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ABSTRACT

The most common cause of acute coronary syndrome is thrombosis of an atheromatous 

plaque. The positive remodeling is the compensatory dilatation of the plaque-containing sec-

tion of the vessel wall. Plaques are most commonly characterized as vulnerable when pos-

sessing some of the following features: fibrous cap thickness <65 µm, large necrotic lipid 

core, high degrees of inflammatory infiltrates, positive remodeling, intraplaque hemorrhage, 

or neoangiogenesis. The presence of these plaque features is associated with high cardio-

vascular risk. In the initial stage of vasculopathy, due to positive remodeling, lumen reduction 

is not typical. It only develops in the advanced phase of the disease, due to which, based on 

a lumenogram, the vascular system may appear intact. Therefore, coronary angiography can 

easily miss the diagnosis or underestimate its extent, since it does not inform us of the compo-

sition of the arterial wall, because the contrast agent is just filling the vessel lumen. Coronary 

CT-angiography may fill this diagnostic gap, since changes of the vessel wall can directly be 

visualized. To increase diagnostic accuracy, invasive coronary angiography can be completed 

by intravascular ultrasound and optical coherence tomography. 
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IntRoductIon

The most common cause of acute coronary syndrome is thrombosis of an ath-
eromatous plaque. In the past, studies have suggested that the primary cause 
of acute coronary syndromes is coronary stenosis caused by the thickening of 
plaque and this is responsible for the decrease in blood flow leading to isch-
emia. But recent data suggest that this is due to rupture or erosion of a vulner-
able plaque, while calcified plaques are less common. To avoid advanced coro-
nary disease, it is important to recognize in time the features that predispose to 
plaque vulnerability.1,2

Plaques are most commonly characterized as vulnerable when possessing 
some of the following features: fibrous cap thickness <65 µm, large necrotic lipid 
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core, high degrees of inflammatory infiltrates, positive re-
modeling, intraplaque hemorrhage, or neoangiogenesis.3,4

Positive remodeling represents the compensatory dila-
tation of the plaque-containing section of the vessel wall, 
so that the lumen diameter does not change, no significant 
narrowing develops, and the patient does not have any 
symptoms. The presence of these plaque features is associ-
ated with high cardiovascular risk.5

The mechanism of arterial remodeling was first stated in 
1953 by Crawford and Levene, who mentioned that “ordi-
nary atheromatous plaques do not project into the lumen 
but lie in a depression in the media, which may bulge out-
wards.”6 Glagov et al. showed a significant positive correla-
tion between internal elastic lamina area and plaque area, 
pointing out that until the lesion reached 40% area steno-
sis was observed external elastic membrane expansion.7 
In the early 90’s, in vivo studies demonstrated through the 
IVUS imaging a similar correlation between early plaque 
accumulation and compensatory enlargement of vessel 
size.8 Further histologic and IVUS studies demonstrated 
that arterial remodeling could be bidirectional. “Positive 
remodeling” as observed by Glagov et al. describes an ex-
pansion in external elastic membrane area and “negative 
remodeling” describes reduction of external elastic mem-
brane area at the lesion site.4   

A histopathological study conducted by Varnava et al. 
in the early 2000s sought to determine the association be-
tween plaque composition and coronary remodeling.9 By 
this time, several studies have discussed that outward dila-
tion of the vessel wall is not an advantage but just as dan-
gerous in the sense that marked compensatory remodeling 
can make plaque vulnerable,7,10 while vessel shrinkage may 
appear more stable.11,12 

Varnava et al. have shown that coronary artery plaques 
that have undergone positive remodeling have signifi-
cantly higher lipid core, higher macrophage numbers and 
eccentric distribution of plaque that may undergo a more 
regionalized restructuring of the vessel wall, allowing out-
ward expansion. The vessel narrows where had a low index 
of vulnerability to plaque rupture in terms of a low lipid 
content, scanty macrophage number and it is associated 
with a more circumferential distribution of plaque and ad-
ventitial thickening behind this.9 

dEfInItIons of REmodElIng

Definition of remodeling varies among studies.13 Remodel-
ing can be quantified using the remodeling index (RI). RI 
was defined as the external elastic membrane (EEM) at the 
minimal lumen area (MLA) divided by the average of the 

proximal and distal reference external elastic membrane 
ares at the cross sectional areas (CSA).10,14–19  The positive 
remodeling index (RI) cut points varies depending on the 
studies between 1.00–1.05, while a negative remodeling 
index is generally considered as RI <0.88, and an interme-
diate remodeling index an RI between 0.88 and 1.00.14,17

dIagnostIc mEthods

Invasive coronary angiography (ICA) was the only meth-
od to image coronary arteries for a long time and is still the 
gold-standard.20 In the initial stage of vasculopathy, due 
to positive remodeling, lumen reduction is not typical. It 
only develops in the advanced phase of the disease, due to 
which, based on a lumenogram, the vascular system may 
appear intact. Invasive coronary angiography can easily 
miss the diagnosis or underestimate its extent, and it does 
not inform us of the composition of the arterial wall, since 
the contrast agent is just filling the vessel lumen.20

Coronary CT Angiography

A frequent feature associated with plaque rupture is the 
thin cap fibroatheroma (TCFA), which is characterized 
by a necrotic core with an overlying thin-ruptured fibrous 
cap (measuring less than 65 µm in thickness) infiltrated by 
macrophages and lymphocytes.21,22 TCFA is frequently as-
sociated with expansive remodeling.20 

These changes cannot be detected in invasive angiogra-
phy because the vessel wall is not detectable. Only the lu-
men becomes visible, which may appear normal. 

Coronary CT angiography (CCTA) may fill this diag-
nostic gap, since changes of the vessel wall can be directly 
visualized using this modern technique.20 CCTA is the pre-
ferred test in the exclusion of coronary artery disease at 
patients with lower range of clinical likelihood of coronary 
artery disease, no previous diagnosis of coronary artery 
disease, and characteristics associated with a high likeli-
hood of good image quality.23,24 Noninvasive functional 
imaging or anatomical imaging using coronary CTA is rec-
ommended in patients with suspected or newly diagnosed 
coronary artery disease and may be used as the initial test 
to rule out or establish the diagnosis.24–27 

Traditionally, plaque analysis is done visually, subjective-
ly, but diagnostic accuracy can be significantly improved by 
using automated analysis software. In coronary CTA imag-
ing, in addition to the degree of lumen narrowing and the 
calcium content of atherosclerotic plaques, can also be as-
sessed more accurate characteristics of the lesions, plaque 
morphology, plaque load, and plaque remodeling. 
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Motoyama et al., in a follow-up study, analyzed previous 
coronary CTA recordings of individuals with acute coro-
nary syndrome. The risk of acute coronary syndrome was 
higher in individuals with plaque showing positive remod-
eling and low attenuation plaque,28,29,30

Another study from 2020 which included 1,005 patients 
demonstrates that adverse plaque characteristics (defined 
as the presence of positive remodeling, low-attenuation 
plaque, or spotty calcification) are associated with a higher 
cardiovascular risk, at the same time being linked with an 
accelerated progression of new adverse plaque character-
istics.31

The clinical utility of CCTA was revealed by post-hoc 
analyses of the SCOT-HEART data, a study that investi-
gated the extent of adverse coronary artery plaque char-
acteristics on coronary CTA and their association with 
subsequent clinical outcomes. The presence of positive 
remodeling or low-attenuation plaque (defined as adverse 
plaque) was associated with a greater risk of death from 
coronary heart disease and non-fatal MI in non-obstruc-
tive and obstructive coronary artery disease. Importantly, 
the study demonstrated that characterization of plaque 
morphology showed prognostic value of high-risk vulner-
able plaque and may help risk stratification and guide the 
intensity of therapy.32,33 

Intravascular Ultrasound (IVUS)

The development of modern imaging technology such as 
intravascular ultrasound have made it possible to study 
coronary arterial remodeling in vivo.34

IVUS allows the visualization of the entire vessel wall 
structure and morphology by supplementing the data pro-
vided on the diameter of lumen vessel. The use of IVUS al-
lows the calculation of eccentricity and symmetry indices and 
the evaluation of subsequent vascular lumen remodeling.35,36

Early in vivo studies of human coronary arteries using 
IVUS imaging found a similar correlation between athero-
ma and external elastic membrane (EEM) area.8

Positive remodeling has been noted in the coronary ar-
teries with acute coronary syndromes and it is generally 
associated with vulnerable plaque, and high thrombus bur-
den leading to distal embolization.9,10

A small clinical study examined non culprit, non-ob-
structive lesions, using IVUS to assess the implications of 
plaque composition and morphology in the mechanism of 
vascular remodeling. In lesions showing positive remodel-
ing the lipid core size of was significantly larger, whereas 
the fibrotic burden was significantly and inversely corre-
lated with the remodeling index. Positively remodeled le-

sions have a higher risk phenotype to rupture as it contains 
thin cap fibroatheroma. In contrast, lesions with negative 
remodeling were found to have intimate thickening, a 
more stable phenotype.16

The European Collaborative Project on Inflammation 
and Vascular Wall Remodeling in Atherosclerosis - Intra-
vascular Ultrasound (ATHEROREMO-IVUS) study was 
designed to investigate the associations between the ge-
netic profile and coronary atherosclerosis phenotype and 
vulnerability as determined by IVUS. The study observed 
that Rs6932 is associated with remodeling and is in close-
ness to the SLC22A25 gene, in addition to being strongly 
associated with IVUS-derived vulnerability indicators in 
or near eight different genes.37

At the same time, the AtheroRemo-IVUS study pointed 
out the significant association of the necrotic core in the 
imaged coronary segment and major acute cardiovascular 
events suggesting that imaging biomarkers are useful clini-
cal tools while assessing the future risk of major CVD com-
plications in CAD patients.38

Coronary slow flow following stent implantation is an im-
portant complication that is associated with poor prognosis 
in patients with acute coronary syndrome.39 Several studies 
examined the characteristics of culprit lesion in ST-eleva-
tion myocardial infarction and the role of plaque volume in 
the pathogenesis of slow flow and found that the presence of 
IVUS parameters (lesion of external elastic membrane at the 
cross area section, plaque area, plaque volume, and remod-
eling index) was significantly higher in the slow flow group 
comparised to the normal flow group.15,40–42

IVUS can also be used for evaluation before and after 
stent placement, as well as for research into the presence 
of in-stent restenosis. A recent study demonstrated the 
importance of assessing the severity of remodeling using 
IVUS, indicating that an IVUS-guided strategy is more 
effective for stent implantation than angiography alone. 
IVUS-guided procedures were associated with significant-
ly higher rates of optimal stent expansion and decreased 
risk of stent underexpansion, malposition, and residual 
stenosis.13

Intravascular ultrasound is an essential clinical method 
for studying arterial remodeling in vivo,43 but this finding 
is not relevant to the use of IVUS in daily clinical practice 
because IVUS analysis of three vessels is more time con-
suming and may increase the risk of complications.38

Optical Coherence Tomography (OCT)

The use of optical coherence tomography (OCT) is becom-
ing increasingly important in the investigation of coronary 



6 Journal of Interdisciplinary Medicine 2021;6(1):3-7

artery disease. OCT offers high-resolution images that re-
veal the nature and composition of the plaque. We usually 
draw a parallel between IVUS and OCT, but in reality, it 
uses two different technologies to produce intracoronary 
images. Both investigations have their advantages and dis-
advantages and should be seen as complementary to each 
other. The axial resolution of OCT is better, superior for 
the examination of calcified plaques, visualization of fibro-
sus cap and intima morphology, and detection of macro-
phages. In contrast, IVUS has a higher tissue penetration 
and is better able to identificate of plaque burden and eval-
uate vascular remodeling but it lacks the spatial resolution 
of the small feature, for example, to identify details of the 
intima, and biochemical changes associated with the for-
mation and formation of atherosclerotic plaque.44–46

thE Impact of typE 2 dIabEtEs on 

coRonaRy aRtERy REmodElIng

More research has addressed the association between neg-
ative coronary artery remodeling and type 2 diabetes.47 
Jensen et al. showed that in patients with associated dia-
betes, compensatory vessel enlargement is less common, 
in contrast to coronary artery narrowing.48 The presence 
of diabetes was associated with greater atherosclerotic 
progression and damage to the compensatory remodeling 
of the artery wall. The study shows that inadequate com-
pensatory remodeling is more evident in insulin-treated 
patients. The vessel wall reacts negatively to insulin. The 
proliferation of smooth muscle and fibrous tissue increases 
the stiffness of the vessel wall, thereby impairing the com-
pensatory expansion capacity of the vessel wall.49,50 But 
increased insulin resistance was significantly associated 
with a higher remodeling index and positive coronary ar-
tery remodeling.51 Serum levels of glycated albumin were 
elevated but serum endogenous secretory receptor for ad-
vanced glycation end products (esRAGE) levels were de-
creased in diabetic patients with negative remodeling.50 A 
recent study published in 2020 showed that some of the 
glucose-related variables, such as HbA1c, are significantly 
and positively associated with negative coronary artery re-
modeling.52

conclusIon

Excluding the presence of the coronary heart disease or 
determining the extent of disease plays an important role 
in the study of patients with chest pains. CTA as a non-
invasive imaging method is able to afford accurate data of 
the coronary artery wall and is able to assess the presence 

and components of atherosclerotic plaque even in non-
flow-limiting coronary artery disease. Over the next few 
years, the number of coronary CTA examinations is likely 
to increase significantly and the role of the “gate-keeper” 
prior to invasive angiography examination will be further 
strengthened. To increase diagnostic accuracy, invasive 
coronary angiography can be associated with intravascular 
ultrasound and optical coherence tomography.
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