 

Event ss + Event ss  -

Age,, years  SD 

Men n 

Totall cholesterol > 6.5 mmol /L 

Diabetess mel l i tus 

Systemicc hypertension 

Smokingg history 

Never r 

Previously y 

Current t 

Previouss myocardial in farct ion 

Medicat ion n 

Aspirin n 

(s-blocker r 

Calciumm antagonist 

Nitrates s 

Coronaryy artery di lated 

Leftt anter ior descending 

Rightt coronary artery 

Leftt circumflex 

Continuess next page > > 

577 " 

1388 (74%) 

966 (51%) 

200 (n%) 

699 (37%) 

644 (34%) 

688 (36%) 

555 (30%) 

199 (10%) 

1622 (87%) 

1288 (68%) 

900 (48%) 

1155 (62%) 

555 2 

111 (73%) 

66 (40%) 

22 (13%) 

66 (40%) 

66 (40%) 

44 (27%) 

55 (33%) 

55 (33%) 

111 (73%) 

66 (40%) 

99 (60%) 

99 (60%) 

977 (52%) 

599 (32%) 

311 (16%) 

100 (67%) 

44 (27%) 

11 (7%) 

588  10 

1277 (74%) 

900 (52%) 

188 (10%) 

633 (37%) 

588 (34%) 

644 (37%) 

500 (29%) 

144 (8%)* 

1511 (88%) 

1222 (71%)* 

811 (47%) 

1066 (62%) 

877 (5i%) 

555 (32%) 

300 (17%) 
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Canadiann Cardiovascular Society class 

1-22 64 (34%) 

3-44 58 (31%) 

Unstablee angina pectoris 65(35%) 

55 (33%) 

55 (33%) 

77 (47%) 

599 (34%) 

533 (3i%) 

588 (34%) 

'' p <0.05 compared to value of patients with events 

Percentagee diameter stenosis decreased after stent implantation, that was reflec-

tedd by an improvement of CFR and relative CFR. This improvement of CFR was 

duee to an increase of hyperemic average peak flow velocity (APV). After the inter-

ventionn an enhanced baseline flow velocity was observed (Table 2). 

Tablee 2 
QuantitativeQuantitative coronary angiography and coronary blood flow velocity data of patients with balloon 

angioplastyangioplasty and subsequent stent implantation (n = 187) 

Diameterr stenosis (%) 

Baselinee average peak 

f l oww velocity (cm/s) 

Hyperemicc average peak 

f l oww velocity (cm/s) 

Coronaryy f low reserve 

Relativee coronary f low reserve 

Baseline e 

Afterr Balloon 

Afterr Stent 

Baseline e 

Afterr Balloon 

Afterr Stent 

Baseline e 

Afterr Balloon 

Afterr Stent 

Baseline e 

Afterr Balloon 

Afterr Stent 

Baseline e 

Afterr Balloon 

Afterr Stent 

699 n 

222  9* 

88 * 

155  8 

211  10* 

211  IO 

4 4 

455  21' 

50125* * 

1.577 1 0.6 

2.322 i 0.7* 

2.755  0.8* 

0.600 1 0.3 

0.900 1 0.3* 

1.022 i 0.3* 

21 1 

23 3 

45 5 

11 10 

+ + 
14 4 

21* * 

ValuesValues are mean  SD. ' p <0.01 compared to previous measurement 

AA total of 15 patients had an adverse cardiac event during 12 months follow-up. 

Off  these patients, 2 patients died, 3 patients had a myocardial infarction (1 Q-
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andd 2 non-Q myocardial infarction), 1 patient underwent bypass surgery and 9 

patientss underwent re-PTCA during follow-up. Table 3 depicts the determined 

angiographicc and Doppler flow velocity cut-off values for prediction of MACE at 

follow-upp as determined by receiver operating curve analysis. A CFR < 2.5, relati-

vee CFR < 0.89 and hyperemic APV < 41 cm/s were predictive for MACE in a univa-

riatee analysis. After subsequent multivariate analysis, CFR < 2.5 and hyperemic 

APVV < 41 cm/s remained as the only independent hemodynamic predictors [Table 4). 

Tablee 3 

ReceiverReceiver operating characteristic curves of the angiographical and hemodynamic variables in rela-

tiontion to the occurrence of major adverse cardiac events 

Cut-off f AUC C 95%% CI Sensitivit yy  Specificit y 

Coronaryy f l ow reserve 

Relativee coronary 

f l oww reserve 

Baselinee average peak 

f loww velocity (cm/s) 

Hyperemicc average 

peakk f low velocity (cm/s) 

Diameterr stenosis (%) 

2-5 5 

0.89 9 

21 1 

41 1 

11 1 

76 6 

69 9 

53 3 

66 6 

59 9 

61-92 2 

53-84 4 

51-81 1 

36-70 0 

43-74 4 

74 4 

72 2 

57 7 

70 0 

48 8 

75 5 

68 8 

61 1 

64 4 

72 2 

AUCAUC indicates area under the curve; CI, confidence interval 

Tablee 4 

UnivariateUnivariate and multivariate logistic regression analysis for predictors of major adverse cardiac 

eventsevents during follow-up 

Univariate e Multivariatee OR 95%% CI 

Coronaryy f low reserve <2.5 

Hyperemicc average peak 

f l oww velocity <4i cm/s 

Relativee coronary 

f loww reserve <o.8g 

Baselinee average peak 

f l oww velocity >2i cm/s 

Diameterr stenosis >n% 

0.003 3 

0.028 8 

0.011 1 

0.202 2 

0.135 5 

0.017 7 

0.039 9 

0.166 6 

--
--

6.9 9 

4-3 3 

--

--
--

OROR indicates odds ratio; CI, confidence interval 
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Thee number of adverse events in all patients with a diameter stenosis < 11% are 

depictedd in Figure 3, subdivided for the patients below or above the different 

determinedd Doppler flow cut-off values. This analysis showed that the number of 

eventss decreased in all patients with a CFR, relative CFR and hyperemic APV 

abovee or baseline APV below the determined cut-off value. 

onaryflov v 
Hypere e 
peakk fli 

422 79 

PercentagePercentage of major adverse events during follow-up in the subgroup of patients with a diameter 

stenosisstenosis <U%(n = 132), subdivided for the patients above or below the different Doppler flow 

cut-offcut-off values. The number of patients per group is depicted in the bar diagram. 

Discussion n 
Optimizationn of the angioplasty result, using hemodynamic parameters has beco-

mee possible due to the rapid development of techniques for intracoronary asses-

smentt of CFR, relative CFR, FFR and intravascular ultrasound.1-6-7 In the present 

study,, the Doppler parameters improved after stent implantation following opti-

mizedd balloon angioplasty, as reported before.8 The impaired CFR that was obser-

vedd in a subgroup of patients can be caused by an increased baseline blood flow 

velocityy or an impaired hyperemic flow velocity. This increased baseline flow 

velocityy after the intervention has been reported previously and has been sugge-

stedd to be due to a temporary disturbed autoregulation, microvascular stunning, 

particulatee embolization or reactive epicardial vasoconstriction at the site of the 

guidewiree tip.9" 12 In the DEBATE II study it has also been shown that particulate 

embolizationn probably plays a role in postprocedural hemodynamics, as sugge-

stedd by the rise in creatinine kinase MB levels in patients with a CFR < 2.5 after 

angioplasty133 An impaired hyperemic response may be due to a functional resi-

duall  stenosis or microcirculatory abnormalities and / or diffuse coronary artery 
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diseasee which cannot be appreciated angiographically. Most probably, both the 

mentionedd microcirculatory disturbances after the procedure as well as an epicar-

diall  residual lesion play a role in the short and long term result of the interven-

tion,, as also stated in a recent editorial by Brener et al.14 

Clinicall  outcome after stent implantation can be markedly improved using gui-

dancee with hemodynamic parameters as FFR, CFR or relative CFR, as described in 

previouss reports.3-15 These findings are confirmed in the present study, showing 

similarr excellent clinical outcome after a follow-up period of 12 moths in a large 

patientt population of a multicenter trial. Hemodynamic and angiographical cut-

offf  values predictive of adverse events during follow-up that are currently used 

(CFRR < 2.5 and a diameter stenosis >35%) were derived from the DEBATE study.16 

Thee post hoc determined cut-off values of post-procedural CFR and relative CFR in 

thee present study are similar to the values that were reported before by Haude et 

al.33 After multivariate analysis only CFR < 2.5 and hyperemic APV < 41 remained 

ass independent predictors of MACE during 12 months follow-up. The observed 

incidencee of adverse events in the patients with an optimal angiographical result 

(residuall  diameter stenosis < 11%) in combination with an optimal hemodynamic 

statee is remarkably low. This excellent clinical outcome after optimal stent 

implantationn appears similar to the outcome that was observed in a recent study 

usingg drug eluting stents.17 Thus, besides the impression that a large subgroup 

off  patients may not need a stent implantation at all,18 a substantial number of 

patientss may have an excellent clinical outcome after physiological guided stent 

implantation.. Moreover, Doppler parameters after stent implantation have impor-

tantt prognostic information as shown in the present study and may identify sub-

setss of patients that may benefit form additional treatment after suboptimal 

stentt implantation (e.g. upsized balloon dilatation and / or pharmacological 

interventionn using Hb/HIa inhibition, clopidogrel or statins) to improve long-term 

clinicall  outcome. However, these issues need to be addressed in future prospecti-

vee studies. 

Inn summary, an angiographical optimal stent implantation in conjunction with 

ann hemodynamic state is associated with an excellent clinical outcome. 

Furthermore,, angiographical and Doppler derived parameters yield important 

prognosticc information for the occurrence of adverse cardiac events following 

stentt implantation. 
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