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OBJECTIVES The purpose of this study was to evaluate the efficacy of an intravascular ultrasound
(IVUS)-guided strategy for patients with angiographically indeterminate left main coronary
artery (LMCA) disease.

The assessment of LMCA lesions using coronary angiography is often challenging; IVUS
provides useful information for assessment of coronary disease.

Intravascular ultrasound was performed on 121 patients with angiographically normal
LMCA:s to determine the lower range of normal minimum lumen area (MLA), defined as the
mean — 2 SD. We conducted IVUS studies on 214 patients with angiographically
indeterminate LIMCA lesions, and deferral of revascularization was recommended when the
MLA was larger than this predetermined value.

The lower range of normal LMCA MLA was 7.5 mm?. Of the patients with angiographically
indeterminate LIMCAs, 83 (38.8%) had an MLA <7.5 mm?, and 131 (61.2%) an MLA =7.5
mm?. Left main coronary artery revascularization was performed in 85.5% (71 of 83) of
patients with an MLA <7.5 mm? and deferred in 86.9% (114 of 131) of patients with an
MLA =7.5 mm?> Long-term follow-up (mean 3.3 = 2.0 years) showed no significant
difference in major adverse cardiac events (target vessel revascularization, acute myocardial
infarction, and death) between patients with an MLA <7.5 mm? who underwent revascu-
larization and those with an MLA =7.5 mm? deferred for revascularization (p = 0.28). Based
on outcome, the best cut-off MLA by receiver operating characteristic was 9.6 mm?.
Multivariate predictors of cardiac events were age, smoking, and number of non-LMCA
vessels diseased.

Intravascular ultrasound is an accurate method to assess angiographically indeterminate
lesions of the LMCA. Furthermore, deferring revascularization for patients with a minimum
lumen area =7.5 mm? appears to be safe. (J Am Coll Cardiol 2005;45:204-11) © 2005 by
the American College of Cardiology Foundation
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Left main coronary artery (LMCA) disease is associated
with a poor prognosis when treated medically, and its
presence is an indication for coronary artery bypass surgery
(CABG), which significantly improves long-term outcome
(1-3). Although angiography is considered as the gold
standard for coronary artery disease assessment, this tech-
nique may present limitations in accurately determining the
significance of LMCA lesions (4-38).

Intravascular ultrasound (IVUS) is an accurate method to
determine vessel dimensions and wall characteristics, and is
more sensitive than angiography in detecting early athero-
sclerosis (9—12). Observations at our institution and others
have shown that IVUS may be helpful in assessment and
treatment guidance for angiographically indeterminate

LMCA disease (13-19).
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The purpose of this study is to evaluate the safety and
efficacy of an IVUS-guided strategy for angiographically
indeterminate LMCA disease, by defining a lower range of
normal minimum lumen area (MLA), and deferring revas-
cularization for patients who have an MLA larger than this
value.

METHODS

Patient population. The following study protocol was
approved by the Mayo Clinic Institutional Review Board.
All patients included were seen from November 1994 to
September 2002. A total of 121 patients who were found to
have a normal or minimally diseased LMCA on angiogra-
phy underwent IVUS examinations. The lower range of the
normal MLA was defined as the mean MLA — 2 SDs.
Based on this criterion, a recommendation was imple-
mented that all patients with an angiographically indeter-
minate LMCA should undergo IVUS, and that revascular-
ization be performed when the MLA was smaller than the
predefined lower range of normal; IVUS studies were
carried out at the discretion of the treating physician. All
cases in which IVUS had been performed in order to clarify
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Abbreviations and Acronyms
CABG = coronary artery bypass graft
CSA = cross-sectional area
EEM = external elastic membrane
IVUS = intravascular ultrasound
LMCA = left main coronary artery
MACE = major adverse cardiac events
MLA = minimum lumen area
MLD = minimum lumen diameter
PCI = percutaneous coronary intervention
P+M = plaque plus media

ambiguous angiographic findings, and help determine acute
therapy, were included. During the study period, 231
patients underwent an IVUS study for angiographically
indeterminate lesions of the LIMCA. Seventeen patients
with the following criteria were excluded from the study: 1)
research consent denied by the patient (one patient); 2)
quantitative assessments of IVUS findings was difficult due
to severe calcification or obscure IVUS imagery (two pa-
tients); 3) the IVUS catheter could not be maintained
coaxial to the LMCA during pull-back (three patients); 4)
stent had been previously placed in the LMCA (four
patients); 5) proven spasm of the LMCA (four patients);
and 6) LMCA revascularization therapy was unclear or
unknown (three patients). Therefore, 214 patients were
included in the present study.

The treatment strategy selection was left to the discretion
of the treating physician and was generally based on the
patients underlying clinical state, in light of the previous
recommendation of performing revascularization when
MLA was found to be smaller than the preestablished lower
range of normal value.

Clinical demographics. Hospital records of all the patients
with angiographically indeterminate LMCA were reviewed
to obtain information on clinical demographics and medical
history. Follow-up information was obtained through re-
view of hospital charts, written questionnaires, telephone
interviews, and the interventional database of the Mayo
Clinic. Patients were considered to have follow-up only if
information was available more than one year after the date
of angiography, unless an adverse event had occurred during
that period. Major adverse cardiac events (MACE) included
target vessel revascularization (defined as a percutaneous
coronary intervention [PCI] of the LMCA or CABG to the
left coronary system due to progression of the LMCA
disease), myocardial infarction (according to the definition
stated by the European Society of Cardiology/American
College of Cardiology consensus document [20]), and
all-cause mortality.

Procedure. Coronary angiography was performed via the
femoral artery approach, with insertion of a 6 to 8F sheath
followed by an angiography catheter or guiding catheter of
the same size. Patients received 2,500 U of intravenous

heparin before the angiography procedure. An additional
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Figure 1. Distribution of 121 patients with an angiographically normal or

minimally diseased left main coronary artery, according to minimum lumen
artery (MLA). u = mean; o = standard deviation.

3,000 to 5,000 U of heparin, as well as 0.4 mg of sublingual
nitroglycerin were administered before the IVUS examina-
tion. Angiographic assessments of the LMCA were made
from a minimum of two angles. Two experienced angiog-
raphers reviewed the angiogram, and IVUS examinations
were conducted to determine the most appropriate therapy.
IVUS examination. The IVUS imaging protocol was per-
formed according to methods as described previously (21,22).
After angiography, a 0.014-inch guidewire was passed through
a 6-F to 8-F guiding catheter from the left main to the left
anterior descending or circumflex artery. Intracoronary nitro-
glycerin 200 pg was administered to avoid coronary spasm.
The IVUS transducer was inserted up to a point beyond the
bifurcation from the left main to the left anterior descending or
circumflex artery. Using manual pullback or a motorized
pullback system, images were recorded on a VCR tape. Studies
were performed using one of three commercially available
systems. We used a 30-MHz, 3.5-F mechanical scanning
IVUS catheter (Cardiovascular Imaging Systems Inc., Boston
Scientific, Boston, Massachusetts, and Hewlett-Packard,
Andover, Massachusetts), a 2.9-F or 3.2-F mechanical scan-
ning IVUS catheter (Cardiovascular Imaging Systems Inc.,
Boston Scientific Corporation, Boston, Massachusetts), and a
3.5-F electronic scanning IVUS (Volcano, Endosonics,
Rancho Cordova, California). The Volcano/Endosonics IVUS
observations were recorded on a CD in addition to a VCR
tape.

Quantitative coronary angiography analysis. Quantita-
tive coronary angiography was performed off-line by an
investigator unaware of the IVUS findings, using computer-
assisted edge-detection methods (QCA-CMS version 5.0,
MEDIS, Leiden, the Netherlands). The contrast-filled
catheter was used for calibration. Minimal lumen diameter
(MLD), reference diameter, and lesion length were mea-
sured in diastolic frames obtained by angiography before
IVUS procedures. Percent diameter stenosis was calculated.
The lesion segment was defined as the portion of the vessel
where the lesion was located (ostial, middle of distal).
IVUS analysis. Intravascular ultrasound analysis was per-
formed according to the methods described in the consensus
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Table 1. Revascularization Therapy of LMCA
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MLA <7.5 mm? (n = 83)

MLA =7.5 mm? (n = 131)

A B C D
(Revascularization) (Deferral) (Revascularization) (Deferral)
n 71 (85.5) 12 (14.5) 17 (13.0) 114 (87.0)
CABG 69 (97.2) — 17 (100) —
PCI of LMCA 2(2.8) — 0 —
Medical therapy only — 9 (75.0) — 79 (69.3)
PCI of non-LMCA vessels 2(2.8) 3(25.0) 0 35(30.7)

CABG = coronary artery bypass surgery; LMCA = left main coronary artery; MLA = minimum lumen area; PCI =

percutaneous coronary intervention.

document on IVUS studies by the American College of
Cardiology (23). The quantitative and qualitative analyses
were conducted off-line by an investigator unaware of the
clinical characteristics or the treatment of the patient, using
the recorded VCR tapes and CD. Hewlett-Packard Sonos
Intravascular, Volcano/Endosonics In-Vision, and CVIS
ClearView, Boston Scientific, were used for analysis of
IVUS observations. Standard calibration markers directly
from the ultrasound images were used for calibration of
absolute measurements. Based on images depicted during
pullback of the transducer that had been inserted beyond the
LMCA bifurcation into the left anterior descending or
circumflex artery, the lesion was defined as the image slice
with the smallest lumen cross-sectional area (CSA).

Quantitative assessment measured the following param-
eters through computer planimetry at the lesion site. Min-
imal lumen area: obtained by tracing the intimal leading
edge. External elastic membrane (EEM) CSA: obtained by
tracing the EEM CSA at the lesion site. Plaque plus media
(P+M) CSA: the difference between EEM CSA and
MLA. Minimum lumen diameter: the shortest diameter
through the center point of the lumen. Maximum lumen
diameter: the longest diameter through the center point of
the lumen. In addition, plaque burden was calculated as the
ratio of P+M CSA to EEM CSA (plaque burden [%] =
P+M CSA X 100/EEM CSA).

Qualitative assessments classified plaque properties into
the following four classes. Soft: plaque has less echogenicity
than the adventitia. Calcified: plaque has higher echogenic-
ity than the adventitia accompanied by acoustic shadowing.
Fibrous: plaque has echogenicity that falls between that of
calcified and soft plaque. Mixed: plaque composed of two or
more of the above properties (soft, calcified, fibrous). Cal-
cium score was studied to determine severity of calcification.
Cross-sections to be assessed for calcium score were divided
into quadrants, and classified into five stages according to
calcium occupied area (0 to 4, 0 = no calcium, 4 = calcium
in all four quadrants).

Statistical analysis. Continuous variables are presented as
mean *= SD. Discrete variables are presented as absolute
numbers (percentages). Group differences were compared
with the unpaired two-sample # test, the one-way analysis of
variance, Pearson’s chi-square test, or the log-rank test, as
appropriate; MACE curves were constructed according to

Kaplan and Meier (24). All tests were two-tailed at the 0.05
significance level. The receiver operating characteristic
method according to Contal and O’Quigley (25) was used
to determine the best cut-off point for MLA based on the
outcome. Logistic regression analysis was used to identify
the independent predictors of MACE. Univariate predic-
tors of MACE with a p value <0.05 were entered into the
multivariate model.

RESULTS

Normal LMCA group. The mean MLA of the 121
patients with an angiographically normal or minimally
diseased LMCA (control group) was 16.25 = 4.30 mm?
(Fig. 1). The lower range of normal value, calculated as the
mean MLA — 2 SDs, was 7.65 mm?. Therefore, we used
the near equal value of 7.5 mm? to establish the threshold
MLA for performing revascularization in the patients with
angiographically indeterminate LMCA disease.

Treatment strategy. Among the 214 patients who under-
went IVUS for angiographically indeterminate LMCA
disease, 83 (38.8%) had an MLA <7.5 mm? and 131
(61.2%) had an MLA =7.5 mm? (Table 1). The majority
(85.5%) of the patients with an MLA <7.5 mm?® underwent
revascularization of the LMCA (group A); most (97.2%)
underwent CABG, and two patients (2.8%) had a stent
implanted in a protected LMCA (the same two patients
also underwent PCI of another vessel). There were 12
patients (14.5%) with an MLA <7.5 mm? who were treated
conservatively (group B). The main reasons for deferring
revascularization in these patients were normal fractional
flow reserve of the LMCA (25.0%), patient’s refusal of
CABG (16.7%), advanced age or comorbidities (16.7%),
prior CABG (16.7%), and surgeon’s opinion (8.3%).
Among the patients with an MLA =7.5 mm?, a large
proportion (87.0%) was deferred for revascularization
(group D), while the remainder (13.0%) underwent CABG
(group C). The main reasons for the latter to undergo
revascularization despite an LMCA lesion considered non-
significant by IVUS were three-vessel disease (35.3%), left
anterior descending disease nonamenable to PCI (35.3%),
and CABG to the left coronary system during a valve
operation for a non-LMCA lesion (6.9%). The CABG
procedures were performed within a few days from angio-
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Table 2. Baseline Characteristics
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MLA <7.5 mm? (n = 83)

MLA =7.5 mm? (n = 131)

A B C D
(Revascularization) (Deferral) (Revascularization) (Deferral)

n 71 (85.5) 12 (14.5) 17 (12.9) 114 (87.0)
Age (yrs) 65.1 = 10.5 65.3 = 8.9 62.4+ 7.6 64.5 +10.9
Male gender 48 (67.6) 6 (50.0) 12 (70.6) 61 (53.5)
Hypertension 43 (60.6) 7 (58.3) 12 (70.6) 58 (50.9)
Diabetes 10 (14.1) 2(16.7) 3(17.7) 16 (14.0)
Hyperlipidemia 43 (60.6) 3(25.0) 14 (82.4) 55 (48.3)§
Smoking* 14 (19.7) 2(16.7) 4(23.5) 21 (18.4)
Family historyt 42 (59.2) 4(33.3) 13 (76.5) 53 (47.6)§
Prior PCI 17 (23.9) 4(33.3) 3(17.7) 16 (14.0)
Prior CABG 5(7.0) 2(16.7) 1(5.9) 5(4.4)
Body mass index (kg/m?) 28.6 +49 31.0 + 10.7 29.2 + 47 30.0 = 6.3
Body surface area (m?) 1.96 = 0.23 1.91 = 0.24 2.02 £0.23 1.95 = 0.24
Ejection fraction (%)% 54.7 +13.5 60.3 +10.9 541 +16.8 59.1 + 14,5
Indication for angiography

Angina pectoris 29 (40.9) 3(25.0) 6 (35.3) 34 (29.8)

Unstable angina 11 (15.5) 1(8.3) 4(23.5) 12 (10.5)

Acute myocardial infarction 7(9.9) 1(8.3) 2(11.8) 10 (8.8)

Silent ischemia 5(7.0) 1(8.3) 3(17.7) 6(5.3)

Other 19 (26.8) 6 (50.0) 2(11.8) 52 (45.6)§

*Active smoking at time of or up to one year before angiography; tavailable for 211 of 214 patients; Favailable for 18 of 214

patients; §p < 0.05 across groups A, B, C, D.
Abbreviations as in Table 1.

graphy, and no complications occurred during that interval.
No patient underwent PCI of an unprotected LMCA.
Baseline characteristics. The rate of hyperlipidemia and
family history of coronary artery disease differed signifi-
cantly among the groups, and was highest in group C
(Table 2). “Other” indications for angiography, which
included mainly atypical or noncardiac chest pain and
shortness of breath, were more often encountered in
patients who were deferred for revascularization (groups
B and D). There were no other significant differences in
baseline characteristics.

Angiography characteristics. There was a significant trend
toward a higher number of non-LMCA vessels diseased
among the patients who underwent revascularization
(groups A and C) (Table 3). Minimum lumen diameter and
the reference diameter were significantly lower in the

Table 3. Angiographic Characteristics

patients who had an MLA <7.5 mm?, in contrast with the
lack of difference in the degree of stenosis and lesion length
between the four groups. There were no significant differ-
ences in the location of the LMCA lesion.

IVUS characteristics. Patients in groups A and B had a
significantly smaller EEM CSA, MLD, and maximum
lumen diameter, as well as a higher plaque burden and
calcium score than in groups C and D (Table 4). Further-
more, patients in the control group did have a limited
degree of atherosclerosis. Additionally, during IVUS exam-
ination, two patients (0.9%) experienced transient chest pain
with ST-segment change, which rapidly resolved after
discontinuation of the examination; there was no associated
myocardial injury.

Long-term outcome. Overall follow-up was obtained for
185 (86.4%) patients, for a mean period of 3.5 * 2.1 years

MLA <7.5 mm? (n = 83)

MLA =7.5 mm? (n = 131)

A B C D
(Revascularization) (Deferral) (Revascularization) (Deferral)
n 71 12 17 114
Vessels diseased® 20+1.0 1.7+12 22+1.0 1.1 =09t
LMCA lesion location
Ostium 35 (49.3) 7 (58.3) 9(52.9) 73 (64.0)
Middle 14 (19.7) 1(8.3) 2(11.8) 18 (15.8)
Distal 22 (31.0) 4 (33.3) 6(35.3) 23(20.2)
MLD (mm) 23=*0.5 22*+04 2.7 0.6 2.6 = 0.61
Reference diameter (mm) 3.6 0.7 35=*0.6 41=*=0.7 4.0 = 0.8}
Diameter stenosis (%) 35.0 £ 10.7 37.0*7.0 33.9 £9.3 34.0 £ 12.1
Lesion length (mm) 41+22 42 +3.2 3.4+20 3.6 1.6

*Number of vessels diseased excluding the LMCA; fp < 0.05 across groups A, B, C, D.
MLD = minimum lumen diameter; other abbreviations as in Table 1.
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MLA <7.5 mm? MLA =7.5 mm?
A B C D
(Revascularization) (Deferral) (Revascularization) (Deferral) Control

n 71 12 17 114 122
MLA (mm?) 58+1.1 6.1+ 1.0 112 + 3.1 11.7 = 3.6* 16.3 = 4.3

Range (mm?) (3.4-7.4) (4.3-7.1) (7.6-19.3) (7.5-25.6) (8.3-28.5)
EEM CSA (mm?) 189 £ 49 19.6 = 5.3 244+ 56 214 + 6.6* 215+ 6.0
P+M CSA (mm?) 13.1 = 4.7 13.5 = 4.7 132 5.5 9.7 +5.7* 53+3.0
Plaque burden (%) 67.7 £9.0 67.4 7.7 53.4 +13.1 42.7 £ 16.2* 23.6 = 8.3
MLD (mm) 23 *+03 24=*0.2 3.2=*+0.5 33+0.7* 42 * 0.6
Maximum lumen diameter (mm) 3.1=*0.5 31=x04 43+0.7 4.3 +0.7* 4.8=+0.7
Plaque composition

Soft 11 (15.5) 3(25.0) 3(17.7) 53 (46.5)* —

Fibrous 12 (16.9) 3(25.0) 4(23.5) 22 (19.3) —

Mixed 8(11.3) 2(11.8) 7 (6.1) —

Calcified 40 (56.3) 6 (50.0) 8 (47.1) 32 (28.1)* —

Calcium score (mean) 1.3+13 13+1.6 0.8+ 1.0 0.6 = 1.1*

*p < 0.05 across groups A, B, C, D.

CSA = cross-sectional area; EEM = external elastic membrane; IVUS = intravascular ultrasound; P+M = plaque + media; other abbreviations as in Tables 1 and 3.

(range 0 to 8.2 years) (Table 5, Fig. 2). There was no
difference in three-year and long-term freedom from
MACE between the patients who were treated according to
the IVUS-guided strategy (groups A and D). Patients in
group C also had an outcome similar to the patients in
groups A and D, while those in group B had an extremely
high rate of events. The best cut-off for performing or
deferring revascularization based on the outcome of the
patients deferred for revascularization (groups B and D) by
receiver operating characteristic was 9.6 mm? (p = 0.062).
Univariate predictors of adverse events among the patients
who underwent the IVUS-guided strategy (groups A and
D) were age, smoking status, number of diseased vessels
(excluding the LMCA), left ventricular ejection fraction,
calcium score, and the presence of calcified plaques (Table
6). When performing multivariate analysis, age, smoking
status, and the number of diseased non-LMCA vessels
remained the only significant predictors of adverse events

(Table 7).

Table 5. Long-Term Follow-Up

DISCUSSION

The current study demonstrates that IVUS is a safe and
useful tool for therapy guidance in patients with angio-
graphically indeterminate LMCA disease. Moreover, defer-
ral of revascularization for patients with an MLA =7.5
mm? appears to be safe.

Limitation of angiography and the role of IVUS in
assessment of LMCA disease. Although it is the method
of choice for coronary disease assessment, angiography
presents several limitations in the evaluation of LMCA
disease (4—8). Apart from interobserver and intraobserver
differences in interpretation, the variable anatomy of the
LMCA can make assessment difficult because of vessel
overlap, ostial angulation and deformity, foreshortening,
and streaming of contrast medium from the catheter tip. In
addition, the two-dimensional silhouette method of angiog-
raphy depicting contrast-filled lumen cannot detect diffuse,
concentric plaque because of the lack of an undiseased
reference segment for comparison.

MLA <7.5 mm? MLA =7.5 mm?
A B C D
(Revascularization) (Deferral) (Revascularization) (Deferral)
n 71 12 17 114
n with follow-up 61 (85.9) 11 (91.7) 16 (94.1) 97 (85.1)
Follow-up period (yrs) 32x22 3022 38%17 3.6 £2.1*
Range (yrs) 0-7.7) (0.1-7.1) (1.1-7.3) (0.1-8.4)
Target vessel revascularization 1 4 2 8
Myocardial infarction 7 1 0 2
All-cause death 9 2 1 11
Three-year freedom from MACE (%) 79.2 49.9 93.8 88.4%t

*p < 0.05 across groups A, B, C, D; Tp = 0.48 across groups A, C/p = 0.28 across groups A, D/p = 0.86 across groups

C, D.

MACE = major adverse cardiac events; MLA = minimum lumen area.
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Figure 2. Kaplan-Meier freedom from major adverse cardiac events
(MACE). Thin solid line = patients with an minimum lumen artery
(MLA) <7.5 mm? who underwent revascularization (group A); thick
dashed line = patients with an MLA <7.5 mm? who were deferred for
revascularization (group B); thick solid line = patients with an MLA
=7.5 mm? who underwent revascularization (group C); thin dashed line
= patients with an MLA =7.5 mm® who were deferred for revasculariza-
tion (group D); p < 0.05 groups A, B, C, D; p = 0.28 across groups A,
D; p = 0.48 across groups A, C; p = 0.86 across groups C, D.

By providing a cross-sectional, real-time, tomographic
perspective with direct visualization of the vessel wall, IVUS
can overcome the limitations of angiography. This tech-
nique, which allows accurate assessment of lumen size,
plaque area, and intimal composition, has demonstrated
excellent results for the analysis of coronary artery disease
(9—12). Several studies have demonstrated that it is more
sensitive than angiography in detecting early atherosclerosis,
and shown that it may be helpful for evaluation and
treatment guidance of LMCA lesions that are angiographi-
cally indeterminate (13-19).

Rationale for using MLA as the criterion for decision-
making. There is presently no strict IVUS criterion defin-
ing significant lesions of the LMCA that require revascu-
larization. One approach would be to use the degree of area
stenosis, by analogy to the degree of diameter stenosis used
in angiography, which is obtained by dividing the lumen
area at the lesion site by the lumen area at a normal
reference site. A 50% diameter stenosis, which is the
angiographic criterion for defining significant lesions, would
be equivalent to a 75% area stenosis. However, the LMCA,
being generally a short vessel, may be diffusely diseased,

Table 6. Univariate Predictors of MACE

95% Confidence P

Risk Ratio Interval Value
Age 1.05 1.01-1.08 0.009
Smoking* 2.13 1.03-4.42 0.043
Ejection fraction (%) 0.98 0.95-1.00 0.031
Vessels diseasedt 1.48 1.07-2.03 0.016
Calcified plaque 2.52 1.29-4.90 0.007
Calcium score 1.33 1.02-1.72 0.035

*Active smoking at time of or up to one year before angiography; tnumber of vessels
diseased excluding the left main coronary artery.
MACE = major adverse cardiac events.
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therefore leaving little opportunity for a normal reference
segment (4,8). Complicating this assessment, LMCA ath-
erosclerosis can be accompanied by arterial remodeling,
which can be either inward (or “negative”) or outward (or
“positive”), and may affect the whole LMCA, even in the
early stages of atherosclerosis (26,27).

Hence, absolute measurements such as MLA or MLD
(as opposed to relative measurements such as lumen area
stenosis and plaque burden) may be more representative of
flow impairment, and, therefore, of long-term outcome.
Indeed, in a study of patients with angiographically ambig-
uous LMCA disease in whom revascularization was de-
ferred based on IVUS assessment, Abizaid et al. (15) found
MLD to be a predictor of cardiac events at one year.
Ricciardi et al. (28) showed that in patients with angio-
graphically normal or mild LMCA disease assessed by
IVUS, MLA was an independent predictor of clinical
events. Finally, in another study of patients where PCI was
deferred based on IVUS in non-LMCA coronary arteries,
Abizaid et al. (29) also showed event rate to be correlated
with MLA.

In the present study, we conducted IVUS examinations
on patients who had an angiographically normal or mini-
mally diseased LMCA. The distribution of these patients
shows that there were more patients with a larger MLA
who were included, with the curve slightly skewed to the
right. This may be explained by the fact that patients with
a smaller MLA were probably less likely to be considered
having a normal LMCA by visual assessment of the
angiogram than patients with a larger MLA, leading to a
reduced inclusion of the former. Based on this series of
patients, the lower range of normal MLA was defined as 7.5
mm?. This result concurs with the finding of Legutko et al.
(30), who determined the cut-off for MLA of the LMCA
by correlation with fractional flow reserve to be 8.0 mm?,
but is somewhat higher than the one from a similar study
that found a cut-off value of 5.9 mm? (31). In a recent study,
Russo et al. (18) also proposed a 60% area stenosis or an
MLA of 5.0 mm? when no distal reference vessel could be
identified as a criterion for performing revascularization.
Benefit of the IVUS-guided strategy. We prospectively
applied an IVUS-guided strategy to perform or defer
revascularization of angiographically indeterminate lesions
of the LMCA, based on MLA. This approach was followed
in a majority (86.4%) of the cases. The main reasons for not
following this strategy were the results from fractional flow
reserve assessments of the LMCA lesion, as well as the
general condition, comorbidities, and desire of the patients.
The higher extent of coronary disease also influenced the
revascularization of patients with an LMCA lesion consid-
ered nonsignificant (group C), and probably influenced the
operators’ decision for revascularization in the patients with
an MLA <7.5 mm? (group A) as well. In addition, the
higher rate of typical symptoms among these two groups of
patients probably also influenced the decision for
revascularization.
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Table 7. Multivariate Predictors of MACE
95% Confidence

Hazard Ratio Interval p Value
Age 1.05 1.02-1.09 0.004
Smoking* 2.42 1.13-5.14 0.022
Vessels diseasedt 1.39 1.01-1.90 0.044

*Active smoking at time of or up to one year before angiography; tnumber of vessels
diseased excluding the left main coronary artery.
MACE = major adverse cardiac events.

The rate of diabetes was low among all groups compared
with the results usually seen in studies of patients undergo-
ing angiography. This is probably due to the fact that
patients with diabetes are at higher risk of having concom-
itant multivessel disease with an angiographically indeter-
minate LMCA lesion and would, therefore, have a clear
indication for CABG, thus making them less likely of
undergoing an additional IVUS examination to determine
the severity of an LMCA lesion.

On angiographic examination, the degree of stenosis,
which is the main criterion for performing revascularization,
was not significantly different between the four groups,
while there were significant differences in IVUS quantitative
characteristics among the different groups. These results
confirm the findings from earlier studies that demonstrate
the limitations of angiography for the assessment of LMCA
disease, and the usefulness of IVUS for accurately evaluating
lesion severity. Moreover, the fact that the patients with an
MLA <7.5 mm? had a smaller EEM CSA as well as a
higher calcium score than the patients with an MLA =7.5
mm? suggests that inward remodeling and coronary calcifi-
cation may interfere with the accuracy of assessment of
LMCA disease by coronary angiography.

There was no significant difference in the rate of adverse
events on long-term follow-up between the patients who
were treated according to the IVUS-guided strategy (groups
A and D). Furthermore, revascularization of the patients
with an MLA =7.5 mm? (group C) did not result in any
significant benefit compared with those with an MLA =7.5
mm? who were deferred for revascularization. This, there-
fore, suggests that deferral of revascularization for patients
with an MLA =7.5 mm? is safe. In addition, deferral of
revascularization for patients with an MLA <7.5 mm? is
associated with a very poor outcome and should, therefore,
be avoided.

The MLA cut-off for performing revascularization based
on the outcome of the patients deferred for revascularization
(groups B and D) was 9.6 mm?, which is higher than the
value of 7.5 mm? that was prospectively used in this study.
This gap suggests that other factors in addition to MLA
should probably be taken into account for decision-making
on the appropriate treatment for patients with an MLA in
the “gray zone” between 7.5 and 9.6 mm?, such as the
multivariate predictors of events, which were the extent of
coronary disease, the smoking status, and the age.

The predictors of events by mutlivariate analysis differed
from the ones in the study by Abizaid et al. (15), who found
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diabetes, untreated vessel, and MLD by IVUS to be
associated with outcome. This can probably be explained by
the differences in baseline characteristics (lower rates of
diabetes, prior CABG, and PCI in the present study) and
design between the two studies.

Finally, it is important to mention the usefulness of a

fractional flow-reserve-guided strategy for patients with
angiographically intermediate LMCA lesions, as reported
by Bech et al. (32). Fractional flow reserve is certainly a
reliable alternative for the assessment of indeterminate
LMCA lesions in instances where IVUS is technically
problematic (cases where the IVUS catheter cannot be
maintained coaxial to the LMCA during pull-back, and
where quantitative assessments of IVUS findings is difficult
due to severe calcification or obscure IVUS imagery).
Furthermore, a combination of physiologic assessment of
LMCA disease by fractional flow reserve together with
IVUS could provide more complete guidance for revascu-
larization than any of the methods alone, as reported by
recent studies (30,31,33).
Study limitations. The purpose of this study was to assess
a given treatment strategy in clinical practice. It was
conducted in a nonrandomized fashion and, therefore,
suffers from the limitations associated with its design.
Nevertheless, the IVUS-guided strategy was implemented
in a prospective way, and was carried out in a majority of the
cases.

In the present study, acute revascularization was per-
formed mainly through CABG (there were only two cases
of PCI of a protected LMCA, and no PCI of an unpro-
tected LMCA). At the present time, PCI of LMCA
performed by experienced operators in several centers is
increasing (34,35). Therefore our study may not entirely
reflect the current reality of LMCA revascularization. Nev-
ertheless, revascularization was carried out in all cases
respectful of the current guidelines.

Conclusions. Our study shows that IVUS is a safe method
to accurately assess the degree of disease in the LMCA that
appears indeterminate by angiography. It also suggests that
an IVUS-guided treatment strategy based on deferral of
revascularization in patients with MLA =7.5 mm? is safe.
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