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ABSTRACT

The aim of the study was to test the work of plugins for segmentation and virtual resection of focal liver lesions 
based on CT data.

Materials and methods. Analysis of CT data of the abdominal organs with bolus contrast enhancement in 80 
patients with focal liver lesions was carried out. Segmentation and 3D-modeling of the CT data was carried out by 
radiologists and the surgeon in the ‘Autoplan’ system.

Results. The nosological structure of the liver in patients was determined (the most common were hemangiomas in 
21.25% of 80 patients, cysts in 20%, parasitic cysts in 20%, etc.), according to the computed tomography results. 
The segmentation of the liver, its focal lesions, arteries, and veins was carried out using the ‘Autoplan’ system. The 
surgeon determined the volume of the parenchyma and focal liver formations using the standard function ‘volume 
of segmentation’, chose the optimal treatment tactics, and performed a virtual liver resection. In some cases, the 
use of segmentation and preoperative planning made it possible to avoid an inefficient surgery. The effectiveness of 
modeling changed the treatment tactics of 42 patients.

Conclusion. The obtained results indicate that the use of the ‘Autoplan’ system plugins for planning an abdominal 
surgery allows doctors: 1) to carry out segmentation of the liver, focal lesions, and blood vessels; 2) to determine 
the location of a focal formation in a particular segment, their combinations; 3) to perform a virtual resection, 
evaluate the structures passing through it; 4) to choose the optimal tactics of intervention or abandon it due to 
objective anatomical reasons.
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Сегментация очаговых образований печени и виртуальная резекция  
на основе данных компьютерной томографии
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РЕЗЮМЕ 

Цель работы – протестировать работу плагинов по сегментации и виртуальной резекции очаговых образо-
ваний печени на основе данных компьютерной томографии.

Материалы и методы. Проведен анализ данных компьютерной томографии органов брюшной полости с 
болюсным контрастированием 80 пациентов с очаговыми образованиями печени. Сегментация и 3D-моде-
лирование томограмм проводилось в системе «Автоплан» врачами-рентгенологами при непосредственном 
участии врача-хирурга.

Результаты. Определена структура нозологий печени у пациентов (наиболее часто встречались геман-
гиомы у 21,25% из 80 пациентов, кисты у 20% обследуемых, паразитарные кисты у 20% больных и т.д.) 
по данным компьютерной томографии. Затем проводилась сегментация печени, ее очаговых образований, 
артерий и вен с помощью системы «Автоплан». Хирург определял объем паренхимы и очаговых обра-
зований печени с помощью стандартной функции «объем сегментации», выбирал оптимальную тактику 
лечения и проводил виртуальную резекцию. В ряде случаев применение сегментации и предоперационного 
планирования позволило отказаться от заведомо неэффективной операции. В результате результативность 
моделирования в информировании хирурга изменила тактику ведения 42 пациентов.

Заключение. Полученные результаты свидетельствуют о том, что использование плагинов системы «Ав-
топлан» для планирования абдоминальной хирургии позволяет: 1) провести сегментацию печени, очаговых 
образований и сосудов; 2) определить расположение очагового образования в том или ином сегменте, их 
комбинации; 3) провести виртуальную плоскость резекции, оценить структуры, проходящие через нее; 4) 
выбрать оптимальную тактику вмешательства или отказаться от него вследствие объективных анатомиче-
ских причин. 

Ключевые слова: компьютерная томография, предоперационное 3D-моделирование, сегментация, резек-
ция печени, система «Автоплан».
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INTRODUCTION

Surgery planning is an important and integral 
step, especially in abdominal surgery. This process 
determines features of a clinical case and identifies 
possible problems during the operation. Planning 
includes standard physical examination of a patient, 
laboratory data analysis, and imaging techniques. 

For a comprehensive assessment of computed and 
magnetic resonance tomography imaging, model-
ing with constructing a polygonal model is used. 
This technique makes it possible not only to supple-
ment a standard study with visual three-dimensional 
images with pathology mapping, but also to obtain 
important numerical parameters. Modeling is based 
on the segmentation process [1, 2]. Segmentation is 
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division of an image into areas for which a certain 
criterion of uniformity is met [3].

Segmentation tasks can be divided into two 
classes: search and selection of areas in the image, 
the characteristics of which are reliably known, 
and automatic search for areas with some similar  
char- acteristics. Segmentation, preoperative plan-
ning and preparing for intraoperative navigation 
are possible with the help of the ‘Autoplan’ sys-
tem, which includes a workstation for a radiologist. 
This system was developed at the Center for Break-
through Research of SamSMU ‘Information Tech-
nologies in Medicine’.

The aim of the research is to test the work of 
plugins for segmentation and virtual resection of 
liver lesions based on the computed tomography 
data.

MATERIALS AND METHODS
The data of abdominal CT with contrast en-

hancement of 80 patients with focal liver lesions 
were analyzed. Studies were carried out on Toshiba 
Aqullion 32 CT (Japan). Then images in DICOM 
format were loaded into the ‘Autoplan’ hardware 
and software complex (registration certificate 
2019/8153 of 27.02.2019) [4]. Segmentation and 
3D-modeling were carried out by radiologists with 
the direct participation of the surgeon. The surgeon 
drew a virtual line of resection and set points of in-
terest (relationship with branches of the portal vein, 
sufficiency of blood flow in the preserved part, etc.). 
The processing of one study took from 15 to 30 
minutes, depending on the complexity of pathology 
and tasks.

RESULTS AND DISCUSSION
The following types of automatic segmentation 

are known: 1) thresholding; 2) region growing; 3) 
border detection; 4) texture segmentation methods.

The ‘Autoplan’ system uses the first three types 
of automatic segmentation in the segmentation 
system. Thresholding is the simplest segmentation 
method. It implies selection of areas homogeneous 
in brightness according to a threshold, which is 
determined automatically. Growing regions is a 
method that is based on joining regions closest in 
brightness. The idea behind the method is to ana-
lyze a pixel and grow the area to which it belongs 
based on most of its neighbors. Border detection is 

a method that is used to detect abrupt changes in im-
age brightness and find borders and contours [5]. To 
solve the most frequent tasks, plugins for automatic 
segmentation based on “average models” have been 
developed in the ‘Autoplan’ system: 1) automatic 
segmentation of the body surface; 2) automatic seg-
mentation of organs (liver, kidneys, spleen, lungs 
and trachea).

For vessels, an automatic segmentation plugin 
is also implemented in the presence of images of 
the corresponding phase of contrast enhancement: 
arterial for segmentation of arteries, venous for 
segmentation of veins. This plugin software mo- 
dule is used to visualize individual anatomy of the 
organ blood supply system, aortic pathologies (an-
eurysms, wall dissection, occlusion), and sites of 
tumor invasion into vascular structures in abdomi-
nal surgery. Automatic vessel segmentation is per-
formed by establishing a point within the lumen. 
In this case, complex Fast Marching and Geodesic 
Active Contours algorithms are used [6].

Two approaches are used to highlight the struc-
ture within the created segmentation, for example, 
a focal lesion within the liver parenchyma. The first 
one is manual contouring on several sections with 
further modeling based on the boundary interpo-
lation on raw sections. The second (which is more 
efficient) one is using the incremental segmentation 
plugin.

The ‘Incremental segmentation’ plugin is de-
signed for segmentation by gradual region growing 
from a given point, based on density and contours of 
the surrounding tissues. This type of segmentation 
is the fastest and most convenient of all semi-au-
tomatic tools due to the ‘spread’ of segmentation 
simultaneously in all three coordinates and due to 
passing around contrasted tissues.

As a result of computer segmentation, the doctor 
receives a polygonal model of internal organs with 
marked areas of pathology.

The structure of liver nosologies identified by 
CT data is presented in Table. 1.

Segmentation of the liver, focal lesions, arteries, 
and veins was performed. Further, the function ‘di-
viding liver into segments’ was used. In order to do 
this, standard points were identified on the surface 
of the liver, after which planes were automatically 
drawn (Fig. 1), dividing the liver into 8 segments 
according to the Couinaud classification [7].
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T a b l e  1

The structure of liver lesions identified 
in patients according to the computed tomography

Nosology Number of patients
Hemangioma 17
Cyst 16
Parasitic cyst 16
Hepatocellular cancer 11
Abscess 10
Metastasis 8
Adenoma 2

The distribution of focal lesions by liver seg-
ments is shown in Table. 2.

Afterwards, if it was necessary to perform a sur-
gical intervention, the surgeon determined the vol-
ume of focal lesions and liver parenchyma using the 
standard function ‘Segmentation volume’. When 
the lesion was located in one segment, segmentec-
tomy was chosen as the tactics of treatment; when it 
was located in several segments, hemihepatectomy 
or atypical resection was selected. 

Fig. 1. Segmentation of the liver, arteries, and veins. Dividing the liver into segments using the ‘Autoplan’ system

A virtual resection was carried out, which con- 
sisted in constructing a line of any shape, cutting 
off the volume that the surgeon plans to remove 
from the bulk of the resulting segmentation (in this 
case, an organ model). The advantage of perform-
ing virtual resection is preoperative informing of 
the surgeon about possible complications, as the 

branches of portal vein and hepatic veins are visi-
ble in the resection plane [8]. It gives the surgeon 
the opportunity to choose an optimal resection 
method based as well on the residual parenchyma 
volume. The volume of any segmentation, both re-
moved and remaining part of the liver, is displayed 
automatically [9]. Planning of a right-sided hemi-

Bulletin of Siberian Medicine. 2021; 20 (1): 39–44

T a b l e  2
Distribution of focal lesions by liver segments

Segment S1 S2 S3 S4 S5 S6 S7 S8 Multiple 
segments

Number of 
patients 5 7 8 7 9 7 11 8 18
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hepatectomy in a patient with multiple hydatid 
cysts is shown in Fig. 2.

In some cases, the use of segmentation and pre-
operative planning made it possible to abandon the 
obviously ineffective operation. Here is a clinical 
example of patient I., 32 years old. The patient went 
to the hospital with complaints of pain and heavi-
ness in the right hypochondrium, general weakness, 
loss of appetite, and stool disorder. Computed to-
mography of the abdominal organs with bolus con-
trast enhancement was performed according to the 
standard protocol. The results are shown in Fig. 3.

In the right lobe of the liver, a large lesion with 
an inhomogeneous structure was found, and in the 
central parts, a formation with pronounced calci- 
fication and hypovascular periphery was detected. 
Compression of the inferior vena cava and signs of 
invasion in the branches of the portal and right he-
patic veins were observed. Impression: liver alveo-
coccosis. 

Fig. 3. Computed tomography of the abdominal organs of patient I., axial and coronal reconstruction, venous phase. In the right lobe 
of the liver, there is a massive heterogeneous zone with calcification

Fig. 2. 3D-model of the liver of the patient K. Green color 
indicates the preserved part, yellow – the resected part. Hydatid 
cysts are highlighted with red color, branches of the portal and 

hepatic veins are highlighted with purple color
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To assess the resectability of the lesion, recon-
struction in the ‘Autoplan’ system was performed. 
The result is shown in Fig. 4.

Modeling made it possible to detect an extensive 
arterial and venous invasion of the alveococcus, 
which did not allow its resection as it could lead to 
massive intraoperative blood loss. The patient was 
consulted by a transplant doctor and his data were 
added to the waiting list for a liver transplant [10].

The effectiveness of modeling in informing the 
surgeon and changing the tactics in 42 patients is 
shown in Table 3.

T a b l e  3
The effectiveness of modeling in informing the surgeon and 

changing the tactics

Performance indicator Number of 
patients

The choice of tactics in the form of segmentectomy 9
The choice of tactics in the form of atypical resection 6
The choice of tactics in the form of 
hemihepatectomy 8

Changing the initial tactics after analyzing planar 
images 8

Refusal from resection due to the small volume of 
preserved parenchyma 5

Refusal from intervention due to vascular anatomy 3
Refusal from intervention due to vascular invasion 3
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Fig. 4. 3D-model of liver alveococcosis. The zone of 
alveococcosis is highlighted with green color, invasion of the 
portal vein, inferior vena cava, and common hepatic artery are 

clearly shown

CONCLUSION
Thus, the use of the ‘Autoplan’ system plugins 

for planning an abdominal surgery allows doctors: 
1) to carry out the segmentation of liver, focal le-
sions and blood vessels; 2) to determine the location 
of a focal formation in a particular segment, their 
combination; 3) to perform a virtual resection, eval-
uate the structures passing through it; 4) to choose 
the optimal tactics of intervention or abandon it due 
to objective anatomical reasons.
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