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Abstract: Intravascular optical coherence tomography 
(IV-OCT) is an imaging modality in-vivo based on the 
introduction of an intravascular catheter for viewing the 
inner wall of blood vessels with a spatial resolution of 
10μm to 20μm. The acquisition and analysis of vessel 
images by IV-OCT are recent and enables several new 
applications and the development of automatic 
techniques of computer vision and related areas. This 
paper aims to describe a fully-automatic method to 
compute vessel's lumen area in IV-OCT images with 
challenges including the presence of catheters, guide 
wires and atherosclerotic plaques. Tests were performed 
in 787 human IV-OCT images presenting a mean 
difference in area of 0.04 mm2 comparing with manual 
segmentations. The results raise the possibility that 
automatic methods have to perform a subsequent lumen 
contour correction in case of bifurcation regions.  
Keywords: OCT, segmentation, intravascular, computer 
vision 
 
Introduction 
 

Optical coherence tomography (OCT) is based on 
the technology of low-coherence interferometry and 
provides cross-sectional images of tissue samples with 
resolution far superior to any other form of imaging 
modality in-vivo. This technology has many similarities 
with ultrasound imaging, but instead of using sound, it 
uses the scattering of light in the near infrared frequency 
as the signal source. 

Intravascular optical coherence tomography (IV-
OCT) is an in-vivo application of OCT based on the 
introduction of an intravascular catheter for viewing the 
inner wall of blood vessels. Several past studies 
evaluated the utility of IV-OCT [1]-[2], showing many 
advantages over other modalities such as intravascular 
ultrasound (IVUS), due to the resolution of 10μm to 
20μm, allowing the visualization of tissues in the 
microscopic scale [3]. In [4] was analyzed the difference 
between both modalities. The acquisition and analysis 

of vessel's images by IV-OCT are recent and enables 
several new applications and the development of 
automatic techniques of computer vision. 

Manual segmentation of structures in an IV-OCT 
image involves a large number of slices, which is time-
consuming and operator dependent. In this paper, we 
propose a fully-automated method to segment coronary 
lumen area in human IV-OCT datasets. An evaluation 
was performed between a manual segmentation by an 
expert and the proposed automatic method using 675 
slices of 5 different patients out of carina (bifurcation 
region) and 112 slices on carina. The discussion section 
shows the comparison between the results from the 
proposed method and other methods in the literature. 
 
Materials and Methods 
 

Images were collected by a Fourier-Domain OCT 
(FD-OCT) system (C7-XR - OCT Intravascular Imaging 
System, St. Jude Medical, St. Paul, Minnesota) at Heart 
Institute, University of São Paulo Medical School 
(INCOR-HC FMUSP) under the process in ethic 
commission CAPPesq 0243/08. We analyzed 787 
frames from 5 pullbacks of 5 different patients 
immediately before stenting. In all datasets we had 
observed the presence of plaques and dissections. The 
input images to the proposed method were in DICOM 
format with dimensions 1024 x 1024 x 271 pixels with 
spatial resolution of 10 x 10 x 200 μm, with cartesian 
coordinates. 

The lumen contour from each IV-OCT frame is 
obtained after two processes shown in Figure 1. The 
first is the preprocessing, which includes a removal of 
speckle noise, catheter and the guide-wire. The second 
process is a set of operations including A-lines sweeping 
to find high gradients on the first vessel wall. 

Pre-processing – The input 2D image, represented 
by a cartesian coordinates system, is transformed to a 
polar coordinates system.  
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Our catheter segmentation technique exploits the fact 
that the Dragonfly catheter diameter has 2.7 French (F) 
~ 0.90 mm and the spatial resolution image is known. 
The catheter region is replaced with zero, removing the 
catheter sheath region from the image. As the IV-OCT 
image has intrinsic speckle noise, we performed a 
bilateral filtering [5] to smooth the image but preserving 
the edges.  

The Otsu method [6] was used to separate the region 
with high gradient magnitude, which consists mainly of 
the first vessel-wall layer. 

The Guide Wire (GW) is characterized by a bright 
reflection immediately followed by a shadow. 
Considering the GW diameter is 0.014 inches, to 
remove it, we applied an area constraint (only non-
significant size area can be removed). 

Method to detect lumen border – Based on [7], a 
pipeline was built to detect the lumen. Each A-line is 
scanned from the bottom to top of the image, until find a 
significant gradient. After this, the region below intima 
layer has value zero and the intima layer plus lumen 
region has value one.  To segment only the lumen region, 
a subtraction between the image containing intima plus 
lumen and the first image containing only the intima 
layer was performed. This operation can well define 
irregular borders, as in the case of vessel with thrombus 
or dissections. To eliminate holes and shadows of any 
struts, a sequence of five dilations followed by five 
erosions was applied, the number of operations being 
related to the maximum degree that a shadow of a strut 
can occupy in the image. Since the GW shadow is 
always approximately 25 degrees, on the first line of the 
polar image, a GW shadow identification was 
performed searching for a horizontal gap of 20-35 pixels 
on the respective polar image. If a gap at the first line 
was identified, all corresponding A-lines were filled 

from top to the lumen border. Finally, the lumen border 
points were detected by Sobel edge detection method 
and the resulting polar image was transformed to an 
image with cartesian coordinates. A result of the lumen 
border detection is illustrated in Figure 2. 
 

 

Figure 2: Result of two different lumen border 
detections in the cartesian coordinates system. 

 
Validation experiments 
 

One independent expert observer, blinded to 
automatic segmentation results, was involved in the 
manual contour tracing process, and a gold-standard 
was established using the ImageJ software. According 
to [8], the vessel branching is a key region for plaque 
evolution, so each slice was visually classified as slice 
in a Bifurcation Region (BR) or in a Non-Bifurcation 
Region (NBR). For frames in BR, the manual 
segmentation prioritized the tracked main artery region. 
An example of a manual segmentation is shown in 
Figure 3. A set of six metrics were used to measure the 
accuracy of the proposed automatic method to the 
lumen detection considering as reference the manual 
segmentation. The measures are: 

 
 
Figure 1: Scheme of the proposed method to detected lumen border. 
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(a) (b) 

Figure 3: Manual segmentations. (a) lumen 
segmentation in a NBR. (b) lumen segmentation in a BR 
with a delineation splitting the two branches. 
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b) RMS Symmetric surface distance (RMSSSD): 
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c) Dice similarity (DSI):  
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d) Hausdorff distance (H): 
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e) Difference Area (DA):   

|AM=|DA    

 
f) Accuracy (ACC):  
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where Vm is the segmented volume by manual method, 
Va is the segmented volume by automatic method,  A 
and M are the lumen area from automatic segmentation 
and manual segmentation in millimeters respectively, a 
is a point at the lumen contour from the manual method, 
m is a point at the lumen contour from the automatic 
method, Na and Nm as the number of contour points of 
automatic and manual method respectively and finally 
TP is true positive, TN is true negative, FP is false 
positive and FN is false negative. 
 
Results 
 

The proposed algorithm was applied in 5 humans 
IV-OCT datasets totaling 787 frames without any user 
interaction and without the presence of stents. The 
evaluation was based on manual lumen segmentation by 
an expert. The results were divided in BR (112 frames) 
and NBR (675 frames). With the automatic method, we 

obtained a mean and standard deviation lumen area of 
4.81±2.5 mm2 versus 4.74±2.47 mm2 from method for 
NBR IV-OCT images, with linear regression of slope 
0.985, intercept 0.0008642, R2=0.996 and p<0.001. In 
the case of BR IV-OCT images the mean and standard 
deviation lumen area was 5.85±2.35 mm2 from 
automatic method and 5.16±2.06 mm2 from manual 
method. Table 1 shows all metrics computed from the 
proposed automatic method and Figure 4 shows the 
relative difference between the manual vs. automatic 
method for NBR slices according to Bland-Altman 
statistics.   

The manual segmentation of a slice took 
approximately 60 seconds. On the other hand, the 
processing time of automatic lumen segmentation for a 
slice took approximately 15 seconds considering a 
machine with CPU i7-3.46 GHz and RAM memory of 
32 GB.  
 
Table 1: Results of automatic algorithm and manual 
assessment compared together. 
 

Automatic x 
Manual 

Non-bifurcation 
slices 

Bifurcation 
slices 

n. slices 675 112 

VOE (%) 4.4± 2.7 16.0±10.8 

DSI (%) 97.7±1.5 90.9±7.0 

H (mm) 0.13±0.09 0.76±0.53 

RMSSSD (mm) 0.12±0.11 0.85±0.74 

DA (mm2) 0.04±0.03 0.27±0.21 

ACC (%) 99.8±0.09 99.14±0.73 
 

 
 

 
Figure 4: Bland-Altman manual vs fully-automatic 
method for NBR slices. 
 
Discussion 
 

This work shows a feasible fully automatic 2D 
lumen contour detector which has a similar quantitative 
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IV-OCT analysis to those derived manually by an expert. 
A computer-assisted lumen contour detection is 
unquestionably more practical than the use of a fully 
automatic method, but for research terms, involving 
thousand of slices, the latter one require much less 
expert operation time and does not suffer from possible 
interobserver and intraobserver-related deviations. 

Considering our results for NBR IV-OCT frames of 
the mean lumen area of 4.81 mm2 from automatic 
method and 4.74 mm2 from manual method (a 
difference of 0.06 mm2) it is possible to affirm that our 
results are similar to the results reported in the literature 
[9]–[11]. In theses reports, the difference of mean lumen 
area ranges from 0.04 mm2 to 1.0 mm2, considering 10 
to 20 IV-OCT datasets. Hausdorff distance and dice 
similarity index were computed in [12] and [13], while 
VOE was computed only by [12], considering a smaller 
number of slices (106 - 290) than used in the present 
work. They have presented results as H 0.07±0.05 mm, 
DSI between 97.7% and 97.8% and VOE as 4.6%. 
Based on the previous works, our proposed method, 
considering NBR slices, presented a very similar DSI of 
97.7% and VOE 4.4%. However, H was computed in 
this proposed automatic method as a higher  value (0.13 
mm), which means this method produces a greater 
discrepancy distance from manual result. 

As expected, the results for BR slices are worse than 
for the NBR slices. The main problem is the definition 
of the gold-standard because the rationale of the expert 
is to analyze only the main vessel and consider that the 
side branch should not be part of the segmentation. 
Therefore the expert excludes the side branch creating a 
virtual delineation between the two branches. However, 
our algorithm considers the entire lumen area, which 
makes for a poor comparison.  In order to minimize the 
error in BR slices it is necessary to improve the state-of-
art automatic segmentation methods. It is worth noting 
that, as far as we know, no other work evaluated an 
automatic 2D lumen contour detection method on BR 
slices from IV-OCT images. 

A more robust automatic method in BR slices could 
be developed to include a classification of each BR slice 
and a correction of the respective contours in order to 
delineate only the lumen area of the main vessel.  

 
Conclusions 
 

We have demonstrated the viability of a fully-
automatic method to measure lumen area in IV-OCT 
images and also the necessity of identifying bifurcation 
regions and posterior correction of the lumen contour to 
limit the area of only one branch on carina. 
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