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Cardiovascular diseases remain the leading 
cause of mortality throughout the world, 
with coronary atherosclerosis responsible 
for the majority of clinical events. Diagnos-
tic imaging modalities that provide accurate 
characterization of atherosclerotic plaques 
to guide therapy and potentially alter clini-
cal outcomes are therefore of considerable 
importance. One such imaging modality is 
virtual-histology intravascular ultrasound 
(VH-IVUS), an iteration of standard gray-
scale IVUS technology that uses an auto-
mated algorithm to process the reflected 
ultrasound backscatter signal, allowing 
identification of plaque components such as 
fibrous tissue, fibrofatty tissue, necrotic lipid 
core and dense calcium [1]. VH-IVUS has 
been used successfully in a number of clinical 
studies to describe the pattern and behavior 
of coronary plaques. However, there remains 
ongoing debate over the accuracy of VH-
IVUS plaque characterization, with many in 
the cardiovascular research community dis-
missive about its reported utility.

Concerns were first raised from two vali-
dation studies comparing the ability of VH-
IVUS to identify necrotic core in porcine 
models of atherosclerosis: in the first study, 
coronary plaques were induced in five pigs 
through balloon angioplasty with subse-
quent injection of liposomes into the adven-
titial layer of the vessel wall [2]. VH-IVUS 
was found to correctly identify the presence 
of necrotic core in only 38% of plaques, with 
no correlation found between the percent-
age of each tissue component as displayed by 
VH-IVUS and histology. The same inves-
tigators then examined whether necrotic 

core size could be accurately visualized by 
VH-IVUS in ten minipigs that had acceler-
ated atherosclerosis [3]. Plaques were again 
induced using an angioplasty balloon and 
VH-IVUS analysis performed at 18 weeks, 
with minipigs maintained on a proathero-
genic diet. The correlation in necrotic core 
area between VH-IVUS and histology was 
poor (r = 0.33; p = 0.18) with many regions 
classified as necrotic core corresponding to 
areas of fibrotic tissue on histology. Although 
these studies are frequently used to question 
the accuracy of VH-IVUS, there are some 
important caveats that need to be under-
stood. First, the automated algorithms used 
in VH-IVUS were developed exclusively in 
human ex vivo specimens and the reflected 
backscatter signal from porcine and human 
atherosclerotic tissue may differ. Validation 
studies performed in human specimens have 
demonstrated that the predictive accuracy of 
VH-IVUS is excellent (95.8% for necrotic 
core), which is in stark contrast to porcine 
data [1,4]. Second, the plaques generated and 
examined within porcine models were rela-
tively immature (mean plaque burden 41.3 ± 
8.0% with no evidence of calcification) and, 
although extracellular lipid could be identi-
fied by histology, there was little in the way of 
an established necrotic core. Failure of VH-
IVUS to identify these small extracellular 
lipid pools is likely of little clinical impor-
tance as plaques responsible for myocardial 
infarction typically contain a large, necrotic 
lipid-rich core [5]. Furthermore, the meth-
odology used may have introduced longitu-
dinal mismatches into the dataset, inducing 
potential for error [6]. Thus, while these stud-
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ies may be conceptually interesting, they tell us little 
about the ability of VH-IVUS to characterize athero-
sclerotic plaque composition in humans.

The second issue relating to VH-IVUS relates to 
the manner in which heavily calcified lesions are por-
trayed. It is well described that large regions of calcified 
plaque are a barrier to IVUS assessment, with deeper 
plaque regions being virtually impossible to visualize 
due to acoustic shadowing. Thus, plaque composition 
‘behind’ calcification is difficult to determine with cer-
tainty using VH-IVUS. Empirical observations have 
also suggested that VH-IVUS may display necrotic 
core artifact adjacent to large regions of dense calcium, 
with potential for errors in plaque characterization. 
However, published data that quantify the extent of 
these limitations in humans are few. The interaction 
between calcium and necrotic core was examined in 
one in vivo study, assessing the effect on necrotic core 
area when pseudocalcium was added to the plaque [7]. 
In this study, investigators used stent struts to simu-
late calcium inclusions and found that the addition of 
‘calcium-like’ elements into the radiofrequency algo-
rithm resulted in an increase in necrotic core area, 
although fibrous and fibrofatty tissue areas remained 
unchanged. The authors then identified pixels of 
necrotic core adjacent to dense calcium and found that 
these increased sixfold, while there was no change in 
pixels of nonadjacent necrotic core. Interestingly, their 
data found that the increase was almost linear (R2 
= 0.64), suggesting it may be possible to correct for 
this issue through mathematical transformation. One 
simple method of adjustment that has been tested is 
calculation of the ratio of necrotic core to calcification 
(NC/DC ratio). This derived measure has been linked 
to established markers of cardiovascular risk, including 
low-density lipoprotein levels and smoking [8]. Further 
studies assessing the relationship between calcium and 
necrotic core are warranted and may yield valuable 
insights into the nuances of VH-IVUS interpretation.

The final criticism often directed toward VH-IVUS 
is that it is unable to clearly define ‘vulnerable plaque,’ 
the purpose for which it is often used [9–11]: its poor 
spatial resolution limits ability to accurately identify 
thin-cap fibroatheroma (TCFA), the precursor lesion 
for the majority of myocardial infarctions. Autopsy 
studies have shown that such ‘vulnerable’ plaques have 
thin fibrous caps (<65 μm) [5], detection of which is 

well below the axial resolution of VH-IVUS (∼150–
200 μm). Additionally, VH-IVUS is unable to iden-
tify plaque components that may act to induce plaque 
destabilization, including cholesterol crystals and 
neovascularization [12]. In an attempt to address these 
valid concerns, recent reports have detailed a new 45 
MHz VH-IVUS algorithm that has predictive accura-
cies more than 86% for tissue characterization, with 
improved spatial resolution [13]. Although clinical data 
are yet to be obtained, this technology has better poten-
tial to visualize fibrous cap status and may enhance our 
ability to identify TCFA. Another possible method of 
improving the identification of rupture prone lesion 
may be through estimation of mechanical stress based 
on VH-IVUS data. This novel technique has been 
shown to improve the positive predictive value of VH-
IVUS to identify plaques responsible for myocardial 
infarction, with stress values increased in VH-defined 
TCFA (VH-TCFA) and for plaques with large necrotic 
cores [14]. Regardless of these concerns regarding spa-
tial resolution, there is no doubt that VH-IVUS can 
identify high-risk plaque subtypes. Prospective studies 
using VH-IVUS have consistently shown associations 
between baseline plaque characteristics (e.g., VH-
TCFA) and future adverse cardiovascular events [9–11], 
confirming the biological importance of VH-defined 
plaque composition.

Understanding the strengths and weaknesses of 
VH-IVUS is crucial when interpreting the images 
generated and for translating the results of clinical 
studies. Despite concerns regarding its clinical utility, 
few other coronary imaging modalities offer the same 
reliability in plaque characterization and depth of tis-
sue penetration. Thus, there remains little doubt that 
VH-IVUS will remain an important technique for 
describing coronary plaque morphology for some time 
to come.
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