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Introduction and objectives. Intravascular ultrasound
(IVUS) studies in conventional stent angioplasty with
predilatation have demonstrated that late luminal narrow-
ing is caused by neointimal proliferation. In the present
study, we analyzed the degree and distribution of in-stent
neointimal proliferation after direct stent implantation and
aimed to identify variables that predict a proliferative res-
ponse.

Material and method. We studied 45 patients who un-
derwent successful stent implantation without predilata-
tion and 23 patients with similar clinical and angiographic
characteristics who underwent conventional stent angio-
plasty with predilatation. IVUS imaging was performed at
7.85±2.81 months. The cross-sectional area was mea-
sured at five predetermined points in the stented coronary
segment. The inflation pressure used in patients who un-
derwent direct stent implantation was higher than that
employed in those who underwent conventional angio-
plasty with predilatation (13±3 atm vs 10±2 atm; P=.005).

Results. Luminal and stent cross-sectional areas were
greater in the group that did not undergo predilatation
than in the group that did. Neointimal proliferation in the 5
sections analyzed along the axis of the stent was similar
in the 2 groups. There was a weak linear relationship 
between the amount of plaque outside the stent and
neointimal proliferation in both the group that underwent
predilatation (r=0.37; P=.005) and the group that did not
(r=0.33; P=.005).

Conclusions. As with conventional angioplasty, the
neointimal proliferation that occurred after direct stent im-
plantation showed a diffuse homogeneous pattern along
the length of the stent. There was a weak correlation
between this proliferative response and the amount of
plaque outside the stent.

Key words: Coronary angioplasty. Direct stenting. Reste-
nosis.
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Proliferación neointimal después de la implantación
coronaria de stent sin predilatación

Introducción y objetivos. En la implantación de stent
con predilatación la ecografía intracoronaria ha demostra-
do que la reducción luminal tardía se debe a la prolifera-
ción neointimal. En la presente serie analizamos el grado
y la distribución de la proliferación neointimal intra-stent
después de la implantación sin predilatación, así como
las variables implicadas en esta respuesta proliferativa.

Material y método. Se analizó a 45 pacientes después
de la implantación exitosa de un stent sin predilatación y
23 pacientes con lesiones de características clínicas y
angiográficas similares después de la implantación de un
stent con predilatación. La ecografía intracoronaria en el
seguimiento se realizó a los 7,85 ± 2,81 meses. Se midie-
ron las áreas transversales (AT) en 5 segmentos prede-
terminados del segmento con stent. En el grupo de stent
directo se empleó una presión de hinchado mayor que en
el grupo con predilatación (13 ± 3 atm frente a 10 ± 2
atm; p = 0,005).

Resultados. Los AT luminal y del stent fueron mayores
en el grupo sin predilatación que en el grupo con predila-
tación. La proliferación neointimal en los 5 segmentos a
lo largo del eje axial del stent fue similar en los dos gru-
pos. Se observó una ligera relación lineal entre la placa
fuera del stent y la proliferación neointimal en el grupo
con predilatación (r = 0,37; p = 0,005) y sin predilatación
(r = 0,33; p = 0,005).

Conclusiones. De forma similar a la angioplastia con-
vencional, en el stent directo la respuesta neointimal pre-
senta un patrón difuso y homogéneo a lo largo del eje
longitudinal del stent. Esta respuesta proliferativa se co-
rrelacionó ligeramente con la placa excluida por el stent.

Palabras clave: Angioplastia coronaria. Stent directo.
Reestenosis.



INTRODUCTION

Conventional balloon stent implantation after
predilatation is the standard treatment for most pa-
tients with coronary artery stenosis. Stent implanta-
tion without predilatation has become commonplace
as a consequence of improved attachment of stents to
balloons, reduced delivery profile and greater stent
flexibility. The advantages of this technique are re-
ductions in procedure time, exposure to radiation and
cost.1,2 In addition, myocardial ischemia may be re-
duced as balloon inflation is needed on fewer occa-
sions. Several authors have shown the procedure is
feasible, effective and safe in selected patients.1-12

Angiographic follow-up studies have shown 11%-
16% restenosis.13,14 Intravascular ultrasound (IVUS)
studies after conventional stent angioplasty with
predilatation have shown neointimal tissue prolife-
ration is the principal mechanism in in-stent resteno-
sis.15-17 However, the degree and pattern of neointimal
tissue proliferation after direct stenting has hardly
been studied. The present study was designed to use
IVUS to analyze degree and axial distribution of
neointimal tissue proliferation after direct stenting
and identify variables that might predict this.

MATERIAL AND METHODS

Patients

We enrolled 50 patients with coronary artery
anatomy and lesion morphology favorable for direct
stenting. All presented clinical symptoms of angina
with objective signs of myocardial ischemia. We ex-
cluded patients with calcified lesions, long lesions
(>20 mm), total occlusions, extremely tortuous le-
sions in the segment proximal to the lesion and those
with excessively angled vessels in the target segment.
Presence of intraluminal thrombosis and clinical pre-
sentation of the illness were not selection criteria. In
5 patients (10%), we were unable to pass the stent
through coronary artery stenosis and they were ex-
cluded from the study. Underestimating calcium
presence in the lesion and attempting to cross very
severe stenosis prevented direct stenting in these pa-
tients. The remaining 45 patients had successful di-
rect stent implantations and underwent follow-up
coronary angiography and IVUS studies at 7.85±2.81

months. In 23 patients potentially eligible for direct
stenting, we performed conventional stent angioplas-
ty with predilatation. In all of these patients we were
able to cross the stent through the lesion after predi-
latation, so this was not the cause of exclusion for
any of them.

Coronary Angioplasty 

All patients received double oral antiplatelet treat-
ment and 10 000 U intravenous sodium heparin prior
to angioplasty. After femoral artery canalization
using the Seldinger technique and locating a guide
catheter in the coronary ostium we administered a
0.2-0.4 mg intracoronary bolus injection of nitro-
glycerin. Angiographic studies from at least 2 or-
thogonal projections were obtained. The standard
technique of coronary stent implantation has been
described elsewhere.18,19 In most patients undergoing
implantation without predilatation, we used a high
support guide wire. After passing the guide wire
through the lesion we administered a further 0.2-0.4
mg intracoronary bolus injection of nitroglycerin to
reverse possible associated vasoconstriction and at-
tain maximum dilatation of the vessel. A stent/diam-
eter ratio of 1.1-1.0/1.0 was used as reference. After
stent deployment in the lesion, the balloon was gen-
tly inflated to above nominal pressure to ensure ade-
quate expansion. If expansion was incomplete, bal-
loon pressure was increased or a larger diameter
balloon was used. This occurred in 4 direct stent pa-
tients but did not occur in any of the patients with
predilatation (P=.35). When direct stenting was im-
possible, we used the same stent with previous
predilatation and a conventional balloon. Patients
stented without predilatation received Multi-Link
stents (Guidant Corporation, Santa Clara, California)
(20 patients), Jo-stent models (Jomed International
AB, Rangendingen, Alemania) (20 patients), Tenax
(Biotronik Gmbh & Co, Berlin, Germany), or NIR
(Boston Scientific, Maple Grove, Minnesota) stents
(5 patients). Patients undergoing implantation with
predilatation received Multi-Link stents (17 patients)
and NIR or Jo-stents (6 patients).

After angioplasty, we administered double an-
tiplatelet treatment of nitrates and calcium antagonists
for ≥1 month until the follow-up examination at least
and acetylsalicylic acid indefinitely.

Angiographic Evaluation

Two observers analyzed the angiographic images.
We obtained at least 2 orthogonal projections for
analysis. We performed quantitative analysis using
the border analysis system (Integris HM 3000,
Philips Medical System, Leiden, Holland). Angio-
graphic measurements were made in diastole after in-
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ABBREVIATIONS

CSA: cross-sectional area.
MLD: minimum luminal diameter.
IVUS: intravascular ultrasound studies.



tracoronary administration of nitroglycerine and
using the catheter guide wire for calibration. Percen-
tage of stenosis, minimum luminal diameter (MLD)
and lesion length were measured at baseline, imme-
diately after stent implantation and at follow-up. The
variables calculated were: 1) acute gain, defined as
increased target artery MLD after stent implantation;
2) late loss, defined as reduction in target artery lu-
minal diameter in angiographic follow-up; and 3) net
gain, defined as the difference between acute gain
and late loss.20

Intracoronary Echography

Our equipment consisted of a 30-MHz transducer
mounted at the acoustic tip of a 3.2 F catheter (CVIS
Inc., Sunnyvale, California) connected to an ultra-
sound console. After administering 5000 U heparin
and 0.2-0.4 mg intracoronary nitroglycerine, the in-
travascular imaging system was passed through a
0.014 guide wire to the distal reference segment, 3-4

mm distal to the stent edge. We performed IVUS stu-
dies, withdrawing the intravascular imaging system at
0.5 mm/s until reaching the proximal reference diame-
ter, 3-4 mm proximal to the stent edge. Ultrasound
images were recorded on video for later analysis. We
made seven quantitative measurements of which 5
were in the stented segment: the proximal edge of the
stent, the proximal body of the stent, the mid-body of
the stent, the distal body of the stent and the distal
edge of the stent; and 2 in the non-stented proximal
and distal segments (Figure 1).

Cross-sectional area (CSA) measurements in the
stented coronary artery segment: 1) vessel CSA, ob-
tained by tracing the media-adventitia edge (equivalent
to the external elastic membrane); 2) stent CSA, mea-
suring stent circumference; and 3) vessel luminal
CSA, obtained by tracing the luminal edge of the area
of neointimal tissue proliferation (Figure 2). The per-
centage of plaque extruded out of the stent was calcu-
lated by subtracting vessel CSA from stent CSA. The
result, the area of plaque extruded (plus the media) out
of the stent, was divided by vessel CSA and multiplied
by 100. We calculated vessel CSA and luminal CSA in
the non-stented part of the coronary artery. The degree
of neointimal tissue proliferation in each of the 5 stent
cross-sections was calculated as follows: stent CSA
minus luminal CSA, divided by stent CSA, multiplied
by 100.

Statistical Analysis

We tabulated angiographic results at baseline, pro-
cedure and post-stenting, and late diameters at fol-
low-up. Results of the IVUS study were analyzed at
follow-up. To detect differences between continuous
variables in patients with and patients without predi-
latation we used Student’s t test and χ2 for categori-
cal variables. We used analysis of variance to detect
differences in CSA measurements along the coronary
artery stent axis (with stent and reference vessel).
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Figure 1. Schema of artery and reference segments determined by in-
travascular echography.
PRA indicates proximal reference area; PES, proximal edge of the
stent; PBS, proximal body of the stent; MBS, mid-body of the stent;
DBS, distal body of the stent; DES, distal edge of the stent; DRA: distal
reference area.

Adventitia

Plaque

PRA PES PBS MBS DBS DES DRA

Lumen

Stent

Figure 2. Left: schema of cross-sectio-
nal areas determined by intravascular
echography in the stented segment. We
measured the area of the vessel (on the
adventitial edge of the external elastic
membrane), and the areas of the stent
and the vessel lumen. We calculated
the percentage of plaque extruded 
out of the stent, including the media
(represented as a black circumference
between the plaque and the adventitia)
and intimal proliferation. Right: intraco-
ronary echography image. The circum-
ference in the interior of the lumen
corresponds to the catheter (not repre-
sented in the schema on the left).

Neointimal Tissue Proliferation
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The mean of the 5 stent measurements was used to
analyze correlations between continuous variables.
Pearson’s correlation coefficient was used to quantify
linear relationships between continuous variables.
Results are expressed as percentages and as mean ± 2
standard deviations. Statistical significance was set at
P≤.05.

RESULTS

Clinical Results of Procedure 
and Angiography

All lesions analyzed were type A and B with a
length of 11.5±4.5 mm. Baseline clinical and angio-
graphic characteristics were comparable in the 2
groups (Table 1). Similarly, baseline, immediate post-
procedure, and late data for MLD, percentage of
stenosis, late loss, and net gain did not differ between
the 2 groups (Table 2). However, analysis of procedu-
ral results revealed that greater inflation pressure was
used in direct stenting than in conventional stent an-
gioplasty with dilatation (13±3 atm vs 10±2 atm,
P=.005). Inflation time, stent length, length of
lesion/length of stent, and stent/reference artery dia-

meter ratios showed no differences between the 2
groups.

IVUS and Follow-up Results

Overall Results

We evaluated 340 cross-sectional cuts of target
coronary artery segments in 68 patients. Vessel CSA,
stent CSA, and luminal CSA were 15.6±3.6 mm2,
8.5±2.2 mm2, and 5.9±2.0 mm2, respectively. The per-
centage of plaque extruded from the stent was
44.8%±9.4% and neointimal tissue proliferation was
30.1%±14.9%. We analyzed 136 cross-sectional cuts
in the reference artery segment. Proximal and distal
vessel CSA were 16.7±3.9 mm2 and 14.9±3.6 mm2,
respectively. Proximal and distal luminal CSA were
9.7±3.2 mm2 and 8.5±2.7 mm2, respectively.

Comparison of IVUS Results for the 
2 Groups

Detailed analysis of CSA of the 5 stent cross-sec-
tions and reference artery segment CSA in the 2
groups is in Table 3. Vessel CSA and stent CSA were
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TABLE 1. Baseline Clinical and Angiographic Data in Patients After Coronary Artery Stenting With and Without

Predilatation

Global (n=68) With Predilatation (n=23) Without Predilatation (n=45) P

Clinical data

Age, years 60±80 57±80 61±70 .7

Men 61 (89.7%) 21 (91.3%) 40 (88.8%) .9

Smokers 49 (72.0%) 14 (60.9%) 35 (77.7%) .2

Hypercholesterolemia 14 (20.6%) 6 (26.1%) 8 (17.8%) .6

High blood pressure 30 (44.1%) 9 (39.1%) 21 (46.7%) .7

Diabetes mellitus 8 (11.8%) 4 (17.4%) 4 (8.9%) .4

Ejection fraction, % 62±12 63±10 61±12 .5

Stable angina 16 (23.5%) 8 (34.8%) 8 (17.8%)

Unstable angina 52 (76.5%) 15 (65.2%) 37 (82.2%) .2

Angiographic data

Number of diseased vessels 1.39±0.58 1.39±0.58 1.40±0.65 .9

Location

Left anterior descending artery 41 (60.3%) 13 (56.6%) 28 (62.2%)

Circumflex 13 (19.1%) 4 (17.4%) 9 (20.0%)

Right coronary artery 14 (20.6%) 6 (26.0%) 8 (17.8%) .7

Characteristics of lesions

Eccentric 50 (73.5%) 16 (69.6%) 34 (75.56%) .8

Irregular 38 (55.9%) 15 (65.2%) 23 (51.1%) .4

Ulcerated 9 (13.2%) 2 (8.7%) 7 (15.6%) .7

Thrombus 17 (25.0%) 6 (26.1%) 11 (24.4%) .9

Curve >30° 8 (11.8%) 3 (13.0%) 5 (11.1%) .9

Length, mm 11.5±4.50 11.7±3.60 11.9±5.20 .7

ACC/AHA classification

A 14 (20.5%) 6 (26.1%) 8 (17.8%)

B 54 (79.4%) 17 (73.9%) 37 (82.2%) .6

Results expressed in percentages and mean ± SD



significantly greater in most of the cross-sections in
the group without predilatation by comparison with
the group with predilatation. We found no differences
in vessel CSA and luminal CSA in the proximal and
distal coronary artery reference segment between the
2 groups.

Neointimal tissue proliferation was slightly but
non-significantly greater in the group without predi-
latation by comparison the group with predilatation
(Table 3). The percentage of plaque extruded from
the stent was slightly greater in the group with predi-

latation and the difference was statistically signifi-
cant around the mid-body of the stent when compa-
ring the 2 groups (51.1%±7.2% vs 46.4%±6.7%;
P=.02).

Comparison of IVUS Results Along 
the Coronary Artery Axis 

Target vessel CSA and distal reference artery CSA
were less than proximal reference artery CSA in
both groups (P<.05). Luminal CSA in the area of the
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TABLE 2. Angiographic Data in Patients After Implantation of Stent With and Without Predilatation

Global (n=68) With Predilatation (n=23) Without Predilatation (n=45) P

Ratio stenosis/length of stent 0.78±0.22 0.73±0.21 0.81±0.23 .2

Length of stent 16±5 16±3 15±5 .3

Ratio diameter of stent/artery 1.01±0.11 1.00±0.12 1.02±0.10 .9

Inflation pressure, mm Hg 12±3 10±2 13±3 .005

Inflation time, s 51±7 51±9 52±13 .7

Diameter of reference, mm

Initial 3.13±0.49 3.01±0.47 3.20±0.49 .1

Post-stent 3.30±0.47 3.14±0.52 3.37±0.44 .06

Follow-up, 6 months 3.04±0.54 3.15±0.61 3.00±0.50 .2

Minimum luminal diameter, mm

Initial 0.79±0.30 0.71±0.35 0.82±0.26 .2

Post-stent 2.74±0.46 2.68±0.53 2.77±0.42 .5

Follow-up 1.95±0.56 1.92±0.59 1.96±0.54 .9

Diameter of stenosis, %

Initial 76±13 79±12 75±10 .2

Post-stent 18±13 19±18 18±10 .7

Follow-up 35±14 37±14 34±15 .4

Acute gain 1.94± 0.55 1.96± 0.66 1.93± 0.03 .8

Late loss 0.79± 0.64 0.76± 0.74 0.81± 0.59 .7

Net gain 1.14±0.65 1.20±0.70 1.11±0.55 .7

Figure 3. Graphs of intravascular echography measurements of vessel, stent and lumen cross-sectional areas in patients with (left) and without
(right) predilatation. The areas along the axis of the stented artery are similar in both groups. Cross-sectional area reduction in-stent is explained by
neointimal tissue proliferation. We did not find a heterogeneous increase along the stent in the 2 groups.
PRA indicates proximal reference area; PES, proximal edge of the stent; PBS, proximal body of the stent; MBS, mid-body of the stent; DBS, distal
body of the stent; DES, distal edge of the stent; DRA, distal reference area; CSA, cross-sectional area; NS, non-significant. *P<.05 between proximal
or distal reference CSA and coronary artery stented segment.
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TABLE 3. Results of Intravascular Ultrasound Studies of Stented Coronary Artery Segment and of Reference

Segment at Follow-up in Patients With and ·Without Predilatation*

Global (n=68) With Predilatation (n=23) Without Predilatation (n=45) P

Coronary artery stented segment

Distal edge 

Vessel CSA, mm2 15.2±3.7 14.2±4.3 15.9±3.8 .1

Stent CSA, mm2 8.5±2.2 8.0±2.8 8.8±1.8 .2

Luminal CSA, mm2 6.3±2.2 6.3±2.7 6.3±1.8 .0

Intimal proliferation, % 26.8±13.2 22.9±11.6 28.8±13.6 .08

Plaque, % 44.0±9.2 44.5±13.0 43.6±6.8 .7

Distal mid-body

Vessel CSA, mm2 15.3±3.5 13.8±3.2 16.1±3.4 .01

Stent CSA, mm2 8.4±2.3 7.6±2.6 8.9±2.1 .04

Luminal CSA, mm2 5.9±2.1 5.6±2.5 6.0±2.0 .5

Intimal proliferation, % 30.6±15.2 27.0±15.0 32.5±16.1 .2

Plaque, % 45.5±8.4 47.0±10.3 44.5±7.4 .3

Mid-body

Vessel CSA, mm2 15.7±3.8 14.3±3.7 16.3±3.8 .04

Stent CSA, mm2 8.3±2.4 7.4±2.5 8.7±2.3 .03

Luminal CSA, mm2 5.7±2.3 5.5±2.3 5.9±2.2 .5

Intimal proliferation, % 30.5±15.1 25.4±15.8 33.0±14.8 .06

Plaque, % 47.8±7.3 51.1±7.2 46.4±6.7 .02

Proximal mid-body

Vessel CSA, mm2 15.8±3.4 14.4±4.0 16.4±3.0 .03

Stent CSA, mm2 8.4±2.2 7.5±2.3 8.9±1.9 .02

Luminal CSA, mm2 5.6±1.7 5.5±1.7 5.7±1.9 .6

Intimal proliferation, % 32.1±14.1 27.5±12.7 34.4±15.1 .07

Plaque, % 46.5±7.5 49.0±7.6 45.5±7.2 .07

Proximal edge

Vessel CSA, mm2 16.2±3.2 14.6±3.8 16.5±3.0 .03

Stent CSA, mm2 8.7±2.1 7.6±2.2 9.3±1.9 .02

Luminal CSA, mm2 6.0±1.8 5.4±2.0 6.2±1.7 .09

Intimal proliferation, % 31.1±15.1 28.3±16.5 32.6±14.1 .3

Plaque, % 44.1±7.7 45.2±12.0 43.8±7.4 .6

Non-stented coronary artery reference segment

Distal to stent

Vessel CSA, mm2 14.9±3.6 15.7±4.4 14.5±3.1 .2

Luminal CSA, mm2 8.5±2.7 9.0±3.0 8.3±2.5 .3

Proximal to stent

Vessel CSA, mm2 16.7±3.9 17.4±4.7 16.4±3.5 .3

Luminal CSA, mm2 9.7±3.2 9.7±3.6 9.7±3.0 1.0

*CSA indicates cross-sectional area.

stent in the 2 groups was less than luminal CSA of
the proximal and distal reference artery (P<.05). The
factor determining this narrowness was neointimal
tissue proliferation (Table 3 and Figure 3).

Stent CSA and degree of neointimal tissue prolifera-
tion in the 5 predetermined stent axis sections were
similar in the 2 groups indicating homogeneous neoin-
timal growth along the stent in the 2 groups.

Variables Predicting Neointimal Tissue
Proliferation

Minimum luminal diameter and percentage of
stenosis did not correlate with neointimal tissue prolif-
eration in baseline or immediate post-procedure an-

giography. However, we found a weak linear relation-
ship between plaque outside the stent and neointimal
tissue proliferation in the group with predilatation
(r=0.37; P=.005) and the group without predilatation
(r=0.33; P=.005) (Figure 4). Neointimal tissue proli-
feration did not correlate with inflation pressure or
stent CSA as determined by IVUS.

DISCUSSION

Several clinical studies have shown that coronary
artery stent implantation reduces angiographic
restenosis and need for reoperation when compared
with conventional balloon angioplasty.18,19 Intravas-
cular ultrasound studies have shown that after stent
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implantation neither shrinkage nor narrowing of the
prosthesis occur in follow-up. In fact, diagnosis of
late stent stenosis represents incomplete expansion of
the stent not detected at the time of implantation.15

The IVUS studies have enabled us to show that late
luminal reduction is due to neointimal tissue prolifer-
ation.16,17 This neointimal growth is uniformly dis-
tributed along the stent implanted with predilata-
tion.17 In the Palma-Schatz stent we found a smaller
luminal diameter in the central articulation. This is
due to the combination of intimal tissue prolapse and
neointimal tissue formation in this area. In the pre-
sent series, we found homogenous distribution of
neointimal tissue proliferation after direct stenting
along the stent axis, as occurs in conventional stent
angioplasty. We did not identify preferred foci of
neointimal tissue proliferation along the prosthesis.
Unlike previous IVUS studies in articulated stents,15-17

the use of tubular stents can explain our results.
These stents provide rigid scaffolding for the arterial
wall21,22 and uniform coverage of the lesion along the
stent; and they prevent potential prolapse of the

plaque through the prosthesis cells that might predis-
pose abnormal neointimal growth.23 Although it has
been suggested that direct stenting can reduce en-
dothelial denudation provoking less neointimal tissue
proliferation and a lower rate of restenosis,24 angio-
graphic follow-up studies have shown a similar rate
of restenosis with both techniques.13,14,25,26 In our se-
ries, angiography revealed late loss and IVUS
showed slight similarities in intimal proliferation in
patients with and without predilatation.

In the present study, analysis of stent CSA along
the coronary artery segment was similar in the 2
groups. This suggests uniform deployment of the
stent with both techniques. As most patients present-
ed with acute coronary syndromes, it is highly likely
that plaque was principally “soft,” rather than “fi-
brous” or “calcified.” This would facilitate spatial re-
distribution of plaque during implantation and uni-
form expansion of the stent. In the present series,
angiographic calcification, associated with incom-
plete expansion, was an exclusion criterion. The
above-normal inflation pressures used may also have
contributed to uniform stent expansion. In direct
stenting, we used greater inflation pressure than in
conventional stent angioplasty (13±3 vs 10±2;
P<.005). Stent CSA and luminal CSA were greater
with direct stenting. As reference artery CSA and the
artery diameter/reference diameter ratio are similar in
the 2 groups, the parameter determining increase in
these areas was probably greater inflation pressure
during stent delivery. The implantation procedure
would favor the rupture, distribution and crushing of
plaque. Here, we found that the percentage of plaque
extruded out of the stent was less in direct stenting
than in stenting with predilatation. However, the
greater stent area found with direct stenting may be
partly due to greater incidence of “soft” plaque by
comparison with stenting with predilatation because
of the greater incidence of unstable angina in direct
stenting (82.2% vs 65.2%; P=.2). This last characte-
ristic, greater instability and possible plaque inflam-
mation in the direct stent group, together with lower
inflation pressure in the group of stenting with predi-
latation, are factors that could have influenced subse-
quent neointimal tissue proliferation and our results
(note data on late loss in Table 2 and intimal prolife-
ration in Table 3).

Increased stent CSA can cause a proportional in-
crease of the prosthesis surface producing a parallel
increase in neointimal tissue proliferation. This
would explain the slight, non-significant increase of
neointimal tissue proliferation observed following di-
rect stenting by comparison with stenting with predi-
latation. Note that balloon inflation pressure used to
implant the stent was not pre-established, reaching
the pressure needed to obtain complete angiographic
balloon expansion and an optimal immediate result.
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Figure 4. Correlation between plaque extruded out of the stent and ne-
ointimal tissue proliferation in the group with (above) and without (be-
low) predilatation. We describe the predictive equation in each group.
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Conventional balloon predilatation causes fissures,
lesser dissections, rupture, compression and plaque
redistribution. This leads to widening of luminal
CSA that facilitates stent implantation. On the other
hand, direct stenting requires greater radial expansion
force to break down and distribute the plaque spatial-
ly and permit uniform stent deployment. Increasing
inflation pressure is probably a better means of
achieving this. A recent IVUS study showed better
angiographic and ultrasound results after direct stent-
ing when higher inflation pressures are used for im-
plantation.27

It has been reported that amount of plaque predicts
restenosis following conventional balloon angioplasty
and atherectomy.28 We concur with other authors29

who found a weak linear relationship between degree
of neointimal tissue proliferation and percentage of
plaque outside the stent. In the present study, we found
that this relationship holds true for direct stenting.

Limitations of the Study

Patients were selected on criteria relating to coro-
nary artery anatomy and morphology of favorable le-
sions. The cross-sectional design of the study pre-
cludes evaluation of pre-intervention variables related
with restenosis. Other series using IVUS after stenting
with predilatation found baseline plaque load and
post-intervention luminal area can predict intra-stent
restenosis.30 In the present study we did not evaluate
stent shrinkage as previous studies show good angio-
graphic results and good resistance to radial compres-
sion with new generation stents.21-23 Although our
study design was not random, significant differences
between baseline clinical and angiographic characte-
ristics did not appear and this suggests the groups
were homogeneous. Furthermore, it should be borne in
mind that the sample may have been too small to de-
tect differences between the groups, meaning compa-
risons must be interpreted with caution. These may
also be conditioned by the fact that inflation pressures
in the group with predilatation were lower than in the
group without predilatation and lower than those nor-
mally used. On the other hand, 5 direct stent patients
were excluded from the study as they presented very
severe or moderately calcified coronary artery steno-
sis. This could explain our finding more plaque out-
side the stent mid-body in patients with predilatation
by comparison with patients without predilatation.
However, we did not find significant differences in
amount of plaque along the stent axis.

In conclusion, as in conventional stent angioplasty,
in selected patients undergoing direct stenting, a ho-
mogeneous proliferative neointimal response occurs
along the longitudinal stent axis which correlates
weakly with the amount of plaque extruded out of the
stent.
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