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The aim of the investigation was to develop an approach to quantitative evaluation of polarization properties (birefringence and cross-
scattering) basing on cross-polarization oCT images (CP oCT) in order to characterize the development stages of atherosclerotic plaques and 
to reveal unstable ones. 

Materials and Methods. We report on quantitative analysis of CP oCT images of the seven development stages of atherosclerotic plaques ex 
vivo. integral depolarization factor (idF) and effective birefringence coefficient (Δn) were proposed as parameters for quantitative characterization 
of the CP oCT images. 

Results. Calculation of the idF and Δn in the local region of interest (intima/fibrous cap) showed a statistically relevant difference between 
stable (stage iV) and unstable (stage Va) plaques (0.46±0.21 against 0.09±0.04 for idF and (0.47±0.10)·10–3 against (0.25±0.07)·10–3 for Δn; 
p<0.05). it was found that Δn value in the range (0.22–0.29)·10–3 (within the limits of two standard deviations) indicates the presence of only 
a small amount of highly organized collagen in the fibrous cap of an unstable plaque which can indicate its tendency to rupture. We believe 
that these changes are connected with the prevalence of disorganized fibers during the inflammatory process in the fibrous cap of an unstable 
plaque, and to the presence of clusters of foam cells and inflammatory cells between them.

Conclusion. The proposed approach to the quantitative evaluation of CP oCT images (calculation of idF and building Δn maps) allows 
to assess both cross-scattering and birefringence of atherosclerotic plaques at various development stages and more reliably reveal their 
vulnerability.

Key words: cross-polarization optical coherence tomography; CP oCT; atherosclerotic plaque; quantitative image processing; cross-
scattering; effective coefficient of birefringence.
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Quantitative Evaluation of the Polarization Characteristics of Atherosclerotic Plaques

Advances in technologies for in vivo diagnosis and 
monitoring of atherosclerosis development based on 
evaluation of microstructural changes in vessel walls has 
been the main direction of development of intravascular 
visualization techniques. However, very few medical 
visualization techniques combine high spatial resolution 
with ability for intravascular application and simultaneous 
retrieval of key tissue characteristics.

Optical coherence tomography (OcT) technique 
meets the above criteria, as it provides two- and three-

dimension structural images of a tissue at depths 
of up to 1–2 mm with the spatial resolution down to 
a few micrometers basing on real-time detection of 
backscattering.

Visual evaluation of OcT images of atherosclerotic 
plaques was done by many researchers [1, 2]. 
Identification of the layers within the walls of a healthy 
vessel and the main components of a plaque, a fibrous 
cap, a lipid core, and calcium crystals, has been 
performed [3–6]. However, these studies have shown 
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that the contrast between the fibrous cap and the lipid 
core of the plaque in traditional OcT images is often 
insufficient for the visualization of these structures. As 
a result, recent studies were aimed at identification of 
typical features connected with the vulnerability of these 
plaques (the risk of instability), such as clusters of foam 
cells and inflammatory cells in the fibrous cap of the 
plaque, using intravascular OcT [7–10].

OcT modifications that use polarized light as 
the probing radiation allow to observe not only the 
scattering by plaque components, but also to identify 
structures that exhibit birefringence or cross-scattering, 
and can be of great help in solution of these problems. 
polarization-sensitive OcT (pS OcT) is based on the 
mapping and analysis of a phase delay [11–13] whose 
rate of change with depth characterize the degree of 
structural organization and orientation of collagen fibers 
at the tissue level [14]. In paper [15] visual evaluation 
of the degree of birefringence change in samples of 
coronary arteries in pS OcT images was compared to 
the properties of collagen in preparations stained with 
picrosirius red. Nadkarni et al. [11, 16] analyzed pS 
OcT images of athersclerotic plaques with high and low 
collagen content and different density of smooth muscle 
cells. They revealed a high positive correlation between 
birefringence measured in pS OcT images and the 
accumulation of collagen in a plaque (r=0.67; p<0.001); 
as well as the correlation between the presence of high 
content of thick collagen fibers (r=0.76; p<0.001) and the 
density of the smooth muscle cells (r=0.74; р<0.01).

At the same time, Kuo et al. [17, 18] developed 
an algorithm for complex qualitative analysis of pS 
OcT images that allows evaluation of both scattering 
and birefringence properties of vascular walls for the 
main stages of atherosclerosis. It was shown that 
the birefringence coefficient (Δn) of fibrous and fibro-
calcified plaques, the dominant extracellular component 
of which is thick collagen bundles, was significantly 
higher than that of a normal vascular wall where only a 
small amount of thin collagen fibers presents (9.4·10–4 
against 5.3·10–4; р<0.05). However, this approach does 
not allow for differentiation of the stages of plaque 
development basing on presence of lipids/a lipid core 
that determines a serious risk of plaque rupture (an 
“unstable” plaque). One can suppose that the presence 
of lipids in the fibrous cap causes multiple scattering 
of linearly polarized radiation (which is used as the 
probing radiation in pS OcT systems) due to increased 
heterogeneity of medium. Furthermore, as disorganized 
fibers of the capsule lose their birefringence, the use of 
pS OcT in this situation becomes ineffective.

It should be noted that in the papers by Nadkarni et 
al. [11, 16] and Kuo et al. [17, 18] the region of interest 
for quantitative evaluation in the pS OcT images 
was determined manually basing on histological data 
and analysis of the signal behavior. The results of pS 
OcT images processing can be considered as an 

attempt to characterize, quantitatively, the properties 
of an atherosclerotic plaque at different stages of its 
formation, however, not as criteria for independent pS 
OcT diagnosis.

We took this approach as a starting point and 
applied it to cross-polarization (cp) OcT images. In the 
employed cp OcT system circularly polarized light is 
used for object inspection and the signals are registered 
in two channels corresponding to co-scattering and 
cross-scattering, respectively [19]. This approach 
provides certain advantages for quantitative evaluation 
of changes in polarization properties of intima or fibrous 
cap during different stages of formation of atherosclerotic 
plaque. For example, cp OcT can reliably and 
reproducibly register such polarization effects as local 
cross-scattering and birefringence which is important 
in developing quantitative criteria for assessing the 
progress of atherosclerosis.

Earlier [20, 21] cp OcT systems were demonstrated 
to allow both better revealing structures with optical 
anisotropy and monitoring their changes. Furthermore, 
in our previous work [22] we showed that the cp OcT 
method can increase both the reliability and accuracy 
of visual evaluation of the atherosclerotic plaques 
microstructure due to sensitivity to birefringence and 
cross-scattering phenomena in biotissues.

The papers [23, 24] have presented the results of 
quantitative processing of cp OcT images of mucous 
membranes of human internal organs by calculating the 
integral depolarization factor (IDF). IDF was employed 
for in vivo identification of pathophysiological processes 
(inflammation, fibrosis and neoplasia) connected mainly 
with changes in spatial and structural organization of 
collagen fibers. However, pathological processes studied 
in these papers, unlike formation of atherosclerotic 
plaques, involved considerable regions of organ in in-
depth direction, so cross-scattering (depolarization of 
radiation) dominated among the polarization effects, and 
IDF calculated automatically for all the cp OcT images 
provided high level of diagnostic accuracy.

Our team was the first to develop algorithms for 
quantitative processing of cp OcT images to enable 
characterization of atherosclerotic plaques development 
stages in coronary arteries, according to their 
birefringence and cross-scattering properties. These 
polarization effects cannot be completely separated 
from each other, however, their versatile quantitative 
evaluation will increase the reliability and accuracy 
of microstructure image interpretation and help in 
identification of the plaques composition at different 
atherosclerosis development stages.

The aim of the investigation was to develop an 
approach for quantitative evaluation of tissue polarization 
properties (birefringence and cross-scattering) from 
cross-polarization OcT images in order to characterize 
the development stages of atherosclerotic plaques and 
to reveal their instability.
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Materials and Methods. The objects under study 
were 60 post mortem samples of coronary arteries of 
patients (two males and six females, in the age range 
65–90) died from cardiovascular disease. All the samples 
were obtained during autopsy according to the scientific 
research protocol approved by the Ethical committee of 
the Nizhny Novgorod State Medical Academy (protocol 
No.7 from 26 August 2014). The arterial vessels obtained 
not later than 24 h after death were cut into fragments 
with length of 1–2 cm and delivered to the laboratory in 
gauze moistened with phosphate buffer at 7°c.

The spectral domain cp OcT device designed and 
developed at the Institute of Applied physics of the 
Russian Academy of Sciences (Nizhny Novgorod) [25–
27] was employed in the study. The light source was a 
superluminescent diode with a central wavelength of 
1,310 nm, a spectrum width of 100 nm, radiation power 
of 20 mW resulting in axial resolution of 10 μm. The 
device simultaneously builds two conjugated images in 
co- (top image) and cross- (bottom image) polarization.

The cp OcT images were obtained from the intima 
side of fresh arterial samples (within 2 h after excision). 
The direction and the range of scanning were: 4 mm 
along the vessel and 1 mm in-depth, respectively. 
After obtaining cp OcT images of the sample, an area 
around the OcT probe (6 mm in diameter) was marked, 
then the sample was fixed (in 10% formalin for 48 h) and 
serial sections of the central area aligned with the plane 
of the cp OcT images were taken. These sections 
were stained with hematoxylin and eosin and imaged 
in transmitted light with Leica DM2500 DFc (Leica 
Microsystems, Germany) microscope equipped with 
a digital camera. All the samples of coronary arteries 
were divided by histoautopsists into groups according to 
the development stage of atherosclerosis: insignificant 
thickening of the intima (stage I), thickening of the intima, 
with the deposition of lipids (stages II/III), a stable plaque 
with a fibrous cap and a lipid core (stage IV), an unstable 
plaque with a thin fibrous cap and a lipid core (stage Va), 
a fibro-calcified plaque (stage Vb) and fibroatheroma 
with pronounced fibrosis (stage Vc) [28–30].

A total of 108 pairs of cp OcT and microscope 
images were obtained and analyzed.

The region of interest (ROI) for quantitative processing 
was chosen manually basing on histological data and 
quantitative characteristics of the cp OcT image. This 
ROI deliberately contained only the upper part of the 
atherosclerotic plaque, namely thickened intima up to 
the media for stages I–III, the fibrous cap with the lipid 
core for stage IV, the fibrous cap above the lipid core for 
stage Va, the fibrous cap without calcium accumulations 
for stage Vb, and the thickened fibrous cap for stage 
Vc. This manual segmentation of the image allowed for 
quantitative determination of the polarization properties 
of accurately specified structures of the atherosclerotic 
plaque.

Numerical processing of the cp OcT images involved 

calculation of the IDF and effective birefringence 
coefficient (Δn) for selected ROI.

In this study we used previously developed [23, 31, 
32] algorithm for calculation of IDF, earlier applied for 
evaluation of the state of the collagen fibers in a variety of 
tissues (bladder mucosa, mouth cavity, and aorta). The 
calculation of IDF is based on the ratio of the OcT signal 
levels in co- and cross-polarization averaged over ROI.

Similar to mapping the birefringence coefficient from 
pS OcT images [18, 33], corresponding maps can also 
be built from cp OcT images (although they have a 
different formation principle) for effective birefringence 
coefficient (Δn) as in-depth derivative of the effective 
phase delay:

,

where Ixx(x, z) and Ixy(x, z) represent the levels of OcT 
signals in the co- and cross-polarizations, respectively, 
expressed in decibels, and k0 is a wave vector.

We treat the phase delay and the resulting 
birefringence coefficient as effective values, because 
both processes, birefringence and cross-scattering, take 
part in formation of the cp OcT signal and are hard to 
be separated.

Due to speckle structure of OcT signal pixel-by-
pixel calculation of the OcT signal ration may result 
in high noise in calculated Δn value. To overcome this 
problem, prior to calculation of Δn spatial averaging 
of OcT signal both in the co- and cross-polarizations 
was performed (adjacent averaging, averaging over 
10 pixels). Additionally, the signal values in cross-
polarization not exceeding the level of the noise were set 
to zero, because they do not provide useful contribution 
to calculated Δn map.

Statistical analysis of results was performed using Real 
Statistics for MS Excel and Graphpad prism 6 software. 
The mean (M) values of the measured parameters 
and the standard deviations of the mean (±SD) were 
calculated. Significance of differences between groups 
was calculated with non-parametric Mann–Whitney 
test. In all cases the differences at the р<0.05 level 
of relevance were considered statistically significant. 
confidence intervals were treated as M±2SD.

Results and Discussion. Employed high-speed 
spectral domain cp OcT setup detects OcT signal in 
two polarizations, parallel (co-) and orthogonal (cross-) 
to the initial one, and builds corresponding OcT images. 
The correlation between the levels of OcT signals in 
cross- and co-polarization in particular point depends 
on the local cross-scattering and on birefringence above 
the considered area.

Analysis of CP OCT images and effective 
birefringence coefficient maps of coronary arteries. 
The key feature of the initial development stage of an 
atherosclerotic plaque (stage I) is a small thickening 
of the intima due to the increased synthesis of type I 
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collagen fibers (Figure 1 (a)). In cp OcT images 
obtained, all the layers (intima, media and adventitia) can 
be well differentiated both in co- and cross-polarizations 
(Figure 1 (c)). The thickened intima demonstrates a high 
level of backscattering, while the media, as a rule, exhibits 
a lower level. The adventitia is usually manifested by 
heterogeneous, but high level of backscattering. In the 
Δn map in selected ROI (black rectangle in Figure 1 (e)) 
one can observe the change in polarization properties 
of a slightly thickened intima. One can see that higher 
Δn values with more homogeneous distribution along the 
transverse coordinate prevail. Along with the histology 
results, this indicates the presence of organized and 
structured collagen fibers in the studied area.

In the case when lipids are deposed on the vascular 
wall (stages II/III of plaque development), a slight 
disordering in organization of the collagen and elastic 
fibers occurs in the thickened intima manifested by 
their weak fibrinoid swelling and partial fragmentation 
(Figure 1 (b)). At the same time the cross-polarization 
channel shows a decrease in the level of backscattering 
from the surface (Figure 1 (d), arrow). Additionally, 
the Δn map demonstrates a decrease of values and 
disturbance in homogeneity of the Δn distribution within 
the area of the thickened intima (Figure 1 (f)) compared 
to stage I (Figure 1 (e)).

Stable and unstable atherosclerotic plaques (stages 
IV and Va, respectively) can be similar in size and do not 
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eosin (a), (b); cp OcT images in co-polarization (top) and cross-polarization (bottom) (c), (d); Δn maps (e), (f)
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is characterized by high values, while the area of lipid 
clusters corresponds to lower ones.

Morphologically the plaque stage Va, unlike stage IV, 
has an unstable fibrous cap that contains fibers of collagen 
and elastin, disorganized in course of inflammation and 
located above the lipid core, and clusters of foam and 
inflammatory cells (Figure 2 (b)). In co-polarization cp 
OcT image, the upper layer of the fibrous cap appears as 
an area with a highly heterogeneous OcT signal rapidly 
degrading with depth (Figure 2 (d), top image). In cross-
polarization the corresponding area demonstrates a 
heterogeneous OcT signal featuring conglomerates with 
high signal level which provide jumps in cross-scattering 
(Figure 2 (d), bottom image, arrow). This signal indicates 

lead to visible narrowing in the vessel lumen. They are 
therefore difficult to differentiate by means of common 
intravascular imaging techniques [34]. However, internal 
structure of both fibrous cap and lipid core for these 
stages is completely different.

Fibroatheroma (stage IV) as a rule is characterized 
by the presence of a small lipid core covered with 
a fibrous cap (Figure 2 (a)). The fibrous cap mainly 
contains densely packed, organized collagen and elastic 
fibers in a fibrinoid swelling phase ensuring stability 
of the plaque. In cross-polarization cp OcT image a 
dark stripe caused by birefringence is visible (Figure 
2 (c)), lower image, arrow). The Δn map in the area of 
the fibrous components of the fibrous cap Figure 2 (e)) 
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Figure 2. Histological and cp OcT images of stable (stage IV, left column) and unstable (stage Va, right column) atherosclerotic 
plaques; histological preparations stained with hematoxylin and eosin (a), (b); cp OcT images in co-polarization (top) and cross-
polarization (bottom) (c), (d); Δn maps (e), (f)

Quantitative Evaluation of the Polarization Characteristics of Atherosclerotic Plaques



44   СТМ ∫ 2015 — vol. 7, No.4

 AdvAnced ReseARches 

the presence of clusters of inflammatory and foam cells 
in the area of destroyed fibers of the fibrous cap. When 
analyzing the image, this effect can point to instability of 
the plaque. Accordingly, in the Δn map, such jumps in 
the cross-scattering are manifested by areas with high 
Δn values against a background of low values originating 
from the presence of disorganized fibers in the thin 
fibrous cap (Figure 2 (f), black rectangle).

In cp OcT images, the plaque with calcification 
(stage Vb) in co-polarization is visualized as an area 
with high signal level and a sharp boundary in the region 
of accumulation of the calcium salts in the lipid core 
(Figure 3 (c), upper image). This matches traditional 
OcT images obtained by other researchers, for example 
[3]. However, cp OcT image provides more information 

about the state of the fibrous cap in this type of plaque. 
In both co- and cross-polarization, a high level of 
backscattering can be observed (Figure 3 (c)) indicating 
the presence of organized collagen fibers in the plaque 
(unlike the unstable plaque). In this case the fibers are at 
the stage of fibrinoid swelling preserving, however, their 
coaxial orientation along the vessel lumen and, therefore, 
the stability of the plaque fibrous cap (Figure 3 (a)). In 
the Δn map, mainly higher values prevail, however, with 
significant variations in transversal direction (Figure 3 
(e), black rectangle).

In cp OcT image of fibroatheroma with pronounced 
fibrosis (stage Vc) organized fibers of collagen located 
in the thickened fibrous cap (Figure 3 (b)) reveal 
pronounced birefringence (Figure 3 (d)). In the Δn map 
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Figure 3. Histological and cp OcT images of the atherosclerotic plaque with calcification (stage Vb, left column) and with 
pronounced fibrosis (stage Vc, right column); histological preparations stained with hematoxylin and eosin (a), (b); cp OcT images 
in co-polarization (top) and cross-polarization (bottom) (c), (d); Δn maps (e), (f)
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the values are mostly high, however, on the contrary 
to stage Vb, are more homogeneous in the transversal 
direction (Figure 3 (f)).

concluding on cp OcT efficiency in imaging different 
stages of atherosclerotic plaques of human coronary 
arteries it should be noted that the analysis of maps of 
the effective birefringence coefficient Δn in the region 
of interest allows for more accurate interpretation of the 
images in co- and cross-polarizations. At the initial stages 
of atherosclerotic plaque development (thickened intima) 
the Δn maps show high level of cross-scattering and 
homogenous distribution of Δn in transversal direction 

(Figure 1 (e)). In the Δn maps for fibrous and fibrocalcified 
plaques, Δn also demonstrates high values in the area 
of organized fibers, however, with less homogeneous 
distribution in transversal direction (Figure 3 (e), (f)). 
Furthermore, the Δn maps for plaque development stages 
II/III, IV and Va show primarily heterogeneous distribution 
of Δn values along the transversal direction (Figures 1 
(f) and 2 (e), (f)). These changes are associated with 
accumulation of lipids in the intima, at stages II/III and IV, 
and prevalence of disorganized fibers in the fibrous cap 
of the unstable plaque at stage Va, which leads to sharp 
jumps of the signal in cross polarization.

Numerical processing of CP OCT images. It 
should be noted that when studying atherosclerosis of 
human coronary arteries with normal wall thickness of 
~1 mm, the interest is focused in the local area (intima 
or fibrous cap) with thickness down to 65 μm [35]. In 
the most cases, this requires segmentation of the cp 

OcT image with further calculation of characteristics of 
selected ROI.

In this study we performed quantitative evaluation 
of polarization characteristics (cross-scattering and 
birefringence) of atherosclerotic plaques only for ROI 
(the thickened intima or the fibrous cap) selected based 
on the histology data.

1. The results of the IDF calculation (Table 1) 
demonstrate statistically significant difference (p<0.05) 
between initial (I) and “final” stages of plaque development, 
unstable plaque (Va) and firboatheroma with pronounced 
fibrosis (stage Vc) (Figure 4). With IDF one can therefore 
differentiate clinically significant states of coronary 
arteries plaques, stages IV and Va (p<0.05), both having 
fibrous caps and a lipid core, but differing in the state of 
the fibrous cap.

Thus, IDF allows characterizing local tissue 
birefringence and ability for cross-scattering, while low 
IDF values in the ROI indicate disordering of the collagen 
and elastic fibers in the plaque fibrous cap.

2. The effective birefringence coefficient (Δn) 
characterizes the local difference in refractive indices of 
the ordinary and extraordinary waves within particular 
structural components of an atherosclerotic plaque.

Within the ROI in Δn map we calculated the mean 
value of Δn which characterizes local birefringence and 
cross-scattering thus allowing to reliably determine areas 
with disorders in collagen and elastic fibers of stable or 
unstable plaques. The results of the calculation of the 
effective Δn (Table 2, Figure 5) in the ROI of cp OcT 

T a b l e  1

Calculated values of integral depolarization factor (IDF) in CP oCT images and confidence intervals (CI)  
for different development stages of an atherosclerotic plaque

IDF Stage I (n=11) Stage II/III (n=17) Stage IV (n=13) Stage Va (n=19) Stage Vb (n=27) Stage Vc (n=21)

m±Sd 0.51±0.04 0.14±0.05 0.46±0.21 0.09±0.04 0.41±0.19 1.06±0.46

95% Ci 0.47–0.55 0.11–0.16 0.29–0.62 0.07–0.12 0.31–0.51 0.83–1.29

Figure 4. Integral depolarization factor for all 
development stages of an atherosclerotic plaque.  
* indicates statistically significant differences between 
plaque development stages I, Va and Vc, р<0.05;  
** indicates difference between stable (IV) and unstable 
(Va) plaque stages, p<0.05 (Mann–Whitney test)
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images at different stages of atherosclerotic plaque 
development revealed following features:

high mean values of Δn indicate the presence of a 
large number of ordered anisotropic structures (collagen 
and elastic fibers) distributed homogeneously in the 
thickened intima/fibrous cap, at stages I, IV, Vb and Vc;

low mean values of Δn indicate insignificant amounts 
of weakly ordered anisotropic structures (collagen 
and elastic fibers), distributed heterogeneously in the 
thickened intima at the initial stage of lipids deposition 
(II/III), and in the thin (unstable) fibrous cap at stage Va;

the presence of clusters of inflammatory cells at stage 
Va causes high local values in the Δn map which can 
serve as an indicator for plaque instability.

The study revealed that the mean Δn of organized and 
ordered collagen and elastic fibers in the insignificantly 
thickened intima at the initial stage of plaque development 
(stage I) is statistically (p<0.05) higher than that of the 
disorganized fibers of subsequent stages of plaque 
development. At the same time, high values of the 
mean Δn at stages I, IV, Vb and Vc indicate prevalence 
of organized collagen and elastic fibers in the intima or 
in the fibrous caps of plaques, while low values of the 
mean Δn at stages II/III and Va indicate the prevalence 
of disorganized, partially destroyed collagen and elastic 
fibers in the intima or in the fibrous cap.

An important result of the study is the revealed 
statistically significant differences in the values of 
employed parameters for unstable (stage Va) and stable 
(stage IV) plaques: IDF of 0.09 against 0.46 (p<0.05); 
and Δn of 0.25·10–3 against 0.47·10–3 (p<0.05) (Figures 
4 and 5) which proves the significant disorganization of 
the structures responsible for the polarization properties 
at stage Va. Additionally, it was revealed that Δn values 
in the range (0.22–0.29)·10–3 (within the limits of two 
standard deviations) indicate low amount of highly 
organized collagen in the fibrous cap of an unstable 
plaque, a situation which can indicate its tendency to 
rupture.

When calculating the IDF and the mean Δn we used 
an approach involving the manual, subjective selection 
of the ROI in the Δn maps. Therefore, the results of the 
cp OcT images processing are treated as a measure 
of polarization properties of atherosclerotic plaque at 
different development stages, rather than criteria for 
independent plaque diagnostics by cp OcT technique. 
Nevertheless, the results of this study are an important 
step towards numerical processing of the cp OcT 
images of coronary arteries atherosclerotic plaques, and 
can become the basis of enhanced algorithms for the cp 
OcT images automated processing (including automated 
segmentation) aiming for differential diagnostics.

Conclusion. Maps of effective birefringence coefficient 
derived from cp OcT images enable assessment of 
organization and orientation of anisotropic structures in 
atherosclerotic plaques when studying of the pathologic 
changes in walls of human coronary arteries.

calculation of the depolarization integral factor (IDF) 
and the effective birefringence coefficient (Δn) provide 
important information about the local functional state of 
the intima/fibrous cap of coronary artery plaques. These 
quantitative characteristics of cross-scattering and 
birefringence within anisotropic structures of coronary 
arteries helped in differentiation of the functional state of 
collagen and elastic fibers in the fibrous cap of unstable 
and stable atherosclerotic plaques, which is in agreement 
with the results of the morphometric test. It was found 
that low values of Δn and IDF indicate the presence of a 
small amount of highly organized collagen in the fibrous 
cap of an unstable plaque which can be a sign of its 
tendency to rupture. We believe that these changes are 
connected with the prevalence of disorganized fibers in 
course of the inflammatory process in the fibrous cap of 

Figure 5. Effective birefringence coefficient Δn for all 
development stages of an atherosclerotic plaque. * indicates 
statistically significant difference between stages I and all 
subsequent development stages of a plaque, р<0.05; ** indicates 
difference between stable (IV) and unstable (Va) plaque stages, 
p<0.05 (Mann–Whitney test)

T a b l e  2

Calculated values of effective birefringence coefficients (Δn) in CP oCT images  
and confidence intervals (CI) for different development stages  
of an atherosclerotic plaque

Δn
Stage I 
(n=17)

Stage II/III 
(n=13)

Stage IV 
(n=19)

Stage Va 
(n=27)

Stage Vb 
(n=21)

Stage Vc 
(n=21)

(m±Sd)·10–3 0.86±0.10 0.29±0.07 0.47±0.10 0.25±0.07 0.49±0.09 0.58±0.12

(95% Ci)·10–3 0.77–0.95 0.25–0.32 0.40–0.54 0.22–0.29 0.45–0.54 0.52–0.64

0 0004
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an unstable plaque and with the presence of clusters of 
foam cells and inflammatory cells between them.

The developed approach to quantitative evaluation 
of polarization properties of atherosclerotic plaques 
at different development stages can provide a basis 
for performing automated independent diagnostics of 
unstable plaques by cp OcT technique.
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