
NATURE REVIEWS | CARDIOLOGY www.nature.com/nrcardio

Nature Reviews Cardiology published online 23 September 2014; doi:10.1038/nrcardio.2014.62-c2

CORRESPONDENCE

We thank Mark Brezinski for his Corres
pondence (Capabilities, limitation s, and 
misconceptions of using OCT to assess 
vulnerable plaques. Nat. Rev. Cardiol. 
doi:10.1038/nrcardio.2014.62c1)1 on our 
Review (Clinical classification of plaque 
morphology in coronary disease. Nat. Rev. 
Cardiol. 11, 379–389; 2014),2 and for his 
comments and clarifications. We agree that 
the phenomenon of light scattering, rather 
than the high resolution of the modality, 
might restrict the penetration depth of 
optical coherence tomography (OCT).

However, we would like to emphasize 
that there are no “glaring inconsisten
cies throughout the Review”,1 and that 
the pathological differences between lipid 
pools and necrotic cores presented in our 
article are very carefully chosen terms; they 
are not identical nor used interchangeably. 
We have clearly stated that lipid pools 
are present in lesions with pathological 
intimal thickening, are located close to the 
medial wall, and consist of proteo glycans 
and lipid (where lipid can be identified as 
micro vesicular droplets using oil redO 
staining).2 Conversely, fibroatheromas 
are categorized as being ‘early’ or ‘late’. 
Early fibroatheromas are characterized by 
macro phages infiltrating into the lipid pool 
with focal loss of proteoglycans and colla
gen type III, and contain free cholesterol.3 
Late fibro atheromas have a necrotic core 
that is different from lipid pools, because 
they have discrete areas of cellular debris, 
no proteoglycans, and more numerous free 
cholesterol clefts.3 Differentiating between 
lesions of pathological intimal thickening 
and fibroatheromas is important because 
the latter progress to thincap fibro
atheromas and possibly rupture. To the best 
of our knowledge, OCT cannot be used to 
d istinguish between the two forms of lesion.

Necrotic cores can also embolize in the 
distal circulation after fibrouscap rupture, 
leaving behind an easily identifiable cavity 
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on OCT images.4 In a personal communi
cation to J.N., Dr Brezinski claimed that an 
important difference in the definition of 
plaque rupture using histology versus OCT 
is the presence of an intraplaque cavity. He 
stated that, whereas researchers in imaging 
studies have applied a definition of plaque 
rupture as being a disrupted thin fibrous 
cap together with an intraplaque cavity, 
the mandatory presence of an intraplaque 
cavity has not been reported in histopatho
logy studies. He also asserted that the high
pressure contrast flush along with overlying 
thrombus obscuring the underlying plaque 
morphology might result in a false impres
sion of an intraplaque cavity when imaging 
plaque rupture with OCT.

In our Review, we clearly show that 
foamy macrophages can be visualized as 
bright spots, and we report that these bright 
spots correlate with macrophages identi
fied using immunohistochemical CD68 
staining in coregistered sections.2 We dis
agree with the abstract by Phipps et al. that 
showed bright spots in multiple areas.5 We 
have measured the peak intensity and also 
determined attenuation rate of various com
ponents of the intimal tissue, and show that 
the highest intensity is observed with foamy 
macrophages, followed by collagen seen in 
mature neointimal tissue rich in type I col
lagen after stenting.6 Plateletrich thrombus 
gives a highintensity image, but is far lower 
than that seen with foamy macro phages.6 
Although yet to be published, we have 
observed that highintensity images might 
also be seen with free cholesterol (that is, 
cholesterol clefts on histology). We are not 
aware whether the data from Phipps et al., 
presented in abstract form at two meetings, 
has yet been published as a full manuscript.

Evidence is available to support our 
statements that fibrous caps of ruptured 
plaques are substantially inflamed, and that 
twothirds of coronary thrombotic events 
result from plaque rupture.7–9 Burke et al. 

define acute plaque rupture as consisting 
“of a luminal platelet–fibrin thrombus con
tinuous with an underlying lipidrich core. 
The connection between the thrombus and 
the lipid core was through a disrupted thin 
fibrous cap infiltrated by macrophages.”7 
Kolodgie et al. state that “ruptured plaques 
showed extensive macrophage infiltration 
of the fibrous cap”.8 Finally, Bentzon et al. 
report that “ruptured caps contain fewer 
smooth muscle cells and less collagen than 
intact caps, and smooth muscle cells are 
usually absent at the actual site of rupture. 
At the same time, infiltrating macrophages 
degrade the collagenrich cap matrix.”9 
Therefore, sufficient evidence exists that 
macrophages are present at sites of ruptured 
caps. In conclusion, we believe that OCT 
images would be best understood by match
ing them with the pathology of each lesion, 
which would authenticate the use of OCT 
imaging and establish the capabilities and 
limitations of this modality for de tecting 
highrisk plaques.
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