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As a high-resolution optical imaging technology, Optical Coherence Tomography (OCT) has
been widely used in the diagnosis and treatment of cardiovascular diseases. It has played an
important role in the detection and identi¯cation of atherosclerotic plaques and has signi¯cant
advantages. In this paper, we realized to extract the optical characteristic parameters of the
target sample based on the OCT data by establishing optical transmission models conforming to
the OCT principle. The optical phantoms and coronary artery of domestic pig were used as
research samples to study the di®erence between the optical properties of the cardiovascular
tissues. It can provide a basic method for further study of optical characteristic parameters of
atherosclerotic plaques, and also lay a foundation for realizing the quantitative evaluation of
atherosclerotic plaques with multiple optical characteristic parameters in the future.

Keywords: Optical coherence tomography; optical characteristic parameters; theoretical model of
optical transmission; phantoms; coronary artery.

1. Introduction

Atherosclerosis is a disease caused by in°ammation
of the blood vessel. The formation of plaque is the
inducement of coronary heart disease. Its rupture or
erosion can lead to thrombosis and subsequent
cardiovascular events, which can cause the death of
patients.

As the latest emerging imaging technology, op-
tical coherence tomography (OCT)1 has a wide
range of applications in the ¯eld of biomedicine, and

is gradually being used in clinics. Intravascular
optical coherence tomography (IVOCT)
combines OCT technology and endoscopes to per-
form high-resolution tomography of the inner wall
of the blood vessel, using near-infrared light.2 We
can observe the morphological and structural in-
formation of the blood vessel wall and atheroscle-
rotic plaques. And now, IVOCT plays an important
role in the diagnosis and treatment of cardiovascu-
lar diseases.
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In order to give full play to the advantages of
OCT in the detection and evaluation of athero-
sclerotic plaques, and to improve the clinical value,
many researchers have carried out some related
researches, mainly including three aspects, namely,
the establishment of high-performance OCT sys-
tem, identi¯cation and detection of vulnerable pla-
ques,3 and assessment of atherosclerotic plaques.4,5

At present, it remains at the stage of qualitative
evaluation of atherosclerotic plaques based on the
OCT image standard of di®erent types of plaques
established by Yabushita et al.4 in the clinic. Just as
in Fig. 1, OCT images of three main types of ath-
erosclerotic plaques are displayed. Calci¯ed plaques
appear as heterogeneous signal-poor regions with
sharp delineate borders in the OCT image. Lipid
plaques are also signal-poor regions, but they are
homogeneous with di®use delineate borders, while
¯brous plaques appear as homogeneous signal-rich
regions. The yellow dotted box in Fig. 1 is the cor-
responding area of three typical plaques in the OCT
images which was obtained using the Dragon°y
Optis imaging system (LightLab Imaging, St Jude
Medical, Minnesota, USA).

Many studies have proposed semi-automatic or
automatic identi¯cation and classi¯cation algo-
rithms of plaques according to this standard to
improve work e±ciency.6–9 However, it needs to rely
on the experience of clinicians to determine. There
are problems such as misdiagnosis or even inability
to diagnose due to lack of experience and di®erences
in diagnosis between clinicians. Therefore, quanti-
tative evaluation can provide objective and reliable
information of plaques and help improve the accu-
racy of the diagnosis. In addition to measuring some
physical dimensions from the OCT image to de-
scribe the plaques,10,11 we can also use the indica-
tors of the plaque itself to evaluate the
atherosclerotic plaque, such as optical characteristic
parameters.12–15

By now, the qualitative evaluation of plaque type
is on its way. The judgement of plaque type is still
based on the experience of clinicians. Therefore, it
has certain subjectivity and individual evaluation
di®erences. The purpose of this research is to study
the di®erences in optical properties of sample and
set up a method to describe the optical character-
istics by some parameters, that can be used to
quantitatively evaluate the sample properties. By
studying the optical properties of optical phantoms
and domestic pig coronary arteries, a method for
characterizing the optical properties of cardiovas-
cular tissues is established. The work provides a
foundation for further research on the optical
characteristic parameters of atherosclerotic plaque.

2. Materials and Methods

Figure 2 shows the schematic of the main research
content and methods in this paper. The optical
characteristic parameters of samples are extracted
by establishing theoretical model of optical

Fig. 1. OCT images of three types of atherosclerotic plaques. (a) Calci¯ed plaque, (b) lipid plaque, and (c) ¯brous plaque.

Fig. 2. The schematic of the main research content and
methods.

N. Qin et al.
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transmission conforming to OCT principle to study
the optical properties of cardiovascular tissues.

2.1. Sample preparation

In order to study the optical properties of cardio-
vascular tissues, we selected optical phantoms and
actual biological tissues for experiments.

Before conducting experiments on biological
tissues, ideal optical phantoms of cardiovascular
tissue were fabricated by the casting technology
and spin coating technology. We selected poly-
dimethylsiloxane (PDMS) that is commonly used in
academic research and industry as the substrate
material. PDMS is an optically transparent
organic silicon material, of which the refractive
index in the near-infrared region is close to that of
biological tissues. In addition, we chose inorganic
particles of titanium dioxide (TiO2Þ and aluminum
oxide (Al2O3Þ with strong compatibility and ad-
justability as the scattering diluent, and the most
commonly used carbon black as the absorbent. The
materials designed for phantoms are shown
in Table 1.

The fabrication of optical phantoms of cardio-
vascular tissues with di®erent optical properties is
achieved by controlling the proportion and con-
centration of inorganic molecular particles, includ-
ing phantoms of atherosclerotic plaque with single-
layer parallel structure and phantom of coronary
artery with multi-layer parallel structure.

Studies have shown that the polymorphism and
morphological structure of the domestic pig's coro-
nary artery is very similar to that of human, and it
is easy to obtain. Therefore, the coronary artery of
domestic pig is selected as the biological sample of
cardiovascular tissues.

The coronary artery was peeled o® the heart and
the peripheral tissues were removed to obtain a
certain length of the expanded sample for
experiments.

2.2. Data acquisition

The sample, phantom or biological tissue, is scanned
and imaged with OCT equipment to collect the
images and data. The device used in the experiments
is a swept source optical coherence tomography
(SS-OCT) built by the laboratory, which is mainly
composed of light sourcewith aFWHMbandwidth of
70 nm centered at 1310 nm (AXSUN), interfero-
meter, sample arm, reference arm, and data acquisi-
tion and processingmodule. It has a lateral resolution
with 11�m and axial resolution with 13�m in air.
The imaging ranges are 4mm in the transverse di-
rection and 4.8mm in the longitudinal direction.

The histological veri¯cation is realized by tissue
slice staining. Hematoxylin-Eosin (HE) was chosen
as the dye and then white-light panoramic scan was
performed. Thus, the histological results were
obtained to make a comparison with OCT images.

2.3. Optical parameters extraction

The speci¯c method °ow is shown in Fig. 3. Optical
transmission models conforming to the OCT prin-
ciple were established, for extracting the optical
characteristic parameters of the sample based on
the OCT data. The models we selected are the ex-
tended Huygens–Fresnel (EHF) theoretical model
and the Depth-Resolved (DR) model. In the pro-
cess, the dynamic programming algorithm is used to
recognize the region of interest (ROI) of the sample.
After extraction, the attenuation coe±cient ð�tÞ,
scattering coe±cient ð�sÞ, and backscattering co-
e±cient ð�bÞ that characterize the optical properties
of the sample are ¯nally obtained. The parts of (a),
(b), (c), and (d) in Fig. 3 show the schematic °ow
diagram of the EHF theoretical model.

2.3.1. EHF theoretical model

The EHF theoretical model,16 taking the contribu-
tion of multiple scattered photons to the OCT

Table 1. The materials of optical phantoms.

Category Name Brand Type Speci¯cation

Substrate material PDMS Dow Corning SYLGARDTM 184 /

Scattering TiO2 RHAWN Anatase 2–3�m
diluent Al2O3 RHAWN �-crystal 200 nm
Absorbent Carbon Black CABOT VULCAN XC72 30 nm

Research on optical properties of cardiovascular tissues based on OCT data
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signal into consideration, expresses the OCT signal
based on the depth distribution is a function related
to the scattering coe±cient, anisotropy factor,
and other parameters.17 The mean square of the
heterodyne current signal I 2ðzÞ at the depth z
measured by the OCT system is the product of two
factors as follows:

hI 2ðzÞi ¼ hi2i0 ðzÞ: ð1Þ
Here,  ðzÞ is the heterodyne e±ciency factor

describing the signal degradation caused by scat-
tering, which contains scattering e®ects. The
formula shows that

 ðzÞ ¼ expð�2�szÞ þ ½1� expð��szÞ�2
!2

H

!2
S

þ 4 expð��szÞ½1� expð��szÞ�
1þ !2

S=!
2
H

: ð2Þ

In Eq. (2), the ¯rst term represents the contri-
bution of the single scattered photon to the OCT
signal, while the second term represents the con-
tribution of multiple scattered photons. The third
term in Eq. (2) is a cross-term including both single
scattering contribution and multiple scattering
contribution. !H and !S represent the radius at 1=e
irradiance radius at the probing depth without or
with scattering, respectively.17

!2
H ¼ !2

0 A� B

f

� �
2

þ B

k!0

� �
2

; ð3Þ

!2
S ¼ !2

0 A� B

f

� �
2

þ B

k!0

� �
2

þ 2B

k�0ðzÞ
� �

2

; ð4Þ

where A and B are elements in the ABCD ray-
matrix, which is used to describe the process of light

propagation from the lens plane to the sample.18

When the focal plane of the sample beam is ¯xed on
the internal interface of the sample, A ¼ 1 and
B ¼ f, while, A ¼ 1 and B ¼ f þ z=n when the
focal plane is ¯xed on the surface. !0 represents the
�1/e irradiance radius of the input sample beam at
the lens plane, k ¼ 2�=�. �0ðzÞ in Eq. (4) is the
lateral coherence length, and the derived formula is
as follows:

�0ðzÞ ¼
ffiffiffiffiffiffiffiffi
3

�sz

s
�

��rms

nB

z

� �
: ð5Þ

In the above formula, �rms represents the root-
mean-square scattering angle, which is de¯ned as
the half-width at 1=e of the maximum of the
Gaussian curve in accordance with the main frontal
lobe of the scattering phase function, and the rela-
tionship with the e®ective anisotropy factor is
geff ¼ cos �rms. �rms and scattering coe±cient �s are
both ¯tting parameters which can be obtained
simultaneously through data ¯tting in the EHF
theoretical model.

Select the ROI from the OCT image, and evenly
extract the adjacent A-scan signal along the hori-
zontal direction for averaging. Choose the number
of vertical pixels to be ¯tted in the average A-scan
signal, which must ensure that the selected pixels
are all image information corresponding to the
sample tissue. Using the ¯tting algorithm composed
of Eqs. (2) to (5) for ¯tting, the ¯tting parameters
�s and geff can be obtained.

2.3.2. DR model

The DR model is a new OCT transmission theo-
retical model proposed in recent years to calculate
the attenuation coe±cient of each pixel in the OCT
image. According to the introduction of Vermeer
et al.,19 the digital signal detected at depth z, IðzÞ
shows that

IðzÞ ffi � � L0 � �bðzÞ � e�2
R d

0
�tðuÞdu; ð6Þ

where � represents both the quantum e±ciency of
the detector and the converting factor of the
digitizer,20L0 is the power of the light source
ðWm�2Þ, �t and �b are the attenuation coe±cient
and backscattering coe±cient, respectively.

As we all know, backscattered light is a part of
scattered light which is a part of attenuated light.
Thus, backscattered light is a part of attenuated

Fig. 3. Flowchart of optical characteristicparameters extraction.

N. Qin et al.
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light and its propagation direction is opposite to the
original direction. Let �bðzÞ ¼ ��tðzÞ perform the
equivalent substitution to the above equation and
then integrate from z to in¯nity, the ratio of Eq. (6)
to the result is the estimated attenuation, as shown
in Eq. (7).

�tðzÞ ffi
IðzÞ

2
R1
z

IbðuÞdu
: ð7Þ

Furthermore, the attenuation coe±cient
obtained according to the OCT image intensity is

�½i; j� ffi I½i; j�
2�

P1
y¼jþ1 I½i; j�

: ð8Þ

Here, the OCT image intensity is expressed as a
matrix I½i; j� of size M �N , i and j represent the
number (pixel) of A-scan and depth, respectively, �
is the size of pixel in the OCT image (mm/pixel).

The model is further extended to estimate the
backscatter term: assume that the depth coordi-
nates in the uniform area start at z1 and end at z2,
thus, we believe that the attenuation coe±cient and
backscattering coe±cient at each depth z 2 ðz1; z2Þ
are all the same, that is, �tðzÞ ¼ ~�t and �bðzÞ ¼ ~�b ,
so Eq. (6) can be simpli¯ed to the following formula:

IðzÞ ffi L 0 � ~�b � e�2�r� ~�t ; ð9Þ
where r ¼ z� z1 and r 2 ½0; z2 � z1�. The formula

L 0� ¼ L0 � e�2
R z1

0
�tðuÞdu is the reduced light intensi-

ty along the path from the catheter to the desig-
nated area,20L 0 is the reduced optical power at the
depth z1, which has the same unit as L0.

We de¯ne z1 and z2 as the beginning and end of
a pixel, then e�2�r� ~�t is approximately 1 because r
is very small. Divide Eq. (10) by the factor

e
�2

R z1

0
�tðuÞdu and take the logarithm to get the ap-

proximate value of the backscatter term:

TbðzÞ ¼ ln
L0

�
� ~�b ffi ln IbðzÞ þ 2

Z d1

0

~�tðuÞdu; ð10Þ

where ~�tðuÞ is the estimated attenuation at depth u.
The de¯nition term TbðzÞ is linearly related to the
logarithm of the backscattering coe±cient and has a
constant o®set related to the initial incident energy
L0 and the imaging parameter �. According to this,
we get the backscattering coe±cient �b as follows:

�b½i; j� �
ln I½i; j� þ 2�

Pj
y¼1 I½i; y�

ln L0

�

: ð11Þ

According to Eqs. (8) and (11), the attenuation
coe±cient and backscattering coe±cient corre-
sponding to each pixel can be calculated point by
point, and stored in a two-dimensional matrix.

2.4. Statistical analysis

SPSS (Statistical Product and Service Solutions)
was used to perform statistical analysis on the op-
tical characteristic parameters of di®erent samples.
Univariate of the general linear model was selected
to compare them pairwise to obtain the descriptive
statistics and homogeneity tests. And then the
statistical results were described.

3. Experiments and Implementation

There are two parts for the experiments,
including optical phantoms and biological tissue in
this section. Prepare the samples respectively, and
then extract the optical characteristic parameters
based on the OCT data so as to study the di®er-
ences of optical properties between di®erent
structures.

3.1. Phantoms design

Ideal parallel phantoms for experiments were fab-
ricated using spin coater, including single-layer
phantoms of atherosclerotic plaque and multi-layer
phantom of coronary artery. In order to be as
close to the actual biological tissue as possible, the
preparation ratio of this section refers to that in the
literatures.21,22

The substrate material PDMS for the plaque
phantoms with single-layer parallel structure is
10mL and the ratio of the two groups is 10:1. The
detailed proportioning information of the scattering
diluent and the absorbent is shown in Table 2.

Tables 3 and 4 show the results of optical char-
acteristic parameters of plaque phantoms. The
values are given in the form of mean � standard
deviation (mean � std). Lipid phantom has the
characteristics of strong backscattering and strong
attenuation; calci¯ed phantom has weak backscat-
tering and attenuation; ¯brous phantom has the
characteristics of strong backscattering and weak
attenuation. It can be seen that the optical char-
acteristic parameters between di®erent types of
plaque phantoms presented by the table data

Research on optical properties of cardiovascular tissues based on OCT data
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conform to the optical properties of the plaques to a
certain extent.

Previous research23 has shown that the atten-
uation coe±cient of atherosclerotic plaques
obtained from OCT data with a light source of
which center wavelength is 1300 nm between 11
and 20mm�1. Comparing the results of the optical
characteristic parameters found that using Al2O3

particle as the scattering diluent is closer to the
characteristics of cardiovascular tissues. On the
other hand, in the literatures21,22 they also chose
Al2O3 particle as the scattering diluent to fabri-
cate the phantoms of blood vessel structure. And

compared to TiO2, Al2O3 has a lower viscosity so
it is easier to be compatible with PDMS, that is, it
is easy to prepare a phantom with uniform texture
using Al2O3.

Therefore, Al2O3 is used as the only scattering
diluent when preparing the multi-layer phantom,
which is arterial phantom with three-layer parallel
structure. According to the preparation ratio in the
literature, the detailed proportioning information is
shown in Table 5. Figure 4 shows the sample of
cardiovascular phantoms. They are plaque phan-
toms with single-layer parallel structure and arterial
phantom with three-layer parallel structure.

Table 2. The prepared proportion of single-layer parallel phantoms of plaques.

Types of
phantoms Number Scattering particle

Concentration of
scattering diluent (mg/mL)

Concentration of
absorbent (mg/mL) Thickness (mm)

Lipid A1 Al2O3 20 0.8 0.70
A2 TiO2 0.60

Calci¯ed B1 Al2O3 5 15 0.50
B2 TiO2 0.78

Fibrous C1 Al2O3 20 / 0.44
C2 TiO2 0.60

Table 3. Results of optical characteristic parameters of plaque phantoms with
Al2O3 as a scattering diluent.

Serial number Type A1 Lipid Al B1 Calci¯ed Al C1 Fibrous Al

�t 17.8248 � 4.7712 17.9720 � 7.6143 15.0350 � 6.7037
�s 3.1818 � 3.0901 3.2655 � 3.2401 3.1328 � 2.8159
�b 0.8546 � 0.0735 0.8599 � 0.1009 0.8614 � 0.0919

Table 4. Results of optical characteristic parameters of plaque phantoms with
TiO2 as a scattering diluent.

Serial number Type A2 Lipid Ti B2 Calci¯ed Ti C2 Fibrous Ti

�t 15.9754 � 4.2921 9.6713 � 6.6322 9.1979 � 3.1411
�s 2.2295 � 1.7297 2.7192 � 2.0534 2.0103 � 1.9712
�b 0.9145 � 0.0819 0.7627 � 0.1193 0.8375 � 0.0627

Table 5. The prepared proportion of three-layer parallel phantom of artery.

Layer Types of structure Concentration of scattering diluent Concentration of absorbent

1 intima 20mg/mL /
2 media 14mg/mL 0.5mg/mL
3 adventitia 60mg/mL /

N. Qin et al.
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3.2. Tissue anatomy

The sample of porcine heart was ordered in the
supermarket. The porcine heart was taken from the
domestic pig slaughtered in the early morning of the
same day and sent to the supermarket without
freezing. The coronary arteries were taken out as
soon as possible after we got the sample in time.

The preparation process is shown in Fig. 5.
Figure 5(a) shows the porcine heart, and it is easy to
observe the aortic ostium. There are two luminal
openings thereby (marked by the red circle), which
are starting point of the left and right coronary
arteries, respectively. Since the experimental OCT
is planar scanning, the tubular coronary artery
sample needs to be sectioned radially to facilitate
OCT imaging, and then to be placed in physiolog-
ical saline for use. After taking the OCT images,
coronary artery sample were placed into 4% para-
formaldehyde for ¯xation immediately, in support

of the tissue slice staining for histological veri¯ca-
tion. In order to shorten the operation time and
keep the samples fresh, all of the operation steps
were arranged very compact during the whole
experiment process.

4. Results and Discussion

4.1. Optical phantoms

Figure 6 is the OCT images corresponding to dif-
ferent plaque phantoms. The OCT image signal of
the ¯brous plaque phantom is relatively strong.
Calci¯ed plaque phantom and lipid plaque phantom
are regions with lower signal intensity, however, the
former has relatively clear border and that of the
latter is more blurred. The results of OCT images
are consistent with the image characteristics of the
atherosclerotic plaque.

The statistical analysis result is shown in Fig. 7
for optical characteristic parameters of plaque
phantoms fabricated by di®erent scattering diluent.
The meanings of the letters involved in the abscissa
in Fig. 7 are that: ut, us, and ub respectively rep-
resent the attenuation coe±cient, the scattering
coe±cient, and the back-scattering coe±cient; C, F,
and L represent the calci¯ed, ¯brous, and lipid
plaque phantoms, respectively; Al and Ti represent
the scattering diluents Al2O3 or TiO2 particles.
That is, Figs. 7(a), 7(c), and 7(e) are the statistical
analysis results of the optical characteristic para-
meters of calci¯ed, ¯brous, and lipid plaque phan-
toms prepared by Al2O3 as the scattering diluent.
Similarly, Figs. 7(b), 7(d), and 7(f) are the statis-
tical analysis results of the attenuation coe±cient,
scattering coe±cient, and backscattering coe±cient
of the three plaque phantoms when TiO2 is used as
the scattering diluent.

In Fig. 7, p < 0:01 indicates that there is a sig-
ni¯cant di®erence between the two. The results
show that whether the scattering diluent is Al2O3 or
TiO2, the attenuation coe±cients, scattering coef-
¯cients, and backscattering coe±cients of lipid,
calci¯ed, and ¯brous plaque phantoms all have
signi¯cant di®erences.

The OCT image of the arterial phantom is shown
in Fig. 8(a). The three-layer bright-dark-bright
parallel structure can be clearly seen, which con-
forms to the OCT image characteristics of the
structure of arterial vessel. And Fig. 8(b) is the re-
sult of recognition of the phantom by dynamic

Fig. 5. The preparation process of coronary artery of domestic
pig. (a) The porcine heart. (Red circle: the starting point of
coronary artery.) (b) Tubular coronary artery after peeling and
removing peripheral tissues. (c) Flattened coronary artery after
dissection.

Fig. 4. The sample of arterial phantoms with three-layer
parallel structure. (a) Sample of plaque phantoms. (b) Sample
of arterial phantom.
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programming algorithm, in which the boundary
lines are marked with lines in di®erent colors.

The optical characteristic parameters of the
three-layer structure of the arterial phantom, that
are intima, media, and adventitia respectively, are
distributed in a certain interval, and there are dif-
ferences between di®erent structures. For example,
the di®erences of backscattering coe±cient between
the adventitia and the other two layers are greater
than that between the intima and media, while the
attenuation coe±cient of the media is smaller
compared with that of the intima and adventitia.

Even though the di®erences are not signi¯cant,
comprehensive consideration of the di®erences
among multiple optical characteristic parameters
can improve the discrimination among di®erent
structures.

The statistical analysis of the optical character-
istic parameters of the arterial phantom, as shown
in Fig. 9, contains the statistical di®erences of the
optical characteristic parameters of the three-layer
structure of arterial phantom, namely the intima,
the media, and the adventitia. In Fig. 9, p < 0:01
indicates that there is a signi¯cant di®erence

Fig. 6. OCT images of plaque phantoms. (a1)–(c1) Lipid, calci¯ed and ¯brous plaque phantom with Al2O3 as a scattering diluent.
(a2)–(c2) Lipid, calci¯ed and ¯brous plaque phantom with TiO2 as a scattering diluent.

(a) (b) (c)

(d) (e) (f)

Fig. 7. The results of statistical analysis of the optical characteristic parameters of the plaque phantoms. (P < 0:01 have signif-
icant di®erences.)
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between the two, and p > 0:05 indicates that there
is no signi¯cant di®erence between the two. The
result shows that the intima, media, and adventitia
of the arterial phantom all have signi¯cant di®er-
ences in the attenuation coe±cient and scattering
coe±cient. But for the backscattering coe±cient,
there are signi¯cant di®erences between the intima
and the other two, while there is no signi¯cant dif-
ference between the media and adventitia.

4.2. Biological tissue

The optical signals of the intima and adventitia of
the coronary artery are stronger than that of the
media, because they contain more collagen ¯bers
than the media thus their ability of backscattering
is stronger than the media composed of smooth
muscle cells. Therefore, the three-layer structure of
normal coronary artery can be clearly seen in the
IVOCT image. The main manifestations are: the
intima and adventitia are high-brightness areas, the
media is a low-brightness dark zone, and the overall

appearance is bright-dark-bright IVOCT image
characteristics.

Figure 10 is the result of comparison of OCT
image and corresponding histological image. As
Fig. 10(a) shows, it can be clearly seen that the
layered structure of coronary artery, the corre-
sponding three-layer structure presents bright-dark-
bright image features. The morphology can be
clearly observed, that is, three types of cells can be
seen in a layered distribution, just as shown in
Fig. 10(b). The ¯rst layer from top to bottom is
endothelial cells, a thin layer °attened epithelial
cells, corresponding to the intima of the coronary
artery. The second layer is smooth muscle cells with
a long spindle-shaped nucleus and many organelles
in the plasma on both sides of the nucleus, the size
of which depends on the functional morphology,
that is corresponding to the media. The third layer
is connective tissue corresponding to the adventitia,
which contains a large amount of intercellular sub-
stance. There are many types of cells but few in
number in the intercellular substance, irregularly
arranged and scattered with no polarity. Therefore,
there is a good agreement between OCT image and
histology.

The dynamic programming algorithm is used to
identify the structural layer between di®erent tis-
sues in the OCT image. Just as shown in Fig. 11, the
boundary of each layer of tissue structure is marked
with a line in di®erent color. The thickness of dif-
ferent tissue structure is calculated as shown in the
middle column of Table 6, and the values are given
in the form of mean � std. The last column is the
reference value of the actual thickness measured
from the histological result of the coronary artery. It
proves that the thickness obtained by the dynamic
programming algorithm are almost consistent with
the actual thickness.

Fig. 8. OCT image of arterial phantom. (a) Original OCT
image. (b) Structure recognition by dynamic programming
algorithm.

Fig. 9. The statistical analysis results of the optical charac-
teristic parameters of the arterial phantom.

Fig. 10. The result of comparison of OCT image and corre-
sponding histological image. (a) OCT image. (b) The image of
corresponding histological result.
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For each optical characteristic parameter, the
values of di®erent vascular structures are distrib-
uted within a certain range and have slight di®er-
ences between each other. Statistical analysis is
performed and the result is shown in Fig. 12. It
shows that the attenuation coe±cient and scatter-
ing coe±cient of the intima, media, and adventitia
of the coronary artery are signi¯cantly di®erent,
and the backscattering coe±cient of the intima are

signi¯cantly di®erent from that of the media and
adventitia. Only there is no signi¯cant di®erence in
backscattering coe±cient between the media
and adventitia. This result is consistent with the
experimental result of the aforementioned arterial
phantom.

5. Conclusion

By studying the optical properties of optical phan-
toms and domestic pig coronary artery, a method
for characterizing the optical properties of cardio-
vascular tissues is proposed. The method is the
foundation for further research on the optical
characteristic parameters of atherosclerotic plaque.
The ultimate aim of this research is to study the
optical property di®erences in di®erent types of
atherosclerotic plaques based on original OCT data,
in order to quantitatively evaluate atherosclerotic
plaques based on the optical characteristic
parameters.

The method set up in this research can directly
transfer to the analysis of atherosclerotic plaques.
The dynamic programming algorithm is used to
realize the automatic recognition of the sample
based on the OCT image, that is, identify the area
boundary of the same tissue structure, so as to
study optical properties in a targeted ROI; the op-
tical characteristic parameters, including attenua-
tion coe±cient, scattering coe±cient, and
backscattering coe±cient of samples, are extracted
from OCT data by the EHF theoretical model and
DR model. The phantom of atherosclerotic plaque
can be used to verify the rationality and validity of
the theoretical model and make the model more
reasonable. The structure of blood vessel is deter-
mined by comparison between OCT image and
histological result. And then, the optical charac-
teristic parameters of the blood vessel and plaques
are extracted from original OCT data. The di®er-
ence between the blood vessel and plaques can be
displayed by the multiple parameters so that fur-
ther quantitative identi¯cation of atherosclerotic
plaque is realized according to the optical charac-
teristic parameters. The comprehensive consider-
ation of multiple optical characteristics of the
plaques ensures the reliability of the arti¯cial
intelligence recognition system. And plaque identi-
¯cation can be more objective without relying on
the experience of clinicians.

Fig. 11. Schematic diagram of the structural layer of the
coronary artery identi¯ed by dynamic programming algorithm.

Table 6. The thickness of each layer of coronary artery of
porcine heart.

Layer structure Thickness (�m) Reference value (�m)

Intima 42.2535 � 1.4215 41.41
Media 253.8952 � 64.9755 200.19
Adventitia 180.7690 � 22.6146 127.06

Fig. 12. The statistical analysis results of the optical charac-
teristic parameters of coronary artery of porcine heart.
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