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Abstract t 

Thiss study was performed to evaluate hemodynamic alterations after stent 

implantationn following Doppler flow guided balloon angioplasty (BA). 

Theree is controversy regarding the effect of stent implantation on coronary 

hemodynamicss following suboptimal and optimal balloon angioplasty. 

AA total of 523 out of 620 patients underwent Doppler guided balloon angioplasty 

inn the setting of a multi-center study and were analyzed before and after addi-

tionall  stent implantation. Balloon angioplasty was considered optimal in case of 

diameterr stenosis (DS) < 35% and coronary flow reserve (CFR) >2.5 and subopti-

mall  if these two criteria were not met. CFR was also measured in an angiographi-

callyy normal artery to determine relative CFR. Patients were followed during 

twelvee months for documentation of major adverse cardiac events (MACE). 

Thee main difference between patients with a suboptimal BA (n = 195; 51%) and 

ann optimal BA (n = 184; 49%) consisted of a more pronounced increase in base-

linee blood flow velocity (15  8 to 22  11 cm/s versus 14  8 to 16  10 cm/s; 

pp < 0.01). CFR improved after stent implantation in both patient groups due to a 

reductionn in residual lumen obstruction, as determined by angiographical (%DS) 

andd Doppler flow criteria (hyperemic blood flow velocity, relative CFR), associated 

withh a decrease in MACE (16% versus 7% in the optimal group; p = 0.08 and 27% 

versuss 11%; p = 0.007 in the suboptimal group). 

Stentt implantation enhances CFR after suboptimal and optimal Doppler guided 

balloonn angioplasty due to a reduction in residual lumen obstruction, determined 

byy angiographical and Doppler flow criteria, as the underlying mechanism for 

improvedd clinical outcome. 
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Introduction n 
Thee result of balloon angioplasty is hampered by the relative high incidence of 

restenosis.. The introduction of stents in the beginning of the 90's for treatment 

off  procedural complications has led to a reduction of coronary renarrowing follo-

wingg percutaneous transluminal coronary angioplasty PTCA.1-2 The exponential 

growthh in the use of stent implantation has resulted in an increasing number of 

patientss with in-stent restenosis, that is difficult to treat with current percutane-

ouss techniques except for brachytherapy.3 It has been suggested that an optimal 

resultt after balloon angioplasty results in a similar clinical outcome compared to 

stenting.44 The results of the Doppler Endpoints Balloon Angioplasty Trial Europe 

(DEBATE)) I study support this hypothesis.5 Patients with both a diameter stenosis 

(DS)) < 35% and a coronary flow reserve (CFR) >2.5 after balloon angioplasty 

showedd a "stent-like" clinical outcome. Other studies confirmed these findings 

thatt optimized balloon angioplasty using angiography 6 or vascular ultrasound 

imaging,7'' 8 results in a similar clinical outcome as stent implantation. These stu-

diess suggest that a substantial number of patients fare well without stent 

implantation.. In the DEBATE II study, the cost-effectiveness of provisional balloon 

angioplasty,, guided by Doppler flow velocity and angiography, was compared to 

thatt of elective stent implantation. The unique design of this study allowed a 

moree detailed evaluation of hemodynamic alterations after stent implantation 

followingg suboptimal or optimal balloon angioplasty. 

Methods s 

Thee study population, included in this subanalysis, consisted of 523 out of 620 

patientss undergoing guided balloon angioplasty (with angiography and Doppler 

flowflow velocity measurements) for stable or unstable angina pectoris (excluding 

Braunwaldd classification III),  documented myocardial ischemia due to a single de 

novoo coronary stenosis potentially amenable to stent implantation, or both, in 

thee setting of a multi-center study (DEBATE II). The details of this multi-center 

studyy have been described elsewhere.9 Briefly, patients scheduled for PTCA of one 

majorr native coronary artery and a normal left ventricular function were inclu-

ded.. Exclusion criteria were: multivessel disease, previous Q-wave myocardial 

infarctionn in the territory distributed by the vessel to be dilated, acute myocar-

diall  infarction less than 1 week prior to PTCA, total or functional coronary occlu-

sion,, lesions >25mm long, extreme tortuosity of the vessel to be dilated or ves-

selss that were previously bypassed or containing thrombus. The study protocol 

wass approved by the institutional review boards of the participating centers. The 

studyy was performed according to the principles in the Declaration of Helsinki. 

Alll  patients gave written informed consent. 
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AngioplastyAngioplasty procedure and blood flow velocity assessment 

Inn the DEBATE II study 620 patients were first randomized to guided balloon 

angioplastyy (n = 523) or direct stent implantation (n = 97). In the guided balloon 

angioplastyy arm, the operators were urged to obtain an optimal result defined as 

aa DS < 35% and a CFR >2.5. A result was considered suboptimal when these two 

criteriaa were not met (DS < 35% and CFR < 2.5 or DS >35% and / or CFR < 2.5). 

Thiss approach resulted in bail-out stenting in 129 patients, that was allowed 

accordingg to the protocol in the presence of residual stenosis >50%; dissection 

typess D, E, or F; persistent myocardial ischemia with dissection type C; reduction 

off  TIMI flow by 1 grade; or the existence of TIMI grades 0 or 1. A total of 15 

patientss were excluded because of technical reasons. The study population con-

cernedd the remaining 379 patients who underwent a second randomization 

towardss stent implantation or completion of the procedure. Briefly, the study pro-

tocoll  included Doppler flow measurements distal to the lesion under baseline 

andd hyperemic conditions using a 0.014" Doppler tipped guide wire (FloWire; 

Endosonics,, Rancho Cordova, CA, USA). Maximal hyperemia was induced by an 

intracoronaryy bolus injection of adenosine, 12 /xg for the right coronary artery 

andd 18 tig for the left coronary artery or as an intravenous infusion (140 

tig/kg/min). . 

QuantitativeQuantitative coronary angiography 

Cine-angiographyy was performed after the administration of 0.1-0.3 mg nitrogly-

cerinn or 1-3 mg isosorbide dinitrate intracoronary to achieve maximal coronary 

vasodilation.. At least two cine-angiograms, in orthogonal projections, were obtai-

nedd before coronary angioplasty and at the end of the procedure. All cinefilms 

weree analyzed by an independent core laboratory without knowledge of the clini-

call  information and the Doppler flow data. Matched views and frames were selec-

tedd for off-line quantitative computer-assisted analysis. 

BloodBlood flow velocity analysis 

Duringg the angioplasty procedure, the Doppler flow velocity signals were recor-

dedd continuously on videotape using a Doppler flow spectral analyzer (FloMap; 

Endosonics,, Rancho Cardova, CA, USA). The blood flow velocity measurements 

weree used to calculate, by means of the time-averaged peak velocity (normalized 

too the cardiac cycle), the distal blood flow velocity reserve, defined as the ratio 

betweenn adenosine induced hyperemic blood flow velocity and the baseline blood 

floww velocity. Relative coronary flow reserve was defined as the ratio between 

thee coronary flow reserve in the target and the reference vessel. The appropriate-

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

laboratory. . 
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EndEnd points 

Patientss were followed during twelve months for documentation of major adver-

see cardiac events, defined as death from any cause, nonfatal myocardial infarc-

tionn or the need for target lesion revascularization. Myocardial infarction was 

definedd as the development of a new Q-wave or a rise of serum creatinine kina-

sess with an abnormal plasma concentration of myocardial isoenzymes. Enzymes 

weree sampled twice in the first 24 hours. Patients visited the outpatient clinic 1, 

6,, and 12 months after hospital discharge. At each visit, records were kept of ang-

inall  status, cardiac medication, 12-lead ECG, and complete physical examination. 

Noo follow-up angiogram was performed unless clinically indicated. 

StatisticalStatistical analysis 

Continuouss variables are expressed as mean  standard deviation. Chi-square 

analysiss was used to detect a difference in categorical patient characteristics. A 

2-tailedd unpaired t test (or Mann-Whitney test for non-parametric data) was used 

too assess differences in continuous variables. The Holms-Sidak method was per-

formedd to control the family error rate. All relevant clinical and hemodynamic 

andd flow velocity variables were subsequently entered in a univariate binary 

logisticc regression analysis to determine predictors for CFR <2.5 after balloon 

angioplasty.. Contributing factors (p < 0.1) were entered into a multivariate 

regressionn analysis to determine independency. A p-value < 0.05 was considered 

too be statistically significant. 

Result s s 
AA total of 523 out of 620 patients, who underwent guided balloon angioplasty in 

thee setting of the DEBATE II trial, were included in this sub-analysis. Fifteen 

patientss (3%) were excluded because of technical and logistical problems. A total 

off  129 patients (25%) underwent bailout stenting. Consequently, 379 patients 

(73%)) of the patients remained for analysis. Of these 379 patients, 184 patients 

(49%)) appeared to have an optimal result (DS < 35% and CFR >2.5) after PTCA. 

AA total of 195 patients (51%) did not meet these criteria. The majority of the 

patientss with a suboptimal result were characterized by a CFR < 2.5 and %DS 

<< 35 (178 patients; 91%), while 14 patients (7%) had a CFR < 2.5 and %DS >35 

andd 4 patients (2%) had a CFR >2.5 and %DS >35. The baseline characteristics of 

bothh groups are depicted in Table 1. The group of patients with an optimal result 

afterr PTCA appeared to be younger, predominantly male and less frequently diag-

nosedd with unstable angina pectoris, compared to the group of patients with a 

suboptimall  result. 
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Tablee 1 

BaselineBaseline characteristics of the 379 study patients 

Optimal l Suboptimall p-value 

Age,, years  SD 

Male e 

Systemicc hypertension 

Cigarettee smoking 

Totall cholesterol > 6.5 mmol /L 

Diabetess mel l i tus 

Previouss myocardial infarct ion 

Unstablee angina pectoris 

Medicat ion n 

Aspir in n 

fs-blocker r 

Calciumm antagonist 

Nitrates s 

o o 

1499 (81) 

622 (34) 

555 (30) 

108(59) ) 

12(7) ) 

15(8) ) 

522 (28) 

162(88) ) 

1211 (66) 

922 (50) 

1211 (66) 

6 00  11 

1366 (69) 

77(39) ) 

511 (26) 

1099 (56) 

211 (11) 

222 (11) 

744 (38) 

1699 (87) 

125(64) ) 

944 (48) 

1233 (63) 

o.ooi i 

0.008 8 

NS S 

NS S 

NS S 

NS S 

NS S 

O.05 5 

NS S 

NS S 

NS S 

NS S 

Coronaryy artery di lated 

LAD D 

RCA A 

LCx x 

96(52) ) 

577 (3i) 

3ii (17) 

988 (50) 

566 (29) 

4 00 (21) 

NS S 

NS S 

NS S 

CCSS classif ication 

1 1 

2 2 

3 3 

4 4 

7(4) ) 

588 (32) 

488 (26) 

5(3) ) 

9 (5 ) ) 

588 (30) 

311 (16) 

4 (2 ) ) 

NS S 

NS S 

NS S 

NS S 

LADLAD indicates left anterior descending coronary artery; RCA, right coronary artery; LCx, left cir-

cumflexcumflex coronary artery; CCS, Canadian Cardiovascular Society classification. Values are n (%). 

Hemodynamic,Hemodynamic, angiographic and Doppler flow variables in subopti-

malmal and optimal group before and after balloon angioplasty 

Heartt rate was slightly higher before (70  12 versus 67  12 bpm; p < 0.05) 

andd after (72  12 versus 67  11 bpm; p < 0.05) the procedure in the patients 

withh a suboptimal result. In the suboptimal and optimal group, diameter stenosis 

improvedd after guided balloon angioplasty from 70  11% and 68  11% to a 

similarr value of 23  10% and 22  8%, respectively {Table 2). Baseline blood 

floww velocity increased after balloon angioplasty in the suboptimal group, while 
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itt remained unchanged in the optimal group (15  8 to 22  11 cm/s versus 14 

 8 and 16  10 cm/s, respectively; p < 0.01). An increased hyperemic blood 

floww velocity was observed in both groups after balloon angioplasty. CFR was 

alreadyy lower before the procedure in the patients who showed to have a subop-

timall  result after balloon angioplasty compared to the patients with an optimal 

resultt (1.47  0.5 versus 1.72  0.6; p < 0.01), while relative CFR was equal in 

bothh patient groups. An impaired relative coronary flow reserve was observed 

afterr balloon angioplasty in the suboptimal group, compared to the patients with 

ann optimal result (0.80  0.2 vs. 1.06  0.4; p < 0.01). 

Tablee 2 

QCAQCA and coronary blood flow velocity data of the patients with an optimal and suboptimal result 

afterafter balloon angioplasty 

Optima l l 

(nn = 184) 

Suboptima l l 

(nn  = 195) 

p-valu e e 

preGBA A Gain * * 

%DS S 

b-APV,, cm/s 

h-APV,, cm/s 

CFR R 

relCFR R 

preGBA A 

postGBA A 

postStent t 

preGBA A 

postGBA A 

postStent t 

preGBA A 

postGBA A 

postStent t 

preGBA A 

postGBA A 

postStent t 

preGBA A 

postGBA A 

postStent t 

688  11 

222  8 

8 8 

144  8 

166  10 

177 7 

233 5 

466  18 

522 4 

1.722  0.6 

3.100  0.6 

3.300  0.7 

0.599  0.3 

1.066  0.4 

1.122  O.4 

700  n 

233  10 

8 8 

155  8 

222  10 

222  11 

222  12 

411  18 

499  26 

1.477 5 

1-955 4 

2.366  0.7 

0.599  0.2 

0.800  0.2 

0.955 3 

0.15 5 

0.49 9 

0.21 1 

<o.oi* * 

0.97 7 

0.95 5 

0.60 0 

<o.oi* * 

0.20 0 

0.20 0 

0.28 8 

<o.o i* * 

0.56 6 

<o.o i* * 

0.11 1 

ff The upper p-value is for the comparison of the gain ofGBA (relative to preGBA) between patients 

withwith an optimal (n = 184) and suboptimal (n = 195) result. The lower p-value is for the comparis-

onon of the gain of stent implantation (relative to postGBA) between patients with optimal (n = 77) 

andand suboptimal result (n = UO). ' Statistically significant according to the Holm-Sidak method. 

DSDS indicates diameter stenosis; GBA, guided balloon angioplasty; b-APV, baseline average peak 

velocity;velocity; h-APV, hyperemic average peak velocity; CFR, coronary flow reserve; relCFR, relative 

coronarycoronary flow reserve. 

ValuesValues are mean  SD. 
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iographiciographic and Doppler flow variables in subopti-

andand optimal group after stent implantation 

Percentagee diameter stenosis further diminished from 22  9% to 7  8% and 22 

 8% to 8  8%, respectively, after stent implantation in both the suboptimal 

andd optimal group (Table 2). Baseline blood flow velocity remained elevated (22

111 cm/s) in the suboptimal group, while it remained lower in the optimal group 

afterr stent implantation (17  7 cm/s). Hyperemic blood flow velocity further 

increasedd after stent implantation towards a value of 49  26 cm/s in the subop-

timall  group and 52  24 cm/s in the optimal group. In the suboptimal as well as 

inn the optimal group CFR in the target artery further improved after stent 

implantationn to a value of 2.36  0.7 and 3.30  0.7, respectively. After stent 

implantation,, also relative CFR remained low in the suboptimal group, compared 

too the optimal group (0.95  0.3 versus 1.12  0.4). 

itivariateitivariate analysis of predictors of post-procedural 

AA binary logistic regression analysis of all relevant clinical, hemodynamic and 

floww velocity variables revealed baseline CFR in the target vessel, baseline CFR in 

thee reference vessel, family history, male gender, lesion length, lesion eccentrici-

ty,, height, weight, age, baseline percentage diameter stenosis and smoking as 

predictorss of CFR <2.5 after PTCA. A multivariate analysis of these variables reve-

aledd CFR before angioplasty (OR 2.32; p = 0.001), reference CFR (OR 2.59; p < 

0.001)) and family history (OR 2.36; p = 0.002) as the only independent predictors 

off  CFR <2.5 directly after PTCA. 

withwith an optimal and suboptimal result 

Inn Table 3 the frequency of all major adverse cardiac events are shown. The inci-

dencee of major adverse cardiac events at follow up after one year was lower in 

thee total patient group (disregarding a suboptimal or optimal result) with a stent 

implantationn on top of guided balloon angioplasty, compared to patients who 

underwentt solely a balloon angioplasty (9% versus 21%; p = 0.002). The inciden-

cee of major adverse cardiac events in the suboptimal patient group after stent 

implantationn on top of guided balloon angioplasty was 11%, compared to 27% in 

patientss who had solely a guided balloon angioplasty (p = 0.007). A similar trend 

wass seen in the patients with an optimal result after PTCA (7 versus 16%; p = 

0.08). . 
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Tablee 3 

Frequencyy of major adverse cardiac events 

Optimals s 

(nn = 184) 

Suboptimals s 

(nn = 195) 

Balloonn Stent Balloonn Stent 

Deathh 1 (1) 

Myocardiall Infarction 2 (2) 

TLRR rate 14 (13) 

Totall MACE 17 (16) 

2(3) ) 
0 ( 0 ) ) 

3(4) ) 

5(7) ) 

2 ( 2 ) ) 

3(4) ) 
188 (21) 

233 (27) 

1(1) ) 

4(4) ) 

7(6) ) 

12(11) ) 

TLRTLR indicates target lesion revascularization; MACE, major adverse cardiac events. 

ValuesValues are n (%) 

Discussio n n 
Thee results of this analysis of the DEBATE II study demonstrate that the clinical 

benefitt of stent implantation following suboptimal and optimal balloon angiopla-

styy is related to a reduction of residual lumen obstruction as determined by 

angiographicc and Doppler flow indices. 

SuboptimalSuboptimal guided balloon angioplasty and additional stent implan-
tation tation 

Thee unique design of the DEBATE II study allowed the evaluation of the effect of 

stentt implantation following balloon angioplasty on coronary hemodynamics in a 

largee number of patients. The data show that a suboptimal result of balloon 

angioplasty,, defined by angiographical and Doppler flow criteria is due to both 

ann enhanced baseline blood flow velocity and presumably a residual lumen 

obstruction,, as reflected by impaired relative CFR, compared to the group with an 

optimall  result after balloon angioplasty. In the group of patients who did not 

meett the criteria for optimal balloon angioplasty baseline blood flow velocity 

appearedd to be elevated post procedural, which confirms earlier studies.10" 12 

Coronaryy flow reserve was already impaired before PTCA in the subgroup of 

patientss with a suboptimal result directly after PTCA in concert with a normal 

relativee CFR (and an equal angiographical severity of the epicardial stenosis in 

bothh groups). Moreover, multivariate analysis showed CFR before the intervention 

andd reference CFR to be predictors of CFR after PTCA, suggesting that hemodyna-
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miee factors before the intervention are responsible for the impaired CFR after 

PTCAA rather than procedure related factors such as particulate embolization or 

reactivee epicardial vasoconstriction at the site of the guidewire t ip .1 3 , 14 Several 

otherr mechanisms have been suggested to explain an impaired CFR, due to an 

enhancedd baseline flow velocity directly after guided balloon angioplasty, inclu-

dingg a temporary disturbed autoregulation, microvascular stunning or diffuse 

disease,, as stated in earlier studies.10" 12-15 The baseline flow velocity remained 

unchangedd after stent implantation, while CFR improved, due to a reduction in 

residuall  lumen obstruction as determined by angiographic (diminished %DS) and 

Dopplerr (enhanced hyperemic blood flow velocity and relative CFR) criteria. This 

improvedd hemodynamic status following stent implantation was associated with 

ann improved clinical outcome, as shown in previous studies, and already repor-

ted.9 9 

OptimalOptimal guided balloon angioplasty and additional stent implanta-

tion tion 

Ann optimal result after balloon angioplasty was achieved in approximately half of 

thee patients. These patients were characterized by a baseline blood flow velocity 

thatt remained unchanged after guided balloon angioplasty, while the hyperemic 

bloodd flow velocity increased significantly as a result of the diminished residual 

lumenn obstruction. This optimal result after balloon angioplasty led to a low inci-

dencee of MACE (16%; table 5) during follow-up, which is in accordance with the 

DEBATEE I, DESTINI and FROST trials. This indicates that potentially half of the 

patientss show a good clinical outcome after optimal balloon angioplasty (inciden-

cee of MACE varying between 15% and 19%). This treatment strategy to refrain 

fromm additional stent implantation avoids the risk of the development of an in-

stentt restenosis, that is currently still difficult to treat.5 ,16>17 Nevertheless, addi-

tionall  stent implantation in this subgroup of patients resulted in a further increa-

see in CFR and relative CFR, due to an enhancement of hyperemic blood flow velo-

city.. The incidence of MACE in the group of patients with an additional stent 

implantationn after optimal balloon angioplasty was 7%, while the incidence of 

MACEE after primary stent implantation in the main study was 13% (p = 0.08). 

Thiss trend towards significance suggests that physiological guided stent implan-

tation,, either based upon intracoronary blood flow velocity or pressure measure-

ments,188 may be better than primary stent implantation. However, this hypothe-

siss should be tested in a larger group of patients. Furthermore, it should be noted 

thatt the excellent clinical outcome following Doppler guided stent implantation 

couldd also be related to a selection bias of the study patients, consisting predomi-

nantlyy of patients with single-vessel disease and a presumably normal or mildly 

diseasedd microvasculature. 
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Thiss study concerns a post-hoc analysis of a multi-center study. The changes in 

arteriall  dimensions were assessed by quantitative coronary angiography without 

intravascularr ultrasound imaging mandatory for appropriate evaluation of epicar-

diall  remodeling, estimation of coronary volume flow changes or shear stress ana-

lysis.. Furthermore, a substantial group of patients was excluded from this analy-

sis,, because of a "bail-out" stent implantation. Finally, this study involved a selec-

tedd cohort of patients with 1-vessel disease and a normal left ventricular func-

tionn limiting extrapolation of the present findings to other patient groups. 

Thee operators pursued an aggressive approach to obtain an optimal angiographic 

resultt as demonstrated by the percentage diameter stenosis after balloon angio-

plasty.. The present study shows that intracoronary hemodynamic guidance of a 

coronaryy intervention on top off angiography results in an additional improve-

mentt of clinical outcome. Approximately 50% of the patients in the provisional 

stentt arm of the DEBATE II study showed to have an unsatisfactory result despite 

Dopplerr guided balloon angioplasty, which is in accordance with the DESTINI and 

FROSTT trials. This subset of patients requires stent implantation to improve the 

directt hemodynamic and late clinical outcome. However, this indicates that the 

remainingg 50% of the patients showed a good "stent-like" clinical outcome after 

optimall  balloon angioplasty. From a clinical point of view this is an essential 

observation,, since a restenotic lesion can be treated easily with a stent, while the 

treatmentt of in-stent restenosis is still cumbersome.3 The provocative low per-

centagee of target lesion revascularization in the subgroup of patients with an 

optimall  result after balloon angioplasty followed by additional stent implanta-

tionn suggests the usefulness of hemodynamic guidance of stent implantation, 

thatt contrasts to the current clinical practice of direct stenting. 
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