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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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CermeHTaumA o4arosbix 06pasoBaHUiA NeYeHU U BUPTYa/IbHAA pe3eKuus
Ha OCHOBE faHHbIX KOMMNbIOTEPHOM TOMOrpadum

3enbtep .M., Koncarnos A.B., MbiwkuHa 10.C.

Camapckuii 2ocydapcmeennbuiii meouyunckuti ynueepcumem (Caml’MY)
Poccus, 443099, 2. Camapa, yn. Yanaesckas, 89

PE3IOME

Heas paboTs! — MPOTECTHPOBATH PAOOTY IUIATHHOB II0 CETMEHTAINH U BUPTYaJIbHON PE3EKIIMH 0YaroBBIX 00pa3o-
BaHMI MEYSHN HA OCHOBE JaHHBIX KOMIBIOTEPHON TOMOTrpadui.

Matepuaisl 1 MeToabl. [[poBeneH aHanu3 JaHHBIX KOMIIBIOTEPHOH TOMOrpadguu OpraHoB OPIOIIHON MOJIOCTH C
OOIOCHBIM KOHTpacTupoBanueM 80 MarueHTOB ¢ 04aroBEIMU 00pa3oBaHuAMH nedueHn. Cermenrtanus u 3D-moze-
JMPOBAHUE TOMOTPaMM IIPOBOIHMIIOCH B CHCTEME «ABTOIIIAH» BPadaMH-PEHTI€HOIOTaMH TIPH HETIOCPEICTBEHHOM
Yy4acTHH Bpada-Xupypra.

PesyabTarsl. OnpeneneHa CTpyKTypa HO30JIOTHI NEUEHH y MAalMeHTOB (HauboJsiee 4acTo BCTPEYANIUCh TeMaH-
ruomsl y 21,25% u3 80 maunenToB, kucthl y 20% obcnenyeMsIx, napasurapHbie KUCTHL Y 20% OOJBHBIX H T.1.)
0 IaHHBIM KOMITBIOTEPHOI ToMOrpadun. 3aTeM NPOBOAMIACH CETMEHTAIMs TIEYEHH, e¢ 04aroBbIX 00pa3oBaHuil,
apTepuil ¥ BEH C MOMOIIBIO CHCTEMBI «ABTOIUIaH». XUPYpPr ONpeaessia o0beM MapeHXUMBbl B OYaroBBIX 00pa-
30BaHU TEYEHH C MOMOIIBIO CTaHIAPTHOH (QYHKIHH «0OBEM CerMEHTAlUM», BHIOUPAJ ONTUMANBHYIO TaKTHKY
JICUeHMs U TPOBOJUII BUPTYAJIbHYIO pe3eKIMIo. B psjie ciyuaeB IpUMeHEHHE CeTMEHTAalMU U IPEA0IePalluOHHOIO
TUTAHUPOBAHMS TTO3BOJIMIIO OTKA3aThCsl OT 3aBEZOMO Hed((EKTHBHOM onepanny. B pesynbraTe pe3ynbTaTHBHOCTD
MOJZIENMPOBaHKs B ”HQOPMUPOBAHUHU XMPYpra H3MEHUIIA TAKTUKY BeAeHHs 42 MalieHTOB.

3axunoyenne. [lomydeHHbIE pe3yIbTaThl CBUAETEILCTBYIOT O TOM, YTO MCIOIb30BAaHUE IUIATMHOB CUCTEMBI «AB-
TOIUTAH» JUIS INTAHUPOBAHMS a0JOMUHAIBEHOI XUPYPIHUH TTO3BOJISIET: 1) IPOBECTH CEIMEHTALUIO IIEUSHNU, 09aroBEIX
0o0pa3oBaHuUil ¥ COCYIOB; 2) ONPENEIUTh PACHIONIOKEHIE 04aroBOro 00pa3oBaHus B TOM WM HHOM CETMEHTE, UX
KOMOMHAIWH; 3) IPOBECTH BUPTYAIbHYIO IUNIOCKOCTh PE3EKINH, OLICHUTH CTPYKTYPHI, IIPOXOISIINe Yyepe3 Hee; 4)
BBIOpATh ONTHMAIBHYIO TAKTUKY BMEIIATEIFCTBA MIIM OTKA3aThCsl OT HETO BCIIEACTBHE OOBEKTHBHBIX aHATOMHUUE-
CKUX MPUYUH.

KuroueBrble ciioBa: xomnbioTepHas ToMorpadus, npeaonepanrontoe 3D-MoaenupoBanye, CErMeHTaLMsI, Pe3eK-
115l ICUCHHU, CUCTEMa «ABTOILIAH».

KonpaukT nunTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI IpHu OPpOBEACHUU UCCIIENO0-
BaHUA.

CooTBeTcTBHE NPUHIMNAM 3THKH. Bee nuna, yqacTByromue B UCCIIEIO0BAaHHH, ITOJIINCATH HHGOPMHUPOBAHHOE
corjacye Ha yJacTHe B HccienoBanui. MccrenoBanue 0j00peHo JTOKaIbHBIM ATHYECKAM KoMUTeTOM CaMapcKoro
rOCyapCTBEHHOTO MEUIIMHCKOTO yHUBepcuTeTa (rmporokon Ne 205 ot 19.02.2020).

Jist nurupoBanusi: 3enstep [1.M., Koncano A.B., ITeikuna FO.C. CermeHTtanyst 04aroBslx o0pa3oBaHHi I1e-
YEHHU U BUPTyallbHasl PE3EKIM HA OCHOBE JAaHHBIX KOMIIBIOTEPHOU ToMorpaduu. broanemens cubupcko meouyu-
net. 2021; 20 (1): 39-44. https://doi.org: 10.20538/1682-0363-2021-1-39-44.

Segmentation of focal liver lesions and virtual resection based on computed

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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Segmentation of focal liver lesions and virtual resection based on computed

Table 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
i
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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.

e A s

il e A e e ase - G s

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

Table 2
Distribution of focal lesions by liver segments
Segment S1 S2 S3 sS4 S5 S6 S7 S8 Multiple
segments
Number of 5 7 8 7 9 7 11 8 18
patients

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-
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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. 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

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

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.

Table 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 3
hemihepatectomy
Changing the initial tactics after analyzing planar 3
images
Refusal from resection due to the small volume of 5
preserved parenchyma
Refusal from intervention due to vascular anatomy 3
Refusal from intervention due to vascular invasion 3
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