
55 Rev Esp Cardiol 2004;57(5):403-11 403

Introduction and objectives. Coronary stenting without
balloon predilatation is a safe technique associated with si-
milar clinical results and lower costs, use of contrast and
exposure to radiation in comparison to stenting with predi-
latation. After direct stenting, expansion may be reduced if
the stenotic lesion was not predilatated. This study compa-
red a) stent expansion with and without balloon predilata-
tion (direct stenting), observed by intracoronary ultrasound,
and b) angiographic results after 6 months and 1 year with
the two implantation techniques.

Patients and method. 100 consecutive lesions eligible
for direct stenting were randomized to stent implantation
with or without balloon predilatation. Only ≤25-mm Multilink
Duet/Tri-Star/Tetra or NIR Sox/Elite stents were used.
When the angiographic result was considered optimal, an
independent operator who had not been involved in the
procedure performed an intracoronary ultrasound study.
The ultrasound examination was not used in decision ma-
king unless there was a potential risk for the patient.
Ultrasound parameters of expansion were compared in the
two implantation techniques with systematic 6- to 9-month
angiographic examinations and 1-year clinical follow-up. 

Results. There were no clinical or baseline angiographic
differences between the two groups. No significant differen-
ces were observed in the ultrasound expansion parameters
or the rate of clinical events after 12 months of follow-up.
Binary angiographic restenosis (23% vs 20%) and late loss
index (0.92 [0.81] vs 0.88 [0.60]) did not differ significantly
between the predilatation and direct stenting groups.

Conclusions. Direct stenting was not associated with
different ultrasound expansion parameters in comparison
to the conventional technique. Angiographic restenosis and
the rate of long-term clinical events were similar with both
techniques.

Key words: Coronary angioplasty. Interventional cardio-
logy. Stent. Intravascular ultrasound.
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Comparación de parámetros de expansión de stents

implantados con técnica convencional o directa.
Estudio aleatorizado con ultrasonidos
intracoronarios

Introducción y objetivos. El implante del stent sin pre-
dilatación es una técnica segura con resultados clínicos
similares y menores costes, contraste y radiación que el
implante con predilatación. En el implante directo, la ex-
pansión del stent podría ser menor al no haber una modi-
ficación previa de la placa con la predilatación. Los objeti-
vos de este trabajo son comparar entre ambas técnicas:
a) los parámetros de expansión del stent por ultrasoni-
dos; b) los resultados angiográficos a 6 meses y clínicos
a un año. 

Pacientes y método. Se aleatorizaron 100 lesiones
consecutivas susceptibles de implante directo de stent a
implante con y sin predilatación. Se utilizaron stents
Multilink Duet/Tri-Star/Tetra y NIR Sox/Elite de longitud ≤
25 mm. Tras un resultado angiográfico óptimo, se realizó
un estudio con ultrasonidos que no modificó el tratamien-
to de la lesión, salvo riesgo potencial para el paciente.
Los parámetros de expansión por ultrasonidos fueron
comparados entre las 2 técnicas de implante. Se realizó
una revisión angiográfica sistemática a los 6-9 meses, y
clínica al año.

Resultados. No hubo diferencias clínicas ni angiográfi-
cas basales entre los 2 grupos. No se encontraron dife-
rencias significativas en los parámetros de expansión ni
en los eventos clínicos. La reestenosis binaria (23 frente
a 20%) y la pérdida tardía (0,92 [0,81] frente a 0,88
[0,60]) tampoco fueron significativamente diferentes entre
ambos grupos.

Conclusiones. El implante directo de stent no se aso-
cia con parámetros de expansión diferentes en compara-
ción con la técnica convencional. La reestenosis angio-
gráfica y los eventos clínicos a largo plazo son similares
en ambos grupos.

Palabras clave: Angioplastia coronaria. Cardiología in-
tervencionista. Stent. Ultrasonidos intracoronarios.
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INTRODUCTION

Randomized studies have shown that coronary sten-
ting reduces the incidence of restenosis and improves
the short- and long-term prognosis of balloon angio-
plasty (percutaneous transluminal coronary angio-
plasty, PTCA).1-3 More than 70%3 of percutaneous
procedures performed in the United States4,5 and 45%6

to 77%7 of those done in Europe involve stent place-
ment.

Stent implantation without predilation (direct sten-
ting) is possible in selected lesions8,9 and results in a
reduction in the use of consumables and contrast mate-
rial, a decrease in radiation exposure, and a shorter du-
ration of the procedure.10,11 The main limitation of this
technique is the need for prior selection of candidate
lesions. Almost 40% of the stents placed after predila-
tion exhibit suboptimal intravascular ultrasound
(IVUS) results, even when high pressure is used.12

This problem could be even more important with di-
rect stenting, particularly if the favorable results ex-
tend the indications for this procedure.

Before the use of direct stenting is recommended for
more complex lesions, it is essential to assess the re-
sults of this technique in terms of stent expansion. We
conducted a randomized prospective study, initially
postulating that no differences would be found in ex-
pansion between direct stenting and implantation with
predilation. The primary aim was to compare the most
well-validated IVUS expansion parameters observed
between both techniques. The secondary aim was to
assess potential clinical and angiographic differences
in the follow-up.

PATIENTS AND METHODS

Selection of Lesions

For the purpose of obtaining study results similar to
those from clinical practice, the interventional radiolo-
gist’s opinion on the patient’s eligibility for direct
stenting in lesions with ≥70% stenosis, as estimated
visually, was the only inclusion criteria. This selection
was based on current knowledge of the technique, and
was intended to avoid lesions with severe calcification
or evident proximal tortuosity. Once the decision was
made concerning eligibility for direct stenting, the pa-

tient was randomized by the sealed envelope method
to implantation with predilation or to direct stenting. If
a patient had two or more lesions treatable by direct
stenting, all lesions were assigned to the same treat-
ment group. The exclusion criteria were saphenous
graft lesion, restenotic lesion, ostial location, myocar-
dial infarction <24 h, lesion length >25 mm, impossi-
ble to treat with a ≥2.5 mm stent, left main coronary
artery disease, scheduled heart surgery, allergy to aspi-
rin, renal failure and follow-up impossible. All pa-
tients gave written informed consent to participate in
the study, which was conducted in accordance with the
Declaration of Helsinki.

For department-related logistical reasons, the study
was planned for 100 consecutive lesions (50 per
group) and the inclusion period was restricted to cases
scheduled in the afternoon. At our hospital, the charac-
teristics of patients treated in the afternoon are similar
to those of patients treated in the morning.

Procedure

The procedures were done by three experienced in-
terventional radiologists (>300 angioplasties per radio-
logist and year). Prior to surgery, all patients received
aspirin (200 mg/day) and intravenous heparin to achie-
ve an activated coagulation time above 250 s. The use
of glycoprotein IIb/IIIa-receptor inhibitors was deci-
ded by the radiologist. All patients were given syste-
mic ticlopidine (loading dose of 20 mg during the pro-
cedure and 250 mg/12 h over the next four weeks) or
clopidogrel (loading dose of 300 mg and 75 mg/day
for four weeks after the procedure). The use of post-
dilation and the decision to end the procedure were ba-
sed on angiographic criteria. Only second- and third-
generation tubular stents (Multilink Tri-Star, Duet or
Tetra, Guidant Inc., Temecula, California, USA; NIR
Primo, and SOX, Scimed, Boston Scientific, Maple
Grove, Minnesota, USA) were used. Lesions that
could not be treated with stents of 2.5 to 
4 mm diameter were excluded. Furthermore, only le-
sions allowing the use of stents ≤25 mm were inclu-
ded. The balloon type and size in the predilation group
and the stent implantation pressure were selected by
the radiologist.

Ultrasound (IVUS) Analysis

Two commercially available catheters (30 MHz, 3.2
French UltraCross and 40 MHz, 2.5 French Atlantis,
Boston Scientific Corp., Watertown, Massachusetts)
were used. Intravascular ultrasound study was not
allowed at baseline. After the administration of intra-
coronary nitroglycerin, the transducer was advanced
>10 mm distal to the lesion. The images were recorded
(Super-VHS) with an automatic pullback at 0.5 mm/s
along the entire length of the stent until the aorto-
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ABBREVIATIONS

CSA: cross-sectional area.
ECG: electrocardiogram.
IVUS: intravascular ultrasound.
PTCA: percutaneous transluminal coronary 

angioplasty.



ostial segment of the artery being examined. When the
angiographic result was satisfactory, an IVUS study
was performed by another interventional cardiologist
(blinded) different from the person doing the PTCA.
Blinding was unmasked only when the interventional
cardiologist in charge of the IVUS perceived potential
danger for the patient. The expansion parameters
analyzed were the minimum stent cross-sectional area
(CSA), percentage of residual stenosis per reference
area (minimum stent CSA divided by the mean refe-
rence lumen CSA), percentage of distal residual steno-
sis per reference area (minimum stent CSA divided by
the distal reference lumen CSA), stent symmetry index
(minimum stent diameter divided by maximum stent
diameter) and good apposition (defined as sufficiently
close contact to preclude blood flow between the stent
mesh and the artery wall).

Follow-up

Creatine kinase (CK) and creatine kinase MB iso-
enzyme (CK-MB) levels and the electrocardiogram
(ECG) were systematically recorded immediately after
the procedure and at 6, 12 and 18 h post-procedure, as
well as every 6 h thereafter if the patient had chest
pain. In-hospital events, including death, nonfatal
myocardial infarction and new revascularization
(PTCA or surgery) of lesions, whether included in the
study or not, were recorded during the 12 months post-
procedure. Routine follow-up angiography was perfor-
med between 7 and 9 months after the procedure.
During the follow-up, binary restenosis was defined as
>50% stenosis on quantitative analysis.

Angiographic Measurements and Statistical
Analysis

Two expert interventional radiologists performed me-
asurements after the procedure using an automatic con-
tour detection system (CAAS II, V4.1.1, Pie Medical
Imaging, Maastricht, Netherlands). Clinical and revas-
cularization events were analyzed on an intent-
to-treat basis. Comparisons between the stent expansion
IVUS parameters were also based on an intent-to-treat
principle, according to the actual treatment received.
Continuous variables are shown as mean ± standard de-
viation. Differences between groups were calculated 
using Student’s t test for continuous variables and the
chi-square test for proportions. A P-value of .05 was
considered statistically significant. SPSS for Windows,
version 11.0, was used for the statistical analysis.

RESULTS

From 1 May 2000 to 15 July 2001, a total of 247 pa-
tients with 299 new lesions were treated by stent pla-
cement in the afternoon schedule at our hospital. Of

the 299 lesions, 100 (33.4%) in 82 patients consecuti-
vely met the inclusion criteria (43 patients in the pre-
dilation group and 39 in the direct stenting group). The
difference in the use of direct stenting between the
morning and afternoon scheduled procedures was not
statistically significant (33.4% vs 30.2%; P=.091). We
retrospectively analyzed all patients treated in the af-
ternoon schedule between 1 May 2000 and 15 July
2001 to investigate inclusion bias. Two patients were
not available for follow-up and were not included in
the study. All the other patients who met the inclusion
criteria were included consecutively.

Clinical and Angiographic Characteristics 
at Baseline

There were no significant differences in the clinical
characteristics of the 2 groups including age, sex, hy-
pertension, diabetes, hypercholesterolemia, active
smoker, prior infarction, prior revascularization, ejec-
tion fraction, number of diseased vessels, and indica-
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TABLE 1. Clinical Characteristics at Baseline 

and Procedure Characteristics*

Characteristics 
Predilation Direct 

P
(n=43) (n=39)

Age, years 60.9±10.2 60.0±10.7

Female 7 (16) 7 (18) 1.00

Diabetes 13 (30) 13 (30) .81

Hypertension 20 (47) 25 (64) .12

Hypercholesterolemia 27 (64) 26 (67) .82

Prior AMI 14 (33) 15 (38) .65

Prior PTCA 7 (16) 5 (13) .76

Indication for procedure

Stable angina 6 (15) 4 (9) .24

Unstable angina/non-Q-wave AMI 29 (75) 39 (77)

Post-AMI angina 4 (10) 6 (14)

Number of vessels with stenosis

>70% 1.49±0.7 1.62±0.7 .43

1 27±63 20±51

2 12±28 14±36

3 4±9 5±13

LVEF <40% 5 (16) 4 (16) .90

Lesions treated 1.74±0.8 1.64±0.9 .60

1 20±47 23±54 .60

2 16±37 10±26

3 5±12 3±8

4 2±5 3±8

Lesions included 1.16±0.4 1.28±0.6 .30

1 37 (86) 30 (77) .40

2 5 (12) 8 (21)

3 1 (2) 0 (0)

4 0 (0) 1 (3)

Use of abciximab 6 (13.9) 7 (17.9) .76

*PTCA indicates percutaneous transluminal coronary angioplasty; LVEF, left
ventricular ejection fraction; AMI, myocardial infarction.



tion for the procedure (Table 1). Among the patients
studied, 25 additional lesions that did not meet the in-
clusion criteria or that presented exclusion criteria
were treated in the predilation group and 14 in the di-
rect stenting group. These lesions were not included in
the angiographic or IVUS study. Angiographic charac-
teristics at baseline were similar in both groups. No
differences were observed in calcification, lesion
length, reference diameter or percent stenosis (Ta-
ble 2).

Procedure Characteristics and Immediate
Results

All procedures in both treatment groups were per-
formed satisfactorily (Table 3). In all cases of predila-
tion, only a conventional balloon was used. There
were no cases of in-hospital mortality, acute thrombo-

sis of the stent or emergency surgery. One (2%) and
two (5%) non-Q-wave AMI episodes were observed in
the predilation and direct stenting groups, respectively
(P=NS). Direct stenting was unsuccessful in four pa-
tients (crossover to predilation group). There were no
significant differences in the diameter, implantation
pressure or use of additional stents between the two
groups (Table 2). The stents used in the predilation
group were significantly longer than those used in di-
rect stenting group. Additional post-dilation was used
in four (8%) lesions in each group in order to achieve
optimal angiographic results in the operator’s opinion,
with these results similar in both groups. There were
no cases of stent loss.

Ultrasound Assessment

Intravascular ultrasound study was possible in 99 of

TABLE 2. Angiographic Characteristics at Baseline. Angiographic Characteristics of the Procedure. Immediate

Results (by Intent-to-Treat)*

Predilation (n=50) Direct (n=50) P

Angiographic characteristics at baseline

Vessel

AD 25 (50%) 18 (36%) .29

CX 11 (22%) 14 (28%)

RCA 14 (28%) 18 (36%)

Coronary segment

Proximal 20 (40%) 18 (36%) .48

Middle 24 (48%) 22 (44%)

Distal 6 (12%) 10 (20%)

Reference diameter, mm 3.06±0.51 2.93±0.44 .19

MLD, mm 0.76±0.35 0.71±0.39 .52

Stenosis, % 75.28±0.63 77.24±11.17 .37

Length, mm 10.52±4.45 9.68±3.63 .30

Calcium 2 (4%) 6 (12%) .27

Thrombus 5 (10%) 6 (12%) 1.00

Procedure characteristics

Predilation balloon diameter, mm 3.0±0.4 –

Predilation pressure, atmospheres 8.9±2.6 –

Predilation balloon diameter to reference diameter ratio 0.9±0.1 –

Stent diameter 3.1±0.4 3.1±0.4 .40

Nominal stent diameter <3.0 mm 11 (22%) 13 (26%) .81

Stent length, mm 15.0±4.9 12.9±4.1 .02

Implantation pressure, atmospheres 16.6±1.4 16.6±1.8 .86

Stent balloon diameter to reference diameter ratio 1.17±0.13 1.17±0.10 .93

Primary success, % – 46 (92) –

Predilation, % 50 (100) 4 (0.8) –

Post-balloon dilation, % 4 (8) 4 (8) 1.00

Additional stent, % 5 (10) 3 (6) .71

Stent loss, % 0 (0) 0 (0) –

Final angiographic results

Reference diameter, mm 3.06±0.51 2.94±0.46 .21

MLD 2.93±0.44 2.84±0.44 .33

Residual stenosis, % 5.32±6.08 5.21±7.27 .93

Acute gain, mm 2.17±0.48 2.13±0.46 .71

*AD indicates anterior descending; CX, circumflex artery; MLD, minimum lumen diameter; RCA, right coronary artery.
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the 100 lesions. In the remaining case in the predila-
tion group, the catheter did not advance through a cir-
cumflex artery with a large kink, hindering satisfac-
tory study of an obtuse marginal artery stent.
Ultrasound results are shown in Table 4. There were
no differences in the reference or expansion parame-
ters between the two groups. Only 17% of the stents
achieved a stent CSA >9 mm (45.7% in stents ≥3.5
mm). Poor apposition was observed in one lesion after
placement at high pressure; in this case, a larger dia-
meter balloon had been used despite the excellent an-
giographic results (Figure 1).

Clinical and Angiographic Follow-up

Clinical follow-up was performed in 100% of the

patients, with no differences found between the 2
groups after 12 months (Table 3). Scheduled or symp-
tom-guided angiographic follow-up was possible in 43
lesions (86%) per group. There were no significant
differences in binary restenosis (23% vs 20%) or late
loss index (0.92 [0.81] vs 0.88 [0.60]) between the 2
groups (Table 4 and Figure 2).

DISCUSSION

The present study, designed to replicate normal di-
rect stenting activity, showed no differences in IVUS
expansion parameters as compared to those obtained
with the predilation technique. Furthermore there were
no differences in the clinical or angiographic follow-
up, and similar results were observed in the incidence
of restenosis at 6 months.

The current frequent use of direct stenting is suppor-
ted by numerous studies demonstrating the safety of
this technique,8,9,11,13-23 with clinical and angiographic
results that are similar11,13,20,24,25 or even better26,27 than
those obtained with traditional implantation. Loss or
incomplete expansion could be two potential risks of
direct stenting. Because of the progressive advances in
stent design and fixation by the balloon, the incidence
of stent dislodgement or embolization is low or non-
existent (<1%)10,20,21,28 (0% in our study).

Correct deployment of the stent is related not only
to the stent design and implantation pressure; the cha-
racteristics of the lesion also represent an important
conditioning factor. In cases of severe calcification
unidentified before direct stenting, correct deployment
may be impossible despite elevated implantation pres-
sures. Suboptimal expansion has been associated with
a risk of acute occlusion and restenosis.29,30 In addi-
tion, angiography is limited to ensure correct expan-
sion of the stent.12,31,33 A high percentage of stents with
excellent angiographic results present poor expansion
as visualized by IVUS. Up to now, there is little avai-
lable information on the degree of expansion achieved

TABLE 3. Procedure Results, in-Hospital Events

and Clinical Events at 12 Months

Predilation (n=43) Direct (n=39) P

In-hospital events

Procedure success, % 43 (100) 39 (100) –

In-hospital mortality, % 0 (0) 0 (0) –

Non-Q-wave infarction, % 1 (2) 2 (5) .59

Stent thrombosis, % 0 (0) 0 (0) –

Coronary surgery, % 0 (0) 0 (0) –

Hematoma, % 3 (7) 0 (0) .24

Hemorrhaging, % 0 (0) 0 (0) –

Post-procedural hospitalization,

days 1.02±0.16 1.16±0.63 .21

Clinical follow-up at 12 months

Completed follow-up 43 (100) 39 (100) –

Mortality 0 (0) 0 (0) –

Myocardial infarction 1 (2.3) 0 (0) .30

Revascularization of study 

lesion 6 (14) 7 (18) .76

Revascularization of treated 

lesions 6 (14) 9 (23) .39

Surgical revascularization 0 (0) 0 (0) –

Fig. 1. A: Poor apposition of stent
mesh in the vessel wall in lesion num-
ber 22 treated by direct stenting. The
white arrows indicate the area betwe-
en the vessel wall and the mesh. B:
Final ultrasound result after post-dila-
tion with a larger diameter balloon.

A B
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with direct stenting. In a descriptive study conducted
in the early years of this technique, correct expansion
was found in 66% of the patients.34 Two substu-

dies,19,20 one with 3D-IVUS in a small number of pa-
tients35 and a recent randomized study with IVUS,36

showed no differences in expansion between the two

TABLE 4. Immediate Results by Intravascular Ultrasound and Angiography at 8 Months*

Predilation (n=50) Direct (n=50) P

Immediate IVUS results 

Available for analysis, % 49 (98) 50 (100) 1.00

In-stent MLD, mm 2.69±0.43 2.77±0.46 .41

Mean reference diameter, mm 3.14±0.48 3.12±0.54 .91

EEM reference diameter, mm 4.17±0.59 4.08±0.63 .50

Mean reference lumen CSA, mm2 9.00±2.98 9.08±3.60 .90

Mean reference EEM CSA, mm2 14.07±3.90 13.70±4.45 .67

Stent symmetry index 0.88±0.09 0.90±0.09 .21

Good apposition, % 49 (100) 48 (98) .30

Expansion parameters

Min. stent CSA, mm2 6.82±1.98 6.99±2.31 .71

Min. stent CSA/Distal reference min. lumen CSA 0.84±0.21 0.88±0.22 .37

Min. stent CSA/Reference min. lumen CSA 0.79±0.17 0.80±0.17 .83

Min. stent CSA/Mean reference EEM CSA 0.49±0.09 0.53±0.13 .14

Min. lumen CSA

<5 mm2 9 (18) 10 (20) .35

5 to <7 mm2 13 (27) 14 (28)

7 to <9 mm2 19 (39) 17 (34)

≥9 mm2 8 (16) 9 (18)

Angiographic follow-up at 8 months

Available for analysis, % 43 (86) 43 (86) 1.00

Reference diameter, mm 3.09±0.51 2.96±0.42 .18

In-stent angiographic measurements

Minimum lumen diameter, mm 1.98±0.94 2.00±0.68 .91

Binary restenosis, % 10 (23) 9 (21) .79

Net gain, mm 1.23±0.94 1.26±0.71 .89

Late loss, mm 0.91±0.81 0.89±0.60 .89

Loss index 0.45±0.43 0.43±0.32 .84

*CSA indicates cross-sectional area; MLD, minimum lumen diameter; loss index, late loss/acute gain; stent symmetry index, minimum stent diameter divided by
maximum diameter; EEM, external elastic membrane
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implantation techniques. Our work shows two main
differences with respect to previous studies: it was
specifically designed to analyze direct stent expansion
with IVUS and it was intended to replicate the usual
practice in stent placement. In order to ensure the lat-
ter point, baseline IVUS was not allowed and the
IVUS data were not used to optimize the results.

The balloon-to-artery ratio in patients with predila-
tion was slightly below 1 (0.9). This undersizing in the
predilation, along with the high pressures used in both
subgroups when placing the stent, may have contribu-
ted to the absence of differences between the 2 techni-
ques in terms of expansion, decreasing or minimizing
the predilation balloon value. The use of undersized
balloons for predilation is currently common practice,
in an era in which the stent is elective in virtually all
lesions. We believe the results observed in our study in
this regard are representative of those seen in daily
practice at any hospital in which this type of lesion is
treated.

Although high inflation pressures are used, the per-
centage of lesions with a minimum stent CSA >9 mm
in our study was lower than that found in previous stu-
dies with an optimized technique according to sono-
graphic criteria.37,38 The observational, blind use of
IVUS and implantation of up to 24% of stents <3.0
mm might have been the main causes. In many cases,
calcification not visualized on IVUS could have cau-
sed suboptimal expansion. Consistent with lower ex-
pansion, the incidence of restenosis at 8 months was
higher than in previous studies with IVUS optimiza-
tion.30

There was only one case (2%) of poor stent apposi-
tion in the direct stenting group. This potential cause
of acute thrombosis led to unmasking of IVUS blin-
ding and the use of IVUS for stent optimization with a
larger diameter balloon. No conclusions can be drawn
from this single case. However, it suggests that IVUS
follow-up of lesions treated by direct stenting might be
beneficial in complex anatomies.

The results of the present study cannot be extrapola-
ted to other types of lesions. Forty percent of direct
stenting procedures require considerable effort to se-
lect the lesions, although this could reflect a figure si-
milar to the number of lesions that can be treated by
direct stenting.39 Based on the results of our study, it is
impossible to predict correct expansion in lesions with
severe calcification, in bifurcations and small vessels,
in ostial lesions, long lesions, restenosis and other
complex lesions. In one recently published study40

with 128 patients treated by direct stenting in long le-
sions (>18 mm), the authors found 2.3% of acute oc-
clusion and 9.4% of non-Q-wave infarction despite
optimal angiographic results in 99% of the cases.
Optimal expansion on angiography was not confirmed
by IVUS in that series. Inadvertent stent underexpan-
sion could have been the cause of these complications.

Until randomized IVUS studies in more complex le-
sions are conducted, it is impossible to ensure that no
expansion differences between the 2 techniques exist
in these types of lesions.

Limitations

The present study was conducted in a single hospital
and the only inclusion criterion was the decision that
direct stenting was possible. Therefore, although the
percentage of lesions included was similar to the per-
centage seen in daily practice at our hospital during
the study period and similar to that of other published
series,7,25 it is evident that the interventional radiolo-
gists performing the procedures selected the lesions
considered optimal for direct stenting. As mentioned,
the results cannot be compared to series with a greater
use of direct stenting, to stenting in long lesions or
small vessels, or to lesions treated in hospitals with
less experience. 

Although the sample size was not calculated and the
number was chosen for logistic reasons, the number of
lesions included was higher than in previous studies
on stent expansion in direct implantation.19,20,35,36

Moreover, it is unlikely that a larger number of lesions
would have led to clinically relevant differences in the
expansion parameters, since no trend toward diffe-
rences was observed with the number of patients in
our study. Nevertheless, the sample size was clearly
insufficient to study differences in the incidence of
restenosis and the clinical events, as is evident when
our study is compared with others specifically oriented
toward these objectives.11,19,20

CONCLUSIONS

Direct stenting in the lesions normally selected for
this technique was associated with expansion parame-
ters similar to those obtained with conventional place-
ment after predilation. Both implantation techniques
showed similar rates of angiographic restenosis and
clinical events at 1 year of follow-up.

The generalized use of direct stenting in more com-
plex lesions should be based on future studies showing
that the expansion parameters and the long-term clini-
cal and angiographic results are similar to those obtai-
ned with predilation.

REFERENCES

1. Serruys PW, De Jaegere P, Kiemeneij F, Macaya C, Rutsch W,

Heyndrickx G, et al. A comparison of balloon-expandable-stent

implantation with balloon angioplasty in patients with coronary

artery disease. Benestent Study Group. N Engl J Med 1994;

331:489-95.

2. Fischman DL, Leon MB, Baim DS, Schatz RA, Savage MP, Penn

López-Palop R, et al. Comparison of Intracoronary Ultrasound Expansion Parameters in Coronary Stents Implanted With or Without Balloon Predilatation. 

A Randomized Intravascular Ultrasound Study

61 Rev Esp Cardiol 2004;57(5):403-11 409



I, et al. A randomized comparison of coronary-stent placement and

balloon angioplasty in the treatment of coronary artery disease.

Stent Restenosis Study Investigators. N Engl J Med 1994;

331:496-501.

3. Leon MB, Popma JJ, Mintz GS, Pichard AD, Satler LF, Kent

KM. An overview of US coronary stent trials. Semin Interv

Cardiol 1996;1:247-54.

4. Cohen DJ, Breall JA, Ho KK, Weintraub RM, Kuntz RE,

Weinstein MC, et al. Economics of elective coronary revasculari-

zation. Comparison of costs and charges for conventional angio-

plasty, directional atherectomy, stenting and bypass surgery. J

Am Coll Cardiol 1993;22:1052-9.

5. Cohen DJ, Krumholz HM, Sukin CA, Ho KK, Siegrist RB,

Cleman M, et al. In-hospital and one-year economic outcomes af-

ter coronary stenting or balloon angioplasty. Results from a

randomized clinical trial. Stent Restenosis Study Investigators.

Circulation 1995;92:2480-7.

6. Maier W, Windecker S, Boersma E, Meier B. Evolution of percu-

taneous transluminal coronary angioplasty in Europe from 1992-

1996. Eur Heart J 2001;22:1733-40.

7. Hernández JM, Goicolea J, Durán JM, Auge JM. Registro

Español de Hemodinámica y Cardiología Intervencionista. XI

Informe Oficial de la Sección de Hemodinámica y Cardiología

Intervencionista de la Sociedad Española de Cardiología (años

1990-2001). Rev Esp Cardiol 2002;55:1173-84.

8. Figulla HR, Mudra H, Reifart N, Werner GS. Direct coronary

stenting without predilatation: a new therapeutic approach with a

special balloon catheter design. Cathet Cardiovasc Diagn 1998;

43:245-52.

9. Briguori C, Sheiban I, De Gregorio J, Anzuini A, Montorfano M,

Pagnotta P, et al. Direct coronary stenting without predilation. J

Am Coll Cardiol 1999;34:1910-5.

10. Kovar LI, Monrad ES, Sherman W, Kunchithapatham S, Ravi KL,

Gotsis W, et al. A randomized trial of stenting with or without ba-

lloon predilation for the treatment of coronary artery disease [abs-

tract]. Am Heart J 2001;142:E9.

11. Martínez-Elbal L, Ruiz-Nodar JM, Zueco J, López-Minguez JR,

Moreu J, Calvo I, et al. Direct coronary stenting versus stenting

with balloon pre-dilation: immediate and follow-up results of a

multicentre, prospective, randomized study. The DISCO trial.

DIrect Stenting of COronary Arteries. Eur Heart J 2002;23:633-

40.

12. Colombo A, Hall P, Nakamura S, Almagor Y, Maiello L, Martini

G, et al. Intracoronary stenting without anticoagulation accom-

plished with intravascular ultrasound guidance. Circulation

1995;91:1676-88.

13. Burzotta F, Trani C, Prati F, Hamon M, Mazzari MA, Mongiardo

R, et al. Comparison of outcomes (early and six- month) of direct

stenting with conventional stenting (a meta-analysis of ten rando-

mized trials). Am J Cardiol 2003;91:790-6.

14. Pentousis D, Guerin Y, Funck F, Zheng H, Toussaint M, Corcos

T, et al. Direct stent implantation without predilatation using the

MultiLink stent. Am J Cardiol 1998;82:1437-40.

15. Hamon M, Richardeau Y, Lecluse E, Saloux E, Sabatier R,

Agostini D, et al. Direct coronary stenting without balloon predi-

lation in acute coronary syndromes. Am Heart J 1999;138:55-9.

16. Herz I, Assali A, Solodky A, Shor N, Pardes A, Ben Gal T, et al.

Effectiveness of coronary stent deployment without predilation.

Am J Cardiol 1999;84:89-91.

17. Danzi GB, Capuano C, Fiocca L, Dallavalle F, Pirelli S, Mauri L,

et al. Stent implantation without predilation in patients with a sin-

gle, noncalcified coronary artery lesion. Am J Cardiol 1999;

84:1250-3.

18. Carrie D, Khalife K, Citron B, Izaaz K, Hamon M, Juiliard JM, et

al. Comparison of direct coronary stenting with and without ba-

lloon predilatation in patients with stable angina pectoris. BET

(Benefit Evaluation of Direct Coronary Stenting) Study Group.

Am J Cardiol 2001;87:693-8.

19. Le Breton H, Boschat J, Commeau P, Brunel P, Gilard M, Breut

C, et al. Randomised comparison of coronary stenting with and

410 Rev Esp Cardiol 2004;57(5):403-11 62

López-Palop R, et al. Comparison of Intracoronary Ultrasound Expansion Parameters in Coronary Stents Implanted With or Without Balloon Predilatation. 

A Randomized Intravascular Ultrasound Study

without balloon predilatation in selected patients. Heart 2001;

86:302-8.

20. Baim DS, Flatley M, Caputo R, O’Shaughnessy C, Low R, 

Fanelli C, et al. Comparison of PRE-dilatation vs direct stenting

in coronary treatment using the Medtronic AVE S670 Coro-

nary Stent System (the PREDICT trial). Am J Cardiol 2001;

88:1364-9.

21. Laarman G, Muthusamy TS, Swart H, Westendorp I, Kiemeneij

F, Slagboom T, et al. Direct coronary stent implantation: safety,

feasibility, and predictors of success of the strategy of direct co-

ronary stent implantation. Catheter Cardiovasc Interv 2001;

52:443-8.

22. Lozano I, López-Palop R, Pinar E, Cortes R, Carrillo P, Saura D,

et al. Implante de stent directo sin predilatación: experiencia de

un centro en 1.000 lesiones. Rev Esp Cardiol 2002;55:705-12.

23. Brito FS, Caixeta AM, Perin MA, Rati M, Arruda JA, Cantarelli

M, et al. Comparison of direct stenting versus stenting with predi-

lation for the treatment of selected coronary narrowings. Am J

Cardiol 2002;89:115-20.

24. Stys T, Lawson WE, Liuzzo JP, Hanif B, Bragg L, Cohn PF.

Direct coronary stenting without balloon or device pretreatment:

acute success and long-term results. Catheter Cardiovasc Interv

2001;54:158-63.

25. Wilson SH, Berger PB, Mathew V, Bell MR, Garratt KN, Rihal

CS, et al. Immediate and late outcomes after direct stent implan-

tation without balloon predilation. J Am Coll Cardiol 2000;

35:937-43.

26. Brueck M, Scheinert D, Wortmann A, Bremer J, Von Korn H,

Klinghammer L, et al. Direct coronary stenting versus predila-

tation followed by stent placement. Am J Cardiol 2002;90:1187-

92.

27. Miketic S, Carlsson J, Tebbe U. Clinical and angiographic outco-

me after conventional angioplasty with optional stent implanta-

tion compared with direct stenting without predilatation. Heart

2002;88:622-6.

28. Chevalier B, Stables R, Te Riele J, Dawkins K, Ettori F, Thuesen

L, et al. Safety and feasibility of direct stenting strategy with the

ACS MultiLink Duet Stent: Results from the SLIDE randomized

trial. Circulation 2000;102:3529.

29. Bermejo J, Botas J, García E, Elizaga J, Osende J, Soriano J, et

al. Mechanisms of residual lumen stenosis after high-pressure

stent implantation: a quantitative coronary angiography and intra-

vascular ultrasound study. Circulation 1998;98:112-8.

30. De Feyter PJ, Kay P, Disco C, Serruys PW. Reference chart deri-

ved from post-stent-implantation intravascular ultrasound predic-

tors of 6-month expected restenosis on quantitative coronary an-

giography. Circulation 1999;100:1777-83.

31. Goldberg SL, Colombo A, Nakamura S, Almagor Y, Maiello L,

Tobis JM. Benefit of intracoronary ultrasound in the deploy-

ment of Palmaz-Schatz stents. J Am Coll Cardiol 1994;24:996-

1003.

32. Nakamura S, Colombo A, Gaglione A, Almagor Y, Goldberg SL,

Maiello L, et al. Intracoronary ultrasound observations during

stent implantation. Circulation 1994;89:2026-34.

33. Gorge G, Haude M, Ge J, Voegele E, Gerber T, Rupprecht HJ, et

al. Intravascular ultrasound after low and high inflation pressure

coronary artery stent implantation. J Am Coll Cardiol 1995;

26:725-30.

34. De la Torre Hernández JM, Gómez I, Rodríguez-Entem F, Zueco

J, Figueroa A, Colman T. Evaluation of direct stent implantation

without predilatation by intravascular ultrasound. Am J Cardiol

2000;85:1028-30.

35. Finet G, Weissman NJ, Mintz GS, Satler LF, Kent KM, Castagna

MT, et al. Comparison of luminal enlargement by direct coronary

stenting versus predilation coronary stenting by three-dimensio-

nal volumetric intravascular ultrasound analysis. Am J Cardiol

2001;88:1179-82.

36. Dudek D, Legutko J, Kaluza GL, Mudka K, Dubiel JS.

Intravascular ultrasonic evaluation of the magnitude of stent ex-

pansion and the mechanisms of lumen enlargement after direct



restenosis (OPTICUS Study). Circulation 2001;104:1343-9.

39. Martínez-Elbal L, Mingo S, Zueco J, Calvo I, Moreu J, Merchan

A, et al. Uso amplio de stenting coronario directo. Estudio DIS-

CO 2. Rev Esp Cardiol 2003;56:654-61.

40. Boulmier D, Bedossa M, Commeau P, Huret B, Gilard M,

Boschat J, et al. Direct coronary stenting without balloon predila-

tion of lesions requiring long stents: immediate and 6-month re-

sults of a multicenter prospective registry. Catheter Cardiovasc

Interv 2003;58:51-8.

López-Palop R, et al. Comparison of Intracoronary Ultrasound Expansion Parameters in Coronary Stents Implanted With or Without Balloon Predilatation. 

A Randomized Intravascular Ultrasound Study

63 Rev Esp Cardiol 2004;57(5):403-11 411

stenting and after conventional stenting with balloon predilata-

tion. Am J Cardiol 2002;90:639-41.

37. Moussa I, Moses J, Di Mario C, Albiero R, De Gregorio J,

Adamian M, et al. Does the specific intravascular ultrasound cri-

terion used to optimize stent expansion have an impact on the

probability of stent restenosis? Am J Cardiol 1999;83:1012-7.

38. Mudra H, Di Mario C, De Jaegere P, Figulla HR, Macaya C,

Zahn R, et al. Randomized comparison of coronary stent implan-

tation under ultrasound or angiographic guidance to reduce stent


