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Abstract

Computed tomography volumetry is the standard method for preoperative estimation of liver volume.
Despite the development of various software, the trend towards discrepancy in the calculation of liver
volume compared with any of the methods and intraoperative graft weight remains.

The aim of the study was to optimize the manual method of CT volumetry donor’ liver, determine its
accuracy and compare it with the standard method.

Material and methods. A single-center prospective study including data from 60 liver donors who
underwent computed tomography, CT volumetry and liver transplantation at the National Scientific Surgery
Center named after A.N. Syzganov for the period 20718-2022.

Results. The Pearson correlation between the right liver lobe volume estimated by the standard method
and the graft weight was 0.730 (p<0.01), the Pearson correlation between the liver volume calculated by the
optimized method (-10 HU) and the graft was 0.757 (p<0.01), and the correlation between the optimized
method (-20 HU) and graft weight - 0.860 (p<0.07). The Pearson correlation coefficient of the optimized
method (-20 HU) is statistically significantly higher than the correlation coefficient of the standard manual
method (p=0.026), the difference between the correlation coefficient of the optimized method (-10 HU) and
the standard one is statistically insignificant (p=0.375). The degree of discrepancy between the optimized
method (-20 HU) was 8.4%, manual method - 12.7%. There is a statistically significant difference between
the degree of discrepancy between the standard manual and optimized method (-20 HU) (p=0.029).

Conclusions. Optimization of the manual CT volumetry method with a decrease in the liver density
threshold by 20 HU demonstrated a statistically significantly high correlation coefficient with the graft
weight, and also significantly reduced the degree of discrepancy.
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AHpatna

KomnibroTeprik-TomorpagusisibiK BonroMeTpusi — 6ayblp KeseMiH onepauus angbiHaa 6aranayra
apHasiFaH cTaHAapTTbl agic. Typni 6argapnamarnslk )xacaKkTamasaapAblH AaMyblHa KapamacTaH,
TpaHCcNAaHTaTTblH MHTpaornepayusanblK casMarbl MeH 6ayblp KeseMiH ecenTeypiH Ke3-KesreH
dAiCTepiMeH caslbICTbIpFaHAa CoMKeCCi3AiK TeHAEHUMNACHI caKTaslbir OTbIp.

3epTTeyapid, MakcaTbl — [JOHOp 6aybipbiHbiH KT-BOAOMETpUSCbI MaHyanbAbl 9AiICIH
OHTaW1aHAbIPY, OHbIH HaKTbI/IbIFbIH @HbIKTay XXoHe CTaHAapTThl 94iCreH cabICTbIpy.

Marepuangap MmeH agictepi. 2018-2022 k. apasnbifbiHga A.H. CbisfaHoB aTbiHAarbl ¥NTThIK,
FbIIbIMU XUPYPrisi opTasibiFbiHAa 6ayblp TpaHcnAaHTauuschl xaHe KT-sonromeTpusi, KoMmrbroTepik
ToMorpagusinaH eTKkeH 60 6aybip JAOHOPbIHbIH MaNIMETTEPIH KaMTUTbIH 6ip OpTasbIKThbIK
MPOCIEeKTUBTIK 3epTTey.

Hatmxkenepi. CTaHAapTTbl 94ic apKbl/bl ecentesireH 6ayblpAblH OH )KakK Y/€eCiHiH KeneMi MeH
rpagTmaccachl apanbifbiHgarbl [TupcoH koppensyuscel 0.730 (p<0.01) Kypaabl, oHTav1aHAbIpblIFaH
a4ic (-10 HU) apKbisibl ecenTenreH 6aybip KeseMi MeH rpagTbiH apacbiHAarbl [TMPCOH KOpPensynachI
0.757 (p<0.01), an oHTavinaHAbipbiaFaH agic (-20 HU) apacbiHgarbl koppensuus (p<0.01) Kypaabl.
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OHTannaHgbIpbiaFaH agicTiH (-20 HU) MupcoH KoppensiyuscbiHbiH KO3GOULUMNEHTI cTaHAapTThbl
MaHyasnbAbl 94iC KOpPensiunsiCbiHbIH, KO3 UUMEHTIHe KaparFaHfAa CTaTUCTUKasblK TypFbiAaH
Xxofapbl (p=0.026), oHTannaHgbipbinFad agic (-10 HU) neH ctaHZapTThl 84iC KOPPEAALMUACHIHbIH
Koa(puLmeHTTepi apacbiHAarbl avibipMallblibiK CTaTUCTUKaNbIK TypfblgaH eneycisz (p=0.375).
OHTaunaHAabIpblIFaH 94iCTiH aibipMallbl/ibiK Aspexeci 8,4%-Abl, an MaHyasbAbl dAICTIH aslllaKThiK,
aspexeci 12,7%-Abl Kypadbl. CTaHAapTTbl MaHyaslb/bl XXaHe OHTakaaHAbIpblIFaH agicTiH (20 HU)
albIpMallblblK, Adpexesiepi apacbiHfa CTaTUCTUKasbIK TYPFblAaH MaHbI3fbl anblpMallbliiblK,
6avikanagnl (p=0.029).

KopbITbIHAbI. baybipabiH ThiFbI3AbIK weriH 20 HU-fa a3aita oTbipbin KT BOIHOMETPUSIHbIH,
MaHyasnb/Abl 94ICiH OHTannaHAbIpy rpa@T casMarbl MeH KOppPensiyusiCbiHbIH, CTaTUCTUKAIIbIK,
)KOFapbl KO3 UUNEHTIH KOPCEeTTi, COHAan-aK asllaKTblK AopexeciH efayip TOMEeHAETTi.

MeTtop onTtumusauum KT-soniometpumn

neyeHun Npu poLCTBEHHON TPaHCN/IAHTaL UK
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AHHoTauus

KomnbroTepHO-TOMOrpaguyeckasi  BOJIIOMETPUSI  SIB/ISIETCA  CTaHAapTHbIM —~ METOZOM
rnpeaornepaLnoHHON OLeHKM obbemMa revyeHn. HecMoTpsa Ha pa3BuTHe pas3inyHbIX NPOrpaMMHbIX
obecrieyeHur, TeHAEHLMS K PaCXOXXEHNIO B pacyéTe o6bema reyeHn no CPaBHEHUIO C JIH0ObIM U3
MEeTOA0B U MHTPaorepaLnoHHbIM BECOM TpaHCIJlaHTaTa CoXpaHseTcs.

Lenb nccnepgoBaHus - onTuMn3npoBaTb MaHyasibHbivi MeTos KT-BOsIFOMETpUn rnevyeHu JOoHopa,
ornpeAesnTb ero TOYHOCTb U CPaBHUTb CO CTaHAAPTHbIM METOAOM.

Matepunan u metogbl. OAHOLEHTPOBOE [IPOCMNEKTUBHOE MUCCeA0BaHNE, BKJIOYaroLee
AaHHble 60 AOHOPOB reyeHu, npowefwmx KomnbroTepHyro Tomorpaguio, KT-Bosnometpuio u
TpaHcriaHTaymro rnevyeHn B HaLmoHasibHOM Hay4YHOM LieHTpe xupypruv numeHn A.H. CbiraHoBa 3a
rnepuog 2018-2022 rr.

Pesynbratbl. Koppenayusa lupcoHa mexzay o6beMOM MpaBovi [OJN e4YeHN paccYUTaHHbIN
cTaHAapTHbIM MEeTOAOM M Maccovi rpagrta coctaBuna 0,730 (p<0,01), koppensyus upcoHa
Mexzy 06beMOM [MEeYEeHU PacCYMTaHHbIV OMTUMU3UPOBaHHbIM MeTogoM (-10 HU) u rpagrTom
coctaBuna 0,757 (p<0,01), a koppensayusi Mexay rpaprtoM U ONTUMU3UPOBAHHLIM METOAOM
(-20 HU) - 0,860 (p<0,01). KoagppuumeHT koppensuum lupcoHa onTumMusnmpoBaHHoro metoga (-20
HU) cTatucTmyecky 3Ha4MMo BbilLE, YeM KOIPPULUMEHT KOPPeIsuuy cTaHgapTHOro MaHyalbHOro
metoga (p=0,026), paznivmune Mexzy Ko3I(HOULUUEHTOM KOPPENAUUU ONnTUMU3UPOBAHHOIO
meToga (-10 HU) n cTaHZapTHOro - cTaTUCTUYECKU He3HauynumMmo (p=0,375). CTerneHb pacxoxaeHus
onTuMumaupoBaHHoro metoaa (-20HU) coctaBuio - 8,4%, MaHyanbHoro metoaa -12,7%. OTMevaetcs
CTaTUCTUYECKOE 3HaUYMMOE passinyme Mexay CTerneHbro PpacXoXAeHns CTaHAapTHOro MaHyasibHoOro
¥ onTUMmM3npoBaHHoro metoga (-20 HU) (p=0,029).

BbiBogbl. OnTumusauyms MaHyasbHoro metoga KT-BO/IOMETPUM C YMEHbLUEHWEM [opora
MJI0THOCTU rnevyeHn Ha 20 HU rnpoAeMOoHCTpupoBaso CTaTUCTUYECKU 3HAYUMO BbICOKUN
KO3 nLMeHT Koppensyum c BECOM rpadra, a Takxke 3Ha4uMO CHU3N/1a CTeNeHb PaCXOXAEHUS.

Introduction

Owing to technical improvements and the
standardization living donor liver transplantation
(LDLT) has become as effective as cadaveric
liver transplantation. Inadequate liver volume is
among the most common cause donor exclusion
[1]. Accurate quantification of the liver volume
necessary for avoiding metabolic mismatches
between donor and recipient which may result in

“small for size” of “large -for-size syndrome” and
ultimately in an increased risk of graft rejection
[2] The remnant volume in living donors should
be at least 30% of the liver volume since donor
safety has absolute priority [3]. CT volumetry has
been widely used for preoperative graft volume
measurement in LDLT [4].

Liver transplantation from a related donor in
Kazakhstan has been carried out since 2011[5].
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Figure 1.

Calculation of the volume of the
liver by the standard method. The
maximum density threshold is
180 HU

Heymsfield S. et al. [6] were the first to
calculate preoperative liver volume in 1970,
since then many software packages have been
developed.

Our previous study showed that the manual
method was more accurate than the semi-
automatic method, had a lower degree of
discrepancy compared to the semi-automatic
and automatic methods [7]. However, the
degree of discrepancy of the manual method
still remained high — 12,7%. In this study, we
considered methods for optimizing the manual
method, compared it with the standard one, and
determined its accuracy.

The aim of the study was to optimize the
manual method of CT volumetry donor’ liver,
determine its accuracy and compare it with the
standard method.

Materials and methods

Single center prospective study including
data from 60 liver donors. All donors underwent
Computed tomography of the abdominal with the
introduction of acontrastagent, CT volumetry and
liver transplantation at the Hepatopancreobiliary
Surgery and Liver Transplantation Department of
the National Scientific Center of Surgery named
after. A.N. Syzganov for the period 2018-2022
years.

This study was approved by the ethics
committee of the Kazakhstan National Medical
University named after. S.D. Asfendiyarov (No. 3
(109) dated March 31, 2021).

Inclusion criteria were adult transplantation
(over 18 years of age) with a right-sided
hepatectomy and a left lobe volume of at
least 35%. Patients who had CT scans at other
hospitals were excluded. All liver donors had
healthy livers, and patients with hepatic steatosis
were also excluded from the study.

Computer Tomography

Multiphasic CT was performed in the cranio-
caudal direction using a 160-slice MDCT scanner
(Canon Aquilion, Prime SP) and slice thickness in
the axial and coronal planes: 5 mm (pre-contrast)
or 3 mm (post-contrast) with no interslice gap.
A soft tissue B20 kernel was used in all cases.

All patients received 1.6 ml/kg of body weight
(corresponding to 560 mg lodine/kg) of a non-
jonic, iso-osmolar dimeric contrast medium
(lodixanol, Visipaque 320, GE Healthcare, Inc.,
Milwaukee, WI). Pre-warmed contrast medium
(CM) was administered.

Images were obtained during the hepatic
arterial, portal-venous and delayed phases (25—
40, 70 and 180 s, respectively, after the start of
contrast medium injection).

Portal-venous dataset from all examinations
was transferred from Picture Archiving and
Communication System (PACS), and volume of
the right lobe of the liver was calculated using
Volume analysis software.

The estimation was carried out in calculation
of the total liver volume and calculation of the
left lobe plus segment | in order to establish the
remnant liver volume. Resection planes for liver
segmentation passed through the right side of
the middle hepatic vein and gallbladder bed. The
resulting volume was further compared with the
intraoperative weight of the graft. Estimated liver
volumes are presented in milliliters (ml), graft
weight in grams (g).

Standard manual CT volumetry method on
the Vitrea -Volume Analysis workstation

On each axial scan, the outline of the liver
was drawn manually with the mouse cursor using
the pencil tool. The inferior vena cava, portal
vein with major branches, and gallbladder were
excluded from the ROI. Total liver volume and
residual liver volume were obtained by summing
the volume at each section. To determine the
volume of the liver without vessels, an allowable
density threshold was set in the toolbar, which
corresponded to the density of the liver, thus the
volume of vessels was excluded. The minimum
threshold was 30 HU., the maximum varied
based on the density of each liver. The program
changed the coverage intensity of the isolated
liver parenchyma based on the given density.
Thus, the maximum density threshold was
set, which covered the entire liver parenchyma
without blood vessels. The results were saved
as a screenshot (Figure 1).

BECTHUK XUPYPIMUN KA3SAXCTAHA
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Optimized CT volumetry method on the Vitrea
workstation

With the optimized method, the volume
calculation was carried out in the same way as
with the standard one: on each axial scan, the
contour of the liver was drawn manually with
the mouse cursor using the pencil tool. Vessels

were also excluded from the study area. For
optimization, we changed the allowable density
threshold. The minimum remained the same 30
HU. For the optimization method, we lowered
the maximum density threshold by 10 HU and
by 20 HU. The results obtained were saved as a
screenshot (Figure 2).

Intraoperative graft weight measurement

At the back table after resection, the graft
was flushed by a surgeon with saline and
histidine-tryptophan-ketoglutarate  (Custodiol)
solutions to remove blood. Afterward, the graft
was weighed on electric scales.

Statistics: The Kolmogorov-Smirnov test
was used to determine the normality of the
sample distribution. For descriptive statistics,
mean t standard deviation (SD) was used. The
liver volume calculated by the standard method
and two optimization methods (-10 HU) and (-20

R’ Linear = 0,533

Volume Analysis (ml)

g 8 & 8 &8 8B & @

Actual graft weight ()

Volume Analysis (ml) -20 HU

HU) was compared with the weight of the graft.
The discrepancy of each program was presented
as a percentage (%), the 100% value of which was
the weight of the graft. Pearson’s correlation was
also applied to compare each of the method.

A p value <0,05 was used to determine
statistical significance. Statistical analysis was
carried out using the SPSS program (IBM corp.,
19 version).

Results

The average volume of the whole liver
estimated by the standard method was 1322+

Yolume Analysis (ml) -10 HU

Actual graft weight (g)

Actual graft weight (g)

There is a statistically significant difference
between the correlation coefficient of the
standard and optimized manual method (-20
HU) (p=0,026) and a non-significant difference
between the standard and optimized (-10 HU)
method (p=0,375).

The degree of discrepancy between the
optimized method (20 HU) was 8,4%, the
manual method -12.7%. There is a statistically
significant difference between the degree of
discrepancy between the standard manual and
the optimized method (-20 HU) (p=0,029).

BULLETIN OF SURGERY IN KAZAKHSTAN

Discussion

Martel et al. [8] reported in their study that a
discrepancy of about 5% between the calculated
volume and the actual graft weight can affect
the clinical outcome. Binomial proportions and
95% confidence intervals were created for this
comparison. When using measured volume as
a reference standard, estimated volume has
been shown to result in a clinically significant
overestimation in up to one-third of patients,
which may influence clinical decision making
to prevent liver failure or small size syndrome.

Ne3 - 2023

Figure 2.

Calculation of the liver volume by
the optimized method. Maximum
density threshold

a) 170 HU

b) 160 HU

Figure 3.

Pearson correlation between

a) standard manual method with
graft weight,

b) optimized method (-10 HU)
with graft weight,

c) optimized method (-20 HU)
with graft weight
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These syndromes include residual liver weight
unable to maintain adequate organ function,
resulting in hyperbilirubinemia, coagulopathy,
ascites, encephalopathy, and hypoalbuminemia,
and ultimately postoperative death.

Depside of investigation of the automated
method Park R et al. in his work studies the
accuracy of the automatic method using a deep
learning algorithm (deep learning assisted),
however, the automatic program shows a large
error in comparison with the mass of the graft
andis 17% [4].

Mayer et al. [9] in his study, he provides
data on the absence of statistically significant
differences between the studied volume of the
liver with a small slice thickness (<3 mm) and
with a larger slice thickness (>3 mm). In our
study, we performed CT volumetry on 3 mm
slices.

Xie T et al. [10] in his work was studies
Couinaud automatic segmentation during liver
resection; in this work, an automated program
is compared with a manual one. However, there
are no statistically significant results when
comparing the two methods, moreover, the
authors state that the manual method remains
the gold standard for calculating liver volume.

In our study, the optimized method (-20 HU)
showed a percentage of discrepancy of 8.4%,
despite the fact that this figure is more than 5%,
it still showed more accurate results compared
to the previous methods we studied. Thus, the
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