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Multislice computed tomography of
potential liver donors

Timur Sarsengaliyev, Boris Tsoy, Elmira Chuvakova.

Abstract

Objective: Multislice computed tomography (MSCT) prior to liver
transplantation is an important aspect of the diagnosis of changes in the liver as
fat infiltration, as well as visualization of the individual vascular anatomy and
calculation of liver volume. The aim of our study was to analyze the results of
the single center experience to conduct liver MSCT of donors who are preparing
for the transplant donation.

Methods: We studied the MSCT evaluation results of 39 (25 male and
14 female) potential liver donors’ during the 2015 - 2016 years. Liver MSCT
with various standard renovations were used for more detailed visualization of
blood vessels in each liver segment. Images were obtained on 64-slice MSCT
(Aquilion; Toshiba Medical Systems, Tokyo, Japan). Interpretation of the results
provided in accordance with embodiments of origin of the hepatic artery, portal
vein anatomy and drainage of the hepatic veins.

Results. The main results of the anatomy of the hepatic artery, portal and
hepatic veins are shown in Table 1, 2, 3. Based on the MSCT of 39 donor’s
liver, 24 donors were identified as appropriate for donation. 15 donors were
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contraindicated for donation due to: in 8 - were signs of fatty infiltration, 2
donors - vascular anomaly of the portal vein, benign growths were detected in
5 donors.

Conclusion. MSCT is a primary diagnostic method for the preoperative
planning of surgical resection of the liver, as well as preliminary identification
of hepatic pathology. According to the results and experience of our center, in
61.5% cases, liver donors were selected for donation and remaining 38.5% of
the donors were excluded from organ donation, in connection with the identified
contraindications.

E-mail: timur_sarsengaliev@mail.ru Keywords: liver transplantation - multislice computed tomography

(MSCT).

BAYBIPJbBIH 9JIEYETTI JOHOPJIAPBIHBIH KOIIKABATTbBI KOMIIBIOTEPJIIK TOMOI' PA®USICbI

Tumyp Capcenranues ', Bopuc Loii !, Dapmupa UyBakosa'
' AK «¥ITTBIK FBUIBIMU MEIMLMHAIIBIK OPTAIIBIKY, COYIENiK AuarHoctuka Gemimi, Acrana, Kazakcran PecryGnukacst

TY¥XKbIPbIMOAMA

MakcaTbl: GaybipablH, (hparMeHTiH aybICThIpy YLUiH onepauus angbliHaarbl AanblHObIKTa XaHe nauueHTTepai ipikteyaeri MynbTucnupanbabl
komnbtoTeprik Tomorpadums (MCKT) xeke Tamblprnibl aHaTOMUSIHBI, KeneMiH ecenTeydi Budyanusauusanayra xsHe OayblpAarbl Mannbl renatosfbl
aHblKTayFa apHanfaH caynerni guarHoCTUKaHbIH MaHbI3abl aaicTepiHiH, 6ipi 6onbin Tabbinagpl. 3eptteyaiH makcatel MCKT mMymKiHAIKTEPIH KepceTy
XKOHe KeMiHri XMpYprusinbIK xxocnapnay ywiH 6ayblpabl TybICTbIK TpaHCMNaHTTay GapbicbiHAa aneyeTTi JoHOprapAa 3epTTey HaTMXKenepiH Tangay
6onbin Tabbinagpl.

3epTTeyain apictepi. 2015-2016 xbingapbl 6aybipablH 39 aneyeTTi AOHOPbI Tekcepindi (25 epkek xaHe 14 anen. bis spTypni cTtaHaapT-
Tbl KaWTa KypynapAbl, coHAan-aK GayblpdblH CEerMeHTTepiHe KaH TapMblpriapAbl BU3yanusauusinayFa apHasnfFaH aca enker-Tenkenni oficTepiH
nanganangplk. Cypettep 64-keciHai komnbloTepnik Tomorpadrta (Aquilion; Toshiba MedicalSystems, Tokuo, »XanoHus) xacangel). 3epTTeyaiH
HOTMXKENEPIH TYCIHAIPY KypeTamblp kaHalHanbIMbIHbIH, TapMaKkTafbl Kaknanblk KeKTamblpAblH Heri3ri e3eriH 6eny aHaTOMUACbIHbIH, HyckanapbiHa
XoHe bayblp KeKTamblpapbliHbIH TOMEHTi KyblC BEHacbIHa afblflyblHbIH, HETi3r BapusiumanapbiHa cavikec 6aranaHabi.

HaTuxenepi. OneyeTti goHoprap 6ayblpblHbIH TaMblp aHATOMWSICbl HyCKanapblHbIH Herisri HaTwkenepi 1,2,3-kectenepae KepceTinreH.
OrkisinreH MCKT HerisiHge 24 goHopra onepauusnap »acangbl. JoHopnapablH ocbl TOObIHAA apXMTEKTOHWKA MeH GayblpAblH, KypbirbiMbl, 6ay-
bIp KypeTamblpbl MEH KeKTaMbIp aHaToMUsicbl Gaybipabl TPAHCMNAHTTayFa apHarnFaH KepceTkiluTepre caikec kengi. 15 aneyeTTi JoHopaa opraHabl
TpaHcnnaHTTayfFa Kapcbl kepceTimaep avikbiHaanabl: 8-iHae — manbl HUNLTpaumsa 6enrinepi, 2 AoHopaa — kaknarnblk KeKTaMblpAblH TaMblp aHOMa-
nusckl, 5 foHopaa — KkaTepcis eckiHaep 6onapi.
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KopbITbiHAbI. MCKT goHopabIH 6aybIpbiH XMPYPrusibIik pe3ekumsnayabl onepaums anfbiHaa ocnaprayfa apHarfaH Herisri AuarHocTukanbiK
apic 6onbin Tabbinagpl. Ockl aaic GayblpabiH NATONOrMANbIK ©3repicTepiH aHbIKTayMeH HerizgenreH 6aybipabl opraHablk TpaHcnnaHTTayra 6enrini
6ip kapcbl kepceTimaepai Tabyra mymkiHaik 6epeai. Ocbl HaTwxenepre banaHbicTbl 38,5% aneyeTTi AOHOP AOHOPMbIKTaH WhiFapbingsl. MCKT
KOPbITBIHABICHIHBIH XXUbIHbI GOVbIHLLA onepauusiFa AoHoprapab! ipikteyre 61,5% >xarfgar pactangbl.

MaHbI3ab1 ce3gep: 6aybipabl TpaHCNNaHTTay - MynsTucnupanbabl KoMmnbtoTepnik Tomorpadust (MCKT).

BJAUSIHUE MHJEKCA MACCHI TEJIA BEPEMEHHOI HA TPA®MK KPHBOI POCTA BHICOTBI CTOSIHHSI
JTHA MATKH

Tumyp Capcenraaues ', Bopuc Loii ', dnbmupa Yysakosa !
'AO «HaunoHasbHbIil Hay4HbIH MEIUIMHCKUI LIEHTPY, OT/EI JTy4eBOl AnarHocTuku, Acrana, Kasaxcran

PE3IOME

Llenb nccnepgoBaHus: MynstucnupanbHas kKomnbtoTepHast Tomorpacusi (MCKT) B npegonepaLMoHHO NoaroToBKe 1 0TOope NaumneHToB Ans
nepecagku dparmMeHTa neyeHu ABNSETCS OAHMM U3 BaXKHbIX METOAOB Jy4eBOWN AMArHOCTUKN ANs BU3yanusaummn MHOAWBMAYanbHOW COCYAUCTON aHa-
TOoMUK, pacHeTa obbema ¥ BbISIBIIEHWUS X)XMPOBOIO renaro3a B neveHu. Lienbto Hallero nccnefoBaHns sBNseTcs 4eMOHCTpaums BoamoxHocTen MCKT
1 aHanu3 pesynbTaToB UccrefoBaHns y NoTeHUManbHbIX JOHOPOB NPY POACTBEHHOW TPaHCMNaHTaumum nevyeHn Ans nocrnenyowero XMpypruyeckoro
nnaHMpoBaHus.

MeTtopabl. 3a 2015-2016 rr. 6bin0 o6cnegoBaHo 39 NoTeHUManbHbIX AOHOPa NedeHn (25 MyX4rH 1 14 xeHwmH. Hamm 6biny ncnonb3oBaHbI
pasnuyHble cTaH4apTHbIe PEKOHCTPYKUMKW, a Takke Gornee AeTanbHble MeToAbl Ans BU3yanu3auuy COcydoB K cermeHTam nevyeHu. MzobpaxeHus
ObInn nomny4yeHbl Ha 64-cpe3oBoM komnbloTepHoM Tomorpadpe (Aquilion; Toshiba Medical Systems, Tokuo, AnoHus). HTepnpeTauusi peaynsraTos
1nccnenoBaHns oLeHeHa B COOTBETCTBUM C BapuaHTamy apTepuanbHOro KpoBOCHaOXeHMs, aHaTOMUK AeNeHnsi OCHOBHOIO CTBOMa BOPOTHOM BEHbI Ha
BETBV W OCHOBHbIM Bapuauusim BrageHnsi NeYeHOYHbIX BEH B HUXKHIOKO MOMYH0 BEHY.

PesynbraTtbl. OCHOBHbIE pe3ynbTaTbl BApyaHTOB COCYAMCTON aHaTOMMM NeYeHn NoTeHUManbHbIX JOHOPOB NpeAcTaBneHbl B Tabnuuax 1, 2,
3. Ha ocHoBaHuu npoeegeHHoro MCKT 24 noHopam 6binv npoBeAeHbl onepauumn. Y gaHHOW rpynnbl JOHOPOB apXMTEKTOHUKA U CTPYKTypa NeyeHu,
aHaTOMMS MeYEHOYHbIX apTepuii U BeH COOTBETCTBOBANM MOKa3aHWAM Ans TpaHcnnaHTauum nedeHn. Y 15 noTteHumanbHbIX JOHOPOB BbISBMEHbI
NPOTUBOMNOKAa3aHUs K OpraHHOW TpaHcnnaHTaumn: y 8 — Gbinv NnpusHaky XXupoBor MHAUNBTpaumm, 2 4OHOPOB — COCYAMCTas aHOManusi noptanbHoOwu
BeHbl, foOpokayecTBEHHbIE 0O6pa3oBaHNs 06HapyXeHbl Y 5 LOHOPOB.

BbiBogbl. MCKT sBnsieTcst OCHOBHbBIM AUArHOCTUYECKUM METOAOM Ars NpeAornepaLoHHOro NnaHMpoBaHUs XMPYPrvyeckon pesekLmmn nevyeHn
AoHopa. [laHHbI MeTo No3BonseT 06HapyXWTb onpeaeneHHble NPOTMBOMOKa3aHNs K OpraHHOW TpaHCnnaHTaummn nevyeHun, obycrnoBrneHHoe BbisiBre-
HMeM NaToNorMYecknx N3MeHeHui nedeHun. B cBsian ¢ atnmm pesynstatamm 38,5% noteHumanbHbIX JOHOPOB Obiny NckoveHbl N3 foHopcTea. OT6op

[oHopoB, no utoram 3aknodeHns MCKT, ans onepaumn nogreepxaeHsl 61,5% cnyyaes.
KniouyeBble cnoBa: TpaHcnnaHTauusi neYeHn - MynsTucnupanbHasi KomnbtoTepHas Tomorpadusi (MCKT).

Introduction

Liver transplantation is one of the perspectives for effective
treatment of patients, suffering from end-stage hepatic cirrhosis
[1-5]. Patients with unrespectable hepatic neoplasm shall be also
referred to the recipients group [6]. Liver transplantation from
living-related donors solves the problem of donor organs deficit
and provides an opportunity to choose an optimal period with
risk minimization for a donor [7].

An important role in preoperative preparation and
selection of patients for liver transplantation belongs to the
imaging of parenchyma and vascular architectonics, having a
crucial significance for surgical resection. Quantitative, metric
and anatomic indicators of liver (dimensions, shape, volume,
density, segmental formation), detection of structural changes
(fatty infiltration, abnormal development, etc.) play the key role
during donor selection [8].

Multislice computed tomography - is an obligatory method
of examination, included in preoperative preparation protocol,
as it objectively visualizes the whole liver and topographic
anatomy of abdomen cavity in a very short space of imaging
time (during one breath-holding). 3-phase bolus contrasting
allows to very accurately visualizing an anatomy of vascular
liver structure.

Safety of this method is identified by non-invasiveness,
high imaging speed with post-processing digital data processing,
resolution capability in visualization of parenchyma and vascular
liveranatomy[4,8]. Multislice CT, duringexamination of potential
donors, gives more diagnostic information, than a traditional set
of investigations, replacing an X-Ray contrast angiography [6,9-
12]. The aim of this research is to demonstrate the opportunities
of multislice computed tomography in examination protocol of
potential donors during liver transplantation.

Materials and Methods

We have examined 39 potential liver donors (25 males and
14 females), age range was from 18 to 53 years, mean age of
which - 38,1 years.

Multislice CT was included into the examination program
after conducting various tests: study of anamnesis, clinical
laboratory data, ultrasound investigation, doppler investigation
of liver vessels, etc.

MSCT was performed on Aqulion-64 (Toshiba) computed
tomography scanner along with digital processing systems.
As a contrast agent we used nonionic iodine-containing
dimmeriodixanol 320 mg/ml, in amount of 2,0 ml/kg of body
mass, with the speed of 4,0-5,0 ml/sec, providing the preliminary
normal age indicators of serum creatinine and absence of
allergic reaction to iodine. During imaging, images of arterial
phase were obtained on 18-24 sec, portal phase on 30-40 sec. On
55-70 second of investigation, from the beginning of contrast
agent injection, there came a late venous phase, required for
complete visualization of hepatic veins and inferior vena cava.
The obtained data were processed at Vitrea workstation with the
use of program pack for graphical processing. We have applied
programs of multi-planar reconstructions (MPR), reconstructions
in maximum intensity projections (MIP), 3D-reconstructions of
volume rendering techniques (VRT) [13-14].

Results

For the period from 2013 till 2015, 24 surgeries were
performed. 15 potential donors were excluded after the conducted
MSCT, in connection with the identified counterindications to
liver transplantation.

Each potential donor underwent measurement of liver
parenchyma density on CT images without contrast enhancement
from the center to the periphery of the right and left lobes.
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8 (20,5%) patients out of total number of examined patients
were excluded from the list with signs of fatty infiltration, liver
density was less than 46HU at 120 xVP. Detection of hepatic
steatosis is very important and can be a factor of implant
rejection.

Surgeries for two patients (5,1%) were cancelled in
connection with anatomic mismatching of portal vein and its
branches for living-related liver transplantation. Availability of
acute angle, less than 600, origin of segmental branch from the
portal vein stem is connected to the increased risk of portal vein
thrombosis at the site of anastomosis in post-operative period.

Diagnosable abnormal changes of liver parenchyma,

including fluid cysts (N = 3) and hemangioma (N = 2) were also
estimated as counterindication to resection.

Intrahepatic small calcification and extrahepatic changes,
such as cysts or nephritic calculus (n = 5), gallstones (n = 2) do
not impacted to the selection for exclusion of a patient.

Angioarchitecture of liver (according to MSCT-
angiography) is estimated for arterial blood supply variations,
divided according to the detected flows to hepatic lobes, type of
portal vein main stem division into branches and main variations
of hepatic veins return into interior vena cava. Figure 1 shows
vascular architectonics of liver.

C

D

Figure 1- (A) MIP-reconstruction image of normal hepatic veins of the donor in axial projection; (B) 3D-reconstruction
image of normal hepatic artery and branches of the celiac trunk of the donor; (C) MIP-reconstruction image of normal portal
vein of the donor in coronal projection; (D) MIP-reconstruction image of the arteries of the donor liver in axial projection with
hemangioma (arrow) of the left lobe of the liver and supplying branch of the left hepatic artery.

In compliance with the classification of S.V. Gautier and
co-authors, variants of arterial blood supply in donors were
systematized (Table 1).

During estimation of portal blood supply of liver, variants
of portal vein branching, presented in Table 2, were distributed
as follows: typical bifurcation was detected in 35 (89,7%)
examined patients, trifurcation was detected in 3 patients, that is
7,7%, combination of portal vein bifurcation with the presence
of small branches - in 1 patient (2,5%).

Variations of hepatic veins return into the interior vena
cava were identified and systematized in Table 3. Separate
(individual) return of the right, median and left hepatic veins
- in 4 patients, that is 10,2%; Availability of the right hepatic
vein and common stem of median and left hepatic veins - in 32
donors (82,0%); Additional veins of the right lobe, including
veins individually returning into the interior vena cava, were
detected in 30,8% - 12 patients.

44
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Table 1 Arterial blood supply of liver in donors.

Description Number of patients Frequency, % Literature data 6
(n-39)

Classic origin of proper hepatic artery from common hepatic | 25 64,1 55,7

artery with division into right and left hepatic arteries.

Absence of proper hepatic artery 2 51 10,5

Availability of a branch from the left ventricular artery to Il 3 7,7 12,5

and III liver segments

Common hepatic artery origins from the superior mesenteric | 6 15,4 2,9

artery, no any additional arteries.

The right hepatic lobe is supplied with blood from the 1 2,5 7,6

superior mesenteric artery, the left lobe is supplied from the

proper hepatic artery

The right hepatic lobe obtains an additional branch from the | 2 5,1 2,9

superior mesenteric artery if there is the right and the left

hepatic arteries with classic division.

Variants of hepatic portal vein branching in

Table 2

Return of hepatic veins into the interior vena

Table 3

donors. cava.
Description n-39 % Literature data 6 Description n-39 | % Literature
data 6
Typical bifurcation of | 35 89,7 | 80%
the portal vein Separate return of the right, median 4 10,2 39,9%
and left hepatic veins

Trifurcation of the 3 7,7 7,6% R : .

ortal vein Availability of the right hepatic vein 32 82,0 12,5%
P and common stem of median and left
Combination of portal | 1 2,5 7,6% hepatic veins
vein bifurcation with Additional veins of the right 12 30,8 10,5%
presence of small lobe, including veins individually
branches returning into the interior vena cava

Discussion 5,3 times (2,9%). In 5,1% of cases, the right hepatic lobe gets and

MSCT is a highly-sensitive method for fatty hepatosis
diagnostics with indicator of 91,9% [15-18]. According to
literature data, changes in portal venous anatomy are detected in
20% of patients [19]. During studying of arterial anatomy of a
donor liver, an important aspect was to identify the main sources
of liver blood supply, availability of additional arterial branches.
While comparison and analysis of literature data, frequency of
arterial bed variants is various.

The largest frequency of classic origin of proper hepatic
artery from common hepatic artery according to data of N.N
Abramov and co-author Michels N.A, [7,20], is detected in the
overwhelming majority of cases (55%-55,7%). In our research,
the frequency of this variant coincides with the results of Erbay
N. etal. [21] and amounts to 64,1%. Quantity of potential donors
with the absence of proper hepatic artery is 5,1% of the total
number of examined patients. In accordance with S.V. Gautier
and coauthors [6] - 10,5%. Availability of branches from the
left ventricular artery to the left hepatic lobe is detected in
12,5% [7]. Additional branches from the left ventricular artery
to IT or III liver segments were visualized by us in 7,7% cases
(n - 3). Blood supply of the right hepatic lobe from the superior
mesenteric artery is detected in the only one case. Moreover,
the left lobe is supplied from the proper hepatic artery. The
same variant of architectonics occurs in 7,6% according to the
results of other researchers [6-7,20]. In our research, share of
variants of arterial hepatic blood supply, where the common
hepatic artery origins from the superior mesenteric one (no
additional branches) is 15,4% of the total number of donors, that
substantially exceeds data of N.N. Abramov and co-authors in

additional branch from the superior mesenteric artery, if there is
classical division of hepatic arteries, against 2,9% in our case.
Variants of hepatic portal vein branching coincide with literature
data [6-7]. However, the frequency of portal vein bifurcation
combination with presence of small branches in donors of our
researches is 3 times lower. Upon the results of our studies, in
82% of cases there is the presence of the right hepatic vein and
common stem of median and left hepatic vein. Nevertheless,
according to literature data [6-7], larger frequency of detection
is individual return of main hepatic veins (39,9%). Additional
hepatic veins of the right lobe are registered in 10,5% of cases.
Upon the results of our researches, they are observed 3 times
more often. Variants of caval outflow - union of median and left
hepatic vein, presence of additional veins, play an important role
for drawing a virtual line for a fragment resection.

In order to visualize an anatomy of hepatic arteries and
veins, portal vein, as well as the nature of their division, CT-
angiography is the least invasive and the most informative
visualization method. An advantage of CT-angiography is
maximum possible resolution in 3D imaging, multi-planar
reconstruction (MPR), reconstruction in maximum intensity
projections (MIP), volume rendering technique (VRT), which
allows to reveal minimal changes in internal organs, including
blood vessels. Moreover, screening of potential liver donors can
identify comorbidity, which was used as exclusionary criteria.

Improvement of software provides an opportunity to
obtain 3D images including virtual ones (VRT). During analysis
of MSCT data on arterial blood supply, we have used the
classification of SV. Gautier and co-authors, which is based on
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pathologic-anatomical material. During analysis of portal veins
return with the use of MSCT method, we made an accent to
the location of three main veins - right, median and left, as it
identified the variant of liver fragment. Besides, large additional
veins were identified, which could impact the process of liver
fragment resection.

in addition to that, it proved itself as the method for selection
of potential donors. Analysis of images with the use of
reconstruction technique - MPR, MIP, VRT, 3D-image, in
axial and coronal projections is obligatory. MSCT-criteria
for selection of potential liver donors require further study
(in connection with the growing requirement to the quality of

visualization and analysis of obtained data).

Conclusion

MSCT is highly-informative method in studying the

anatomic features of structure and blood supply of liver and
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