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A
lthough angiography continues to be the gold 
standard for the assessment of coronary artery 
stenoses, it has significant intraobserver and 
interobserver variability. When facing an inter-

mediate and/or ambiguous left main disease, detailed 
anatomic information may be obtained with intravascu-
lar ultrasound (IVUS), as well as physiologic assessment 
with fractional flow reserve (FFR), providing useful addi-
tional and complementary information to angiographic 
images. In this article, we present a case in which the 
IVUS assessment was a valuable imaging tool for making 
decisions, and we further discuss some available data in 
the context of this topic.

CASE PRESENTATION
An 82-year-old woman with hypertension and 

moderate chronic obstructive pulmonary disease was 
admitted because of unstable angina. Coronary angi-
ography revealed a 30% distal left main, a 45% ostial 
left anterior descending (LAD) artery, a 50% mid LAD, 
a 70% proximal right coronary artery (RCA), a 90% 
mid RCA, and 70% posterior descending artery (PDA) 
stenoses. To further evaluate the LAD lesion and plan 
the revascularization strategy (percutaneous coronary 
intervention [PCI] vs coronary artery bypass grafting), 
FFR assessment was performed. Upon a result of 0.81, 
PCI of the RCA and PDA with bare-metal stents was 
performed. However, 6 months later, the patient was 
readmitted for a non-ST elevation myocardial infarc-
tion. Coronary angiography revealed patent RCA stents, 
with doubtful “ring-like” images at the distal left main-
ostial LAD portion (Figure 1A and B, arrows). IVUS 
was performed to better assess this lesion. The IVUS 

assessment showed an eccentric and severely calcified 
plaque, involving the distal left main up to the ostial 
LAD and exhibiting a minimal lumen area (MLA) of 
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Figure 1.  What you see with angiography is not what you 

get with intravascular imaging. Angiographic pictures show 

a doubtful “ring-like” image (arrow) located at the distal left 

main and ostial left descending artery (LAD): right oblique 

caudal view (A); left oblique caudal view (B). Intravascular 

ultrasound image showing an eccentric, severely calcified 

plaque involving the ostial LAD, with a minimal lumen area 

of 3.82 cm2 (C), and the distal left main coronary artery with 

a minimal lumen area of 5.94 cm2 (D). The green line area      

highlights the minimal lumen area.
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3.82 cm2 and 5.94 cm2 for the ostial LAD and the distal 
left main coronary artery, respectively (Figure 1C and 
D). Therefore, unprotected left main-LAD PCI was suc-
cessfully performed. 

DISCUSSION
Angiographic and IVUS Correlation

There is a large body of evidence showing the lack of 
correlation between angiographic and IVUS measure-
ments. Hermiller and colleagues1 showed by IVUS that 
as many as 89% of patients with angiographically normal 
left main had disease; they also reported the absence of 
a correlation between IVUS and quantitative coronary 
analysis (QCA) lumen dimensions in patients with evi-
dent angiographic left main stenosis. Abizaid et al2 also 
showed a poor correlation (r = 0.36; P < .001) in minimal 
lumen diameter (MLD) measurements by IVUS and 
QCA, the latter overestimating the degree of left main 
disease in some patients. Recently, the findings reported 
by de la Torre Hernandez and colleagues3 further sup-
port the lack of correlation between angiography and 
IVUS. Patients exhibiting an MLA < 9 mm2 showed a 
mean angiographic stenosis of 35% ± 10%, whereas those 
exhibiting an MLA between 6 to 9 mm2 showed a mean 
angiographic stenosis of 37% ± 8% (P = .1).3 In addition, 
17% of the patients showed quantitative stenosis of 30%, 
and 33% of this subgroup of patients had an MLA  
< 6 mm2.3 In 43% of the patients with angiographic ste-
nosis over 50%, the MLA was > 6 mm2.3 Therefore, this 
work showed a wide overlap and scatter of angiographic 
stenoses and MLD relative to an MLA cutoff of 6 mm2, 
correlation coefficients for angiographic stenosis and 
MLA (r = -0.18; P = .0015), and for angiographic MLD 
and MLA (r = 0.34; P = .0001).3 

Sano and colleagues4 added information showing that 
the correlation between angiography and IVUS may also 
vary depending on left main location lesion. Whereas 
distal lesions showed better correlations, lesions located 
at the ostium showed worse correlation. This issue may 
be related to the fact that ostial left main lesions had 
the greatest interobserver discrepancy when assessed by 
coronary angiography.5 

Anatomical Information Provided by IVUS
IVUS can accurately assess and therefore classify left 

main disease based on plaque conformation character-
istics and distribution along the left main shaft, up to its 
bifurcation.4,6,7 Maehara et al6 reported that nonostial 
lesions are more calcified than ostial lesions. Sano and 
colleagues4 have shown that distal lesions were calcified 
in approximately 50% of the patients and had the largest 
plaque burden, whereas ostial lesions were mostly fibrot-

ic (75% of the patients) with the smallest plaque burden. 
Oviedo et al7 showed that contrary to the well-known 
angiographic classifications, IVUS showed that left main 
bifurcation disease is rarely focal and that both the LAD 
and left circumflex (LCX) sides of the carina are usually 
spared. Moreover, the investigators demonstrated the 
presence of a continuous plaque involvement from the 
distal left main into the proximal LAD in 90% of the 
cases, from the left main into the LCX artery in 66% of 
the cases, and from the left main into both LAD and LCX 
arteries in 62% of the evaluated patients.7 In addition, 
plaque distribution was not influenced by the LAD/LCX 
angiographic angle, lesion severity, left main length, or 
remodeling.7 

IVUS Assessment and the Impact on Long-Term 
Follow-Up

Abizaid et al2 studied 122 patients with ambiguous 
left main angiograms. As mentioned, this study showed 
discrepancies between angiographic and IVUS measure-
ments. Although no differences were found in MLD 
assessed by QCA (2.32 ± 0.83 vs 2.00 ± 0.72; P = .11), 
the mean MLA among those who have had any event 
was 6.8 ± 4.4 mm2 versus 10.0 ± 5.3 mm2 among those 
who did not have events (P = .0127).2 The presence of 
diabetes, any untreated coronary stenosis > 50%, and an 
IVUS-driven MLD were found to be independent pre-
dictors of major adverse cardiac event at 1-year follow-
up; of note, the plaque burden was not associated with 
a worse outcome. According to these results, Ricciardi 
and colleagues8 showed that despite being angiographi-
cally silent, left main disease detected by IVUS (IVUS 
MLA assessment), was found to be a predictor of late 
cardiac events (hazard ratio, 0.59; P = .015). More 
recently, Okabe and colleagues9 (same research group as 
Abizaid) reported clinical outcomes in 100 patients with 
moderate or ambiguous left main disease who were fol-
lowed for a period of 5 years. The mean MLA among 
those who have had any event was 7.2 ± 2.2 mm2 versus 
10.6 ± 3.4 mm2 among those who did not have events 
(P = .006).9 It is interesting to point out that, despite 
the fact that the patients who had events were more 
than 10 years older, and that IVUS plaque burden was 
not associated with worse outcome at 1-year follow-
up, the plaque burden at the minimum luminal area 
site remained the only predictor of worse outcomes at 
5-year follow-up (odds ratio, 1.34; P = .025).9 

IVUS-Guided Treatment for Angiographically 
Intermediate and/or Ambiguous Left Main Stenosis

Fassa and coworkers10 performed IVUS on 121 
patients with angiographically normal left main coro-
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nary arteries to determine the lower range of normal 
MLA (defined as the mean -2 standard deviations, 
estimated at 7.5 mm2). Afterward, the authors stud-
ied 214 patients with intermediate left main stenoses, 
and a deferral revascularization strategy was proposed 
to those patients with an MLA ≥ 7.5 mm2, whereas 
patients having an MLA < 7.5 mm2 underwent revascu-
larization. At a mean time of 3.3 ± 2.0 years of follow-up, 
no significant differences were found in major adverse 
cardiac events (target vessel revascularization, acute 
myocardial infarction, and death) between patients with 
an MLA < 7.5 mm2 who underwent revascularization 
and those with an MLA ≥ 7.5 mm2 who were deferred 
from revascularization (P = .28), demonstrating that an 
IVUS-guided treatment strategy is safe. More recently, 
de la Torre and colleagues3 prospectively evaluated 354 
patients with intermediate left main stenoses. Of the 
186 patients with an MLA ≥ 6 mm2, 179 (96.2%) did 
not receive any revascularization (deferred group). Of 
the 168 patients with an MLA < 6 mm2, 152 (90.5%) 
underwent left main revascularization (revascular-
ized group).3 A total of 351 patients (99%) completed 
2-year follow-up. Clinical outcomes from both groups 
(deferred and revascularized) showed similar results; 
cardiac death-free survival was 97.7% in the deferred 
group versus 94.5% in the revascularized group  
(P = .5), and survival free from cardiac death, myocar-
dial infarction, and any revascularization was 87.3% 
versus 80.6%, respectively (P = .3).3 The investigators 
concluded that an IVUS MLA > 6 mm2 seems to be a 
safe value for deferring revascularization of ambiguous 
left main disease.

IVUS or FFR for the Assessment of Intermediate, 
Ambiguous Left Main Disease

The frequent concomitant presence of lesions in the 
LAD (approximately 90%), LCX, or both,7 may interfere 
with the accurate evaluation of the left main stenosis/
severity by FFR. In the previously presented case, the 
patient had a 50% mid LAD lesion that was initially 
evaluated by a negative (0.81) FFR. One advantage of 
IVUS over the pressure wire is that this tool can help 
evaluate for the diagnosis and treatment of left main 
disease. It should be noted, however, that a single IVUS 
MLA cutoff is limited to the fact that the hemody-
namic effects of a lesion not only depend on MLA, but 
also on numerous other factors, including lesion length, 
eccentricity, entrance and exit angles and forces, refer-
ence vessel dimensions, the amount of myocardium 
subtended by the lesion, as well as the presence of 
serial lesions in the assessment path.11 Discrepancies 
often exist between IVUS MLA of 4.5 to 6 mm2 and FFR 

findings;12,13 physiological assessment with FFR may add 
precious additional information in ambiguous IVUS 
findings. 

CONCLUSIONS 
Based on the available data, in the presence of angio-

graphically ambiguous left main disease, an IVUS MLA  
< 6 mm2 identifies patients who are likely to benefit from 
revascularization (coronary bypass or PCI). In patients 
exhibiting an IVUS MLA > 6 mm2 (6 to 7.5 mm2), the 
results must be evaluated within the clinical context 
and/or be further assessed with a physiological test on 
the table (FFR), but revascularization can be deferred in 
most of these cases. For patients presenting with an IVUS 
MLA > 7.5 mm2, revascularization should definitely be 
deferred.  n

Rodrigo Bagur, MD, is with the Quebec Heart & Lung 
Institute, Laval University in Quebec, Canada. He has dis-
closed that he has no financial interests related to this article. 
Dr. Bagur may be reached at rodrigobagur@yahoo.com.

Stéphane Rinfret, MD, SM, FRCP (C), is with the Quebec 
Heart & Lung Institute, Laval University in Quebec, 
Canada. He has disclosed that he has no financial interests 
related to this article. Dr. Rinfret may be reached at  
stephane.rinfret@criucpq.ulaval.ca.

1.  Hermiller JB, Buller CE, Tenaglia AN, et al. Unrecognized left main coronary artery disease in patients undergoing 

interventional procedures. Am J Cardiol. 1993;71:173-176.

2.  Abizaid AS, Mintz GS, Abizaid A, et al. One-year follow-up after intravascular ultrasound assessment of moderate 

left main coronary artery disease in patients with ambiguous angiograms. J Am Coll Cardiol. 1999;34:707-715.

3.  de la Torre Hernandez JM, Hernandez F, Alfonso F, et al. Prospective application of pre-defined intravascular 

ultrasound criteria for assessment of intermediate left main coronary artery lesions results from the multicenter 

LITRO study. J Am Coll Cardiol. 2011;58:351-358.

4.  Sano K, Mintz GS, Carlier SG, et al. Assessing intermediate left main coronary lesions using intravascular 

ultrasound. Am Heart J. 2007;154:983-988.

5.  Cameron A, Kemp HG Jr, Fisher LD, et al. Left main coronary artery stenosis: angiographic determination. 

Circulation. 1983;68:484-489.

6.  Maehara A, Mintz GS, Castagna MT, et al. Intravascular ultrasound assessment of the stenoses location and 

morphology in the left main coronary artery in relation to anatomic left main length. Am J Cardiol. 2001;88:1-4.

7.  Oviedo C, Maehara A, Mintz GS, et al. Intravascular ultrasound classification of plaque distribution in left main 

coronary artery bifurcations: where is the plaque really located? Circ Cardiovasc Interv. 2010;3:105-112.

8.  Ricciardi MJ, Meyers S, Choi K, et al. Angiographically silent left main disease detected by intravascular 

ultrasound: a marker for future adverse cardiac events. Am Heart J. 2003;146:507-512.

9.  Okabe T, Mintz GS, Lee SY, et al. Five-year outcomes of moderate or ambiguous left main coronary artery disease 

and the intravascular ultrasound predictors of events. J Invasive Cardiol. 2008;20:635-639.

10.  Fassa AA, Wagatsuma K, Higano ST, et al. Intravascular ultrasound-guided treatment for angiographically 

indeterminate left main coronary artery disease: a long-term follow-up study. J Am Coll Cardiol. 2005;45:204-211.

11.  McDaniel MC, Eshtehardi P, Sawaya FJ, et al. Contemporary clinical applications of coronary intravascular 

ultrasound. JACC Cardiovasc Interv. 2011;4:1155-1167.

12.  Jasti V, Ivan E, Yalamanchili V, et al. Correlations between fractional flow reserve and intravascular ultrasound 

in patients with an ambiguous left main coronary artery stenosis. Circulation. 2004;110:2831-2836.

13.  Leesar MA, Masden R, Jasti V. Physiological and intravascular ultrasound assessment of an ambiguous left main 

coronary artery stenosis. Catheter Cardiovasc Interv. 2004;62:349-357.


