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	❚ In Brief
Garzon et al. used optical coherence tomography to investigate 
the relationship between plaque inflammation and thin-cap 
fibroatheromas. Increased macrophage accumulation and greater 
neovascularization volume were independently associated with 
thin-cap fibroatheromas, reflecting an in vivo phenotype consistent 
with highly inflamed and vulnerable plaque.
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	❚ Highlights
	■ Optical coherence tomography enables in vivo 
characterization of inflammatory activity within  
coronary plaques.

	■ Thin-cap fibroatheromas demonstrate greater macrophage 
accumulation than non-thin-cap fibroatheromas.

	■ Neovascularization is more frequent and quantitatively 
greater in thin-cap fibroatheromas.

	■ The combined burden of macrophages and neovessels 
provides predictive value for plaque vulnerability.
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	❚ ABSTRACT
Objective: The aim of the present study is to assess whether the intensity of local inflammation 
relates to the presence of thin-cap fibroatheromas. Methods: Retrospective, single-center study 
of patients that underwent optical coherence tomography imaging and had either de novo or in-
stent neoatherosclerosis. Intensity of macrophage accumulation and volume of neovascularization 
were measured for all lesions. Logistic binary regressions were used for uni- and multivariate 
analysis. Results: A total of the 92 lesions in 84 patients were selected. The degree of macrophage 
accumulation was higher in thin-cap fibroatheromas than non- thin-cap fibroatheromas lesions 
(5.0 versus 2.17; p<0.01). Neovascularization was more frequent in thin-cap fibroatheromas than 
non-thin-cap fibroatheromas lesions (87.5% versus 65.7%, p=0.04), and thin-cap fibroatheromas 
had a larger volume of neovascularization than non- thin-cap fibroatheromas plaques (92.2 versus 
23.0 x 1000µm3/mm, p<0.01). At multivariate logistic analysis, neovascularization volume 
and degree of macrophage accumulation remained independently associated with thin-cap 
fibroatheromas. The dataset was divided according to the highest tercile of neovascularization 
volume (≥87.2 x 1000µm3/mm) and macrophage accumulation score (≥4.6). Plaques with low 
levels of neovascularization and macrophages were classified as thin-cap fibroatheromas in 14% 
of cases. Thin-cap fibroatheromas was present in 61.5% of plaques with high macrophagic and 
neovascularization content. Conclusion: Lesions with more macrophage accumulation and higher 
volumes of neovascularization are more likely to be thin-cap fibroatheromas. 

Keywords: Tomography, optical coherence; Coronary artery disease; Plaque, atherosclerotic; 
Microphages; Inflammation; Atherosclerosis

	❚ INTRODUCTION
Inflammation is paramount in the development of atherosclerosis in coronary 
artery disease (CAD).(1,2) Inflammatory cells modulate local modifications 
within the arterial wall that ultimately lead to the formation of the so-called 
atherosclerotic plaque.(3-5) Intra-plaque angiogenesis seems to be a major 
component of the intricate pathophysiology of inflammation-related plaque 
development.(6) 

Intravascular optical coherence tomography (OCT) is an invasive imaging 
method that has been widely adopted for investigating CAD.(7,8) Due to its 
near-histology imaging definition, OCT can evaluate plaque components 
that are practically out of reach for any other intravascular imaging method, 
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such as lipid and calcific tissue component, fibrous 
cap thickness, intra-plaque neovascularization, and 
macrophage infiltration.(9-11) 

Thin-cap fibroatheromas (TCFA) are recognized 
as markers of plaque vulnerability and their presence 
increases the risk of plaque rupture and of acute coronary 
events.(12,13) Previous studies have demonstrated the 
association between TCFA and inflammation.(14,15) 
However, there is a paucity of data exploring whether 
the intensity of inflammation is proportional to the risk 
of TCFA development.

	❚ OBJECTIVE
To assess whether thin-cap fibroatheromas is associated 
with the level of local inflammation and its consequences, 
assessed in vivo by the degree of cell infiltration and 
intra-plaque neovascularization respectively.

	❚METHODS
Patient selection
We conducted a search for all patients who underwent 
coronary OCT in our institution between January of 
2012 and December of 2019. Every OCT run performed 
in that period was reviewed and selected for final analysis 
if presenting: i) one or more de novo atherosclerotic 
lesions (defined as a plaque arc ≥180°), or ii) one or 
more neoatherosclerotic lesions (defined as in-stent 
tissue with calcific or lipidic deposits measuring at least 
300µm in thickness). Lesions in the same vessel were 
considered discrete, and counted as such, if separated 
by a normal segment longer than 10mm. We only 
included lesions in which OCT was performed prior to 
any intervention. Restenotic lesions (i.e. in-stent lesions 
not classified as neo-atherosclerosis) as well as lesions 
at stent edges (5-mm proximal or distal) were not 
included for analysis. This study was approved by the 
local ethics committee of the Hospital Israelita Albert 
Eisntein (CAAE: 18369019500000071; # 3.722.061) and 
is in accordance with the Declaration of Helsinki.

Image acquisition and analysis
Image acquisition was performed during injection 
of contrast media as described elsewhere,(16,17) using 
a frequency-domain OCT system (C7 or Ilumien 
OPTIS system, C7 DragonFly or DragonFly II imaging 
catheters, St. Jude Medical, St. Paul, MN, USA). Off-
line quantitative OCT analyses were performed using 
QIvus 3.0 (Medis Medical, The Netherlands).

Lesions were analyzed according to standard 
definitions, as suggested elsewhere.(17) Two independent 
reviewers blinded to any clinical information performed 
the evaluations of all OCT images. Any disagreement 
between the reviewers was resolved by consensus. Thin-
cap fibroatheromas were defined as regions with a lipid 
arc >90° and cap thickness <65µm. 

The presence of macrophages was defined by signal-
rich, distinct, or confluent punctate images exceeding 
the intensity of background speckle noise. For each 
frame, the level of macrophage accumulation was semi-
quantitatively graded using a score from 0 to 4. The 
degree of macrophage accumulation for each plaque 
was calculated as the sum of cross-section grades 
normalized for the lesion length.(18) 

Neovascularization was defined as no-signal, intra-
plaque structures without connection to the vessel lumen 
measuring between 50-300µm and recognized in ≥3 
consecutive frames.(19) The volume of neovascularization 
was calculated by summing the area of neovascularization 
in each frame according to Simpson’s rule; finally, the 
volume of neovascularization was indexed by plaque length. 

Quantitative parameters included plaque length, 
minimum lumen area (MLA), mean lumen cross-sectional 

area (CSA) reference Proximal CSA-Distal CSA
2

 and 

area stenosis MLA
Mean lumen CSA reference

1 – x 100 . 

Statistical analysis
Statistical analyses were performed using SPSS 26.0 
(IBM Corp. Armonk, NY, USA). Categorical variables 
are presented as counts (percentage) and were analyzed 
using Chi-square. Continuous variables are presented 
as median and interquartile range and were analyzed 
using Mann-Whitney U test. Logistic binary regressions 
were used for uni- and multivariate analysis. P values 
<0.05 were defined as statistically significant. 

	❚ RESULTS
From a total of 121 patients, 92 lesions from 84 patients 
were selected for analysis. The median age was 60 
years, most patients were male, with hypertension. 
Almost one-third of our population had diabetes and 
more than 60% presented with an acute coronary 
syndrome (Table 1).

Macrophages were ubiquitous and detected in 
almost all lesions. However, the degree of macrophage 
accumulation was significantly more pronounced in 
TCFA than non-TCFA lesions (5.0 [3.7-6.9] versus 2.17 
[0.8-4.6] respectively; p<0.01), and (Table 2). 
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Neovascularization was significantly more frequent 
in TCFA than non-TCFA lesions (87.5% versus 65.7% 
respectively, p=0.04). Accordingly, TCFA had a markedly 
larger volume of neovascularization than non-TCFA 
plaques (92.2 [31.8-239.7] versus 23.0 [0.0-99.0] 1000 x 
µm3/mm respectively, p<0.01). 

At multivariate logistic analysis, both neovascularization 
volume and the degree of macrophage accumulation 
remained independently associated with the presence 
of TCFA (Table 3).

To further explore such an association, the 
dataset was divided according to the highest tercile of 
neovascularization volume (≥87.2 x 1000µm3/mm) and 

macrophage accumulation score (≥4.6). Plaques with low 
levels of both neovascularization and macrophages were 
classified as TCFA in 14% of cases. Conversely, TCFA 
was present in 61.5% of segments with high macrophagic 
and neovascularization content (Figure 1). 

Table 1. Baseline characteristics

Patients 

Sex (male) 65 (77.4)

Age (years) 60 (55-70)

Hypertension 52 (61.9)

Diabetes mellitus 24 (28.6)

Hyperlipidemia 66 (78.6)

Smoker (present or past) 44 (52.4)

Acute coronary syndrome 51 (60.7)
Values are median (interquartile range) or number (%).

Table 2. Lesion characteristics on optical coherence tomography 

No TCFA
(n=68)

TCFA
(n=24) p value

Plaque type 0.23

 De novo 57 (83.8) 17 (70.8)

 Neoatherosclerosis 11 (16.2) 7 (29.2)

Plaque length (mm) 22.7 (16.9-31.9) 30.2 (17.9-40.5) 0.13

Area stenosis (%) 65.2 (53.8-73.2) 70.0 (57.2-75.9) 0.25

MLA (mm2) 2.5 (1.5-3.3) 2.0 (1.5-3.6) 0.63

Neovascularization 44 (65.7) 21 (87.5) 0.04

Neovascularization volume 23.0 (0.0-99.0) 92.2 (31.8-239.7) <0.01

Macrophage 65 (95.6) 24 (100.0) 0.56

Macrophage accumulation 2.17 (0.8-4.6) 5.0 (3.7-6.9) <0.01

Plaque rupture 5 (7.6) 12 (50.0) <0.01

Target vessel 0.23

 LAD 38 (55.9) 11 (45.8)

 Diagonal 0 (0) 1 (4.2)

 LCx 8 (11.8) 2 (8.3)

 OM 3 (4.4) 1 (4.2)

 RCA 14 (20.6) 9 (37.5)

 Not available 5 (7.4) 0 (0.0)
Values are median (interquartile range) or number (%). 
Neovascularization volume is measured in 1000 x µm3/mm. Macrophage accumulation is measured in macrophage 
grade/mm. 
TCFA: thin-cap fibroatheroma; MLA: minimum luminal area; LAD: left anterior descending; LCx: left circumflex; OM: 
obtuse marginal; RCA: right coronary artery. 

Table 3. Univariate and multivariate logistic regression analyses of predictors of 
thin-cap fibroatheromas

Variables
Univariate p 

value
Multivariate p 

valueOR (95%CI) OR (95%CI)

Neovascularization 
volume 

1.004 (1.001-1.006) <0.01 1.003 (1.000-1.005) 0.03

Macrophage 
accumulation

1.420 (1.202-1.678) <0.01 1.388 (1.169-1.647) <0.01

OR: odds ratio; 95%CI: 95% confidence interval.

* p<0.01.
Categories are as follows: 0= both neovascularization volume and macrophage accumulation below the cut-off values; 
1= either neovascularization or macrophage accumulation above cut-off values; 2= both neovascularization volume and 
macrophage accumulation above cut-off values. Cut-off values are ≥87.6 x 1000µm3/mm for neovascularization volume and 
≥4.6 for macrophage accumulation score.
TCFA: thin-cap fibroatheroma. 

Figure 1. Presence of thin-cap fibroatheroma according to plaque inflammation 
classification 

	❚ DISCUSSION
This is a retrospective study investigating the association 
between plaque-level inflammation and TCFA using 
OCT. Larger neovascularization volumes and higher 
degrees of macrophage accumulation were associated 
with TCFA, particularly when both features were 
present.

The formation process of TCFA is deeply 
dependent on local inflammation and angiogenesis, 
with macrophages exerting a catabolic effect on the 
fibrous cap of atherosclerotic plaques while neovessels 
nourish plaque growth.(6,20) 

Macrophages secrete several collagen-breaking 
enzymes and cytokines, degrading the fibrous cap and 
making these lesions prone to rupture. It has been 
demonstrated that local macrophage density is associated 



Garzon S, Pinheiro LF, Bezerra FM, Prado GF, Mariani Jr J, Bandeira WC, Almeida BO, Lemos Neto PA

4
einstein (São Paulo). 2025;23:1-5

with thinner fibrous caps and larger lipidic pools, both of 
which are essential features of TCFA.(12,20-23)

Neovascularization is a physiological response 
to the ischemic injury induced by atherosclerosis on 
the vessel wall, providing oxygen to the thickened 
intima. Neo-formed vessels are prone to intra-plaque 
hemorrhages, which cause accelerated plaque growth 
and enlargement of the lipidic core, as well as providing 
continuous antigenic stimulus by amplifying local 
inflammatory response and macrophage activation.(6,24-26)

The link between local inflammatory response 
and plaque vulnerability has also been explored in in-
vivo studies using OCT. Raffel et al.(14) used a complex 
method to assess fibrous cap macrophage density derived 
from raw OCT data. The authors found that lesions 
with TCFA presented higher density of macrophages 
when compared to non-TCFA lesions (7.35 versus 4.97, 
p<0.001), with a significant inverse linear correlation 
between fibrous cap thickness and macrophage density 
(r= -0.547, p=0.001). Likewise, Amano et al.(10) found 
that lesions with neovascularization presented TCFA 
and macrophage infiltration more frequently than those 
without it (58% versus 11%, p<0.001 and 61% versus 
26%, p=0.004, respectively), all of which are congruent 
with our own results. However, our study offers some 
new insights, as we investigated not only the presence 
of neovascularization or macrophage accumulation, 
but rather how their intensity was more frequently 
associated with TCFA. Thus, it is reasonable to assume 
that plaques with both features very intensely present 
have a higher inflammatory activity, which translates 
into thinner fibrous caps. 

This study has several limitations. First, it is a 
single-center, retrospective study with a relatively small 
sample, and we did not include patients with sub-optimal 
image quality, which may have inadvertently resulted in 
a selection bias. Second, OCT has a limited penetration 
depth, which may have hindered our capacity to detect 
neovascularization and macrophages, particularly behind 
lipid-rich plaques, which are an integral part of TCFA. 
Third, our assessment was limited to a single point in 
time, and patients did not undergo follow-up OCT to 
assess plaque evolution. Despite all these limitations, 
our results were highly significant and are based on 
sound physiopathology. Nevertheless, this study is 
merely hypothesis-generating, and prospective studies 
with follow-up OCT imaging could provide more robust 
evidence regarding this subject. 

	❚ CONCLUSION
The present study provides a potentially unique insight 
into plaque-level intensity of inflammatory activity as 

assessed with optical coherence tomography. The volume 
of neovascularization and the intensity of macrophage 
accumulation were not only related to the presence of 
thin-cap fibroatheromas, but their combination was 
highly predictive of plaque vulnerability.
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