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Intravascular ultrasound (IVUS) imaging permits the assessment of 

coronary atherosclerosis in vivo1, and for nearly two decades grey-

scale IVUS has been used to guide percutaneous coronary interven-

tions (PCI), especially in challenging lesion subsets such as major 

bifurcations2. More recently, spectral analysis of radiofrequency 

IVUS data (RF-IVUS) has been used to obtain further quantitative 

information on coronary plaque components (e.g., necrotic core), 

which has permitted characterisation of certain plaque phenotypes 

such as the “vulnerable” thin-cap fibroatheroma (TCFA)1,3,4. The 

left main (LM) stem has extensively been studied with IVUS1,5-16. 

The reasons for that are the significant impact of LM disease on 

morbidity and mortality, and the known diagnostic difficulty of 

coronary angiography in assessing intermediate LM disease14-16.

Cardiovascular event risk and mortality increase markedly when a 

LM stenosis reaches haemodynamic significance16. The challenge 

of determining the significance of an angiographically intermediate 

LM stenosis has been substantially improved by the use of IVUS 

imaging and pressure wire-based measurements of fractional flow 

reserve (FFR)14-17. Based on previous IVUS studies in LM lesions, 

a minimum lumen cross-sectional area of less than 6 mm² was con-

sidered the threshold to identify lesions that require revascularisa-

tion. However, preliminary data presented at EuroPCR 2011 

question this IVUS threshold and suggest that measurement of FFR 

is superior18. IVUS, on the other hand, provides useful information 

on lesion characteristics, such as the amount and distribution of 

lesion calcium, and the involvement of side branches and total ves-

sel size. Such information can guide or alter PCI strategies, espe-

cially in LM bifurcation lesions2.  As a consequence, many 

interventional cardiologists currently determine the need for LM 

revascularisation based on FFR measurements, while IVUS is used 

to guide LM PCI2,17,18. Today, optical coherence tomography (OCT) 

is considered an alternative to IVUS for the assessment of the result 

of stenting. However, in large and proximally located coronary seg-

ments, such as the LM stem or the ostium of the right coronary 

artery, IVUS implies evident advantages over OCT19.

Yet what is the fate of mild and FFR-negative LM lesions? Previous 

serial studies with conventional greyscale IVUS provided insight 

into the natural course of such mild LM plaques1,5,7-9. For instance, 

serial observational IVUS data suggested a direct linear relation-

ship between low density lipoprotein-cholesterol levels and the pro-

gression of mild LM plaques5, which was subsequently confirmed 

by randomised clinical trials1. Imaging with IVUS also permits the 

assessment of compensatory vascular remodelling, which is consid-

ered an important feature of both vulnerable lesions and ruptured 

coronary plaques8-13,20-22.  A broad spectrum of true vascular remod-

elling was demonstrated with serial IVUS; in particular, lumen size 

of mildly diseased LM coronary arteries depended more on the 

direction of vessel remodelling than on plaque progression8,9,13.  

Interestingly, the direction of (serial) remodelling, i.e., compensa-

tory vascular enlargement versus vessel shrinkage, could not be 

predicted by the quantity of baseline plaque burden9,21. In an IVUS 

study by Ricciardi et al6, angiographically silent LM atherosclerosis 

was an independent predictor of future adverse events. But which 

features of such non-significant LM plaques may affect outcome or 

could be considered a surrogate marker candidate of future adverse 

events? Hong et al10 found that a non-negative remodelling state 

was a predictor of future LM-related coronary events.  In addition, 

our group observed a significant relation between the progression 

of mild LM plaques, as measured by serial IVUS, and various car-

diovascular risk scores7. 
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However, regardless of progression rate and geometrical lesion 

characteristics, the presence of certain plaque components and/or 

plaque phenotypes may augment or reduce the coronary risk. Use 

of RF-IVUS allows us to assess and quantify different plaque com-

ponents in vivo and to identify plaque phenotypes that could be 

precursors of coronary events1,3,4. In the current edition of the jour-

nal, Mercado et al23 used RF-IVUS to obtain interesting insights 

into plaque composition and the presence of certain “high-risk” 

plaque phenotypes in LM stems and adjacent proximal left anterior 

descending (LAD) coronary segments. The authors report that 

TCFA and necrotic core content, which are both considered surro-

gate markers of plaque vulnerability, were located predominantly in 

the proximal LAD rather than in the LM. These findings underline 

previous histopathological and clinical observations, suggesting 

that the proximal LAD is a predilection site of plaque rupture24. In 

addition, the data of Mercado et al23 are in good agreement with 

findings of Valgimigli et al11, who also observed more necrotic core 

content in proximal LAD segments. 

But what is the predictive value of demonstrating such TCFA in 

haemodynamically non-significant lesions? The PROSPECT trial 

recently demonstrated an association between RF-IVUS derived 

TCFA (in non-culprit lesions) and adverse events25. This finding 

suggests that RF-IVUS findings can have a certain predictive value, 

but there is still no indication for invasive treatment of haemody-

namically non-significant coronary lesions with TCFA phenotype. 

In fact, observational non-serial RF-IVUS data (from a single point 

in time) do not depict the dynamic nature of the disease. For 

instance, the amount of necrotic core at baseline does not represent 

necrotic core expansion over time, and a potential transition to 

more “vulnerable” plaque phenotypes can only be identified during 

serial examinations. A recent serial RF-IVUS study by Kubo et al26 

in non-obstructive non-culprit lesions underlines this limitation, as 

the majority of TCFA showed “healing” during follow-up and 

transformed to “less vulnerable” plaque phenotypes, while some 

“less vulnerable” stages of atherosclerotic disease transformed into 

TCFA . 

In significant coronary lesions prior to PCI, however, it may be 

particularly interesting to obtain information on plaque composi-

tion. Such data could identify lesions at increased risk of PCI-

related complications, which may help to tailor interventional 

procedures27,28. In the current issue of the journal, Utsunomiya et 

al28 report interesting RF-IVUS data of patients with acute coronary 

syndrome, showing a relation between the necrotic core volume of 

culprit lesions before PCI and the occurrence of no-reflow during 

PCI. PCI-related complications such as the no-reflow phenomenon 

are particularly feared in the setting of LM PCI, as they may affect 

the circulation of the entire left coronary system. While in clinical 

practice the frequency of LM PCI is increasing, risk stratification of 

such interventions may be particularly important. Angiography-

based risk stratification of multivessel PCI, such as the use of the 

SYNTAX score29, was shown to be valuable and is currently being 

studied in the setting of LM PCI (EXCEL trial)30. Future prospec-

tive studies may address the question of whether the use of RF-

IVUS based information on plaque composition may help to 

improve risk stratification of PCI in major coronary segments such 

as the left main stem. 

Conflict of interest statement

The authors have no conflict of interest to declare.

References

1. Hartmann M, Huisman J, Böse D, Jensen LO, Schoenhagen P, 

Mintz GS, Erbel R, von Birgelen C. Serial intravascular ultrasound 

assessment of changes in coronary atherosclerotic plaque dimen-

sions and composition: an update. Eur J Echocardiogr 2011;12: 

313-21. 

2. Park SJ, Kim YH, Park DW, Lee SW, Kim WJ, Suh J, Yun SC, 

Lee CW, Hong MK, Lee JH, Park SW; MAIN-COMPARE 

Investigators. Impact of intravascular ultrasound guidance on long-

term mortality in stenting for unprotected left main coronary artery 

stenosis. Circ Cardiovasc Interv 2009;2:167-77. 

3. Nair A, Kuban BD, Tuzcu EM, Schoenhagen P, Nissen SE, and 

Vince DG. Coronary plaque classification with intravascular ultra-

sound radiofrequency data analysis. Circulation 2002;106: 

2200-06.

4. Garcia-Garcia HM, Mintz GS, Lerman A, Vince DG, Margolis P, 

van Es GA, Morel MA, Nair A, Virmani R, Burke AP, Stone GW, 

and Serruys PW. Tissue characterisation using intravascular radiof-

requency data analysis: recommendations for acquisition, analysis, 

interpretation and reporting. EuroIntervention 2009;5:177-89.

5. von Birgelen C, Hartmann M, Mintz GS, Baumgart D, 

Schmermund A, Erbel R. Relation between progression and regres-

sion of atherosclerotic left main coronary artery disease and serum 

cholesterol levels as assessed with serial long-term (≥12 months) 

follow-up intravascular ultrasound. Circulation 2003;108: 

2757-62. 

6. Ricciardi MJ, Meyers S, Choi K, Pang JL, Goodreau L, Davidson CJ. 

Angiographically silent left main disease detected by intravascular 

ultrasound: a marker for future adverse cardiac events. Am Heart J 

2003;146:507-12.

7. von Birgelen C, Hartmann M, Mintz GS, van Houwelingen KG, 

Deppermann N, Schmermund A, Böse D, Eggebrecht H, Neumann T, 

Gössl M, Wieneke H, Erbel R. Relationship between cardiovascu-

lar risk as predicted by established risk scores versus plaque pro-

gression as measured by serial intravascular ultrasound in left main 

coronary arteries. Circulation 2004;110:1579-85.

8. von Birgelen C, Hartmann M, Mintz GS, Böse D, Eggebrecht H, 

Gössl M, Neumann T, Baumgart D, Wieneke H, Schmermund A, 

Haude M, Erbel R. Spectrum of remodeling behavior observed with 

serial long-term (≥12 months) follow-up intravascular ultrasound 

studies in left main coronary arteries. Am J Cardiol 2004;93: 

1107-13. 

9. Hartmann M, von Birgelen C, Mintz GS, Verhorst PM, Erbel R. 

Relation between baseline plaque burden and subsequent remodel-



■    

302

E
u
roIn

te
rve

n
tio

n
 2

0
1
1

;7
:3

0
0

-3
0

2
 

ling of atherosclerotic left main coronary arteries: a serial intravas-

cular ultrasound study with long-term ≥12 months) follow-up. Eur 

Heart J 2006;27:1778-84. 

10. Hong YJ, Mintz GS, Kim SW, Lu L, Bui AB, Pichard AD, 

Satler LF, Waksman R, Kent KM, Suddath WO, Weissman NJ. 

Impact of remodeling on cardiac events in patients with angio-

graphically mild left main coronary artery disease. J Invasive 

Cardiol 2007;19:500-5.

11. Valgimigli M, Rodriguez-Granillo GA, Garcia-Garcia HM, 

Vaina S, De Jaegere P, De Feyter P, Serruys PW. Plaque composi-

tion in the left main stem mimics the distal but not the proximal 

tract of the left coronary artery: influence of clinical presentation, 

length of the left main trunk, lipid profile, and systemic levels of 

C-reactive protein. J Am Coll Cardiol. 2007;49:23-31. 

12. Okabe T, Mintz GS, Lee SY, Lee B, Roy P, Steinberg DH, Pinto-

Slottow T, Smith KA, Xue Z, Satler LF, Kent KM, Pichard AD, 

Lindsay J, Waksman R, Weissman NJ. Five-year outcomes of mod-

erate or ambiguous left main coronary artery disease and the intra-

vascular ultrasound predictors of events. J Invasive Cardiol 

2008;20:635-9.

13. Berry C, Noble S, Ibrahim R, Grégoire J, Levesque S, L'allier PL, 

Tardif JC. Remodeling is a more important determinant of lumen 

size than atheroma burden in left main coronary artery disease. Am 

Heart J 2010;160:188-194.

14. Hermiller JB, Buller CE, Tenaglia AN, et al. Unrecognized left 

main coronary artery disease in patients undergoing interventional 

procedures. Am J Cardiol 1993;71:173-6.

15. Sano K, Mintz GS, Carlier SG, de Ribamar Costa J Jr, Qian J, 

Missel E, Shan S, Franklin-Bond T, Boland P, Weisz G, Moussa I, 

Dangas GD, Mehran R, Lansky AJ, Kreps EM, Collins MB, Stone GW, 

Leon MB, Moses JW. Assessing intermediate left main coronary 

lesions using intravascular ultrasound. Am Heart J 2007;154: 

983-8.

16. Bergelson BA, Tommaso CL. Left main coronary artery dis-

ease: assessment, diagnosis, and therapy. Am Heart J 1995;129: 

350-9.

17. Jasti V, Ivan E, Yalamanchili V, Wongpraparut N, Leesar MA. 

Correlations between fractional flow reserve and intravascular 

ultrasound in patients with an ambiguous left main coronary artery 

stenosis. Circulation 2004;110:2831-6.

18. Pichard A. Morphology and/or function: Trials and tribula-

tions of an IVUS-man http://www.pcronline.com/Lectures/2011/

Morphology- and-or-function-trials-and-tribulations-of-an-IVUS-man

19. Huisman J, Hartmann M, von Birgelen C. Ultrasound and light: 

friend or foe? On the role of intravascular ultrasound in the era of 

optical coherence tomography. Int J Cardiovasc Imaging 

2011;27:209-14.

20. Schoenhagen P, Tuzcu EM, Apperson-Hansen C, Wang C, 

Wolski K, Lin S, Sipahi I, Nicholls SJ, Magyar WA, Loyd A, 

Churchill T, Crowe T, Nissen SE. Determinants of arterial wall 

remodeling during lipid-lowering therapy: serial intravascular 

ultrasound observations from the Reversal of Atherosclerosis with 

Aggressive Lipid Lowering Therapy (REVERSAL) trial. 

Circulation 2006;113:2826-34. 

21. Sipahi I, Tuzcu EM, Schoenhagen P, Nicholls SJ, Ozduran V, 

Kapadia S, Nissen SE. Compensatory enlargement of human coro-

nary arteries during progression of atherosclerosis is unrelated to 

atheroma burden: serial intravascular ultrasound observations from 

the REVERSAL trial. Eur Heart J 2006;27:1664-70.

22. von Birgelen C, Klinkhart W, Mintz GS, Papatheodorou A, 

Herrmann J, Baumgart D, Haude M, Wieneke H, Ge J, Erbel R. 

Plaque distribution and vascular remodeling of ruptured and non-

ruptured coronary plaques in the same vessel: an intravascular 

ultrasound study in vivo. J Am Coll Cardiol 2001;37:1864-70.

23. Mercado N, Moe TG, Pieper M, House JA, Dolla WJ, Seifert L, 

Stolker JM, Lindsey JB, Kennedy KF, Marso SP. Tissue characteri-

sation of atherosclerotic plaque in the left main: an in vivo intravas-

cular ultrasound radiofrequency data analysis. EuroIntervention 

2011;7:347-52.

24. Cheruvu PK, Finn AV, Gardner C, et al. Frequency and distribu-

tion of thin-cap fibroatheroma and ruptured plaques in human coro-

nary arteries: a pathologic study. J Am Coll Cardiol 2007;50: 

940-9.

25. Stone GW, Maehara A, Lansky AJ, de Bruyne B, Cristea E, 

Mintz GS, Mehran R, McPherson J, Farhat N, Marso SP, Parise H, 

Templin B, White R, Zhang Z, Serruys PW; PROSPECT 

Investigators. A prospective natural-history study of coronary ath-

erosclerosis. N Engl J Med 2011;364:226-35

26. Kubo T, Maehara A, Mintz GS, Doi H, Tsujita K, Choi SY, 

Katoh O, Nasu K, Koenig A, Pieper M, Rogers JH, Wijns W, Böse D, 

Margolis MP, Moses JW, Stone GW, Leon MB. The dynamic nature 

of coronary artery lesion morphology assessed by serial virtual his-

tology intravascular ultrasound tissue characterization. J Am Coll 

Cardiol 2010;55:1590-7.

27. Böse D, von Birgelen C, Zhou XY, Schmermund A, Philipp S, 

Sack S, Konorza T, Möhlenkamp S, Leineweber K, Kleinbongard P, 

Wijns W, Heusch G, Erbel R. Impact of atherosclerotic plaque com-

position on coronary microembolization during percutaneous coro-

nary interventions. Basic Res Cardiol 2008;103:587-97. 

28.  Utsunomiya M, Hara H, Sugi K, Nakamura M. Relationship 

between tissue characterisations with 40 MHz intravascular ultra-

sound imaging and slow flow during coronary intervention. 

EuroIntervention 2011;7:340-46.

29. Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR, 

Mack MJ, Ståhle E, Feldman TE, van den Brand M, Bass EJ, Van 

Dyck N, Leadley K, Dawkins KD, Mohr FW; SYNTAX 

Investigators. Percutaneous coronary intervention versus coronary-

artery bypass grafting for severe coronary artery disease. N Engl J 

Med 2009;360:961-72.

30. www.clinicaltrials.gov/ct2/show/NCT01205776 (May 2011).


