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Abstract
Aims: Fractional flow reserve (FFR) ≥0.96 after stenting correlates well with an optimal stent expansion, but 
outcomes based on FFR after drug eluting stents (DES) have not been studied. This study sought to investi-
gate the proportion of patients in whom an FFR ≥0.96 can be achieved after transradial stenting using primar-
ily DES and to determine outcomes based on a post-stent FFR ≥0.96 vs. an FFR<0.96.

Methods and results: A total of 66 patients with single-vessel disease and FFR<0.75 underwent transradial 
stenting. After stenting, FFR was <0.96 in 34 patients and there was a hyperaemic trans-stent gradient across 
the edges of stent in five patients; after high-pressure balloon inflation, FFR increased to ≥0.96 in three 
patients and an FFR ≥ 0.96 was achieved in 35 patients (53%, group 1), but FFR remained <0.96 in 31 
patients (47%, group 2). There was no correlation between FFR and minimum lumen diameter in group 1 or 
group 2 (r=0.03; p=0.72 and r=0.02; p=0.22, respectively). The 24-month event-free survival estimate 
defined as freedom from death, MI, and target vessel revascularisation (PCI or CABG) was significantly 
greater in group 1 than in group 2 (94% versus 72%, respectively; p=0.02).

Conclusions: After transradial stenting with predominately DES, an FFR ≥0.96 was achieved in only 53% 
of patients and event rates among patients with a post-stent FFR ≥0.96 were significantly lower than those 
with an FFR<0.96.
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Introduction
It is well documented that intravascular ultrasound (IVUS) facili-
tates the assessment of stent expansion or adjacent plaque disloca-
tion more accurately than angiography1. A number of series2-4 have 
shown that angiography alone is not a precise technique to detect 
local areas of incomplete stent expansion; in fact, 40 to 70% of 
deployed stents, which appear well expanded by angiography, but 
are not optimally expanded by IVUS3. Likewise, dislocation of 
plaque at the entry or the exit sites of stents is often not recognised 
by angiography4.

A number of series have shown that the measurement of fractional 
flow reserve (FFR) after stenting predicts adverse cardiac events at 
follow-up5,6. In this respect, it has been demonstrated5,6 that patients 
with a post-stent FFR >0.95 had low event rates, whereas those with 
an FFR <0.95 had increased event rates during follow-up.

It has also been shown that an FFR ≥0.96, after high-dose intrac-
oronary adenosine, correlates well with an optimal stent expansion 
determined by IVUS7, however, the clinical correlate of which after 
drug-eluting stents (DES) has not been studied. In this respect, we 
sought to investigate the proportion of patients in whom an FFR 
≥0.96 can be achieved after transradial stenting predominantly with 
DES and to determine their clinical outcomes based on a post-stent 
FFR ≥0.96 vs. an FFR<0.96.

Methods
PATIENT POPULATION
After transradial coronary angiography, 92 patients with single-ves-
sel disease underwent FFR measurements. Of these, FFR was <0.75 
in 66 patients and underwent transradial stenting. A total of 26 
patients who had an FFR >0.75 were excluded from the study. The 
exclusion criteria were as follows: (1) recent myocardial infarction 
(<6 weeks); (2) unstable angina or the presence of haemodynamic 
instability; (3) distal vessels that were totally occluded; (4) patients 
with renal failure (serum creatinine >1.5 mg/dL); (5) patients with 
severe LV dysfunction (LVEF ≤30%); (6) patients with bifurcation 
lesions; and (7) patients with inadequate collateral supply of hand 
(negative Allen’s test). The institutional review board approved the 
study and informed consents were obtained.

EXPERIMENTAL PROTOCOL
All patients were pre-treated with aspirin and clopidogrel. Heparin 
(100 unit/kg) was administered after the insertion of arterial sheath. 
Glycoprotein IIb/IIIa receptor inhibitors were not used in any of the 
patients. After engaging with a 6 Fr guiding catheter without 
side holes, 100 mg intracoronary nitroglycerine was administered. 
A 0.014-inch pressure guidewire (Wave Wire; Volcano, Rancho 
Cordova, CA, USA, or Pressure Wire; St. Jude Medical, Minneapo-
lis, MN, USA) was used and FFR was calculated during maximal 
hyperaemia induced by intracoronary administration of adenosine 
(42 µg to 54 µg), as described previously8,9. After stenting, in 
patients in whom FFR was <0.96, the pressure transducer was posi-
tioned just to the distal and the proximal edges of the stents and 
FFR was measured at both locations. In patients in whom there was a 

hyperaemic trans-stent gradient (HTSG) across the edges of stents, 
further balloon inflation using a non-compliant balloon with an 
inflated diameter >0.5 mm than stent diameter was attempted.

Following transradial stenting, the arterial access sheath was 
removed immediately, and haemostasis was obtained by compres-
sion with a tourniquet. According to protocol, after stenting, patients 
in whom FFR was ≥0.96 were discharged on the same day after 
four hours of observation (group 1), whereas those with an 
FFR<0.96 (group 2) were admitted to hospital and discharged on 
the next day. A representative example of a patient from the group 1 
and the group 2 is shown in Figure 1 and Figure 2, respectively.

QUANTITATIVE CORONARY ANGIOGRAPHY
Quantitative coronary angiography (QCA) was performed by the 
use of automated edge-detection software (QCA-CMS 5.2 system; 
CMS-MEDIS, Nuenen, The Netherlands). The angiographic pro-
jection, demonstrating the most severe stenosis without foreshort-
ening, was chosen to calculate standard angiographic parameters 
such as minimum lumen diameter (MLD), reference vessel diame-
ter (RD), and percent diameter stenosis (%DS)8,9.

FOLLOW-UP AND CLINICAL EVENTS
Complete clinical follow-up was obtained from all the patients via 
personal contact during office visit and the review of medical 
records. Major adverse cardiac events (MACE) were defined as 
cardiac death, myocardial infarction (MI), or target lesion revascu-
larisation (repeat PCI or CABG).

STATISTICAL ANALYSIS
We estimated that the incidence of MACE in patients with a post-stent 
FFR ≥0.96, which correlated well with an optimal stent expansion, 
would be 5%, whereas the MACE rate in those with an FFR<0.96 with 
an incomplete stent expansion would be 30% (an 83% relative risk 
reduction); These estimates were based on the results of two registries 
that investigated the impact of post-stent FFR on MACE5,6. Using a 
two-sided alpha level of 5% and a power of 80%, we estimated at least 
66 patients were required. Continuous variables between the two 
groups were analysed by the unpaired Student’s t test and categorical 
variables were analysed by the chi-square test. To identify correlations 
between FFR and minimum lumen diameter, logistic regression analy-
sis was performed. Observed MACE rates were estimated using the 
Kaplan-Meier method. The event-free survival estimate of the patients 
with an FFR ≥0.96 vs. FFR<0.96 was compared using log-rank test. 
A p value <0.05 was considered significant.

Results
CLINICAL CHARACTERISTICS
FFR measurements and stenting was successful in all 66 patients. 
Based on post-stent FFR value, patients were divided into two groups: 
group 1, FFR ≥0.96 (35 patients); and group 2, FFR <0.96 (31 patients). 
The clinical features of the two groups are outlined in Table 1. There 
were no significant differences between the two groups with respect to 
age, gender, or modifiable cardiac risk factors.
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PROCEDURAL CHARACTERISTICS
Direct stenting was successfully performed in 70% of patients. In 
the rest of patients, stenting was performed after predilation. FFR 
was significantly greater in group 1 than in group 2, p<0.01 
(Table  1). In addition, after stenting, FFR was ≥0.96 in 32 
patients (48%). Of the 34 patients in whom FFR was <0.96, there 
was a hyperaemic trans-stent gradient across the edges of stents in 
five patients; following high-pressure balloon inflation using a 
non-compliant balloon with an inflated diameter >0.5 mm than 
stent diameter, final FFR increased to ≥0.96 in three patients, and 
FFR remained <0.96 in others. Consequently, an FFR ≥0.96 was 
achieved in 35 patients (53%). These patients had no complica-
tions including no-reflow phenomenon, chest pain, or ECG 
changes, and were discharged on the same day of stenting (group 
1). In contrast, 31 patients (47%), whose FFR remained <0.96, 
were admitted to hospital and discharged on the next day (group 
2). The distribution of individual and average FFR values before 
and after stenting is depicted in Figure 3. After stenting, there 
was no correlation between FFR and MLD as measured by QCA 
in group 1 or group 2 (r=0.03; p=0.72 and r=0.02; p=0.22, 
respectively).

Figure 1. A representative example of a patient who underwent transradial stenting and FFR after stenting was 0.97. Panel A, coronary 
angiogram demonstrated a critical stenosis of the mid RCA, the baseline FFR was 0.56 (panel C); Panel B, after predilation with a 2.5 mm 
balloon, stenting of the mid RCA was performed with a 3.5·28 mm drug-eluting stent at 17 atm; final FFR was 0.97 (Panel D), the patient was 
discharged home on the same day and no event was noted during follow-up.

Table 1. Clinical and procedural characteristics of the patients.

Group 1 (n=35) Group 2 (n=31) p value

Age 60±12 63±11 0.08

Gender (male) % 87% 76% 0.83

Current smoker 16 (45%) 10 (32%) 0.66

Diabetes 8 (26%) 10 (32%) 0.15

Hypertension 33 (94%) 21 (67%) 0.19

Hyperlipidaemia 26 (74%) 18 (58%) 0.84

Ejection fraction (%) 55±8 53±13 0.50

Duration of 
hospitalisation (hour) 6.4±8.0 20±5.0 <0.001

Procedure time (min) 76±19 98±32 0.03

Stent length (mm) 16±4.5 16±5.0 0.65

Stent diameter (mm) 3.25±0.40 3.18±0.43 0.48

Inflation pressure (ATM) 17±1.4 16±1.7 0.52

Amount of contrast (ml) 211±68 275±113 0.016

Drug-eluting stent (n) 20 18 0.46

Bare metal stent (n) 15 13 0.32

Baseline FFR 0.65±0.10 0.66±0.11 0.70

FFR after stenting 0.97±0.41 0.91±0.45 <0.01
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There were no differences between the groups with respect to 
inflation pressure, stent diameter, and stent length (Table 1). The 
procedure time was significantly shorter in group 1 than in group 2. 
Similarly, the amount of contrast media used was significantly 
lower in group 1 than in group 2 (Table 1). There were no differ-
ences between the groups with respect to MLD, RD, %DS, and 
lesion length at baseline and after stenting (Table 2).

CLINICAL OUTCOMES
Stenting was successfully performed in all patients; no patient died 
nor required emergency coronary artery bypass grafting.

The average follow-up was 24 months (range: 7-30 months). 
Irrespective of post-stent FFR value, no patient developed acute or 
subacute stent thrombosis. The follow-up and clinical outcome is 
summarised in Table 3. In group 1, during follow-up period, one 
patient died because of throat cancer, and four patients were admit-
ted with chest pain and underwent cardiac catheterisation. In two 
patients, because of in-stent restenosis in the BMS, DES were 
deployed.

Figure 2. A representative example of patient who underwent transradial stenting; FFR after stenting was 0.86. Panel A, coronary angiogram 
demonstrated a stenosis of the mid LAD; the baseline FFR was 0.71 (panel E); panel B, direct stenting of mid LAD with a 3.0 · 28 mm 
drug-eluting stent was performed; panel F, post-stent FFR was 0.85; panel C, post-stent high pressure balloon inflation with a 3.5·15 mm 
non-compliant balloon was primarily performed in the mid and proximal parts of the stent; panel G, final FFR was 0.86. The patient was 
admitted to the hospital and discharged on the next-day. The patient was re- admitted seven months later with chest pain and repeat coronary 
angiogram revealed a significant in-stent restenosis located in the distal part of the stent. IVUS of the LAD demonstrated that the distal 
segment of the stent was under-expanded with a minimal lumen area of 3.4 mm2, which was treated a 3.5 ·16 mm drug-eluting stent.

Table 2. Quantitative coronary angiographic results.

Group 1 
(n=35)

Group 2
(n=31)

p value

Target vessel

Left anterior descending 
coronary artery

12 (34%) 12 (39%) 0.84

Left circumflex 11 (32%) 11 (36%) 0.48

Right coronary artery 12 (34%) 8 (25%) 0.65

Baseline QCA

Reference vessel diameter (mm) 2.62±0.56 2.89±0.41 0.50

Minimum lumen diameter (mm) 0.86±0.56 0.91±0.32 0.18

Diameter stenosis (%) 67±10 68±11 0.23

Lesion length (mm) 10.6±4.6 11.2±5.1 0.34

QCA after stenting

Reference vessel diameter (mm) 3.10±0.71 3.00±0.43 0.23

Minimum lumen diameter (mm) 2.60±0.78 2.40±0.43 0.07

Diameter stenosis (%) 12±7 17±12 0.20

QCA: quantitative coronary angiography
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In group 2, during the follow-up period, two patients died 
because of cancer. In addition, one patient died suddenly 12 months 
after DES deployment; his post-stent FFR was 0.79. Furthermore, 
eight patients were admitted to hospital because of chest pain and 
underwent cardiac catheterisation. Two patients developed non-Q-
wave MI after DES deployment; because of in-stent restenosis and 
progression of disease to the left main coronary artery, coronary 
bypass surgery was performed. In five patients, because of in-stent 
restenosis (three DES and two BMS) DES were deployed. The 
Kaplan-Meier event-free survival estimate at 24-month of follow-
up was 94% in group 1 versus 72% in group 2, p=0.02 (Figure 4).

Discussion
In the present study, we demonstrated that an optimal post-stent 
FFR, an FFR ≥0.96, was achieved in only 53% of patients and event 
rates among patients with a post-stent FFR ≥0.96 were significantly 
lower than those with an FFR<0.96. In addition, we showed that in 
patients with an FFR<0.96, there was a hyperaemic trans-stent gra-

Figure 3. Individual (left panel) and average (right panel) values of 
FFR at baseline and post-stent deployment in the group 1 compared 
with the group 2 patients.
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dient in five patients, but after further high-pressure balloon 
inflation, FFR increased to ≥0.96 in only three patients. Further-
more, we noted no incidence of acute or subacute stent thrombosis 
in patients with an FFR <0.96.

The present study extends the observation of Fearon et al study7 
in which they demonstrated that a post-stent FFR ≥0.96 after intra-
coronary adenosine (30 µg to 40 µg) correlated well with an opti-
mal stent expansion documented by IVUS. In the present study, 
such an improvement in clinical outcomes, among patients with a 
post-stent FFR ≥0.96, is likely linked to an optimal stent expansion. 
In addition, the present study corroborated the results of two regis-
tries in which the impact of post-stent FFR value on clinical out-
comes was investigated. In this respect, Pijls et al5 demonstrated 
that patients with a post-stent FFR >0.95 had a low event rate of 
4.9%, whereas those with a post-stent FFR ≤0.80 had an event rate 
of 29.5%. Likewise, Klauss et al6 reported that patients with a post-
stent FFR <0.95 had event rates, which were about six fold greater 
than those with an FFR ≥0.95. However, the present study differs in 
some aspects from the above registries5,6. First, in the above regis-
tries, the final FFR results were correlated with clinical outcomes at 
follow-up, however, in the present study, the event rate was predi-
cated on FFR cut-point of 0.96. Second, the above registries5,6 
included all patients who underwent FFR measurements after stent-
ing, whereas in the present study, patients with severe LV dysfunc-
tion (an EF ≤30%) and bifurcation lesions were excluded to offset 
the adverse effect of LV dysfunction and bifurcation lesions on clin-
ical outcomes. Third, in contrast to the present study, in the above 
registries, a hyperaemic trans-stent gradient was not performed to 
elucidate the presence of hyperaemic trans-stent gradient. 
Furthermore, all patients in the present study underwent transradial 
stenting to eliminate bleeding complications as a confounding fac-
tor on clinical outcomes10-12.

In the present study, we found a hyperaemic trans-stent gradient 
in five patients with an FFR< 0.96 (16%) and that improved in three 
patients using a larger non-compliant balloon and high-pressure 
inflation. Likewise, others13-15 performed a slow pullback of the 
pressure guidewire during hyperaemia and demonstrated a small 
hyperaemic trans-stent gradient, which correlated with incomplete 
stent apposition by IVUS in one study13. In this respect, a slow pull-
back of the pressure guidewire during hyperaemia will not only 
determine an abnormal conductance within the stented segment but 

Table 3. Follow-up and clinical events.

Group 1 (FFR≥0.96 
(n=35)

Group 2 (FFR<0.96) 
(n=31)

Unstable angina (n) 4 8

Cardiac death (n) 0 1

Myocardial infarction (n) 0 2

Percutaneous coronary 
intervention (n)

2 5

CABG (n) 0 2

Composite of death, MI, TLR (n) 2 8



n     

922

EuroIntervention 2
0

11
;7

:917-923 

also elucidate increased plaque accumulation in the remaining part 
of the coronary artery, which can account for a reduction in FFR 
value14,16. It is worth nothing that in the present study, an FFR<0.96 
was linked to trans-stent gradient in five patients; however, in oth-
ers, the underlying mechanism for suboptimal FFR result is likely 
related to the presence of diffuse disease in the segments proximal 
or distal to the stent.

In the present study, the decision, as to whether to discharge 
those patients with an FFR ≥0.96 on the same day, was based on 
the Fearon et al7 study that showed patients with an FFR ≥0.96 
had optimal stent expansion. In this respect, we determined that 
such patients can be safely discharged on the same-day. In con-
trast, Klauss et al6 reported that one patient in their series with a 
post-stent FFR of 0.79 developed subacute stent thrombosis. 
Based on such an adverse event, we admitted those patients with 
a suboptimal FFR result for overnight observation. However, we 
noted no incidence of acute or subacute stent thrombosis. Since 
the incidence of acute stent thrombosis in the current era of stent-
ing is rare, a large study may determine the safety of same day 
discharge based on post-stent FFR ≥0.96 vs. an FFR<0.96. On the 
other hand, it has been reported17-20 that patients, who had favour-
able clinical and angiographic criteria after transradial stenting 
and discharged after an observation period of four to six hours, 
had no incidence of acute stent thrombosis17-20. Taken together, it 
seems that a favourable clinical and angiographic result after 
stenting is a reasonable strategy for decision-making on the same 
day discharge.

LIMITATIONS OF THE STUDY
This was an exploratory trial that was designed to provide prelimi-
nary data and to generate hypothesis for future studies. In the present 
study, a post-stent FFR was <0.96 in 47% of patients. We measured 
FFR at the distal and proximal edges of stents after intracoronary 
adenosine administration and found the presence of hyperaemic 
trans-stent gradient in five patients, which resolved after high-pres-
sure balloon inflation in three patients with a parallel increase in FFR 
to ≥0.96. Since we used intracoronary adenosine instead of intrave-
nous adenosine, we could not definitely determine the underlying 
mechanism of suboptimal FFR in our patients. In this respect, in 
patients with an FFR <0.96, the use of a pressure pull-back curve 
induced by intravenous adenosine would have distinguished underly-
ing mechanisms responsible for suboptimal FFR results such as 
abnormalities within the adjacent segments to the stent, or diffuse 
disease more proximal or distal to the treated segments. The use of 
IVUS, in particular, in patients with a persistent trans-stent gradient, 
could have further delineated the underlying cause of suboptimal 
FFR results such as stent underexpansion, plaque protrusion, or edge 
dissection. In addition, it was expected that patients with an FFR<0.96 
would have more diffuse disease. However, using interpolated QCA 
analysis, we analysed only the tightest segment of artery and lesions 
located more proximal or distal to the artery were not analysed 
because it would have compromised the automatic measurements of 
the stenosis severity by QCA analysis. Another limitation of the study 

is that we did not use DES in all patients to eliminate the confounding 
effect of restenosis associated with BMS.

Conclusions
We demonstrated that a post-stent FFR ≥0.96 was achieved in 53% 
of patients and events rates during follow-up were significantly 
lower among patients who had an FFR ≥0.96 compared with those 
with an FFR<0.96. Given the prognostic significance of a post-stent 
FFR ≥0.96, it is unknown what proportion of suboptimal post-stent 
FFR results would improve after further intervention guided by pres-
sure pullback curves during hyperaemia or intravascular ultrasound.

Conflict of interest
All authors have no conflicts of interest to declare.

References
 1. Fitzgerald PJ, Oshima A, Hayase M, Metz JA, Bailey SR, 
Baim DS, Cleman MW, Deutsch E, Diver DJ, Leon MB, Moses JW, 
Oesterle SN, Overlie PA, Pepine CJ, Safian RD, Shani J, Simonton CA, 
Smalling RW, Teirstein PS, Zidar JP, Yeung AC, Kuntz RE, Yock PG. 
Final results of the Can Routine Ultrasound Influence Stent 
Expansion (CRUISE) study. Circulation 2000;102:523-30.
 2. Stone GW, St Goar FG, Hodgson JM, Fitzgerald PJ, 
Alderman EL, Yock PG, Coverdale J, Sheehan H, Linnemeier TJ. 
Analysis of the relation between stent implantation pressure and 
expansion. Optimal Stent Implantation (OSTI) Investigators. Am J 
Cardiol 1999;83:1397-400.
 3. Schiele F, Meneveau N, Vuillemenot A, Zhang DD, Gupta S, 
Mercier M, Danchin N, Bertrand B, Bassand JP. Impact of intravas-
cular ultrasound guidance in stent deployment on 6-month resteno-
sis rate: a multicenter, randomized study comparing two strategies 
–with and without intravascular ultrasound guidance. RESIST 
Study Group. REStenosis after IVUS guided Stenting. J Am Coll 
Cardiol 1998;32:320-8.
 4. Mintz GS, Popma JJ, Pichard AD, Kent KM, Satler LF, 
Hong MK, Leon MB. Intravascular Ultrasound Assessment of the 
Mechanisms and Predictors of Restenosis Following Coronary 
Angioplasty. J Invasive Cardiol 1996;8:1-14.
 5. Pijls NH, Klauss V, Siebert U, Powers E, Takazawa K, Fearon 
WF, Escaned J, Tsurumi Y, Akasaka T, Samady H, De Bruyne B. 
Fractional Flow Reserve Post-Stent Registry I. Coronary pressure 
measurement after stenting predicts adverse events at follow-up: a 
multicenter registry. Circulation 2002;105:2950-4.
 6. Klauss V, Erdin P, Rieber J, Leibig M, Stempfle HU, Konig A, 
Baylacher M, Theisen K, Haufe MC, Sroczynski G, Schiele T, Siebert U. 
Fractional flow reserve for the prediction of cardiac events after coro-
nary stent implantation: results of a multivariate analysis. Heart 
2005;91:203-6.
 7. Fearon WF, Luna J, Samady H, Powers ER, Feldman T, Dib N, 
Tuzcu EM, Cleman MW, Chou TM, Cohen DJ, Ragosta M, Takagi A, 
Jeremias A, Fitzgerald PJ, Yeung AC, Kern MJ, Yock PG. Fractional 
flow reserve compared with intravascular ultrasound guidance for opti-
mizing stent deployment. Circulation 2001;104:1917-22.



n

923

FFR and outcomes after transradial stenting
EuroIntervention 2

0
11

;7
:917-923 

 8. Leesar MA, Abdul-Baki T, Akkus NI, Sharma A, Kannan T, 
Bolli R. Use of fractional flow reserve versus stress perfusion scin-
tigraphy after unstable angina: effect on duration of hospitalization, 
cost, procedural characteristics, and clinical outcome. J Am Coll 
Cardiol 2003;41:1115-21
 9. Jasti V, Ivan E, Yalamanchili V, Wongpraparut N, Leesar MA. 
Correlations between fractional flow reserve and intravascular 
ultrasound in patientswith an ambiguous leftmain coronary artery 
stenosis. Circulation 2004;110:2831-6.
 10. Kiemeneij F, Laarman GJ. Transradial artery Palmaz-Schatz 
coronary stent. Implantation: results of a single center feasibility 
study. Am Heart J 1997;130: 14-21.
 11. Kiemeneij F, Laarman GJ, Odekerken D, Slagboom T, van 
der Wieken R. A randomized comparison of percutaneous transluminal 
coronary angioplasty by the radial, brachial, and femoral approaches: 
the access study. J Am Coll Cardiol 1997;29: 1269-75.
 12. Slagboom T, Kiemeneij F, Laarman GJ, van der Wieken R, 
Odekerken D. Actual outpatient PTCA: results of the OUTCLAS 
pilot study. Catheter Cardiovasc Interven 2001;53:204-8.
 13. Hanekamp CE, Koolen JJ, Pijls NH, Michels HR, Bonnier 
HJ. Comparison of quantitative coronary angiography, intravascu-
lar ultrasound, and coronary pressure measurement to assess opti-
mum stent deployment. Circulation 1999;99:1015-1021.
 14. Jensen LO, Thayssen P, Thuesen L, Hansen HS, Lassen JF, 
Kelbaek H, Junker A, Hansen KN, Boetker HE, Krusell LR, 
Pedersen KE. Influence of a pressure gradient distal to implanted 
bare-metal stent on in-stent restenosis after percutaneous coronary 
intervention. Circulation. 2007;11;116:2802-8.

 15. van’t Veer M, Pijls NH, Aarnoudse W, Koolen JJ, van de 
Vosse FN. Evaluation of the haemodynamic characteristics of drug-
eluting stents at implantation and at follow-up. Eur Heart J. 
2006;27:1811-7.
 16. De Bruyne B, Hersbach F, Pijls NH, Bartunek J, Bech JW, 
Heyndrickx GR, Gould KL, Wijns W. Abnormal epicardial coro-
nary resistance in patients with diffuse atherosclerosis but “normal” 
coronary angiography. Circulation 2001;104:2401-2406.
 17. Ziakas AA, Klinke BP, Mildenberger CR, Fretz DE, Williams EM, 
Kinloch FR, Hilton j GJ. Safety of same-day-discharge radial per-
cutaneous coronary intervention: A retrospective study. Am Heart J 
2003;146:699-704.
 18. Slagboom T, Kiemeneij F, Laarman GJ, van der Wieken R, 
Odekerken D. Actual outpatient PTCA: Results of the OUTCLAS 
pilot study. Catheter Cardiovasc Interv 2001;53:204-8.
 19. Gilchrist IC, Nickolaus MJ, Momplaisir T. Same-day transra-
dial outpatient stenting with a 6-hr course of glycoprotein IIb/IIIa 
receptor blockade: A feasibility study. Catheter Cardiovasc Interv 
2002;56:10-3.
 20. Bertrand OF, De Larochellière R, Rodés-Cabau J, Proulx G, 
Gleeton O, Nguyen CM, Déry JP, Barbeau G, Noël B, Larose E, 
Poirier P, Roy L; Early Discharge After Transradial Stenting of 
Coronary Arteries Study Investigators. Early Discharge After 
Transradial Stenting of Coronary Arteries Study Investigators. A 
randomized study comparing same-day home discharge and abcixi-
mab bolus only to overnight hospitalization and abciximab bolus 
and infusion after transradial coronary stent implantation. 
Circulation 2006;114:2636-43.


