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The Use of Intravascular Ultrasound in Deciding
on the Treatment of Moderate Coronary Lesions
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Individuals with moderate angiographic lesions (vascular lumen
obstruction between 40 and 70%) account for a significant number
of patients in our daily practice. However, the choice of a criterion
that may differentiate the patients who should from those who
should not undergo coronary revascularization procedures is yet to
be established.

In that subgroup of patients, anginal symptoms are not discri-
minatory, because they may or may not be present. In some situa-
tions, noninvasive functional tests may be normal or inconclusive,
underestimating the functional meaning of those lesions 1-3.

Coronary angiography has become the most used procedure
in the field of invasive cardiology. However, despite the qualities
that made it universally accepted, the technique has some limi-
tations: 1) angiography shows the lumen as a simple planar si-
lhouette, being, therefore, also called a luminogram 4; 2) we
should consider the phenomenon of positive arterial remodeling,
which is nothing more than vessel enlargement in an attempt to
preserve the lumen in the presence of a great amount of atheros-
clerotic plaque 5; and 3) the ultrasound has already shown that,
most of the time, the disease is diffuse, without a completely
disease-free segment 6. Therefore, those 3 factors cited limit the
applicability of the method in that subgroup of patients.

Intravascular ultrasound is also an invasive modality, based on
acquisition of tomographic images, from the interior of the coronary
artery, by using a catheter that has a single transducer in its
extremity. That method may provide 2-dimensional tomographic
assessments of the coronary arteries in vivo, allowing the identi-
fication of the components of the atherosclerotic plaques and of
the vascular wall, in addition to the highly accurate measurement
of the arterial lumen 7-9.

Currently, one of the major indications for its use is the as-
sessment of moderate angiographic lesions. Therefore, the choice
of a criterion that may differentiate those lesions from the prog-
nostic point of view is required.

We assessed the use of the ultrasound criterion of minimum
luminal area (MLA) > 4.0, which showed a linear relation with
the coronary flow reserve > 2.0, ie, not causing ischemia 10.

Therefore, we wanted to test the hypothesis that the use of
intravascular ultrasound, using the cutoff value of the minimum lu-
minal area, in patients with moderate lesions, according to coronary
angiography, is an adequate assessment for differentiating patients
who should (MLA < 4.0 mm2) or should not (MLA ≥ 4.0 mm2)
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Objective
To investigate the ultrasound criterion of minimum luminal area

(MLA) with a cutoff value of 4.0 mm2 in an attempt to differentiate
the lesions that should be treated from those that should not.

Methods
The study comprised 173 consecutive patients with moderate

angiographic lesions (percentage of stenosis between 40 and
70) who underwent ultrasound imaging. They were divided into
2 groups as follows: group 1 or clinical group (MLA ≥ 4.0 mm2);
and group 2 or revascularization group (MLA < 4.0 mm2). The
patients were followed up to determine the rate of major cardiac
events (MCE) in 2 years, the need for revascularization of the
target lesion, and to identify the clinical, angiographic, and
ultrasound predictors of events.

Results
Seventy-five (43%) patients had MLA ≥ 4.0 mm2 and were

clinically treated; 98 (57%) patients had MLA < 4.0 mm2 and
were treated with coronary stents. On quantitative coronary an-
giography, no significant difference was observed between the
percentage of vessel stenosis [group 1: 48% vs group 2: 53%;
P=0.06]. By the other hard ultrasound measurements, as MLA
was significantly greater in group 1 compared with that in group
2 [4.54 mm2 vs 2.45 mm2; P < 0.001)]. The clinical impact of
the decision was favorable, and no difference was observed in
regard to the occurrence of major cardiac events: [group 1: 5
(7%) vs group 2: 14 (15%); P = 0.09]. The need for revasculari-
zation of the target lesion also did not differ (group 1: 3 (4%) vs
group 2: 11 (12%); P = 0.07). The predictive variables for MCE
were diabetes, functional class III (FC III) angina before hospitali-
zation, and MLA assessed on ultrasound.

Conclusion
This strategy for deciding on appropriate treatment

guarantees low rates of MCE in both groups in the 24-month
follow-up, with reduced revascularization rates. The predictive
variables of major cardiac events were as follows: diabetes
mellitus, FC III angina, and MLA on intravascular ultrasound.
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undergo treatment. This assures that those cases will evolve with
low rates of major cardiac events during late clinical follow-up.

Therefore, the primary objectives of this study were as follows:
1) to detect the rates of major cardiac events (death, myocardial
infarction, and the need for revascularization of the target lesion)
in a 2-year follow-up; 2) to detect the rates of revascularization of
the target lesion during the same observation period; and 3) to
identify the prognostic clinical, angiographic, and ultrasound va-
riables for cardiac events in the follow-up.

Methods

From August 2000 to March 2001, 173 patients were pros-
pectively and consecutively included in the study to undergo intra-
vascular ultrasound in the Section of Coronary Angioplasty of the
Instituto Dante Pazzanese de Cardiologia. They had angiographically
moderate lesions, ie, luminal obstruction between 40 and 70%
on visual evaluation.

The inclusion criteria were as follows: presence of typical or
atypical precordial pain or confirmation of silent ischemia, or both;
angiographic evidence of single-vessel coronary disease; target
vessel with a reference diameter > 3.0 mm, primary target lesion
located in the natural coronary web; and coronary anatomy favo-
rable to the passage of the catheter of intravascular ultrasound
through the lesion to be investigated.

All ultrasound examinations were performed with the Clear
View device (Boston Scientific, USA). The catheter was placed
inside the coronary artery at least 10 mm distally from the target
lesion, and automate traction was initiated at the constant velocity
of 0.5 mm/s, which allowed a careful scanning of the entire
segment to be studied, identifying the point of minimum luminal
area. Once the minimum luminal area was measured, the cutoff
value of 4.0 mm2 was used for decision making, and the patients
were then assigned to the 2 groups.

Patients with a minimum luminal area ≥ 4.0 were assigned to
group 1 and clinically followed up. Those in group 2 had a mini-
mum luminal area < 4.0 and had to undergo coronary revascula-
rization. Major cardiac events were computed over 24 months.

Other quantitative ultrasound data were assessed: the area of
the external elastic membrane (EEM), the area of the plaque plus
the media layer (area of the external elastic membrane – minimum
luminal area), the maximum and minimum diameters, the per-
centage of obstruction of the plaque (ratio between the area of
the plaque plus the media layer and the area of the EEM multiplied
by 100), and the percentage of obstruction of the MLA (difference
between the areas of the reference lumen and the MLA multiplied
by 100 and divided by the area of the reference lumen).

The following qualitative ultrasound data were also assessed:
the morphology of the plaque (lipid, fibrotic, and calcified), the
aspects of vulnerability (thin fibrous cap or lipid deposits, or both),
and the presence of arterial remodeling (positive or negative).

The statistical analysis was performed using SPSS for Windows,
version 10.0. The categorical variables were compared between the
2 groups by using the chi-square test, and the continuous variables
were compared using the Student t test. The correlations between
the measurements of intravascular ultrasound and quantitative angio-
graphy were performed by using the Pearson correlation. The accu-
mulated probabilities of major cardiac events were estimated by using

the Kaplan-Meier curves. The Cox regression analysis (multivariate
approach) was performed to determine the variables with independent
prognostic value for the occurrence of cardiac events.

Results

According to the ultrasound criterion of MLA, 75 (43%) patients
had nonimportant lesions and were clinically followed up (group
1), and 98 (57%) patients had severe lesions treated with stent
implantation (group 2).

No statistically significant difference in regard to the clinical
characteristics was observed between the 2 groups (tab. I), only the
presence of functional class III angina was significantly greater in
group 2 patients than in group 1 patients (22% vs 2%; P = 0.03).

Patients in both groups had significant differences neither in
the percentage of luminal stenosis [group 1: 48% (SD 7%) vs
group 2: 53% (SD 6%); P = 0.06], nor in the minimum luminal
diameter [group 1: 1.60 mm (SD 0.33) vs group 2: 1.52 mm
(SD 0.36); P = 0.08]. This method did not allow differentiating
the severity of the lesions between both groups.

The major ultrasound results in the site of the target lesion
are shown in table II.

By the end of 24 months, 19 (11%) patients of our case
series had major cardiac events as follows: 5 (7%) patients in
group 1 and 4 (15%) patients in group 2; P = 0.09. The results
in group 1 were as follows: no patient died; 2 patients had acute
myocardial infarction due to progression of the target lesion, which
already had aspects of vulnerability; and 3 patients required re-
vascularization of the target lesion. On the other hand, the results
in group 2 were as follows: 1 patient died due to a cardiac cause
(acute myocardial infarction); 2 had nonfatal infarction; and 11
patients required new revascularization of the target lesion due to
angiographic restenosis.

The Kaplan-Meier curve showed that by the end of 24 months
of evolution, 91% of the group 1 patients were free of major cardiac
events, and, in 83% of the group 2 patients that decrease in the
curve in the first year was mainly due to the need for new revascu-
larization of the target lesion because of angiographic restenosis, a
problem inherent to the coronary endoprosthesis (fig. 1).

Table I – Clinical data of 173 patients with moderate coronary lesions
divided into 2 groups, according to the minimum luminal area (MLA)

on ultrasound [group 1 (MLA ≥≥≥≥≥ 4.0 mm2; clinical follow-up) and
group 2 (MLA < 4.0 mm2; percutaneous intervention)].

Variables Group 1 Group 2 P
n = 75 P n= 98 P

Age. mean (SD) (years) 57 (SD 8) 58 (SD 10) 0.790
Male sex. n (%) 40 (53) 64 (65) 0.111
Risk factors. n (%)
Smoking 29 (39) 40 (41) 0.775
Arterial hypertension 27 (36) 50 (51) 0.049
Hypercholesterolemia 36 (48) 45 (46) 0.670
Diabetes mellitus 17 (23) 28 (29) 0.380
Symptoms. n (%) 0.035
Asymptomatic 35 (47) 32 (33)
FC I or II stable angina 38 (51) 44 (45)
FC III stable angina 2 (2) 22 (22)

n- number; P- patients; SD- standard deviation; FC- functional class.
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Fifteen clinical, angiographic, and ultrasound variables were
chosen for inclusion in the univariate model, such as hypertension,
diabetes, dyslipidemia, smoking, previous myocardial infarction,
angina before hospitalization, vessel approached, site of the target
lesion, minimum luminal diameter, percentage of vessel obstruction,
lipid plaque, arterial remodeling, minimum luminal area, percentage
of plaque obstruction, and percentage of obstruction of the minimum
luminal area. When a multivariate model of logistic regression was
used, the major variables independently responsible for the prognosis
were as follows: presence of diabetes (OR = 3.17; 95% CI =
2.17-10.49; P = 0.006), functional class III angina (OR = 2.18;
95% CI = 1.02-8.41; P = 0.04), and ultrasound assessment of
the severity of the minimum luminal area > 4.0 mm2 (OR = 0.59;
95% CI = 0.39-0.89; P = 0.0123).

Discussion

The quantitative analysis of the angiogram lacked discriminatory
power to accurately define moderate lesions, which was only
obtained after ultrasound assessment. Therefore, by using the

ultrasound criterion of minimum luminal area ≥ 4.0 mm2, more
than half (57%) of our patients with angiographically depicted
moderate lesions had, in fact, significant lesions. At any rate, the
information obtained by using intravascular ultrasound is purely
anatomical and, particularly in the presence of moderate lesions,
the pathophysiological repercussion needs to be known so that
the most appropriate therapeutic approach may be chosen, based
on the presence of ischemia. Therefore, the reason for choosing
an anatomical or morphological criterion to manage those patients
has to be clarified.

The recent literature has shown that the physiological criteria
of coronary flow reserve and flow reserve fraction may be safely
used in deciding whether intervening or not in patients with mode-
rate lesions, assuring a good late clinical result 11-14. Therefore, the
functional criteria proved to be useful for the clinical decision ma-
king process, although they are of difficult application in daily routine.

In parallel, in a retrospective study including 300 patients
with moderate lesions, revascularization was not indicated, based,
mostly, on the verification of minimum luminal area ≥ 4.0 mm2.
This demonstrates that that criterion is safe and has excellent
late results, with 8% of overall cardiac events in the 13-month
follow-up with an event-free survival of 92% 15.

Considering that the anatomical and functional criteria have a
high degree of concordance and that the detection of the degree
of stenosis is much simpler and accurate with the use of ultraso-
nography, the latter became the method chosen in our service for
managing lesions that were of concern.

Our results corroborate the correctness of that option. In the
present prospective study, revascularization was also not chosen
when the minimum luminal area was greater than 4.0 mm2 (group
1). That strategy was safe, because only 5 (7%) patients in the
group evolved with major cardiac events in a longer follow-up (24
months). On the other hand, patients with minimum luminal
area < 4.0 mm2 (group 2) had a safe evolution, with 14 (15%)
cardiac events by the end of 2 years, considering that a group at
greater risk, in which all patients had undergone implantation of
coronary stents. Event-free survival was 82% in 2 years, compa-
rable to that of patients undergoing stent implantation in the
BENESTENT II study 16 (event-free survival of 84.3%), and, more
recently, greater than that in the control group of the RAVEL
study 17 (event-free survival of 70.9%). It is worth noting that
most events in our case series (9/14 equal to 64%) were due to
restenosis and revascularization of the target lesion. Currently,
when interventional cardiology enters the era of drug-eluting stents,
in which restenosis has been drastically controlled, the perspective
of those patients is much more favorable, with an event-free survival
probably greater than 90% 18,19.

The current guidelines recommend that percutaneous coronary
interventions should be performed preceded by the objective
evidence of myocardial ischemia. However, sometimes this does
not occur due to multiple reasons. In the cases in which coronary
angiography shows a moderate coronary lesion, and a noninvasive
assessment of its functional meaning is not available, additional
exploration of its severity or repercussion is essential for clinical
decision making. We recommend, for the profile of patients included
in this investigation, the use of the ultrasound criterion with as-
sessment of the minimum luminal area, with a cutoff value of
4.0 mm2, which has guaranteed these patients, after the choice

Time (months)

Fig. 1 - Kaplan-Meier curve showing the event-free survival by the end of 24
months according to minimum luminal area (MLA) on ultrasound: [group 1 (MLA
≥ 4.0 mm2; clinical follow-up) and group 2 (MLA < 4.0 mm2; percutaneous
intervention)]. TLR = target lesion revascularization

Table II - Quantitative ultrasound analysis in the site of the target
lesion of 173 cases investigated, divided into 2 groups according to

the minimum luminal area (MLA) on ultrasound: [group 1 (MLA ≥≥≥≥≥ 4.0
mm2; clinical follow-up) and group 2 (MLA < 4.0 mm2; percutaneous

intervention)].

Variables Group 1 (75 P) Group 2 (98 P) P
mean (SD) mean (SD)

Area of the EEM (mm2) 13.25 (3.59) 13.83 (4.41) 0.35
MLA (mm2) 4.54 (0.71) 2.46 (0.85) < 0.001
Area of P + M (mm2) 8.70 (3.51) 11.37 (4.21) < 0.001
Maximum luminal diameter (mm) 2.75 (0.35) 1.99 (0.61) < 0.001
MLD (mm) 2.25 (0.30) 1.58 (0.45) < 0.001
% plaque (%) 63 (10) 81 (7) < 0.001
% area obstruction (%) 49 (10) 73 (9) < 0.001
Negative remodeling (%) 51 (68) 69 (70) 0.744
Positive remodeling (%) 24 (32) 29 (30) 0.862

P- patients; SD- standard deviation; %- percentage; EEM- external elastic
membrane; MLA- minimum luminal area; P + M- plaque plus media;
MLD- minimum luminal diameter.
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of appropriate treatment, a favorable long-term prognosis. In
addition, if the patient with an intermediate lesion has symptoms
or is diabetic, or both, a more strict assessment should be pro-
grammed, as well as a more careful late control.

In conclusion, the strategy for deciding on treatment by using
the ultrasound criterion of minimum luminal area, with a cutoff

value of 4.0 mm2, in patients with moderate lesions on coronary
angiography should guarantee low rates of major cardiac events
in both groups in a 24-month follow-up, with reduced revascula-
rization rates, having the following predictive variables of major
cardiac events: diabetes mellitus, functional class III angina, and
minimum luminal area on intravascular ultrasound.


