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CHAPTERR 8 

Abstrac t t 
Background Background 

Theree are limited data regarding the immediate and long-term effect of balloon 

angioplastyy on the coronary flow reserve (CFR) evaluated in a multi-center set-

ting. . 

MethodsMethods and Results 

AA total of 86 patients with 1-vessel disease and a normal left ventricular function 

weree analyzed before and after optimal balloon angioplasty (diameter stenosis 

<35%)) and at 6-month follow-up. CFR was assessed with a Doppler guide wire. A 

loww CFR (<2.5) after PTCA, due to an increased baseline blood flow velocity, was 

encounteredd in 42 of the 86 patients (49%). Recurrence of angina and target 

lesionn revascularization were more frequent in these patients than in patients 

withh a CFR >2.5 (46% versus 23% and 36% versus 16%, respectively; p<0.05) 

duee to a trend towards restenosis (29% versus 16%; p = 0.15) or a low CFR at fol-

low-upp due to persistent elevated baseline blood flow velocity. Patients without 

restenosiss showed a decrease or increase of CFR during follow-up, determined by 

alterationss of hyperemic blood flow velocity. 

Conclusions Conclusions 

Patientss with an impaired CFR directly after optimal balloon angioplasty showed 

aa higher target lesion revascularization rate compared to patients with a CFR 

>2.5.. This patient group consists of patients prone to develop restenosis, while 

otherr patients are characterized by a persistent low CFR, probably secondary to 

disturbedd autoregulation and/or diffuse mild coronary atherosclerosis. Coronary 

floww reserve alterations in patients without restenosis were related to changes in 

hyperemicc blood flow velocity, suggesting that this phenomenon relates to epi-

cardiall  remodeling. 
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Introduction n 
Theree is controversy regarding the effect of balloon angioplasty on the distal 

coronaryy flow reserve (CFR). Several studies have indicated that balloon angiopla-

styy results in a direct normalization of distal CFR, while other studies reported a 

temporaryy impaired CFR after balloon angioplasty.1"6 It has been hypothesized 

thatt this spontaneous improvement of CFR after balloon angioplasty may be rela-

tedd to remodeling of the epicardial segment and/or slow recovery of autoregula-

tionn of microvascular bed.3"6 Recent insights from single-center studies suggest 

thann an impaired CFR after balloon angioplasty may be due to a residual luminal 

obstructionn resulting in a reduced hyperemic response or secondary to an eleva-

tedd baseline blood flow velocity as a result of disturbed autoregulation of the 

microvascularr bed.3-7'8 A recently published multi-center trial (Doppler Endpoints 

Balloonn Angioplasty Trial Europe, DEBATE) evaluated the effect of balloon angio-

plastyy on distal CFR in relation to the clinical outcome during a 6-month follow-

upp period.9 The aim of this sub-study was to evaluate the effect of balloon angio-

plastyy on epicardial remodeling and adaptation of microvascular bed in a selected 

cohortt of patients with optimal angiographical result after percutaneous translu-

minall  coronary angioplasty (PTCA). These phenomena were studied by analysis of 

arteriall  dimensions assessed by quantitative coronary angiography and baseline 

andd hyperemic blood flow velocity alterations before and after PTCA and at 6-

monthh follow-up. 

Methods s 

Thee study population consisted of 86 out of 225 patients undergoing PTCA for 

chestt pain and/or documented signs of myocardial ischemia (electrocardiograp-

hic,, scintigraphic or echocardiographic) in the setting of a multi-center study 

(DEBATE).. The details of this multi-center study have been described elsewhere.9 

Briefly,, patients scheduled for PTCA of one major native coronary artery and a 

normall  left ventricular function were included. Exclusion criteria were: multives-

sell  disease, previous transmural myocardial infarction in the territory distributed 

byy the vessel to be dilated, acute myocardial infarction less than 1 week prior to 

PTCA,, previous PTCA of the actual coronary segment, total or functional coronary 

occlusion,, presence of left bundle branch block, second or third degree atrioven-

tricularr block, open bypass graft distal to the lesion to be treated, extreme tor-

tuosityy of the vessel to be dilated and intended alternative or additional inter-

ventionall  treatments such as directional and rotational atherectomy or stent-

implantation.. The study protocol was approved by the institutional review 

boardss of the participating centers. All patients gave written informed consent. 

Patientss were included in this analysis in case of an optimal result of balloon 

angioplasty,, defined as a diameter stenosis <35% after PTCA determined by off-
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CHAPTERR 8 

linee quantitative coronary angiography. 

AngioplastyAngioplasty procedure and blood flow velocity assessment 

Thee study protocol included premedication of patients before angioplasty with 

heparinn and acetylsalicylic acid. A 0.014" Doppler tipped guide wire was used as 

thee primary angioplasty guide wire (FloWire; Endosonics, Rancho Cordova, CA, 

USA).100 The Doppler guide wire was advanced distal to the lesion and blood flow 

velocityy recordings were obtained under baseline and hyperemic conditions. A 

distancee from the stenosis greater than 5 times the vessel diameter was maintai-

nedd in order to avoid post-stenotic turbulent flow. Maximal hyperemia was indu-

cedd by an intracoronary bolus injection of adenosine, 12 fxg for the right corona-

ryy artery and 18 fig for the left coronary artery. The Doppler guide wire was left 

inn place and blood flow velocity was continuously monitored throughout the pro-

cedure.. Only angiographic criteria (diameter stenosis <50% in any angiographic 

view)) were used to determine the endpoint of the angioplasty procedure. The site 

off  the blood flow velocity measurements was recorded on cinefilm. 

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 repeated at late follow-up. 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 (CAAS II system, Pie 

Medicall  Data, Maastricht, the Netherlands). Automatic edge-detection of the 

luminall  dimensions (minimum lumen diameter, reference diameter) was perfor-

medd using the guiding catheter filled with contrast as a scaling device. 

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 maximal blood flow velocity after administration of adenosine and the 

baselinee blood flow velocity. The appropriateness of the Doppler flow measure-

mentss was verified by an independent core laboratory. 

Follow-upFollow-up procedures 

Patientss were followed during six months 4 weeks) for documentation of 

majorr adverse cardiac events, defined as cardiac death, myocardial infarction or 
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thee need for target lesion revascularization in case of recurrent angina and/or 

objectivee signs of myocardial ischemia due to coronary renarrowing with a dia-

meterr stenosis greater than 50%. Quantitative coronary angiography was perfor-

medd at six months in the same views as during the initial procedure. The base-

linee average peak blood flow velocity (b-APV) and hyperemic average peak blood 

floww velocity (h-APV) recordings were obtained in the same position as before 

PTCA. . 

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 paired t test (or Wilcoxon test for parametric data) was used to identify 

variationn within subjects. A 2-tailed unpaired t test (or Mann-Whitney test for 

non-parametricc data) was used to assess differences in continuous variables. 

Thesee variables were subsequently entered in a univariate linear regression ana-

lysiss to determine significant predictors for changes in CFR at follow-up. 

Contributingg factors were entered into a multivariate linear regression analysis 

too determine independency. For all tests, a p-value <0.05 was considered statisti-

callyy significant. 

Result s s 
AA total of 86 patients of the 225 patients, enrolled in the DEBATE-study, showed a 

percentagee diameter stenosis <35% after balloon angioplasty and were analyzed 

inn this study. Hemodynamic and angiographical data were complete in all 86 

patients.. Doppler data were complete in 86 patients before PTCA and in 83 

patientss at follow-up. A total of 19 of the 86 patients (22%) showed restenosis at 

follow-upp angiography. 

ImpairedImpaired coronary flow reserve directly after optimal balloon angio-

Baselinee Characteristics 

AA total of 42 of the 86 study patients (49%) showed an impaired CFR after PTCA, 

whilee the remaining 44 patients (51%) demonstrated a CFR >2.5. The baseline 

characteristicss of both patient groups are depicted in Table 1. Patients with an 

impairedd CFR were older and showed a significant difference with respect the use 

off  nitrates. 
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Tablee 1 

BaselineBaseline characteristics of the 86 study patients 

Characteristi c c CFR<2.5 5 CFR>2.5 5 

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 AP 

Medicat ion n 

ls-blocker r 

Calciumm antagonist 

Nitrates s 

6019 9 

299 (69) 

14(33) ) 

9(21) ) 

200 (48) 

6(14) ) 

9(21) ) 

211 (50) 

22(52) ) 

44 (10) 

322 (76) 

o o 

366 (82) 

111 (25) 

144 (32) 

14(32) ) 

2(5) ) 

99 (20) 

211 (48) 

288 (64) 

44 (9) 

222 (50) 

0.02 2 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

0.005 5 

Coronaryy artery di lated 

LAD D 

RCA A 

LCx x 

199 (45) 

111 (26) 

122 (29) 

288 (64) 

8(18) ) 

8(18) ) 

NS S 

NS S 

NS S 

Typee of lesion (ACC/AHA) 

A A 

B B 

C C 

Lengthh of lesion > 10 mm 

7(17) ) 

355 (83) 

0 ( 0 ) ) 

6(14) ) 

5(H) ) 

399 (89) 

0 ( 0 ) ) 

6(14) ) 

NS S 

NS S 

NS S 

NS S 

CFRR indicates coronary flow reserve; AP, angina pectoris; LAD, left anterior descending coronary 

artery;artery; RCA, right coronary artery; LCx, left circumflex coronary artery; ACC, American College of 

Cardiology;Cardiology; AHA, American Heart Association. Values are n (%). 

Hemodynamic ,, angiographi c and Dopple r flo w variable s 

Theree were no significant differences in heart rate, mean aortic pressure and 

angiographicall  variables between both patient groups before and after PTCA 

(Table(Table 2). CFR before PTCA was lower in patients with an impaired CFR after PTCA 

77 versus ; p<0.05). An impaired CFR after PTCA was associated 

withh a significant increase in b-APV 7 to 2 cm/s; p<0.05), while the 

increasee in h-APV was similar in both patient groups (26 6 to 45 6 cm/s ver-

suss 2 to 5 cm/s). At 6-months follow-up b-APV in patients with an 

impairedd CFR normalized to a value of 7 cm/s (p<0.05), while the b-APV of 
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thee patients with an unimpaired CFR remained constant 6 cm/s). A multiva-

riatee analysis of clinical, angiographic and hemodynamic variables revealed CFR 

beforee angioplasty as the only independent predictor of CFR directly after PTCA 

(pp = 0.03). 

Tablee 2 

QCAQCA and coronary blood flow velocity data of the 86 study patients 

'' p<0.05 vs paired data of previous measurement 

fp<0.05fp<0.05 vs patients with a CFR< 2.5 after balloon angioplasty 

BABA indicates balloon angioplasty; HR, heart rate; MAP, mean arterial pressure; DS, diameter steno-

sis;sis; MID, minimum lumen diameter; b-APV, baseline average peak velocity; h-APV, hyperemic aver-

ageage peak velocity; CFR, coronary flow reserve 

ImpairedImpaired CFR after optimal balloon angioplasty in relation to the 

clinicalclinical outcome 

Deathh or myocardial infarction did not occur during the 6-month follow-up 

period.. The patients with an impaired CFR after PTCA showed to have more recur-

rencee angina at follow-up compared to the patients with a CFR >2.5 (17 of 37 

patients,, 46% versus 10 of 44 patients, 23%; p<0.05). Second, the incidence of 

targett lesion revascularization in patients with an impaired CFR after PTCA was 

higherr than in patients with a CFR >2.5 after PTCA (15 of 42 patients, 36% ver-

suss 7 of 44 patients, 16%; p<0.05). Furthermore, there was a trend towards hig-

herr restenosis rate in patients with an impaired CFR after PTCA (12 of 42 

patients,, 29% versus 7 of 44 patients, 16%; p = 0.15). The angiographic and 

Dopplerr flow data of the patients with an impaired CFR directly after PTCA and a 

targett lesion revascularization at follow-up were divided into the two groups of 
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patientss with and without restenosis (Table 3). Patients with a target lesion revas-

cularizationn but without restenosis showed to have a low CFR due to an incre-

asedd baseline APV directly after PTCA, that remained elevated during follow-up. 

Inn contrast, elevated baseline APV directly after PTCA of the patients with reste-

nosiss decreased at follow-up. 

Tablee 3 

QCAQCA and coronary flow velocity of the patients with an impaired CFR and a target lesion revascu-

larizationlarization at follow-up 

w i t hh resten 

Beforee BA 

osiss (n=io) 

Afterr BA Fol low-up p 

w i t h o u tt restenosis (n=s) 

Beforee BA After BA Fol low-up p 

HR,, bpm 

MAP,, mmHg 

%DS S 

MLD,, m m 

b-APV,, cm/s 

h-APV,, cm/s 

CFR R 

i i 

8 8 

8 8 

1.0910.34 4 

6 6 

24*14 4 

1.3310.4 4 

2 2 

o o 

* * 

1.9210.31* * 

22111 1 

* * 

2.0210.4* * 

72110 0 

" " 

* * 

1.1410.35* * 

1615* * 

25112* * 

15010.3* * 

71112 2 

87111 1 

" " 

1.2710.49 9 

22112 2 

34118 8 

I.5HO.4 4 

7219 9 

88110 0 

3014* * 

1.9710.56* * 

24111 1 

45120 0 

1.8910.5* * 

7118 8 

85+15 5 

4 2 i 6 * t t 

1.7610.58*1 1 

2 8 n o t t 

5012 l t t 

1.8210.6 6 

'' p<0.05 vs paired data of previous measurement 

TT p<0.05 vs patients with restenosis 

CFRCFR alterations during follow-up in patients without restenosis 

Baselinee Characteristics 

Off  the total of 86 patients, 67 patients did not show restenosis at 6 months fol-

low-up.. Angiographic and Doppler flow data were complete in 64 patients. 

Thirty-eightt patients (59%) showed an increase of CFR at follow-up. The remai-

ningg 26 patients (41%) showed a decrease of CFR at follow-up. This analysis was 

performedd independent of an initial cut-off value of CFR. There were no signifi-

cantt differences in baseline characteristics between patients showing an increase 

orr decrease of CFR at follow-up (Table 4). 
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BaselineBaseline characteristics of the patients without restenosis 

Characteristi c c 

Age,y  SD 

Male e 

Hypertension n 

Cigarettee smoking 

Totall cholesterol > 6.5 mmol /L 

Diabetess mel l i tus 

Previouss myocardial infarct ion 

Unstablee AP 

Medicat ion n 

fs-blocker r 

Calciumm antagonist 

Nitrates s 

Coronaryy artery di lated 

LAD D 

RCA A 

LCx x 

CFRR increas e 

9 9 
277 (7i) 

144 (37) 

133 (34) 

155 (39) 

2(5) ) 

100 (26) 

199 (50) 

222 (58) 

6(16) ) 

266 (68) 

166 (42) 

111 (29) 

" ( 2 9 ) ) 

CFRR decreas e 

n n 

222 (85) 

6(23) ) 

5(19) ) 

111 (42) 

2(8) ) 

6(23) ) 

133 (50) 

144 (54) 

11 (4) 

155 (58) 

166 (62) 

6(23) ) 

4d5) ) 

P P 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

N5 5 

N5 5 

Typee of lesion (ACC/AHA) 

A A 

B B 

C C 

Lengthh of lesion > 10 mm 

6(16) ) 

322 (84) 

0 ( 0 ) ) 

7(18) ) 

4d5) ) 
222 (85) 

0 ( 0 ) ) 

44 05) 

NS S 

NS S 

NS S 

NS S 

AbbreviationsAbbreviations as in table 1. 

Hemodynamic ,, angiographi c and Dopple r f lo w variable s 

Theree was an inverse relationship between CFR immediately after PTCA and the 

alterationss of CFR at follow-up (Figure 2), i.e. initiall y high CFR values showed a 

decreasee at follow-up (n = 26) and initial low CFR values showed an increase at 

follow-upp (n = 38). A multivariate analysis of all clinical, angiographic and hemo-

dynamicc variables revealed the distal CFR after PTCA to be the only explanatory 

variablee for the alterations of CFR at follow-up. There were no significant diffe-

rencess in hemodynamic and angiographical data before and after PTCA and at 

latee follow-up in patients showing an increase or decrease of CFR at follow-up. 
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Patientss showing an increase of CFR at follow-up were characterized by an initial 

loww CFR due to an impaired h-APV that increased at follow-up (43  16 versus 

99 cm/s; p<0.05). In contrast, patients with an initial high CFR directly after 

PTCAA showed a decrease in CFR at follow-up due to a reduction of h-APV (51 5 

versuss 8 cm/s; p<0.05). These findings correspond to alterations in MLD, ie. 

MLDD decreased in patients with a CFR decrease during follow-up, while in 

patientss who showed an increase of CFR, MLD did not show a statistically signifi-

cantt change (Table 5). 

< < 
O O 
h--
CL L 

(D D 
03 3 

u_ _ 
O O 

1,00 , 
-2To o -1,55 -1,0 -,5 0,0 ,5 1,0 1,5 2,0 2,5 3,0 

Changee of CFR at follow-up 

RelationshipRelationship between CFR immediately after PTCA and alterations of CFR at follow-up in the 

patientspatients without restenosis (r=-0.67, p<0.0001). 
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Tablee 5 

QCAQCA and coronary flow velocity data of patients without restenosis 

HR,, bpm 

MAP,, m m H g 

%DS S 

MLD,, mm 

b-APV,, cm/s 

h-APV,, cm/s 

CFRR increas e (11=38) 

2 2 

5 5 

o o 

1.0510.27 7 

1617 7 

26116 6 

n n 

89113 3 

2816* * 

1.9310.28* * 

2 2 

43+i6* * 

7 7 

n n 

* * 

1.8510.36 6 

1817 7 

* * 

CFRR decreas e (n=26) 

721122 70+11 

911100 91113 

99 3014* 

1.1610.333 2.0210.39* 

15166 1616 

271122 5Hi5*+ 

72111 1 

89113 3 

* * 

1.8510.49* * 

1718 8 

t t 

CFR R 1.8710.66 3.5010.9*+ 2.7310.6 *t 

'' p<0.05 vs paired data of previous measurement 

tp<0.05tp<0.05 vs patients with an increase of CFR at follow-up 

AbbreviationsAbbreviations as in Table 2. 

Discussio n n 
Thee present study demonstrates that an impaired CFR (< 2.5) is a frequent finding 

afterr optimal balloon angioplasty due to an increased b-APV as compared to 

patientss with a CFR >2.5. An impaired CFR directly after PTCA is associated with 

aa higher incidence of recurrence angina and target lesion revascularization 

duringg 6-month follow-up period. In patients without restenosis, there is an 

inversee relationship between CFR directly after PTCA and alterations of CFR at fol-

low-up,, i.e. initial high CFR values decrease while low CFR values increase. This 

phenomenonn is associated with changes in h-APV suggesting that it relates to 

epicardiall  remodeling. 

TheThe direct effect of optimal balloon angioplasty on distal CFR and its 
relationrelation to clinical outcome 

Theree is controversy in the literature regarding the effect of PTCA on CFR. Several 

studiess reported a direct normalization of CFR after coronary intervention,1-2 

whilee other studies reported a temporary decrease of CFR after PTCA followed by 

normalizationn within weeks after the procedure.3"6 The initial report of the 

DEBATE-studyy indicated that an optimal angiographical result (diameter stenosis 

<355 %) as assessed by off-line quantitative coronary angiography in combination 

withh a CFR >2.5 is associated with a low target revascularization and restenosis 

rate.99 The present study shows that approximately 50% of the patients with an 
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optimall  angiographical result in this selected cohort of patients do not reach this 

arbitraryy level of 2.5 due to an elevated b-APV. Multivariate analysis revealed CFR 

beforee PTCA as the only independent predictor of CFR direct after PTCA, sugge-

stingg that hemodynamic factors before the intervention are responsible for the 

impairedd CFR after PTCA rather than procedure related factors such as particulate 

embolization.4-11'12-133 An enhanced baseline flow velocity normalizes at late fol-

low-upp in patients without target lesion revascularization, suggesting that an 

impairedd CFR directly after PTCA is due to temporary disturbed autoregulation. 

Thee incidence of an impaired CFR after PTCA is in accordance with a recent study 

off  van Liebergen et al.3 The study of van Liebergen et al. was not designed to 

evaluatee the relationship between the hemodynamic findings after PTCA and cli-

nicall  outcome of the patients. The present study is the first clinical report 

showingg that patients with an impaired CFR, due to an elevated b-APV after opti-

mall  balloon angioplasty show an increased incidence of recurrence of angina, a 

higherr target lesion revascularization rate and a trend towards a high restenosis 

ratee during a 6-month follow-up period. The higher target lesion revasculariza-

tionn rate in this patient cohort is partly due to patients developing restenosis. 

Thee association between enhanced baseline APV directly after optimal balloon 

angioplastyy and the development of restenosis is speculative. Vascular shear 

stresss is directly proportional to blood flow velocity and inversely proportional to 

vessell  diameter,14'15 indicating that patients with an impaired CFR due to a hig-

herr b-APV are exposed to increased shear stress. The present findings suggest 

thatt shear stress is a relevant hemodynamic factor in the remodeling process fol-

lowingg balloon angioplasty. A recent study by Dirksen et al. evaluated cell type 

distributionn of the atherosclerotic plaque in relation to shear stress.16 This study 

showedd that smooth muscle cell proliferation predominantly occurs at the down-

streamm part of the plaque exposed to low shear stress in contrast to proliferation 

off  macrophages that occurs in the upstream regions exposed to high shear stress. 

Onee may speculate that turbulent flow across a residual stenosis after PTCA 

resultss in low shear stress at the distal site of the lesion and, hence, preferential 

inductionn of smooth muscle cell proliferation. Several recent clinical studies have 

demonstratedd that a reduced CFR after balloon angioplasty may increase after 

stentt implantation towards values of the reference artery CFR.7-8 It has been pos-

tulatedd that this improvement in CFR is a result of an increase in h-APV due to a 

reductionn in the residual obstruction after stent implantation. Recent reports by 

vann Liebergen et al. and Kern et al. showed that a coronary flow reserve remains 

unalteredd after stent implantation in those patients with a reduced CFR after bal-

loonn angioplasty due to an elevated b-APV,3-17 

Anotherr category of patients warranting an intervention without angiographical 

restenosiss show a low CFR due to a persistent high baseline blood flow velocity, 

probablyy secondary to disturbed autoregulation and/or diffuse mild coronary 

atherosclerosis.188 It is conceivable that patients with an impaired CFR following 
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optimall  balloon angioplasty may benefit from stent implantation in order to 

reducee the incidence of angiographical restenosis at follow-up. However, it is 

doubtfull  whether the clinical outcome of patients with a disturbed autoregula-

tionn and/or diffuse mild coronary atherosclerosis, as underlying mechanism of a 

reducedd CFR, may be improved by stent implantation. This hypothesis needs to 

bee verified in recently completed multi-center studies regarding optimal balloon 

angioplasty,, guided by Doppler flow measurements, versus stent implantation 

(DESTINI,, DEBATE-2).19-20 

TheThe long-term effect of optimal balloon angioplasty on distal CFR 

Severall  previous clinical studies have demonstrated that balloon angioplasty may 

resultt in a temporary reduced CFR that normalizes within several weeks to 

monthss after the procedure. It has been suggested that this phenomenon relates 

too either epicardial remodeling and/or slow adaptation of the microvascular bed 

afterr balloon angioplasty3" 6 This phenomenon was studied in more detail in a 

recentt report from van Liebergen et al. showing that a reduced CFR after PTCA is 

relatedd to an initial high b-APV that reduces at follow-up in association with a 

normalizationn of the CFR of the target vessel.3 These findings were observed 

afterr both balloon angioplasty and stent implantation in patients without reste-

nosiss suggesting that this phenomenon does not relate to epicardial remodeling, 

butt rather to slow adaptation of the microvascular bed. The present study was 

performedd in a selected cohort of patients with optimal balloon angioplasty in 

orderr to minimize the confounding effect of residual lumen obstruction after 

PTCA.. The findings in the present study are in accordance with the report of van 

Liebergenn et al., i.e. initial high CFR values decrease, while low CFR values increa-

see within 6 months after procedure in patients without restenosis. Moreover, 

stepwisee linear regression analysis revealed in both studies the distal CFR direct-

lyy after PTCA as the only independent explanatory variable for the alterations of 

CFRR at follow-up. In contrast to the study of van Liebergen et al., the present 

studyy demonstrates that the changes of CFR after balloon angioplasty were posi-

tivelyy associated with alterations in h-APV. A reduction in CFR was observed in 

patientss showing a significant decrease in h-APV, while an increase in CFR was 

notedd in patients with a significant increase in h-APV. These findings could not 

bee attributed to differences in hemodynamic variables or medication, indicating 

thatt this phenomenon presumably relates to a variable response in epicardial 

remodelingg known to occur after coronary angioplasty.21 The hypothesis that the 

hyperemicc average peak velocity is related to epicardial remodeling is strengthe-

nedd by the angiographical data in this study. Namely, MLD decreased in patients 

withh a CFR decrease during follow-up, while in patients who showed an increase 

off  CFR, MLD did not show a statistically significant change. There are several 

reportss showing that an impaired CFR after stenting is associated with an enhan-

cedd baseline blood flow velocity similar to the result after balloon angioplasty3-17 
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AA residual obstruction after balloon angioplasty, as compared to stent-implanta-

tion,, is expected to be identified by a difference in hyperemic blood flow velocity. 

Itt can be anticipated that the dynamic changes in hyperemic blood flow velocity, 

probablyy related to epicardial remodeling in the present study, alter following 

stentt implantation that is associated with less remodeling as compared to bal-

loonn angioplasty. The study of van Liebergen et al. and the present study indicate 

twoo distinct hemodynamic responses during follow-up after balloon angioplasty, 

i.e.. an increase of an impaired CFR directly after PTCA due to normalization of 

autoregulationn or epicardial remodeling. A recent study by Dangas et al. demon-

stratedd that the clinical outcome after balloon angioplasty depends in part on 

positivee or negative remodeling of the atherosclerotic plaque as determined by 

intravascularr ultrasound imaging before coronary intervention.22 The present 

studyy adds to these findings showing that the clinical outcome after balloon 

angioplastyy may also be predicted using the information obtained on coronary 

hemodynamicss directly after PTCA. 

Limitations Limitations 
Thiss study concerns a post-hoc analysis of a multi-center study. Since this was a 

prospectivee observational study with investigators not being blinded to the 

Dopplerr flow velocity and QCA derived results, the incidence of target lesion 

revascularizationn could be driven by these measurements. However, the indica-

tionn for target lesion revascularization was predefined based on patients angina 

statuss and/or the objective documentation of ischemia during a stress test at fol-

low-up.. The clinical significance of the present findings on coronary hemodyna-

micss following balloon angioplasty warrants evaluation in a prospective trial. 

Patientss requiring stent implantation following balloon angioplasty were exclu-

dedd from the trial. This restriction of study protocol did not facilitate an analysis 

off  coronary hemodynamics after PTCA with minimal influence by epicardial remo-

deling.. The changes in arterial dimensions were assessed by quantitative corona-

ryy angiography without intravascular ultrasound imaging mandatory for approp-

riateriate evaluation of epicardial remodeling, estimation of coronary volume flow 

changess or shear stress analysis. Blood flow velocity changes before and after 

PTCAA and at follow-up were determined by repeated measurements at the same 

sitee of the Doppler guide wire tip assessed by coronary angiography. It cannot be 

excludedd that changes in medication, hemodynamic differences and variations in 

guidewire-tipp position at the time of the initial procedure and at 6-month follow-

upp may have contributed to variations noted in coronary blood flow velocity 

parameters.. Finally, this study involved a selected cohort of patients with 1-ves-

sell  disease and a normal left ventricular function limiting extrapolation of the 

presentt findings to other patient groups. 
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ClinirnlClinirnl imnliratinns 

Thee present study shows that an impaired CFR (< 2.5) is a frequent finding after 

optimall  balloon angioplasty related to an elevated b-APV. On the other hand, an 

impairedd CFR may improve during follow-up in those patients with a normal b-

APVV following optimal balloon angioplasty. The present findings indicate that the 

evaluationn of coronary hemodynamics following balloon angioplasty is relevant 

forr clinical decision making regarding adjunctive stent implantation. Recent 

insightt from clinical trials indicate that a strategy of aggressive balloon angiopla-

styy and bail-out stenting or optimal balloon angioplasty using IVUS, yields a 

similarr clinical outcome as elective stent-implantation.23 The present study adds 

too these findings showing that intracoronary physiological parameters are useful 

too avoid unnecessary stent-implantation. However, these diagnostic techniques 

prolongg procedure time in addition to the equipment costs that may explain the 

rapidd increase in elective or direct stent implantation instead of provisional sten-

ting.244 The results of the DEBATE- trial led to conduction of several multi-center 

studiess (DEBATE 2, DESTINI, FROST) evaluating the cost-effectiveness of provi-

sionall  stent implantation guided by analysis of coronary hemodynamics follo-

wingg balloon angioplasty. 19,20,25 T^e resu\ts 0f these studies are awaited for 

moree accurate interpretation of the role of intracoronary physiological parame-

terss for evaluation of clinical outcome following percutaneous coronary interven-

tions. . 
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