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Introduction

Many studies have indicated that a small
lumen size is one of the most important pre-
dictors of acute events and of late resteno-
sis after balloon angioplasty, and that the
restenosis rate after small vessel coronary an-
gioplasty (PTCA) varies between 41 and
55%1-5. Another important disadvantage re-
garding small vessel angioplasty is the high-
er association of small vessels with other
well-known co-morbid states at increased
risk for percutaneous procedures and the
presence of extensive lesions or diabetes6.

As documented in the randomized stud-
ies BENESTENT and STRESS, stent im-

plantation in coronary arteries with a refer-
ence diameter < 3 mm is also associated
with a higher rate of acute complications
and of late restenosis3. 

More recently, the use of intravascular
ultrasound (IVUS) has become more wide-
spread. This technique is now an important
tool for the guidance of coronary interven-
tions. In fact, several reports have shown that
the most important predictor of long-term
success after coronary interventions is the fi-
nal cross-sectional area (CSA) not only after
balloon angioplasty but also and especially af-
ter coronary stenting7. In case of small ves-
sel angioplasty, IVUS appears to be a very at-
tractive tool. It can provide information on
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Background. Many studies have indicated that a small lumen size is one of the most important pre-
dictors of acute events and of late restenosis after balloon angioplasty or stent implantation. In the last
few years many studies have shown that intravascular ultrasound (IVUS) guidance makes it possible
to optimize stent implantation. The aim of this pilot study was to evaluate the feasibility and safety of
IVUS imaging of small vessels. Secondary endpoints were the immediate and long-term results of IVUS-
guided elective BeStent implantation in small vessels.

Methods. Fourteen symptomatic patients with small coronary vessel (mean angiographic reference
diameter 2.3 ± 0.2 mm) disease underwent IVUS-guided BeStent implantation. IVUS success was de-
fined as the achievement of a final minimal intrastent cross-sectional area (CSA) > 90% of the small-
er reference lumen CSA.

Results. IVUS evaluation was feasible in all patients without any clinical or angiographic adverse
events. Procedural success was achieved in all patients with implantation of a BeStent 15 mm. No ma-
jor complication (death, myocardial infarction, stent acute or subacute thrombosis, coronary artery
bypass, re-coronary angioplasty) occurred during the in-hospital phase. Two non-flow-limiting, asymp-
tomatic coronary dissections were detected after stent expansion. The post-stenting lesion stenosis rate
decreased from 72.9 ± 12.9% to 0.75 ± 11.7% with an acute gain of 1.8 ± 0.4 mm. The final IVUS min-
imal stent CSA was 5.6 ± 1.1 mm2. The IVUS criteria of adequate stent expansion were reached in 11
(78.6%) patients. At 6 months of follow-up, the rate of angiographically diagnosed in-stent restenosis
was 30.7%; the 6-month late loss in stent diameter was 1.1 ± 0.6 mm. No patient died or presented with
a myocardial infarction. The target lesion revascularization rate was 30.7%.

Conclusions. Coronary IVUS-guided stenting can be performed in small vessels with a high suc-
cess rate and low incidence of in-hospital complications. However, despite these encouraging short-term
results, the long-term clinical and angiographic outcome is less favorable. Further larger and randomized
IVUS studies, probably employing more aggressive IVUS criteria, are needed to clarify the true role
of IVUS guidance in this particular field.

(Ital Heart J 2001; 2 (5): 372-378)
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whether the vessel is a true small vessel or a pseudo-small
vessel, on the characteristics of the plaque, and finally it
makes it possible to optimize the procedure in order to ob-
tain the largest possible final lesion or stent CSA.

The purpose of this pilot study was to assess the fea-
sibility and safety of IVUS assessment of small vessels.
Secondary endpoints were the immediate and long-
term results of IVUS-guided elective BeStent implan-
tation in small vessels.

Methods

Patient population. The study population comprised 14
consecutive patients from the Institute of Cardiology of
the University of Bologna enrolled between March
1999 and March 2000. All patients had a significant an-
giographically diagnosed stenosis (> 50% diameter
stenosis at quantitative coronary angiography-QCA) of
a coronary vessel with a reference diameter between 2.0-
2.75 mm associated with clinical or objective evidence
of myocardial ischemia. The angiographic vessel di-
ameter was the only inclusion criteria. The exclusion cri-
teria were: 1) a recent myocardial infarction (< 15 days),
2) left main stem stenosis < 50%, 3) saphenous vein graft
stenosis, 4) a history including treatment of chronic to-
tal occlusion, 5) a coronary lesion > 20 mm in length,
6) treatment of coronary restenosis, 7) a history in-
cluding treatment of one vessel with multiple lesions, 8)
a history including treatment of a lesion located in the
distal part of the coronary vessel, 9) contraindications
to antiplatelet therapy (aspirin or ticlopidine).

Study design. IVUS examination was performed before
balloon predilation with a commercially available elec-
tronic 3.5F ultrasound catheter (Vision F/X, Endosonic
Corp., Rancho Cordova, CA, USA). Images were obtained
using a mechanical pullback system at a constant speed
of 0.5 mm/s. The position of the catheter at fluoroscopy
was used to correlate the ultrasound image with the an-
giogram. The ultrasound runs (tomograms and longitu-
dinal reconstruction) were stored on a super VHS video-
tape and on CD-ROM. Immediate quantitative analysis
was performed after each pullback. Reference IVUS
measurements were taken at the proximal and distal sites
adjacent to the lesion that correlated with the apparently
normal reference segments at angiography. The vessel size
was measured at the medial-adventitial interface (exter-
nal elastic membrane). The following measurements
were taken during diastole at the lesion and reference sites:
lumen diameters (minimal, maximal and mean; mm);
vessel diameters (minimal, maximal and mean; mm);
lumen CSA (mm2); vessel CSA (mm2); plaque CSA
(mm2); mean diameter, determined at the proximal and
distal reference sites using the following equation re-
ported in the CLOUT study8: mean diameter = mean
vessel diameter + mean lumen diameter/2. The mean di-
ameter of the smaller reference sites was used to deter-
mine the site of an upsized balloon (Figs. 1 and 2).

Balloon predilation was then performed under an-
giographic guidance. In general, balloons were sized ap-
proximately to the mean of the proximal and distal ref-
erence segments. Semicompliant balloons were most-
ly used. Following balloon predilation, elective intra-
coronary stenting was performed using the BeStent
(Medtronic, Minneapolis, MN, USA) hand-crimped on
a semicompliant balloon. The size and type of the bal-
loon were selected on the basis of an inflated balloon size
equal to the IVUS-determined mean diameter. Quarter-
sized balloons were routinely used for accurate sizing.
If, according to the formula, the value was irregular, the
closest-sized balloon was chosen. The adequacy of the
final result was based on the angiographic visual as-
sessment of the stent site and on IVUS evaluation. Be-
fore any IVUS evaluation, intracoronary isosorbide
dinitrate (1 mg) was administered. IVUS success was de-
fined as the achievement of a final minimal intrastent
CSA > 90% of the distal (or smaller) reference lumen
CSA. Additional balloon inflations were performed un-
til the IVUS imaging criteria for stent expansion were
reached. Patients received aspirin (100-300 mg) and
continued their standard antianginal therapy before and
after the procedure. A bolus of 70-100 IU/kg of he-
parin was administered after the insertion of the femoral
sheath. After stent implantation all patients were treat-
ed only with antiplatelet therapy: ticlopidine (500
mg/day) for 1 month and aspirin (100-300 mg/day) in-
definitely. Patients underwent clinical and angiograph-
ic evaluation at 6 months of follow-up.

Quantitative coronary analysis. Intracoronary isosor-
bide dinitrate (1 mg) was administered to all patients be-
fore the initial, post-procedure and follow-up angiograms
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Figure 1. Methodology for intravascular ultrasound (IVUS)-guided stent
overexpansion. Before standard angiographically guided angioplasty,
vessel and lumen IVUS parameters are measured at the proximal and dis-
tal reference sites and at the lesion site. IVUS of the distal reference site
revealed a mean lumen diameter of 2.5 mm and a mean vessel diameter
of 3.25 mm. IVUS of the proximal reference site revealed a mean lumen
diameter of 3.0 mm and a mean vessel diameter of 4.4 mm. The distal ref-
erence segment is thus the limiting site and according to the equation its
mean diameter is 2.9 mm. Stent implantation would thus be performed with
a BeStent hand-crimped on an upsized 2.9 mm balloon, regardless of the
initial angiographically determined reference diameter.
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to achieve maximal vasodilation. QCA was performed
before PTCA, after the IVUS-guided upsized stent im-
plantation and at the 6-month control angiography using
the Philips analysis package. A 15-20 mm segment sur-
rounding the stenosis was analyzed, using the guiding
catheter for calibration. The reference segment was de-
fined as the region adjacent to the stenosis which was used
for the IVUS reference calculation at the time of the pro-
cedure. The mean reference diameter, the length of the
stenosis, the lesion minimal lumen diameter, the acute
gain, late loss and loss index were measured. The lesions
were graded according to the modified American Heart
Association/American College of Cardiology classifi-
cation9. After IVUS-guided stent implantation the pres-
ence of intimal dissection was graded according to the
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Figure 2. A: pre-angioplasty (PTCA) angiographic and intravascular ultrasound (IVUS) images. In a vessel with an angiographically determined ref-
erence diameter of 2.4 mm, IVUS revealed, at the distal reference site, a mean lumen diameter of 3.0 mm and a mean vessel diameter of 4.0 mm. Thus,
according to the equation the mean diameter was 3.5 mm. B: post-stent implantation angiographic and IVUS images. IVUS guidance allowed the safe
use of stent implantation with an oversized balloon. C: angiographic and IVUS images obtained 6 months after the procedure. At follow-up, there was
no angiographic evidence of restenosis. IVUS study (tomograms and longitudinal reconstruction) shows mild intrastent proliferation. CSA = cross-sec-
tional area; MLD = minimal lumen diameter; QCA = quantitative coronary angiography.

A

C

B

National Heart, Lung and Blood Institute classification10.
The coronary flow in the study vessel was graded ac-
cording to the TIMI classification11.

Definitions. The study endpoints were:
� the feasibility and safety of IVUS utilization in the set-
ting of small vessels;
� in-hospital clinical events and the presence, at 6 months
of follow-up, of angiographically diagnosed in-stent
restenosis, defined as the presence of a QCA diameter
stenosis ≥ 50% at the treated site.

The success of stent implantation was defined as 
< 30% residual stenosis at QCA with no major procedural
or in-hospital complications (death, emergency bypass
surgery, myocardial infarction).
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A diagnosis of a Q-wave myocardial infarction was
made when there was documentation of new patholog-
ical Q waves (> 0.04 s) at ECG in conjunction with an
elevation in creatinine kinase serum levels to more than
twice the upper limit of normal.

A diagnosis of a non-Q-wave myocardial infarction
was made when an elevation in the serum levels of car-
diac enzymes to more than twice the upper limit of nor-
mal was documented without the development of new
pathological Q waves (> 0.04 s). Emergency coronary
artery bypass graft was defined as any coronary artery
bypass graft performed before the patient was discharged.

Acute thrombosis events were angiographically doc-
umented stent thrombosis occurring within 24 hours of
the procedure. Subacute thrombosis events were angio-
graphically documented coronary occlusions at the site
of the stent occurring between 24 hours and 2 months af-
ter stent implantation or sudden death occurring within
2 months of the procedure.

Statistical analysis. Categorical variables are present-
ed as absolute numbers and percentages. Continuous
variables are presented as mean ± SD. Comparisons be-
tween categorical variables were performed by χ2 analy-
sis. Probability values < 0.05 were considered statistically
significant.

Results

Procedural and clinical in-hospital results. The clin-
ical and angiographic characteristics of the patients are
shown in table I. In 9 patients, multivessel coronary
artery disease was present. In 5 of them, multivessel stent
implantation was performed in association with ad-
junctive treatment of a non-small vessel. The QCA mean
reference vessel diameter was 2.3 ± 0.2 mm (Table II).
The mean percentage lesion stenosis was 72.9 ± 12.9%.
IVUS evaluation was feasible in all patients without
any clinical or angiographic adverse events. In particu-
lar, during IVUS evaluation, no patient presented acute
vessel occlusion, embolism, dissection or spasm. The
IVUS mean vessel diameter at the lesion site was 3.6 ±
0.4 mm (3.2 ± 0.4 mm at the distal reference site and 3.8
± 0.6 mm at the proximal reference site) (Table III). In
most of these patients IVUS imaging showed fibrocal-
cific (71%) or fibrotic (21%) lesions. Pre-stent PTCA was
performed using a balloon to artery ratio equal to 1.1
while stent deployment was done with a significantly
higher balloon expansion (a balloon to artery ratio equal
to 1.3) (Table IV). Procedural success was achieved in
all 14 treated patients with implantation of a BeStent 15
mm. A TIMI III flow was obtained in all treated vessels.
In 2 patients an asymptomatic dissection (1 type A and
1 type B) was detected after stent implantation. As seen
in table II, following stent implantation the lesion min-
imal lumen diameter increased from 0.7 ± 0.2 to 2.45 ±
0.3 mm (acute gain 1.8 ± 0.4 mm) and the lesion per-
centage stenosis decreased from 72.9 ± 12.9 to 0.75 ±

CCS = Canadian Cardiovascular Society; LVEF = left ventricu-
lar ejection fraction.

No. patients 14
Age (years) 66 ± 7
Female gender 5 (36%)
Diabetes 2 (14%)
LVEF (%) 74 ± 8.3
Prior myocardial infarction 3 (21%)
Prior coronary artery bypass 0
Vessel disease

1 5 (36%)
2 8 (57%)
3 1 (7%)0

Angina (CCS)
1-2 8 (57%)
3-4 6 (43%)

Treated vessel
Left anterior descending 7 (50%)
Circumflex 5 (36%)
Right coronary artery 2 (14%)

Lesion site
Proximal 2 (14%)
Middle 12 (86%)0

Lesion type
A 1 (7%)0
B1 8 (57%)
B2 5 (36%)
C 0

Table I. Clinical and angiographic features of the patients.

CSA = cross-sectional area.

Basal Post-stent p

Reference diameter (mm) 2.3 ± 0.2 2.46 ± 0.2 NS
MLD (mm) 0.7 ± 0.2 2.45 ± 0.3 < 0.0001
% stenosis 72.9 ± 12.9 0.75 ± 11.7 < 0.0001
Lesion length (mm) 8.7 ± 1.9
Acute gain (mm) 1.8 ± 0.4

Table II. Basal and post-stent implantation quantitative coro-
nary angiography data.

Proximal Lesion Distal
reference reference

Basal
Vessel diameter (mm) 3.8 ± 0.6 3.6 ± 0.4 3.2 ± 0.4
Lumen diameter (mm) 2.8 ± 0.3 1.6 ± 0.3 2.5 ± 0.3
Vessel CSA (mm2) 10.6 ± 3.9 10.3 ± 2.9 8.8 ± 2.4
Lumen CSA (mm2) 6.9 ± 1.6 2.3 ± 0.8 5.2 ± 1.1
Plaque CSA (mm2) 3.7 ± 2.5 8.0 ± 2.5 3.6 ± 1.8
% plaque area 34.6 ± 17.4 77.6 ± 5.7 40.9 ± 12.3

Post-stent
Vessel diameter (mm) 4.0 ± 0.5 3.4 ± 0.6
Lumen diameter (mm) 2.9 ± 0.3 2.7 ± 0.3 2.5 ± 0.3
Vessel CSA (mm2) 10.3 ± 3.2 9.5 ± 3.4
Lumen CSA (mm2) 7.1 ± 1.4 5.6 ± 1.1 5.4 ± 0.8

Table III. Basal and post-stent implantation intravascular ultra-
sound data.

MLD = minimal lumen diameter.
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is less effective than in vessels > 3 mm in diameter. In
particular, a worse clinical outcome was reported for sub-
sets of patients with a small vessel size associated with
extensive lesions or diabetes6. However, in these �old�
studies stents not designed for small vessels and at low
inflation pressures were implanted and patients were sub-
mitted to anticoagulant therapy. More recently, Elezi et
al.12 demonstrated that in small vessel stent implantation
the risk of restenosis decreases if a greater balloon to
artery ratio is used during the intervention, implying that
an aggressive approach may be very effective particu-
larly in small vessels. Other recent cumulative data
from the STRESS I and II studies13 have shown that elec-
tive stent implantation in vessels with a reference di-
ameter < 2.7 mm decreases the incidence of coronary
restenosis (34% stent vs 55% PTCA, p < 0.001) and im-
proves the event-free survival (78% stent vs 67% 
PTCA, p < 0.001). Several randomized trials designed
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Post-stent 6 months p

No. patients 14 13
Reference diameter (mm) 2.46 ± 0.16 2.3 ± 0.2 NS
MLD (mm) 2.45 ± 0.3 1.4 ± 0.5 < 0.0001
% stenosis 0.75 ± 11.7 41.6 ± 18.6 < 0.0001
Restenosis (≥ 50%) 4 (30.7%)
Late loss (mm) 1.1 ± 0.6
Loss index (%) 59.6 ± 30.8

Table VII. Post-stent and follow-up quantitative coronary an-
giography data (13 patients).

Death 0
MI 0
Surgical revascularization 1 (7%)
Re-PTCA 5 (36%)
Target vessel revascularization (PTCA or bypass) 4 (28%)
Non-target vessel revascularization 2 (14%)
Angina (CCS)

1-2 3 (21.6%)
3-4 1 (7%)

Table VI. Six-month clinical follow-up (14 patients).

Abbreviations as in table V.

MLD = minimal lumen diameter.

TIMI = Thrombolysis in Myocardial Infarction; PTCA = percu-
taneous transluminal coronary angioplasty.

PTCA balloon maximal diameter (mm) 2.57 ± 0.1
PTCA maximal pressure (atm) 7.4 ± 1.26
PTCA balloon/vessel ratio 1.1
Stent balloon maximal diameter (mm) 2.9 ± 0.2
Stent inflation pressure (atm) 13.8 ± 2.8
Stent balloon/vessel ratio 1.3
Implanted stents

BeStent small 8 mm 8
BeStent small 15 mm 6
BeStent large 15 mm 1

Post-stent dissections
A-B 2
C-D 0

Final TIMI flow
0-1 0
2 0
3 14

Table IV. Procedural data.

11.7%. The final IVUS stent CSA and the IVUS stent
mean diameter were respectively 5.6 ± 1.1 mm2 and
2.7 ± 0.3 mm (Table III). The IVUS criteria of adequate
stent implantation were reached in 11 patients (78.6%).
In 3 patients the procedure was stopped due to angio-
graphic evidence of overexpansion of the stent, in spite
of the fact that the IVUS criterion had not yet been
reached. No major complication was induced by excess
stent dilation. The 2 patients who developed non-flow-
limiting coronary dissection were asymptomatic and
did not require additional stenting. One patient developed
purpura on the lower extremities and reversible renal dys-
function due to cholesterol embolization. No episode of
stent thrombosis occurred (Table V).

Clinical and angiographic results at 6 months of fol-
low-up. No patient was lost to follow-up 6 months af-
ter the procedure. Except for the patient who presented with
cholesterol embolism after the procedure and who was
asymptomatic at 6 months of follow-up, all patients were
submitted to angiographic evaluation. Three patients un-
derwent IVUS imaging. No patient died or developed
myocardial infarction during follow-up (Table VI). Four
(30.7%) patients presented with intrastent diffuse resteno-
sis and were submitted to target vessel revascularization
(1 surgical and 3 PTCA). As shown in table VII, at 6
months of follow-up, the stent site minimal lumen diam-
eter decreased from 2.45 ± 0.3 to 1.4 ± 0.5 mm (late loss
1.1 ± 0.6 mm) with a loss index of 59.6 ± 30.8%.

Discussion

Stent implantation in small vessels. Coronary stent
implantation is an established treatment for patients
with symptomatic coronary artery disease and target
vessels > 3 mm in diameter. Previous randomized stud-
ies3 have shown that stent implantation in small vessels

MI = myocardial infarction; PTCA = percutaneous transluminal
coronary angioplasty; IVUS = intravascular ultrasound.

Procedural success 14 (100%)
IVUS-related complications 0
Death 0
Q-wave MI 0
Non-Q-wave MI 0
Urgent coronary artery bypass 0
Re-PTCA 0
Cholesterol embolization 1 (7%)

Table V. In-hospital clinical events.
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to compare PTCA with elective stenting in small ves-
sels are currently underway (Besmart, SISA, ISAR,
RAP, STRESS IV). Unfortunately, preliminary data
seem contradictory. In fact, while the Besmart trial
(BeStent vs PTCA in vessels < 3 mm in diameter and
with focal lesions) has shown a significant reduction in
the 6-month restenosis rate (22.7% BeStent vs 48.5% 
PTCA, p < 0.001) and target lesion revascularization rate
in the stent group (13% BeStent vs 25% PTCA, p 
< 0.01), the SISA (BeStent in vessels < 3 mm in diam-
eter and with lesions < 12 mm in length) and the ISAR
(Multilink in vessels < 2.8 mm in diameter) studies did
not support these findings. 

Intravascular ultrasound in small vessels. Several
studies have shown that the final lumen diameter is the
most important angiographic predictor of the long-term
success after interventional procedures1-5. More re-
cently, the use of IVUS has shown that even the final le-
sion plaque burden after PTCA and the final lesion
CSA after stenting are important predictors of the long-
term success7,14. In small vessel percutaneous procedures
IVUS appears to be very useful. First of all, IVUS can
demonstrate whether the vessel is a true small vessel or
a pseudo-small vessel (normal vessel with diffuse dis-
ease). This finding may have practical consequences. In
fact, in case of a pseudo-small vessel an approach sim-
ilar to large vessel angioplasty could be safely under-
taken. IVUS can also provide information about the
plaque characteristics and thus facilitate the choice of the
correct device for that lesion. Finally, IVUS guidance al-
lows optimization of the procedure and thus attainment
of the largest final CSA for that lesion. In fact, as doc-
umented in the randomized CRUISE study15, IVUS
guidance makes it possible to achieve a significantly larg-
er stent CSA (7.8 ± 1.7 vs 7.1 ± 2.1 mm2, p < 0.001). In-
terestingly, in that study, the lumen gain achieved in the
IVUS group was associated with a 44% lower target ves-
sel revascularization rate (8.5 vs 15.3%, p < 0.019).
No differences in mortality (0 vs 0.9%) or myocardial
infarction (7 vs 6.1%) were detected between the two
groups.

In a retrospective non-randomized study, Akiyama
et al.16 showed that with regard to small or large vessels,
stent implantation under IVUS guidance was associat-
ed with a lower rate of restenosis compared to that ob-
served for those patients in whom IVUS was not used.
In particular, IVUS guidance resulted in a 9% decrease
in the restenosis rate in small vessels (29 vs 38%, p 
< 0.002). However, this benefit was primarily limited to
patients in whom optimal stent expansion had been
achieved. Unfortunately, in the small vessel cohort in that
study, an optimal IVUS result could be achieved for on-
ly 71% of the lesions.

Comments on our study. The most important limita-
tion of this report is the small sample size. However, this
study is a pilot preliminary study and the main purpose

was to assess the safety and feasibility of IVUS uti-
lization in really small vessels. In our study IVUS guid-
ance was feasible in all patients and did not cause pro-
cedural complications. It safely allowed the achievement
of a significant stent overexpansion (stent-artery ratio 1.3,
residual stenosis 0.75 ± 11.7%). No episodes of stent
thrombosis occurred in our study. Previous studies us-
ing coil stents and oral anticoagulants have suggested that
the rate of stent thrombosis is higher when stents are im-
planted in angiographically small vessels17,18. The ab-
sence of stent thrombosis observed in our study is in
agreement with other reports in which aggressive stent
expansion was associated with post-procedure an-
tiplatelet therapy16,19 and highlights the importance of
adequate stent expansion particularly in small vessel dis-
ease. In the present study, at 6 months of follow-up, the
incidence of angiographically diagnosed restenosis was
30%, a result that is comparable with that (29%) found
by Akiyama et al.16 in the subgroup of patients with a
small vessel size (mean reference diameter 2.6 ± 0.3 mm)
and IVUS-guided stent implantation. In that report16, pa-
tients submitted to IVUS-guided stent implantation
showed, in both small and large vessels, a significant re-
duction in the restenosis rate (17 vs 26%, p < 0.0222 in
large vessels; 29 vs 38%, p = 0.0426 in small vessels).
Furthermore, the incidence of long-term restenosis ob-
served in our study was strictly related to the intrastent
post-procedure CSA (5.6 ± 1.1 mm2). In fact, in a group
of stented lesions with an IVUS post-procedural mini-
mal stent CSA (5.0 to 5.9 mm2) in the range of the val-
ues obtained in this study, Moussa et al.20 found a
restenosis rate of 32%. In the present study, IVUS suc-
cess was defined as the achievement of an intrastent min-
imal lumen area ≥ 90% of the distal lumen CSA. In a
recent retrospective analysis of selected patients in
whom various non-randomly assigned IVUS criteria
were evaluated, Moussa et al.21 showed that these IVUS
criteria applied to small or large vessels did not signif-
icantly reduce the long-term incidence of stent resteno-
sis probably because it does not represent the maximal
potential of lumen gain. A recent randomized trial that
compared stent implantation with either IVUS or an-
giographic guidance, using an intrastent minimal lu-
men CSA ≥ 80% of the reference lumen CSA as the
IVUS endpoint, did not show any significant differ-
ence in the restenosis rate between the two groups22. The
IVUS criterion that, in the report of Moussa et al.21

was associated, in both large and small vessels, with a
higher probability of freedom from restenosis was an in-
trastent minimal lumen area ≥ 55% of the average ref-
erence vessel CSA, a criterion that was achievable in
69% of the patients. In particular, the achievement of this
criterion on the basis of vessel rather than lumen size was
associated with a 42% decrease in the restenosis rate (22
vs 38%) and in the subgroup of patients with an angio-
graphic reference diameter < 3 mm, resulted in a resteno-
sis rate of 22%. Unfortunately, to date no clinical trial
specifically dedicated to small vessel stent implantation
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has utilized this more aggressive IVUS criterion. Ob-
viously, randomized trials will be required to definite-
ly prove the role of IVUS guidance in small vessel stent
implantation. The preliminary results of the AVID tri-
al23 in which IVUS guidance in the subgroup of patients
with vessels < 3.25 mm in diameter produced a signif-
icant benefit in terms of the 12-month target vessel
revascularization rate (8.6 vs 17.2%) seem encouraging.

In conclusion, IVUS-guided stent implantation is a
safe and feasible procedure even in small vessels and ren-
ders the achievement of optimal angiographic results
with a low incidence of acute or subacute stent throm-
bosis possible. However, owing to a restenosis rate
higher than that observed for larger vessels, long-term
results remain unsatisfactory. The implantation of more
customized stents coupled with a broader and more ag-
gressive use of IVUS, the utilization of pharmacologi-
cal agents such as the IIb/IIIa platelet receptor inhibitors
(at least in diabetic patients) or the application of radi-
ation intravascular therapy are newer emerging tech-
niques that could help to improve the results in this
field of interventional cardiology. 
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