BECTHUK
TPAHCIMAAHTOAOTUN
N UCKYCCTBEHHbIX *.
OPTAHOB

YYPEAUTEAb: OBLLEPOCCUWCKAS OBLLLECTBEHHAS
_ OPTAHU3ALUA TPAHCNIAAHTOAOIOB
«POCCUUCKOE TPAHCNAAHTOAOIMYECKOE OBLLECTBON

Oy

TOAQ
K >,
o 4

TRANSPLANTOLOGII

\
:
a

VESTNIK

yot

I ISKUSSTVENNYKH ORGANOV

RUSSIAN JOURNAL
OF TRANSPLANTOLOGY
AND ARTIFICIAL ORGANS

THE OFFICIAL JOURNAL OF ALL-RUSSIAN PUBLIC

ORGANIZATION OF TRANSPLANTOLOGISTS
“RUSSIAN TRANSPLANT SOCIETY”

2023. Tom XXV. Ne 4 2023. Vol. XXV. Ne 4

Hay4Ho-npakTU4eckum XXYpPHAA OCHOBAH B 1999 r.
PerncTp. N2 018616

FTAaBHbIN peaakTop — C.B. ToTbe

(Mocksa, Poccus), akaaemmk PAH, A. M. H.,
npodoeccop (peAakTop pasaeAd «OpraHM3aLms
TPAHCMAQHTOAOTMYECKOM MOMOLLIMY)

3amecTuTeAb rAaBHOro peaakrtopa - O.[. LlesyeHko
(Mockea, Poccud), A. M. H., Npodheccop
(peaakTop pasaeAq «TPAHCMIAQHTOMUKA))

OTBeTCTBEHHbIN cekpeTapb — E.A. CTaxaHoBa
(Mocksa, Poccus), k. 6. H.
E-mail: stahanova.ekaterina@mail.ru

3aBeaytowias peaakuuen — H.L. bermypoaoBa
(Mocksa, Poccus).
E-mail: edr.oegmurodova@gmail.com

PEAAKLLUOHHbIA COBET

C.®. barHeHko (CaHkT-lNeTtepbypr, Poccus) —
akaaemmk PAH, A. m. H., npodbeccop

A.C. bBap6apau (Kemeposo, Poccus) — akaasemumk PAH,

A. M. H., Npodoeccop

A.B. Bacnabes (Mocksa, Poccus) —
YAEH-KOpPPECNOHAEHT PAH, A. 6. H., npodbeccop

A.A. Ta66acoBa (Mocksa, Poccus) — A. M. H.
. AaHoBuy (Aoc-Arxeaec, CLUA) — npodoeccop
M.T. UTknH (Prraaeabcoms, CLLUA) - npodoeccop

B.A. NopxaHoB (KpacHoaap, Poccus) — akaaemumk PAH,
A. M. H., Npodoeccop

A.M. Powaab (MockBa, Poccus) — A. M. H., Ipodoeccop

I.T. Cyxux (Mocksa, Poccug) — akaaemmk PAH, A. M. H.,
npodbeccop

B.A. Tkauyk (Mocksa, Poccus) — akaaemumk PAH, A. 6. H.,
npodoeccop

M.L. Xy6yTusa (Mocksa, Poccus) — akaaemumk PAH, A. M. H.,
npodoeccop

A.M. YepHsBckuit (Hosocmbupck, Poccus) — A. M. H.,
npodoeccop, YAeH-koppecnoHAEHT PAH

B.M. YexoHuH (Mocksa, Poccus) — akaaemmk PAH, A. m. H.,
npodoeccop

E.B. WaaxTo (CaHkT-NeTtepbypr, Poccusa) — akaaemmk PAH,
A. M. H., Npodoeccop

N.K. A6A0oHckui (CaHkT-MNMetepbypr, Poccus) — A. M. H.,
npodoeccop

Scientific and Practical Journal was founded in 1999

Reg. N2 018616

Editor-in-Chief - S.V. Gautier

(Moscow, Russia), MD, PhD, professor, member

of Russian Academy of Sciences (editor of the section
“Organization of transplant care”)

Deputy Chief Editor - O.P. Shevchenko
(Moscow, Russia), MD, PhD, professor
(editor of the section "“Transplantomics”)

Scientific Editor — E.A. Stakhanova
(Moscow, Russia), PhD.
E-mail: stahanova.ekaterina@mail.ru

Managing Editor - N.Sh. Begmurodova

(Moscow, Russia).

E-mail: edr.oegmurodova@gmail.com
EDITORIAL COUNCIL

S.F. Bagnenko (Saint Petersburg, Russia) — MD, PhD,
professor, member of Russian Academy of Sciences

L.S. Barbarash |(Kemerovo, Russia) — MD, PhD, professor,

member of Russian Academy of Sciences

A.V. Vasiliev (Moscow, Russia) — PhD, professor,
corresponding member of Russian Academy of Sciences

L.A. Gabbasova (Moscow, Russia) — MD, PhD
G. Danovich (Los Angeles, USA) — MD, PhD, professor
M.G. ltkin (Philadelphia, USA) — MD, professor

V.A. Porkhanov (Krasnodar, Russia) — MD, PhD, professor,
member of Russian Academy of Sciences

L.M. Roshal (Moscow, Russia) — MD, PhD, professor

G.T. Sukhih (Moscow, Russia) — MD, PhD, professor,
member of Russian Academy of Sciences

V.A. Tkathuk (Moscow, Russia) — PhD, professor, member
of Russian Academy of Sciences

M.Sh. Khubutiya (Moscow, Russia) — MD, PhD, professor,
member of Russian Academy of Sciences

A.M. Chernyavskiy (Novosibirsk, Russia) — MD, PhD, professor,
corresponding member of Russian Academy of Sciences

V.P. Chehonin (Moscow, Russia) — MD, PhD, professor,
member of Russian Academy of Sciences

E.V. Shlyakhto (Saint Petersburg, Russia) — MD, PhD,
professor, member of Russian Academy of Sciences

P.K. Yablonsky (Saint Petersburg, Russia) - MD, PhD,
professor



PEAAKLLMUOHHAfA KOAAETUA

C.A. bop3seHok (Mocksa, Poccus) — A. M. H., Npodbeccop
A.B. BatasuH (Mocksa, Poccus) — A. M. H., Npodbeccop
A.A. TpaHoB (CaHkT-lMetepbypr, Poccus) —

akaaemmK PAH, A. m. H., npodbeccop

$. AeabmoHuko (boctoH, CLUA) - npodpeccop

B.M. 3axapeBud (Mocksa, Poccus) — A. M. H.

M. KaanuunHckuin (BapLuasa, MoabLua) — npodpeccop
H.®. Kaumywesa (EkatepuHbypr, Poccus) — A. M. H.
O.H. KoTteHko (Mocksa, Poccus) — k. M. H.

. AepyT (bptoccenb, beabrus) — npodpeccop

X. Maccapa (Ctpacbypr, PpaHLmsi) — npodoeccop
M.T. MuHuHa (Mocksa, Poccus) — A. M. H.,

npodeccop PAH

(peaakTop pasaesd (AOHOPCTBO OPraHoOB))

B.A. MupoHkoB (Mocksa, Poccus) — A. M. H., Nnpodoeccop
(peaakTop pazaeAd «CMeEXHbLIE AUCLMMAMHBI)

10.M. OcTpoBckui (MuHck, Pecnybamka beaapycs) —
akaaemmk HAHB, A. M. H., npodbeccop

Ku AoHr Mak (Ceya, KOxHas Kopes) — npodoeccop

A.A. Mo3 (MockBa, POCcusi) — K. M. H. (PEAQKTOP pasaeAd
((3AMECTUTEAbHAS MOYEYHAS TEPAMSY)

B.H. MonuoB (Mocksa, Poccus) — A. M. H., npodoeccop

O.H. Pe3Huk (CaHkT-Metepbypr, Poccus) — A. M. H.,
npodoeccop

0.0. Pymmo (MuHcK, Pecnybamka beaapycs) —
akaaemmk HAHB, A. M. H., npodoeccop

P.lL. Cantrapees (Mocksa, Poccug) — A. M. H.,
npodeccop

B.U. CeBacTbaHOB (MOCKBO, Poccus) — a. 6. H.,
npodeccop (PeAQKTOP PasAeAd «PereHeparmsHas
MEAULIMHA M KAETOYHbIE TEXHOAOTMMY)

C.M. XomsakoB (Mocksad, Poccus) — K. M. H.

O.M. UupyabHukoBa (Mocksa, Poccus) — A. M. H.
(peaakTop pasaead «KaHmnYeckas TPAHCIAQHTOAOMAN)

A.O. WeB4yeHko (MockBa, POCCUs) — YAEH-KOPPECTOHAEHT
PAH, A. M. H., NpOdoEeCCOp (peAakTop pasAeAd
(TPAQHCMNAQHTALMA CEPALA M BCTOMOTATEABHOE
KpoBoobpaLeHmey)

XKyYPHOA «BECTHUK TPAHCHACQHTOAOTMM WM MCKYCCTBEHHbIX OPIAHOB)
BKAIOYEH BAK PP B nepeyeHb POCCUMCKMX PELLEH3MPYEMBbIX HOYHYHbIX
M3AQHMM, B KOTOPbIX AOAXHbI ObITb OMYOAMKOBOHbI PE3YABTATHI
ANCCEPTALMOHHBIX PaBOT

XKYPHAA «BECTHUK TPAHCMIAQHTOAOTMI M MCKYCCTBEHHbIX OPTaHOB)
BKAtOYEH PIBY «HMULL TMO mm. ak. B.M. LLiymakosan MUH3APOBO
Poccum B nepedeHb POCCUMCKUX PELLEH3MPYEMbIX HAYYHbIX M3ACHNI,
B KOTOPbIX AOAXHbI OblTb OMYOANMKOBAHbI OCHOBHbIE PE3YALTATHI
MCCAEAOBAHMIM B PAMKOX AUCCEPTALMM, MPEACTABAEMBIX K 3ALLUTE

B AMCCEPTALMOHHbIM coeT PIBY «HMULL TMO mum. ak. B.M. LLlymakosan
MuH3apasa Poccum

KYPHOA «BECTHUK TOAHCMAGHTOAOTMM M MCKYCCTBEHHbBIX OPrOHOB)
MHAEKCUPYETCH B SCOPUS M PA3MELLLEH HO NAATdbopme
Web of Science Core Collection: Emerging Science Citation Index

EDITORIAL BOARD

C.A. Borzenok (Moscow, Russia) — MD, PhD, professor
A.V. Vatazin (Moscow, Russia) — MD, PhD, professor

D.A. Granov (Saint Petersburg, Russia) - MD, PhD,
professor, member of Russian Academy of Sciences

F. Delmonico (Boston, USA) - MD, professor

V.M. Zakharevich (Moscow, Russia) — MD, PhD

P.J. Kalicinski (Warsaw, Poland) — MD, PhD, professor
N.F. Klimusheva (Ekaterinburg, Russia) — MD, PhD
O.N. Kotenko (Moscow, Russia) - MD, PhD

J. Lerut (Brussels, Belgium) — MD, PhD, professor

G. Massard (Strasbourg, France) - MD, PhD, professor

M.G. Minina (Moscow, Russia) - MD, PhD,
professor of Russian Academy of Sciences

(editor of the section “Organ donation”)

B.L. Mironkov (Moscow, Russia), MD, PhD, professor
(editor of the section “Related disciplines”

Yu.P. Ostrovsky (Minsk, Belarus) — MD, PhD, professor,
member of National Academy of Sciences of Belarus

Ki Dong Park (Seoul, South Korea) — MD, PhD, professor
I.L. Poz (Moscow, Russia), MD, PhD (editor of the section
“Renal replacement therapy”)

V.N. Poptsov (Moscow, Russia) — MD, PhD, professor

O.N. Reznik (Saint Petersburg, Russia) — MD, PhD,
professor

0.0. Rummo (Minsk, Belarus) — MD, PhD, professor,
member of National Academy of Sciences of Belarus
R.Sh. Saitgareev (Moscow, Russia) — MD, PhD,
professor

V.l. Sevastianov (Moscow, Russia) — PhD, professor
(editor of the section “Regenerative medicine

and cellular technology”)

S.M. Khomyakov (Moscow, Russia) - MD, PhD

O.M. Tsirulnikova (Moscow, Russia) - MD, PhD,
(editor of the section “Clinical transplantology”)

A.O. Shevchenko (Moscow, Russia) — MD, PhD, professor,
corresponding member of Russian Academy of Sciences
(editor of the section “Heart transplantation and assisted
circulation”)

“Russian Journal of Transplantology and Artificial Organs” is included
in the list of leading peer-reviewed scientific publication editions,
produced in the Russian Federation and is recommended

for publication of primary results of dissertation research

“Russian Journal of fransplantology and artificial organs” is included
by the Federal State Budgetary Institution “Shumakov National
Medical Research Center of Transplantology and Artificial Organs”
of the Ministry of Health of Russia in the list of Russian peer-reviewed
scientific publications in which the main results of research should be
published within the framework of dissertations submitted for defense
to the dissertation council of Shumakov National Medical Research
Center of Transplantology and Artificial Organs

“Russian Journal of Transplantology and Artificial Organs” is indexed
in Scopus and in the Emerging Science Citation Index of the Web
of Science Core Collection

ISSN 1995-1191

AApec AA KOPPECNOHAEHLMM:

Poccus, 123182, Mockea, yA. LLLykMHCKa4, 1
Tea./doakc +7 (499) 193 87 62

E-mail: vestnikfranspl@gmail.com

MHTEepHeT-camT XXypHaAQ: http://journal.transpl.ru
Hay4Has aAekTpoHHas BubamoTteka: hitp://elibrary.ru

Address for correspondence:

1, Shchukinskaya st., Moscow 123182, Russia
Tel./Fax +7 (499) 193 87 62

E-mail: vestniktranspl@gmail.com

Journal's web site: http://journal.transpl.ru
Scientific elibrary: http://elibrary.ru

MoANMCHOM MHAEKC B KaTaAore noyTbl Poccum — MH380



COAEP)XAHHME

CTPAHULLA TAABHOTO PEAAKTOPA

TOAHCAAQHTALIMOHHASR XMPYPIMS: BbICLLMA MUAOTOX
VS LMK MAHAOPbIZ
C.B. I'omve

KAUHUMECKAS TPAHCNAAHTOAOTIUA

CAy4aM YCNELLHOM ABYXITAMHOU pe3eKLmM
TPQHCMAQHTATA NeYeHn No metoamke ALPPS
MpPW NPOrPECCHPOBAHMKU TENATOLEAMOAIPHOMO
paKa

I.A. I'panos, B.H. XKyiikoe, U 1. Tuneybepeeros,
U.0. Pymkun, A.A. Honuxapnos, A.P. [llepanues,
M.B. Po30obapa

M3MEHEHMS MOKA3ATEAEM DAACTUYHOCTU CTEHKM
oOLLLEeN COHHOM apPTEPUM Y PELIMMUEHTOB COAMAHBIX
OPraHoB

A.O. Ulesyenxo, U.10. Tionsesa, M.M. Jlvicenxo,

H.H. Konockosa, /I A. Cauodynaes, C.U. 3ybenxo,

E.A. Baxyposa, C.O. [llapanuenxo

AeyeHne COCYAMCTbIX OCAOXKHEHMM

nocae OpTOTOI'Il/I‘-IeCKOl;I TOAHCNAGQHTALMM NEYEHN.
OnbIT PETMOHAABHOTO LLEHTPC

B.JI Kopooka, M.IO. Kocmpwixkun, M.B. Manesannulii,
O.B. Komos, P.B. Kopobka, E.C. Ilak, FO.B. Xoponuko,
H.I" Canponosa, H.A. Cyxanos, P.FO. XopoHvko

OLEHKA NAPAMETPOB CMCTEMbI FEMOCTA3A

Y PELMMMEHTOB MOCAE POACTBEHHOM
TPAHCMAGHTALMM MPABOM AOAM MEYEHU

A.X. babaosicanos, 3.P. Xanibyniuna, 3.K. Typeynbaes,
LY. Mamkapumos

MPUMEHEHUE TYAMEBOTO AQ3EPA

B MHTEPBEHLIMOHHOM BPOHXOCKOMMM Y PELMIMEHTOB
AETKMX

M.T. Bexos, 1.B. Ilawxos, PA. Jlamuinos,

I.0. Onewresuy, K.C. Cmupnos, A.C. Axynun,

H.A. Kysueyos, T.C. Jlobosa, A.3. [ynyes, C.B. [omve

COCYAUCTBIE OCAOXKHEHMS MOCAE TPAHCIAQHTALLMM
NEeYeHN — COBPEMEHHBIE METOAbI AMATHOCTMKM
n AeveHns. OB30p MMPOBOM AMTEPATYPSDI

K.O. Cémaw, TA. Hocanbexos, M.M. Axbapos

KAMHUYECKMIA CAYHOM AAMTEABHOTO
CbYHKLLl/IOHl/IpOBOHMSI TPAHCMNAQHTATA MNMOYKM

6e3 MMMYHOCYNPECCUBHOM TEPAMMM

Y PEUMMNEHTKM MOCAE TPAHCNAGHTALUM
OAAOTEHHbBIX CTBOAOBBLIX TEMOMOITMHECKMX KAETOK
H.B. llImapuna, H.B. boposkosa, E.C. Cmonapesuu,
B.A. Bacunvesa, P.B. Cmopooices, U.B. /[mumpues,
A.I' banxapos, E.H. Ilaposuunuxosa

15

19

27

34

38

61

CONTENTS

EDITORIAL

Transplant surgery: aerobatics vs pandora’s box?
S.V. Gautier

CLINICAL TRANSPLANTOLOGY

Successful two-stage fransplant hepatectomy using
the ALPPS procedure for advanced hepatocellular
cancer

D.A. Granov, V.N. Zhuikov, 1.1 Tileubergenov, 1.0. Rutkin,
A.A. Polikarpov, A.R. Sheraliev, M.V. Rozdobara

Changes in common carotid arfery elasficity
in solid organ recipients

A.O. Shevchenko, I.Yu. Tyunyaeva, M.M. Lysenko,
N.N. Koloskova, D.A. Saydulaev, S.1. Zubenko,
E.A. Vakurova, S.O. Sharapchenko

Treatment of vascular complications following
orthotopic liver transplantation. The experience
of a regional center

V.L. Korobka, M.Yu. Kostrykin, M.V. Malevanny,
O.V. Kotov, R.V. Korobka, E.S. Pak, Yu.V. Khoronko,
N.G. Sapronova, I.A. Sukhanov, R.Yu. Khoronko

Evaluation of hemostasis parameters in recipients
after related right lobe liver transplantation

A.H. Babadjanov, Z.R. Khaibullina, E.K. Turgunbaev,
S.U. Matkarimov

Thulium fiber laser use in interventional
bronchoscopy in lung recipients

M.T. Bekov, 1.V. Pashkov, R.A. Latypov, D.O. Oleshkevich,
K.S. Smirnov, Ya.S. Yakunin, N.A. Kuznetsov, T.S. Lobova,
A.Z. Guluev, S.V. Gautier

Vascular complications after liver transplantation:
contemporary approaches to detection

and treatment. A literature review

K.O. Semash, T A. Dzhanbekov, M.M. Akbarov

Case report on prolonged kidney graft survival
without immunosuppressive therapy after allogeneic
hematopoietic stem cell fransplantation

N.V. Shmarina, N.V. Borovkova, E.S. Stolyarevich,

V.A. Vasilyeva, R.V. Storozhev, 1.V. Dmitriev,

A.G. Balkarov, E.N. Parovichnikova



KAMHWaeckunin caysam peumamea aryC

MOCAE OAAOTEHHOM TPAHCAAQHTALIMM TPYMHOM
MOYKM

C.B. Ilonos, A.M. Ecasn, PI' I'yceiinos, U.H. Opnos,
E.B. Jlomonocosa, B.B. Ilepenenuya, O.A. Bopobvesa,
A.B. Cadosnuxosa, T.A. Jlenssuna

MmneaomaHas CAPKOMA TPAHCNAGQHTATA MO4YKM:
KAMHMYECKOE HOBDAIOAEHME U QAKTYOAbHOCTb
MEXANCUMNAMHAPHOIO NOAXOAQ B TEPANUM

M AMArHOCTHUKE

H.A. Yuuacosa, /[.B. I'oeones, /1.0. Kyzvmun,

A.H. Ananves, A.A. Kymenxos, A.A. I'ankun,

T'b. Kanumynvckas, /.J]. @edomosa, U.B. Yivauxuna,
O.H. Pesnuk, C.®@. bacnenxo

TPAHCIMAAHTALUA CEPALA
U BCMTOMOTATEAbHOE KPOBOOBPALLLEHUE

MATUASTHUIM OMbIT TPAHCIACHTALMW CEPALA

B PoctoBckom obAaCTH

B.JI. Kopooxa, M. IO. Kocmpuvixun, A.A. /[10sicuxos,
B.J[. Llamxanvsny, JI.K. Jlobaues, O.B. Komos,
A.A. Kapmawos, A.B. Cymun, M.B. [ycuaii,

AU Tpanesnuxosa, E.A. Kyopawoea, P.B. Kopobka

CAy4aM yCneLHOM OPTOTOMMYECKOM
PETPAHCMIAQHTALMM Cepald y peberka 11 aeT

U FO. Usanos, B.C. Karmvixos, B.K. I pebennux,

UK. Ucmaun-3ade, I' 1. Huwumyxamemos, A.A. [Jvauenxo,
H.C. Maticmpenxo, B.1. J[oicym, O.A. Xamuiox

PEFEHEPATUBHASl MEAULIUHA
N KAETOYHbIE TEXHOAOTIUU

BUoAOTMYECKME CBOMCTBA MOKPOMOPUCTOrO
KOMOCTPYKTYPATA HO OCHOBE KOMMOHEHTOB
BHEKAETOYHOIO MATPUKCA

A.M. I'pucopves, FO.5. bacoxk, A./[. benoaa,
H.II. llmepko, A.-M. Cy66om, B.K. Kyrakosa,
B.U. Jlozunckuii, B.U. Cesacmvsnog

OLEHKO AEUCTBMS ME3EHXMMOAbBHbIX
CTPOMAAbBHbIX KAETOK M3 PA3AMYHBIX NCTOYHMKOB
HO MPOAMADEPALIMIO XOHAPOLIMTOB YEAOBEKA
AJI. Benosa, IO.b. Bacox, A.M. I pucopves,

JLA. Kupcanosa, E.I. Kysneyosa, U.B. Baxpyues,
A.B. Kosanes, K.H. Apvieun, B.U. Cegacmvsanos

TPAHCITAAHTOMUKA

AMarHoctmieckas 3Ha4mmocCTb TGF-B1

Y PELMMUEHTOB C AMCADYHKLIMEN
TpOHCl‘I/\GHTMpOBOHHOPI MOYKM

O.1I1. lllesyenxo, C.0O. lllapanuenxo, /[.A. Benuxuii,
O.E. Tuukyn, E.C. Cmonspesuy, H.I1. Moarceiixo,
I A. Cauidynaes, P.M. Kypabekosa, E.A. Bakyposa,
A.A. Mameoosa, M.A. Ocobnusas

66

71

79

84

90

100

108

Clinical case of recurrent aHUS after allogeneic
cadaveric kidney transplantation

S.V. Popov, A.M. Esayan, R.G. Guseynov, I.N. Orlov,
E.V. Lomonosova, V.V. Perepelitsa, O.A. Vorobyeva,
A.V. Sadovnikova, T A. Lelyavina

Donor-derived myeloid sarcoma in a kidney
transplant recipient: clinical case study

and relevance of a mulfidisciplinary approach
in therapy and diagnosis

N.A. Chichagova, D.V. Gogolev, D.O. Kuzmin,

A.N. Ananyev, A.A. Kutenkov, A.A. Galkin,

T'B. Kapitulskaya, D.D. Fedotova, I.V. Ulyankina,
O.N. Reznik, S.F. Bagnenko

HEART TRANSPLANTATION
AND ASSISTED CIRCULATION

A 5-year single-center experience in heart
transplantation in Rostov oblast

VL. Korobka, M.Yu. Kostrykin, A.A. Duzhikov,

V.D. Shamkhanyants, D.K. Lobachev, O.V. Kotov,
A.A. Kartashov, A.V. Sumin, M.V. Gusnay,

A.L Trapeznikova, E.A. Kudryashova, R.V. Korobka

A case of successful orthotopic heart
retransplantation in an 11-year-old child

LYu. Ivanov, V.S. Kalmykov, VK. Grebennik,

LK. Ismail-zade, G.1I. Ishmukhametov, Ya.A. Dyachenko,
N.S. Maistrenko, V.I. Dzhum, O.A. Khatnyuk

REGENERATIVE MEDICINE
AND CELL TECHNOLOGIES

Biological properties of macroporous
cryostructurate based on extracellular matrix
components

A.M. Grigoriev, Yu.B. Basok, A.D. Belova, N.P. Shmerko,
A.M. Subbot, V.K. Kulakova, VI. Lozinsky,

V.I. Sevastianov

Evaluation of the effect of mesenchymal stromal
cells from different sources on human chondrocyte
proliferation

A.D. Belova, Yu.B. Basok, A.M. Grigoriev,

L.A. Kirsanova, E.G. Kuznetsova, 1.V. Vakhrushev,

A.V. Kovalev, K.N. Yarygin, V.I. Sevastianov

TRANSPLANTOMICS

Diagnostic significance of TGF-B1 in kidney
recipients with graft dysfunction

O.P. Shevchenko, S.0. Sharapchenko, D.A. Velikiy,
O.E. Gichkun, E.S. Stolyarevich, N.P. Mozheiko,
D.A. Saydulaev, R.M. Kurabekova, E.A. Vakurova,
A.A. Mamedova, M.A. Osoblivaya



3AMECTUTEAbHAS MOYEYHASA TEPANUA

PeAKMIM CAY4QM OCTPOTO AECTPYKTMBHOTO
NAaHKpeammTa y naumneHTkn C XpOHl/l‘-IeCKOl;I
OOAE3HbIO NMoYeK Ha NEPUTOHEAABHOM ANAAMIE!
TPYAHOCTN AMATHOCTUKU U AEHEHUA

B.A. Cmenanos, O.H. Bemuunnuxosa

AOHOPCTBO OPTAHOB

HopmoTtepmmuyeckas aytonepdoysns
CEPALYHO-AETOYHOIO KOMMAEKCA ex Vivo: oLeHKa
OYHKLUMOHTAABHOTO CTATYCA M METABOAMIMA

A.P. Taprosa, U.C. 3vixos, M.O. JKynvkos,

A.B. IIpomononos, .M. Cmupnos, A.I' Maxaes,

A.B. I'ycesa, @.10. Kocumos, M.H. Mypmas3anues,
AJI. Jlumancxuii, /I.A. Cupoma, E.D. Knuesep,

B.E. Knueep, A.M. Bonxos, A.M. Yepusaeckuii

OueHKa 6e30MNaCHOCTM NPUMEHEHMS
doEMTOCEKYHAHOTO AQ3EPA AAS BbIKDAMBAHMS
AMMBCOABbHBIX TPAHCMACQHTATOB POTOBMLLbI

O.H. Heghedosa, b.3. Manoeun, C.A. bopsenok,
M IO. I'epacumos, /[.C. Ocmposckuii, A.B. Hlayxux

COLLI/IO/\beIe OCHOBblI AUAAOTIA O MOCMEPTHOM
AOHOPCTBE OPraHoB
O.H. Peznux, A.O. Pe3nux

WHPOPMALUA

TpeboBaHMS K MyBAMKALMIM

115

124

132

143

149

RENAL REPLACEMENT THERAPY

A rare case of acute destructive pancreatitis
in a patient with chronic kidney disease

on peritoneal dialysis:

diagnostic and treatment challenges

V.A. Stepanov, O.N. Vetchinnikova

ORGAN DONATION

Normothermic ex vivo heart and lung
aufoperfusion: assessment of functional status

and metabolism

A.R. Tarkova, I.S. Zykov, M.O. Zhulkov, A.V. Protopopov,
Ya.M. Smirnov, A.G. Makaev, A.V. Guseva, F.Yu. Kosimov,
M.N. Murtazaliev, A.D. Limansky, D.A. Sirota,

E.E. Kliver, V.E. Kliver, A.M. Volkov, A.M. Chernyavsky

Safety assessment of the femtosecond laser
in corneal limbal graft excision

O.N. Nefedova, B.E. Malyugin, S.A. Borzenok,
M. Yu. Gerasimov, D.S. Ostrovsky, A.V. Shatskikh

Social bases for the dialogue on deceased
organ donation
O.N. Reznik, A.O. Reznik

INFORMATION

Instructions to authors



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXV N2 4-2023

TPAHCNAAHTALLMUOHHAS
XUPYPTUS:

BbICLLUA NMUAOTAX

VS ALLKUK MAHAOPDI?

I’nyookoysarcaemvie konnecu!

25 cenmsabpsa 2023 200a ¢ ®I'FY
«HMMUL] mpancnaanmonocuu u uckyc-
CMBeHHbIX 0p2anos um. ak. B.U. I11y-
maxoeay Munzopasa P® cocmosinoce
evle30H0e 3acedanue Bopo cexyuu
Kaunuueckou meouyunvl Omoenenus
Mmeouyunckux Hayk Poccutickotl akaode-
muu Hayk « CospemeHHas mpaHcnian-
MONO2UAL: CLOJCHbIE XUPYpUHeCcKUe pe-
UleHUsl U BEKMOPbL HAYUHO20 NOUCKAY.
3acedanue asunocov wacmoio VI Poc-
CUTICKO20 HAYUOHAILHO20 KOHEPecca ¢
MedHcOyHapoouvim yuacmuem « ITpamc-
niaaHmayus u OOHOPCHEO OPESAHO8Y.

Munucmp 30pasooxpanenus PO
Muxaun Mypawxo ommemun, 4mo
MPAHCHAAHMON02US 8 Haulell cmpane
AKMUBHO PA368UBAENICS, OMKPBIBAIOMCS HOBble MPAHC-
naaHmMono2udecKue Yyeumpul. 8 37 pe2uonax Hauieu
cmpansl GyHKYuoHupyrom 67 yupescoeHnuil, okasvléa-
IOWUX MPAHCHIAHMONI02ULECKYI0 NOMOWb, KA4eCmeo
U pe3ynbmamvl KOMOpoU COOMBENCMEYION MUPOBOMY
yposHio. CospemeHHas MPaHCNIAHMON02US NPedCmas-
Jisiem coOoll APKUL npumep covemaHust 00CMUNCeHUll
8bICOKOMEXHOIO2UYHOU MEOUYUHBL U NPOPBIGHLIX HA-
yunblx pe3yromamos. M ece smo 6 kpamuaviuiue cpoKu
MPAHCIUPYEMCSL 8 NPAKINUKY.

Pykosooumenv cexyuu xaunuueckou meouyuHbvl
Omoenenust meouyurckux Hayk PAH axaoemux U.B. Pe-
wemos nOOUEePKHyI, Ymo 3ace0aHue AGAemcs 4acmoio
obuyell n1anosoll 0essmelbHOCMU HAYYHO20 CO8emd No
xupypeuyeckum Haykam OmaoeneHus MeOUYyUHCKUX HAYK
PAH. Bonee mozo, nposedenue 3mo2o mMeponpusmus 6
Gopmame npozcpammuvl KoHepecca MmpaHCnIaHMoN0208
A6AEMCIL 8eCobMA IPHEKMUBHBIM, MAK KAK NO3601ULO
npusedb K y4acmuio u oocyxcoenuto naubonee wmupo-
KUl Kpye Cheyuanucmos, y4eHvlx u npaKmukos, — bonee
500 uenosex.

Axaodemux PAH C.B. I'omve gvicmynui ¢ 00K1adom
«Tpancniaumayuontas xupypeus: 6blCuLULl NUIOMANC
VS SIYUK RAHOOPBL? » U NOOUEPKHYIL, ¥mo Oadice dnecmsi-
ujee xupypauieckoe peulerue AAencs MoabKo HA4aLIoM
OOBLUO20 NYMU COXPAHEHUSL HCUZHU U PABOMOCNOCO0-

-
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_— -

TRANSPLANT SURGERY:
AEROBATICS

VS PANDORA’S

BOX?

Dear colleagues,

On September 25, 2023, the Shu-
makov National Medical Research
Center of Transplantology and Artifi-
cial Organs hosted a retreat by the Bu-
reau of the Clinical Medicine Section
hY of the Department of Medical Sciences,

' Russian Academy of Sciences. The ret-
reat, titled “Modern Transplantology:
Complex Surgical Solutions and Vec-
tors of Scientific Inquiry”, was held
as part of the 6th Russian National
Congress “Transplantation and Or-
gan Donation”, featuring international
participants.

Russia s Minister of Health, Mikhail
Murashko, noted that transplantolo-
gy is rapidly developing and flourishing in Russia and
that new transplant centers are coming up: there are
67 transplant care institutions in 37 federal subjects
across the country; the quality and outcomes of this care
are consistent with highest global standards. Modern
transplantology represents a striking example of a blend
between advances in high-tech medicine and scientific
breakthroughs. And all this is translated into practice in
a short time frame.

Head of the Clinical Medicine Section of the Depart-
ment of Medical Sciences, Russian Academy of Sciences,
Academician Igor Reshetov, emphasized that the session
is a part of the general planned activity of the Research
Council on Surgical Sciences of the Department of Me-
dical Sciences, Russian Academy of Sciences. Moreover,
holding this event as a program under the Congress of
Transplantologists is very effective, as it enabled a wide
range of specialists — researchers and practitioners, over
500 people — to participate and discuss.

Sergey Gautier, a fellow of the Russian Academy of
Sciences, presented a report titled “Transplant surgery:
aerobatics vs pandora’s box?”. In the presentation, he
emphasized that even a brilliant surgical solution is only
the beginning of a long journey to preserving a patient s



HOoCmu nayuenma. TpancniaHmayuonHas Xupypeust
O00MIICHA cO30amb YCA08USL 0151 A0EKE8AMHO20 QYHKYUO-
HUPOBAHUSI MPAHCHAAHMAMA 8 OP2AHUSME PEYUNUEHMA.
Yenex basupyemcst ne monvko Ha 6e3ynpeuHo xupypauu,
HO U HQ NOHUMAHUY U NPOSHOZUPOBAHUU PuU3UOIOcUYe-
CKUX U NAMOPUIUOTOSULECKUX NPOYECCO8, NPOUCX0051-
WUX KAK 68 CAMOM OOHOPCKOM Op2aHe, MakK U 6 OP2aHu3me
peyunuenma cpasy nocie nep@yzuu OOHOPCKO20 OP2aHd.
Tym u omxpwisaemcs mom camvlii suwux Ilandopwl, co-
oepoicawuti MHONHCECmE0 OUASHOCMUYECKUX, 1eKapCm-
BEHHBIX U XUPYPSUUECKUX NPOMOKOLO8, NPUMEHAEMbLX
0J1s1 MOHUMOPUH2A U CB0EBPEMEHHOU KOPPEeKyuu QyH-
Kyuil buocucmemvl « OOHOPCKULL OP2aAH — PeYUNUEHIN .

AHnanuz npobiem, 00CMuUdNCEHUll U NEePCHEKMUE 8
9MOU MYTbMUOUCYUNTUHAPHOU 00NIACMU 8KTIOHATL WU-
POKULL KOMIIIEKC ONPOCO8, KACAIOWUXCSL MPAHCILAH-
mayuu u OOHOPCMBa op2anos («Bvicoxomexnonocuy-
Hasi 08YXIMANHASL MYTLINUOP2AHHAS IKCRIAHMAYUS )
00HOPOB8: Om Heppakmomuu 00 nepysuu opeaHos ex
vivoy, A.B. llabynun u M.I" Mununa); ocrnoxcuenul
MPAHCHAAHMAYUOHHOU Xupypeuu (« Pannue u nosonue
Xupypeuueckue OCLONCHEeHUsl Y PEYUNUEHMO8 NeUeHU:
BU3VATU3AYUSL U CIPANE2Us MATIOUHBA3UBHOU KOPPEK-
yuuy, /[.A. I'panos u U.U. Tuneybepzernos); namogusuo-
JI02UU NOOOEPAHCAHUS HCUSHU PEYUNUEHMA NPU MPAHC-
nraumayuu (B.H. Ilonyos), mpancnianmayuu nevenu
(A.P. Monaxos); xupypeuueckux u nep@hy3uoHuvlx mex-
Honoautl npu mpauncnaaumayuu neekux (U.B. Ilawkos),
Xupypeuu mpaHcnianmayuuy cepoya u MexaHuiecKkou
noooepoicku kpogooobpawenus (1.A. Xarunynun). Ananusz
Hauboee 3HAYUMBIX HAYYHBIX PE3VIbIMAMOs, UMErOUUX
nepCneKmuesbl NPAKMUYECKoU peanu3ayuil, npeocmasu
ynen-koppecnonoenm PAH A.O. Illesuenko 6 doxnade
«AxmusHoe doneonemue peyunueHmos OOHOPCKUX oOp-
2aHO8: OM XUpPypeuu 00 NPOMEOMUKIUY.

B obcyarcoenuu npunsiu yuacmue oeticmeumensvHule
unenvl Poccutickoui akademuu Hayk ALl Pesuwisuiu,
M. Xyboymus, unen-koppecnondenm PAH A.M. Yep-
Haeckui, axademux HAH Pecnybauxu bBenapyco
F0.I1. Ocmposeckuil.

3acedanue O0po cexyuu KIUHULECKOU MeOUYUHbL
Omoenenus MeOUYUHCKUX HAyK, NOCesujeHHoe npobie-
Mam MpAaHCnIaHMOR02Ul, AGULOCH ZHAYUMBIM U PE30-
HAHCHbIM cODbImuem 01t MeOUYUHCKOU HAYKU U cell
ompacnu 30pasooxpanenus. OHO ROKA3AN0 8bICOKULL
VPOBEHb HAYYHBIX UCCTIEO08AHULL 8 IMOLL 00NIACHIU, UX HA-
NPABIEeHHOCIb HA OOCMUIICEHUE NPAKMUYECKO20 Pe3Yb-
mama, Ha co30anue Ome4ecmeeHHo20 8blCOKOMEXHO-
JLO2UYHO20 000PYO08aAHUsL, 8 HaCMHOCMU O/ nepdy3uu
OOHOPCKUX OP2AHO8, CUCHIEM MEXAHUHECKOU NOOOEPICKUL
Kp0o800Opawenus sl YKpenienus mexHoio2uiecko2o
cygepenHumema Haulell Cmpaubl.

C ysaoicenuem,
2NABHbBIU PeOaKmop
axademux PAH C.B. [omve

life and keeping his or her fit. Transplant surgery must
create the necessary conditions for a graft to function
adequately in the recipient’s body. Success is based not
only on a perfect surgery, but also on understanding
and predicting the physiological and pathophysiological
processes occurring both in the donor organ itself and in
the recipient's body immediately after organ perfusion.
This is where the Pandora’s box opens, bringing along
a variety of diagnostic, drug and surgical protocols used
for monitoring and early correction of the functions of
the “donor organ/recipient” biosystem.

Analysis of problems, achievements and prospects
in this multidisciplinary field included a wide range of
issues relating to organ transplantation and donation
(“High-tech two-stage multi-organ explantation in do-
nors: from nephrectomy to ex vivo organ perfusion”,
A.V. Shabunin and M.G. Minina),; complications of trans-
plant surgery (“Early and late surgical complications
in liver recipients: visualization and minimally invasive
intervention strategy”, D.A. Granov and 1.1. Tileuber-
genov); pathophysiology of life support for transplant
recipients (V.N. Poptsov), liver transplantation (A.R. Mo-
nakhov),; surgical and perfusion techniques in lung
transplantation (LV. Pashkov),; heart transplant surgery
and mechanical circulatory support (T.A. Khalilulin).
An analysis of the most significant scientific achieve-
ments with prospects for practical implementation was
presented by an associate member of the Russian Aca-
demy of Sciences, A.O. Shevchenko, in his report titled
“Active Longevity of Organ Recipients: from Surgery
to Proteomics’.

Full members of the Russian Academy of Sciences
A.S. Revishvili and M.S. Khubutia, associate member
of the Russian Academy of Sciences A.M. Chernyavsky,
and a fellow of the National Academy of Sciences of the
Republic of Belarus Y.P. Ostrovsky, all participated in
the discussion.

The meeting by the Bureau of the Clinical Medicine
Section of the Department of Medical Sciences, which
was devoted to the challenges of transplantology, was
a significant and high-profile event for medical science
and the entire healthcare industry. It showed the high
level of scientific research in this field, its focus on achie-
ving practical results, on creating Russian high-tech
equipment, particularly for donor organ perfusion, me-
chanical circulatory support systems, to strengthen our
country s technological sovereignty.

Sincerely,

I Sergey Gautier,
[ Editor-in-chief, Russian Journal
of Transplantology and Artificial Organs.
Fellow, Russian Academy of Sciences
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SUCCESSFUL TWO-STAGE TRANSPLANT HEPATECTOMY USING
THE ALPPS PROCEDURE FOR ADVANCED HEPATOCELLULAR
CANCER

D.A. Granov, V.N. Zhuikov, 1. Tileubergenov, 1.0. Rutkin, A.A. Polikarpov, A.R. Sheraliev,
M.V. Rozdobara
Russian Research Center of Radiology and Surgical Technologies, St. Petersburg, Russian Federation

In the presented case, after liver transplantation (LT) for hepatocellular cancer (HCC), the disease progressed in
the graft, left lung and bronchopulmonary lymph nodes after 16 months, according to the Milan criteria. Against
the background of combined treatment — hepatic artery chemoembolization (HAC), systemic targeted therapy and
stereotactic radiotherapy for metastatic node of the left lung — HCC in the extrahepatic foci was stabilized. In this
situation, we considered resection of the liver transplant as the only therapeutic option that provides a chance for
significant prolongation of the patient’s life. However, extensive resection of the right liver lobe seemed unsafe
due to a number of limiting factors — borderline functional residual capacity of the remaining liver: future liver
remnant (FLR), 599 ¢cm® (32%); plasma disappearance rate (PDR), 12.3%/min; tumor invasion of the middle
hepatic vein basin. In this case, right portal vein branch (RPVB) embolization could promote vicarious hypertro-
phy of the remaining part of the liver, but the waiting period usually exceeds three to four weeks, and the RPVB
was already partially blocked by the tumor at that time. The only option for surgical intervention was, in our
opinion, two-stage hepatectomy according to the Associated Liver Partition and Portal Vein Ligation for Staged
hepatectomy (ALPPS) procedure, despite the absence of literature data on the performance of such operations on
a liver transplant. On postoperative day 5 from the first stage, a 799 cm® FLR hypertrophy was achieved, which
allowed to perform the second stage of intervention relatively safely. Competent tactics regarding medication in
the intensive care unit (ICU) and renal replacement therapy allowed to cope with sepsis and acute renal failure —
the prevailing postoperative complications.

Keywords: hepatocellular cancer, liver transplantation, Milan criteria, transplant hepatectomy, Associated
Liver Partition and Portal Vein Ligation for Staged hepatectomy (ALPPS).

INTRODUCTION

Currently, LT is the most effective treatment for HCC
patients on the background of liver cirrhosis. Strict se-
lection of recipients according to modern criteria allows
achieving acceptable outcomes. Commonly known and
most widespread in clinical practice, the Milan criteria,
demonstrate a 5-year overall survival of about 70-80%
according to different sources [1, 2]. Available literature
data shows that the indications for LT in HCC can be
expanded. The use of the California and “up to seven”
criteria slightly worsens the long-term outcomes: overall
survival 75% and 71%, respectively [2]. Despite satisfac-

nically feasible, demonstrate the best survival rates after
recurrence. Inability to perform hepatectomy has been
shown to be an independent predictor of poor prognosis
[4]. Median survival after tumor recurrence is 65 months
in patients with HCC amenable to surgery, compared
to 5 months in patients not suitable for surgery [5]. In
a single-center retrospective study evaluating 106 pati-
ents developing posttransplant HCC recurrence, it was
demonstrated that patients receiving surgical therapy had
significantly longer survival (27.8 months) than those
receiving nonsurgical therapy (3.7 months) [6]. Availa-
ble data on transplant hepatectomy are extremely scarce
(less than 2000 operations) due to the objective comple-

tory survival rates, tumor aggressiveness and postopera-
tive immunosuppression lead to recurrence of the disease
in 15-20% of cases within two years [3]. In the current
realities, there is a wide arsenal of treatment options
for relapse in the form of systemic antitumor targeting
therapies, locoregional therapy methods: hepatic arteri-
al chemoembolization (HAC), radiofrequency ablation
(RFA) and transplant hepatectomy. According to several
available reports, active radical surgical tactics, if tech-

xity of technical execution and the risks of developing
post-resection liver failure. Operation — two-stage he-
patectomy — ALPPS is a variant of aggressive approach
in case of insufficient liver reserve. In the sources we
studied, the most common extent of graft resection was
bisegmentectomy. Extensive hepatectomies were rare-
ly performed. There were no mentions in the literature
about two-stage hepatectomy according to the ALPPS
technique in patients with recurrent HCC in the graft.

Corresponding author: Vladimir Zhuikov. Address: 70, Leningradskaya str., St. Petersburg, 197758, Russian Federation.
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DESCRIPTION OF CASE

Male patient, 45 years old, diagnosed with HCC,
T2NOMO stage 11. G3. BCLC A. on the background of
Child—Pugh B cirrhosis, MELD 23. Chronic hepatitis C
since 2014 (Complete eradication after antiviral therapy
in 2015). Chronic hepatitis B.

According to abdominal contrast-enhanced com-
puted tomography (CT) scan carried out on June 10,
2019: HCC nodule in the 7th segment of the liver 25 x
21 mm, cirrhosis. Alpha-fetoprotein (AFP) level as of
June 15,2019, was 3.5 IU/mL. In July 2019, he was put
on the waiting list for orthotopic LT at Russian Research
Center of Radiology and Surgical Technologies in St.
Petersburg. In neoadjuvant mode, HAC was performed
on July 23, 2019. According to the control abdominal
CT scan on April 23, 2020 (9 months after HAC): com-
plete response according to mRECIST. The HCC node
completely contains embolisate, is avascular, measuring
18 x 14 mm. Abdominal CT scan on September 09, 2020
(14 months after HAC): progression of disease (PD)
according to mRECIST. HCC node is vascularized and
has dynamically increased in size — 41 x 31 mm. An
increase in AFP over time was also noted — September
09, 2020 — 35 IU/mL. The patient underwent another
HAC on September 30, 2020.

Subsequently, LT from a deceased donor was per-
formed using the piggy-back technique on October 01,
2020. The waiting list period was 13 months. At the time
of LT, the tumor process in the liver was within the Milan
criteria. In the early postoperative period, on October 7,
2020, mechanical splenic artery embolization was per-
formed to correct the splenic artery steal syndrome. In
the postoperative period, the patient received a standard
triple-drug immunosuppression treatment consisting of
tacrolimus, mycophenolic acid, prednisolone. At the out-
patient stage of treatment, immunosuppression was cor-
rected: everolimus, tacrolimus. The underlying disease
progressed 16 months after LT. A CT scan conducted on

February 01, 2022 revealed a 52 x 48 mm HCC node in
the 8th segment of the liver, the para-aortic and broncho-
pulmonary lymph nodes were enlarged, and there was
a metastatic focus in the third segment of the left lung
17 mm. The focus in the lung was histologically veri-
fied. Lenvatinib therapy was administered from March
2022. In September 2022, according to CT scan, the
foci continued to grow in the graft, left lung, and lymph
nodes. In September 2022, HAC was performed and a
complete response to treatment was achieved according
to mRECIST criteria. In February 2023, stereotactic ra-
diation therapy was performed on the metastasis area in
the left lung and bronchopulmonary lymph nodes on the
left side. Stabilization of the process was considered as
the treatment outcome. The AFP level as of March 2023
was 9 [U/mL.

Given the stabilization of the tumor process in the
lungs and slow growth in the liver, it became clear that
the only method that can give a chance for a meaningful
prolongation of life could be the removal of the tumor
from the liver transplant.

However, under the existing conditions, extensive
resection of the right lobe of the liver was impossible
due to insufficient functional reserve of the remaining
part of the liver: FLR was 599 cm’ (32%) (Fig. 1); PDR
of indocyanine green (ICG) was 12.3%.

In this situation, theoretically, right portal vein (RPV)
embolization could promote vicarious hypertrophy of the
remaining part of the liver, but the waiting time usually
exceeds three to four weeks. At the same time, there
was no understanding of how the graft would behave.
Besides, the RPV was already blocked by the tumor at
that moment (Fig. 2), i.e. hypertrophy had already taken
place, but it was obviously insufficient.

In this situation, the only option for surgical interven-
tion was, in our opinion, two-stage hepatectomy using
the ALPPS procedure. It is known that the positive side
of'this technique is that it achieves vicarious hypertrophy

Fig. 1. Perioperative CT liver volumetry with assessment of FLR, highlighted in green/purple: a, preoperative CT volumetry
on April 11,2023; FLR volume is 599 cm® (32%), highlighted in green; b, CT liver volumetry on April 19, 2023 (postoperative
day 1 from the first stage of two-stage transplant hepatectomy); FLR volume is 649 cm® (35%), highlighted in green; ¢, CT
liver volumetry on April 23, 2023 (postoperative day 5 from the first stage of two-stage transplant hepatectomy); FLR volume
is 799 cm’ (43%), highlighted in purple; d, postoperative CT liver volumetry on May 02, 2023 (postoperative day 9 from the
second stage of two-stage transplant hepatectomy); FLR volume is 1244 cm’, highlighted in purple
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in the remaining part of the liver in a fairly short period
of time — up to two weeks — and allows for optimizing
the time of the second stage.

The first stage was performed on April 18, 2023.
Considering that such graft resections have not been
previously described in the available literature, we con-
sider it necessary to describe in detail the course of the
surgical intervention.

Laparotomy was performed with excision of the old
postoperative scar using a Rio Branco type approach. No
ascites or carcinomatosis were detected in the abdominal
cavity. There was a pronounced fibrotic process after the
previous LT. With significant technical difficulties, the
right and left liver lobes were isolated from the adhe-
sions. The right lobe of the liver was mobilized before
the donor conduit of the right inferior vena cava (IVC)
and piggy-back caval anastomosis were visualized. The
mouth of the right hepatic vein of the liver graft was
visualized at its caval hilum. In the right lobe of the
liver, occupying practically all its segments, with the

largest volume mainly in segment 8 with partial exten-
sion to segment 4a, there was a multinodular neoplasm
measuring up to 15 cm of dense consistency (Fig. 3).
There was also a pronounced fibrous-adhesive process
in the hepatic-duodenal ligament. When dissecting its
elements, the first step was to isolate the hepatic artery in
the zone of division into right and left. The right lateral
wall of the portal vein and the bile duct were differentia-
ted with technical difficulties. Between the bile duct and
the portal vein on its anterior wall, there was a lymph
node measuring up to 3 cm in size, suspicious for tumor.
With pronounced technical difficulties, the bile duct was
isolated, taken on a “holder”, which allowed to perform
lymphadenectomy from the anterior wall of the portal
vein. The portal vein was isolated up to the fork into the
right and left lobar veins. Its right branch (Fig. 4) was
ligated. The appearance of demarcation along the Cantlie
line was noted. Intraoperative Doppler ultrasound was
performed. The study noted that the tumor node spread
to the siva and was located in the basins of the right and

Fig. 2. Contrast-enhanced abdominal CT scan on April 11, 2023 (frontal slices). The right branch of the portal vein is blocked

by a tumor, indicated by red arrow

Fig. 3. Intraoperative photo (first stage of two-stage trans-
plant hepatectomy). Multinodular neoplasm (hepatocellular
carcinoma) of the right lobe of the liver graft

10

middle hepatic veins, while the mouth of the middle
hepatic vein was free of the tumor process. A decision
was made to dissect the parenchyma 1 cm to the right of
the trunk of the middle hepatic vein, while preserving its
orifice. Using monopolar and bipolar coagulators, water
jet dissector with alternate ligation and suturing of signi-
ficant vascular-secretory elements, the liver parenchyma
was dissected (Fig. 5) up to the fibrous plate of the portal
vein. Hemostasis was performed by argon-plasma and
bipolar coagulation, using hemostatic agent Surgicel.
The operation was completed by abdominal drainage and
layer-by-layer suturing of the postoperative wound. The
first stage lasted for 340 minutes, blood loss was 500 mL.

The postoperative period was characterized by ex-
tremely pronounced cytolytic syndrome, increasing
markers of systemic inflammatory reaction (C-reactive
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protein, procalcitonin), as well as significant renal failure
(Table).

Fig. 4. Intraoperative photo (first stage of two-stage trans-
plant hepatectomy). The right lobular branch of the portal
vein on a black ligature. The right lobular bile duct is on a
yellow rubber band

Fig. 5. Intraoperative photo (first stage of two-stage trans-
plant hepatectomy). Dissection of the liver graft parenchyma
with a water-jet dissector along the branch of the middle he-
patic vein (indicated by yellow arrow)

Taking into account the pronounced progression of
encephalopathy, respiratory failure, with the need for
mechanical ventilation, anuria and the need for renal
replacement therapy (RRT), increasing dosages of vaso-
pressor drugs on day 5, indications for the second stage
were set. At the same time, based on the results of control
CT liver volumetry conducted on April 23, 2023, the
volume of the remaining part of the liver increased from
599 ml to 799 ml (Fig. 1).

The second stage was performed on April 23, 2023.
Revision of the abdominal cavity revealed up to 500 mL
of clear ascitic discharge without signs of infection, and
small volume of blood clots (up to 100 ml). Moderate
adhesions (Fig. 6). The removed liver parenchyma was
bluish in color and had a soft-elastic consistency. The
remnant liver parenchyma had visually physiological
color and consistency, somewhat edematous, increased
in volume (hypertrophy) in comparison with that of April
18, 2023. Adhesiolysis was performed with technical
difficulties. The right hepatic artery was crossed between
ligatures. The right branch of the portal vein was re-
ligated and crossed. The portal fibrous plate was crossed
between two clamps and the remaining part was sutured.
The right hepatic vein was isolated with application of
a vascular clamp on its orifice. The drug was removed.

Fig. 6. Intraoperative photo (second stage of two-stage trans-
plant hepatectomy). Moderately pronounced abdominal ad-
hesions. The right hepatic artery is on a red rubber band
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The resection plane was treated with argon-plasma and
bipolar coagulation (Fig. 7), Surgicel plates were ins-
talled. The mouth of the right hepatic vein was sutured.
The operation was completed with abdominal drainage
and layer-by-layer suturing of the postoperative wound.

The postoperative period at the end of the second
stage was complicated by renal failure requiring conti-
nuation of RRT (Table), with its subsequent transfer to
intermittent mode and periodic episodes of encephalo-
pathy managed conservatively.

The patient was discharged for outpatient treatment
45 days after the first stage of surgical intervention.

The follow-up period so far has reached three months,
there is no data on tumor progression.

DISCUSSION

Despite strictly being within the Milan criteria, HCC
recurrence rate was 8% to 20% and usually occurs in the

Fig. 7. Intraoperative photo (second stage of two-stage trans-
plant hepatectomy). The resection plane of the liver graft
after tumor removal and completion of hemostasis (argon
plasma coagulation, Surgical plate installed)

Table

Dynamics of main laboratory parameters, future liver remnant volume, plasma disappearance rate
of indocyanine green and invasive and extracorporeal methods of organ systems support in a 45-year-old
patient in the perioperative period during a two-stage transplant hepatectomy by ALPPS technique

with hepatocellular cancer progression

— o

() O

en on

s s

N 7]

o) (a9

W) =9

— —

< <
Postoperative day| 1 2 3 4 5 6 | 7| 8|9 10|11 |12]|13]| 14 |[15]|16]21 |23
ALT (U/L) 5462 423823871401 822 [508[396 272206 118 103] 68 | 55 | 50 [ 57 [ 38 [ 39 | 35
AST (U/L) 11,175 4650 | 1686 | 494 [ 223 (373232117 87 [ 58 | 65 [ 53 [ 46 | 55 [ 73|69 | 56 | 29
Bilirubin 20 |21 | 14|24 2526181312123 11]12| 9 |12|9]|8]|7
(umol/l)
Albumin (g/L) 23 |21 20 23 (2628|2322 1222524202220 [21]20]19]17
Quick 47 | 45 | 60 | 65 | 69 | 5165|7973 76|81|78|8 | 79 [|75]72]70] 63
prothrombin (%)
INR 1.7 |17 l1a] 1312161312122 taft2{ta]12]12]12]13]14
8{1?575)16 162 | 370 | 497 | 606 | 292 | 232|254 (273 | 267 258|276 | 285|451 | 252 [179]220(399 |401
Urea (mmol/L) 5 Blio|2s]waluulfis|i5]615]17]27] 17 13]16]33]42
C-reactive 77 211|222 | 213 |210|112]110| 78 | 65| 60 | 99 | 92 |104| 89 | 97 |107|107|104
protein (mg/L)
Procalcitonin
(ng/mL) S S 7/ N T % T [ U R N R ') N N R (R B N
Sponta}neous " " n _ [ e e e A R I _ N P B I
diuresis
Renal replace- - L = N ™ T AN (e (R [RAR IR BN IR I R R
ment therapy
Ventilator — — — + + |+ - -+ |+ |+ |+ |+ + | +]|-=-1]-1]=-
Future liver
remnant volume 599 799 1244
(mL’)
ICG-PDR (%) 12.3 16.4 213

Note. ALT, alanine transaminase; AST, aspartate transaminase; INR, international normalized ratio; ICG-PDR, indocyanine
green plasma disappearance rate.
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first 12—-16 months after LT [7]. In most cases when a
recurrence develops, the prognosis is extremely unfavo-
rable and the median survival from the time of recurrence
is between 7 and 16 months [8]. Optimal treatment stra-
tegies for post-LT recurrent HCC have not been defined
and therapeutic options are limited. In most patients,
the disease continues to progress despite therapy. There
are rather scarce data in literature on the use of regional
therapies for recurrence. In 11 patients with tumor recur-
rence in the graft after microwave ablation performed,
the two-year survival rate was 15%, and the average
survival was 17 months [9].

The efficacy of conventional transcatheter arterial
chemoembolization (TACE) in 28 patients with recurrent
HCC after LT from a living donor was evaluated by Ko
etal. [10]. After HCC, the targeted tumor reduced in size
by >25% in 19 of the 28 study patients (67.9%). How-
ever, intrahepatic recurrence or extrahepatic metastasis
occurred in 92.9% of patients during the 6-month period
following TACE. Moreover, long-term prognosis was
extremely poor, with 1-, 3-, and 5-year survival rates of
47.9%, 6.0%, and 0%, respectively, and a mean survival
of 9 months [10].

The median overall survival for the sorafenib/rego-
rafenib sequence (counting from the start of sorafenib
use) was 28.8 months. All patients receiving regorafenib
experienced side effects, but adverse events (above grade
3) were severe in 14 patients (38.9%) [11].

Despite the promising results of immunotherapy, the
ability to safely utilize checkpoint inhibitors in the post-
transplant setting remains a current challenge. In paren-
chymal organ transplant recipients, the PD-1/PD-L1 pa-
thway is fundamental in the regulation of alloimmunity
and graft tolerance [12]. Thus, using these drugs after
transplantation may expose these patients to the risk of
graft rejection and graft loss, and in more severe cases
this may lead to death [13, 14].

At the same time, it is well established that hepatec-
tomy, when potentially feasible, has a much better out-
come compared with palliative methods [4-6]. An Italian
multicenter study reported a significantly better 4-year
survival rate in patients with resectable recurrences com-
pared to patients with unresectable disease: 57% vs. 14%
[15]. Undoubtedly, such a radical surgical tactic carries
objective difficulties and requires a balanced decision
based on assessment and acceptance of possible risks
and complications, especially in the absence of wide
international experience and clear clinical guidelines.
Technical nuances include pronounced adhesions after
previously performed LT, undesirability of performing
the Pringle maneuver due to the high risk of ischemic
cholangiopathy, i.e. resection with preserved blood flow,
which requires extreme precision and delicacy of the ma-
nipulations performed. Foreign colleagues confirm the
difficulties of performing such interventions and post-
operative management of such patients, and describe
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an in-hospital mortality rate of 21.4% [16]. In addition
to refined surgical skills, post-LT hepatectomy requi-
res highly skilled patient management in the intensive
care unit due to compromised immune status and renal
function resulting from immunosuppression with the
possibility of adequate antimicrobial therapy and RRT.
Nevertheless, most authors agree that such operations
are feasible at specialized centers, and one of the main
criteria for success is an adequate volume of FLR. And
if in planning a primary hepatectomy, the necessary safe
FLR is widely known: more than 25-30% of parenchyma
without cirrhosis and more than 40-45% with cirrhotic
transformation [17], then in the case of post-LT hepa-
tectomy, this figure is not strictly regulated due to the
lack of understanding of the regenerative capabilities of
the graft. In available reports, statistical calculations are
not divided into cohorts based on the volume of hepa-
tectomies performed after LT; therefore, it is extremely
difficult to predict the risks of post-hepatectomy liver
failure in extended liver resection [4, 6]. In our case,
FLR was 32%, which, in our opinion, was an extremely
borderline value. For additional risk stratification, liver
function was assessed by PDR of indocyanine green
(ICG). The PDR was 16.7%/min, which also does not
reliably guarantee a safe hepatectomy. We excluded the
option of embolization of the right branch of the portal
vein due to tumor blocking of the vessel and long waiting
time for hypertrophy. In this situation, the only possi-
ble option, in our opinion, was a two-stage transplant
hepatectomy using the ALPPS procedure. It should be
emphasized that in the available literature, there are no
cases of such operations performed after LT. An additio-
nal factor in favor of ALPPS was the close proximity of
the tumor to the middle hepatic vein and the likelihood
of extending the resection volume to the 4th segment.
Based on our experience, we consider it necessary to use
a water-jet dissector when dissecting the parenchyma
with preserved blood flow, which ensures accurate and
precise manipulations.

An important aspect in terms of perioperative ma-
nagement of the patient, in our opinion, was the complete
withdrawal of immunosuppression three days before
and after the intervention, given the high risks of septic
complications and renal failure. Even so, these compli-
cations could not be avoided, but regular monitoring
of the flora with antibacterial therapy according to the
sensitivity spectrum and RRT according to indications,
ensured final success.

CONCLUSION

The prognosis for the recipient’s life after LT for HCC
is determined not only by the known selection criteria
and immediate success of the operation, but also by the
effective treatment of recurrence. In large, specialized
centers with tremendous experience in LT and hepatecto-
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my, active surgical tactics should definitely be considered
in case of recurrence in the graft.

We are certainly aware of the fact that the chosen
tactics is an operation of desperation. However, if the
fundamental principles of liver surgery, anesthetic and
resuscitation therapy are observed, this tactic can be
successful. The authors are far from thinking that the
operation will completely save the patient from further
progression of the oncologic process. However, they
hope that, considering the addition of drug therapy, it can
improve the prognosis for the patient’s survival.

The authors declare no conflict of interest.
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Background. Cardiovascular diseases are very common among solid organ recipients. They are associated with
worsening transplant outcomes. Arterial vascular wall elasticity is an important prognostic indicator and a risk
marker for cardiovascular events. Noninvasive measurement of common carotid artery (CCA) elasticity may be
useful in assessing cardiovascular risk in solid organ recipients. Objective: To conduct a comparative analysis of
indicators of CCA elasticity in solid organ recipients and to study their relationship with factors that potentially
have a negative impact on the risk of adverse events. Materials and methods. The study included 154 patients
aged 10 to 75 years, including heart (n = 77), liver (n = 9), and kidney (n = 35) recipients, as well as 33 patients
with end-stage heart failure waitlisted for heart transplantation (HT). In all participants, carotid artery ultrasound
was performed, pulse wave velocity was measured, and CCA elasticity was calculated. Results. CCA elasticity
was found to be strongly inversely correlated with age, body mass index, systolic blood pressure, renal tubular
filtration rate, CCA intima media thickness, and aortic pulse wave velocity. In heart recipients, CCA elasticity
was significantly lower than in liver and kidney recipients (p = 0,002) and it inversely correlated with the length
of time elapsed after transplantation, which is probably associated with cardiac denervation. Conclusion. CCA
elasticity calculated via noninvasive ultrasound reflects the degree of adverse effects of pathological factors on

the main arteries in solid organ recipients.

Keywords: vascular wall elasticity, common carotid artery, heart, kidney, and liver recipients.

INTRODUCTION

Cardiovascular diseases are common in solid organ
recipients and are associated with worse transplant out-
comes [1]. Cardiovascular risk assessment is clinically
important because preventive interventions that are ini-
tiated early may reduce the incidence of complications
in solid organ recipients. At the same time, inappropriate
interventions can be a burden on both the health care
system and patients. In this regard, various cardiovas-
cular risk assessment scales are actively used in clinical
practice, but their limited accuracy constitutes a signi-
ficant disadvantage [2]. It is necessary to identify new
and more effective ways of assessing cardiovascular risk
in solid organ recipients. Assessment of the common
carotid artery elasticity is promising among them.

Arterial vascular wall elasticity (AVWE) is an impor-
tant prognostic indicator and a risk marker for cardiova-
scular events at the preclinical stage and cardiovascular
mortality in the population [3]. Noninvasive measure-
ment of this index on carotid arteries may be a useful
method in assessing risk in solid organ recipients.

The AVWE in renal recipients is associated with cli-
nical risk factors and independently predicts mortality,
cardiovascular events, and graft dysfunction [4—6]. Data
on arterial elasticity in recipients of other solid organs are
few and mostly obtained in pediatric recipients.

The objective of the study was to comparatively
analyze the indicators of CCA elasticity in solid organ
recipients and to investigate their association with fac-
tors that potentially have a negative impact on the risk
of adverse events.

MATERIALS AND METHODS

The examination and treatment of heart, liver and
kidney recipients, as well as persons included in the HT
waitlist, who are under supervision at Shumakov Nati-
onal Medical Research Center of Transplantology and
Artificial Organs, from February 2022 to June 2023, were
carried out in accordance with the clinical guidelines of
the Russian Transplant Society and protocols adopted at
Shumakov National Medical Research Center of Trans-
plantology and Artificial Organs.
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The study included 154 patients aged 10 to 75 years,
including 113 males and 41 females. Patient mean age
was 47.0 + 2.2 years.

Among the patients examined were:

Patients with end-stage heart failure (ESHF) listed
for HT (n = 33);

Heart recipients (n = 77);

Liver recipients (n = 9);

Kidney recipients (n = 35).

Inclusion criteria were: 1075 years of age; a history
of heart, liver, or kidney transplantation or the presence
of ESHF with inclusion on the HT waiting list.

All patients received mono-, bi-, or triple-drug im-
munosuppressive therapy after transplantation, including
tacrolimus, everolimus, mycophenolic acid drugs, me-
thylprednisolone, cyclosporine, and azathioprine.

Exclusion criteria: over 75 years of age or younger
than 10 years.

In addition to routine examinations, carotid artery
ultrasound and pulse wave velocity measurement were
performed in all participants. The CCA elasticity index
was calculated as the ratio of the difference in the cross-
sectional area of the CCA in systole and diastole to the
systole-diastolic BP difference. The study of functio-
nal parameters of the CCA wall was performed using
the Vivid S7ON ultrasound system with a 9 MHz linear
multifrequency transducer by ultrasound scanning me-
thod with measurement of the vessel lumen diameter and
assessment of hemodynamic parameters using spectral
Doppler mode (Fig.).

Statistical analysis followed the International Com-
mittee of Medical Journal Editors (ICMJE) recommen-
dations and the Statistical analyses and methods in the
Published Literature (SAMPL) guidelines. Statistical
significance was determined by the value of 95% con-
fidence interval and number of degrees of freedom. In
all cases, p < 0.05 was considered statistically signifi-
cant. WizardPro software was used for mathematical
processing.

RESULTS AND DISCUSSION

There were no significant differences in age, sex, and
body mass index (BMI) in the presented subgroups of
recipients and heart failure patients.

In the patients included in the study, CCA elasticity
index ranged from 0.0013 to 0.0137 m*-kPa™'; on ave-
rage, this index was 0.0040 = 0.0001 m*kPa". In all
subgroups, CCA elasticity index was independent of
tacrolimus trough levels.

In ESHF patients, CCA elasticity index (ss =0.007 +
0.001 m*-kPa ") was significantly higher (p = 0.04 in both
cases) than in liver and kidney recipients (0.005 + 0.003
and 0.005 + 0.002 m*-kPa', respectively); in the latter it
was significantly higher (p = 0.02) than in the subgroup
of heart recipients (ss = 0.0040 £+ 0.0001 m*-kPa™). We
did not find similar data for comparison in the available
scientific literature.

Statistical analysis revealed that CCA elasticity index
inversely correlated with age, BMI, systolic BP levels,
glomerular filtration rate (GFR), CCA intima-media
thickness index and aortic pulse wave velocity.

Similar data can be found in the work of Cheddani
et al. [7]. The authors note that high aortic stiffness is
associated with lower GFR, older age, diabetic status
(and diabetic nephropathy), smoking and hypertension.

It should be noted that in foreign studies, a measure
of'blood vessel wall elasticity is usually arterial stiffness
[8, 9], which is assessed by the carotid-femoral pulse
wave velocity (PWV).

Studies assessing the progression of arterial stiffness
over time in patients after transplantation are conflic-
ting [5]. According to published studies, arterial stiffness
measured by PWV, is markedly reduced after kidney
transplantation [4]. Some studies have shown that this
improvement applies primarily to recipients of kidneys
from young donors (17—41 years) [11], and was also
more pronounced in cases of transplantation from living
donors [11]. However, in a 5-year follow-up by Alati¢ J.
etal. [13], which included 48 kidney recipients, PWV did
not significantly change during the follow-up period (p =
0.137) [12]. No differences in the annual evolution of
PWYV were also found in the work by Bachelet-Rousseau
etal. [13].

Previously, we have shown that the CCA stiffness
index does not change significantly over time in heart
transplant patients. However, the CCA stiffness index
increases during rejection and then decreases during the-
rapy [14]. Thus, the assessment of CCA stiffness index

Fig. Technique for investigating CCA conditions. a, measurement of CCA intraluminal diameter; b, measurement of Doppler
indicators; Vmax, peak systolic velocity (Vs); D1 and D2, minimum and maximum diameters of the CCA, respectively
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can be used to identify heart recipients at high risk of
rejection.

In our present study, the CCA elasticity index in car-
diac recipients, in contrast to other subgroups, negatively
correlated with the length of time elapsed after transplan-
tation. This is probably associated with an additional
factor — cardiac denervation. Reduced elasticity of the
wall of the main arteries may explain the phenomenon of
arterial hypertension that develops in most heart recipi-
ents [15] and aggravate injury to target organs (kidneys,
brain) against the background of other pathological fac-
tors; it suggests the prescription of adjuvant drug therapy
for prophylactic purposes.

Arterial stiffness is independently associated with
several risk factors (age, blood pressure control, diabetes
mellitus, smoking, previous cardiovascular events, total
cholesterol, creatinine and triglyceride levels, and GFR)
and in liver recipients [16].

In addition, according to Szewc et al. [17], BMI is
associated with arterial stiffness in liver recipients. In
their study, the PWV level was 7.62 m/s in patients after
liver transplantation, whose BMI value was within the
normal range, and 8.58 m/s in overweight and obese
patients (p < 0.05).

Arterial stiffness is also an independent predictor of
cardiovascular events and all-cause mortality in cardiac
recipients. De Souza-Neto et al. [18] found that arterial
hypertension was more than four times more common in
patients after heart transplantation with increased arterial
stiffness. Major risk factors for arterial stiffness included
arterial hypertension, diabetes mellitus, dyslipidemia,
and chronic kidney disease.

To date, it is unknown whether therapeutic interven-
tions aimed at increasing arterial wall elasticity will im-
prove outcomes in solid organ recipients.

CONCLUSION

The CCA wall elasticity index, determined by nonin-
vasive ultrasound, reflects the degree of adverse effects
of pathological factors on the main arteries; the index is
significantly lower in solid organ recipients than in pati-
ents on the HT waitlist; it is significantly lower in heart
recipients than in liver and kidney recipients and, unlike
them, depend on the time elapsed after transplantation.

Studies on the association between CCA elasticity
index and other important risk factors for cardiovascular
events, as well as assessment of long-term prognostic va-
lue allows to answer the question of whether arterial wall
elasticity may represent an additional therapeutic target
for improving survival among solid organ recipients.

The study had no sponsor support.

The authors declare no conflict of interest.
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TREATMENT OF VASCULAR COMPLICATIONS FOLLOWING
ORTHOTOPIC LIVER TRANSPLANTATION. THE EXPERIENCE
OF A REGIONAL CENTER
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Objective: vascular complications (VCs) following liver transplantation (LT) can pose a significant threat to
the recipient’s life — as the risk of graft loss increases significantly when blood flow in the graft is impaired.
Diagnosis and early treatment of VCs seems to be a pressing issue in transplantology. The aim of this study is to
evaluate the incidence, treatment and outcome of VCs in patients after orthotopic LT at the Center for Surgery and
Donor Coordination, Rostov Regional Clinical Hospital. Materials and methods. Between July 2015 and April
2023, 100 orthotopic LTs were performed. VCs were retrospectively identified and analyzed. Results. The overall
incidence of VCs was 24% (n = 24): hepatic artery stenosis, 5% (n = 5); intra-abdominal bleeding, 6% (n = 6);
hepatic artery dissection, 2% (n = 2); intrahepatic venous thrombosis Budd—Chiari syndrome), 2% (n = 2); portal
vein thrombosis, 1% (n = 1); inferior vena cava thrombosis/iliofemoral deep vein thrombosis, 2% (n = 2); inferior
vena cava stenosis, 1% (n = 1); hepatic vein stenosis, 1% (n = 1); recurrent hepatic artery stenosis/thrombosis,
2% (n = 2); mesenteric vein thrombosis, 2% (n = 2). Conclusion. Most VCs following orthotopic LT occur in the
early postoperative period and can lead to a high risk of graft dysfunction and patient death. Early recognition,
diagnosis, and treatment of post-LT complications are critical to successful short- and long-term graft function and
patient survival, even in patients with asymptomatic complications. Treatment options typically include surgical
revascularization, percutaneous thrombolysis, percutancous angioplasty, retransplantation, or, less commonly, a

conservative approach.

Keywords: liver transplantation, vascular complications.

INTRODUCTION

Orthotopic LT (OLT) is the most effective treatment
modality for end-stage liver disease. Significant advan-
ces in surgical techniques for organ retrieval, introduc-
tion of potent immunosuppressive drugs, and improved
peri- and postoperative patient care have resulted in in-
creased patient survival after OLT to >90% [1]. However,
VCs have life-threatening consequences for the patient
as they impair blood flow in the graft. Most of these
complications occur within the first month following
OLT and require early detection, diagnosis, and imme-
diate treatment [2]. Bleeding, stenosis and thrombosis
can occur in any of the vascular anastomoses, as well as
pseudoaneurysm in the arterial anastomosis [3, 4], with
an overall reported incidence of 7.2% to 15% in adults
(mainly arterial 5-10%, followed by portal 1-3% and
caval <2%) [5-8]. However, the rate can be as high as
25% for hepatic artery thrombosis (HAT) and hepatic
artery stenosis (HAS) [7].

Hepatic artery thrombosis (HAT) following OLT
occurs in 1.9% to 16.6% of cases [8]. It is the most fre-

quent and severe vascular complication following OLT.
It accounts for more than 50% of all arterial complica-
tions and usually leads to graft loss [2, 9-14]. HAT is the
main cause of biliary necrosis and massive liver necrosis
accompanied by uncontrolled sepsis under immunosup-
pression, inevitably leading to patient death [15]. HAT
occurring in the first month after LT is accompanied by
mortality in 55% of cases; later stages of the thrombo-
sis lead to death in 15% of cases [16]. In general, there
are three treatment options for HAT: revascularization,
retransplantation, and observation. The choice of any
of these methods depends on the time of diagnosis [17].
Retransplantation rates are high in patients with untre-
ated HAT (25-83%) compared to patients who receive
graft revascularization (28%—-35%) [9, 18, 19] and it
provides the best survival outcomes. However, this op-
tion is subject to donor shortage and patient condition
[9, 10, 20, 22].

Hepatic artery stenosis (HAS) is usually defined as a
narrowing of the transverse diameter of the hepatic artery
resulting in graft ischemia [9, 23-28]. HAS incidence
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is 2—13% according to different sources [9, 13, 23, 24,
26-28]. Percutaneous angioplasty is an alternative to
surgical treatment for HAS [26]. If thrombectomy and
angioplasty are ineffective, only LT can save the patient’s
life [17, 15].

Hepatic artery pseudoaneurysm (HAP) is a rare but
life-threatening complication following OLT, occurring
in approximately 0.27% to 3% of cases [13, 18, 31]. Rup-
tured extrahepatic aneurysm can lead to massive intrape-
ritoneal bleeding and, as a consequence, to hemorrhagic
shock. Color spectral Doppler, computed tomography,
and selective angiography are useful diagnostic tests for
differentiating complications [32].

Venous complications, compared with arterial com-
plications, are less common, with an estimated overall
incidence of less than 3% [5-7, 20, 35].

Portal vein thrombosis (PVT) and portal vein ste-
nosis (PVS) complicate the postoperative period fol-
lowing OLT in 1-3% of cases [5—7, 20, 35]. The main
methods in the early stages of treatment of PVT are
thrombectomy and portal vein reconstruction combined
with thrombolytic and anticoagulant drugs. If these me-
thods are ineffective, urgent re-transplantation is the only
method in most cases [36]. The treatment of choice for
PVS is balloon angioplasty or stenting.

Inferior vena cava or hepatic vein stenosis are re-
latively rare complications arising after LT, with an inci-
dence of less than 3% [2]. Clinical manifestations range
from lower limb edema, hepatomegaly, ascites, pleural
effusion, Budd—Chiari syndrome, hepatic and renal fai-
lure to low blood pressure leading to allograft loss and
multiple organ failure [20, 36, 37]. Treatment of PVT
includes systemic anticoagulant therapy, thrombolytic
therapy by radiologic intervention with stent placement,
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Fig. 1. Distribution of liver recipients by disease etiology
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portosystemic shunt, and re-transplantation in cases that
are refractory to treatment [38].

MATERIALS AND METHODS

During this study, the medical documentation of pa-
tients who underwent LT at the Center for Surgery and
Donor Coordination, Rostov Regional Clinical Hospital,
from July 2015 to April 2023, was reviewed. Analyzed
were data on gender, age, and concomitant diseases of re-
cipients; operations previously undergone by recipients;
indications for LT; number and type of VCs; method used
to diagnose complications; clinical course and treatment
of patients; date and time of the operation. MS Office
and Statistica software packages were used to analyze
the data.

RESULTS

A total of 100 (n = 100) OLTs were performed. The
average age of the recipients was 43.5 + 15.8 years. The
indication for surgery was liver cirrhosis of various etio-
logies, the most common cause of end-stage liver disease
in patients was viral hepatitis, 33% of cases (Fig. 1).

For 10 recipients, their close relatives were the liver
donors, and 90 recipients received an organ from brain-
dead donors. For two patients, the donor organ was ob-
tained by splitting the liver into two lobes using the split
in situ technique. LT in all patients was performed in
accordance with ethical and legal standards.

The average duration of the surgical intervention was
5.14 £ 1.92 hours. Intraoperative blood loss did not ex-
ceed 1400 mL (1076.1 £ 191.8 mL). Using the reinfusion
system, it was possible to return up to 93% of lost blood
(996.5 = 177.5 mL of blood on average), and the addi-
tional volume of erythrocyte mass transfused in 48.1%

B Viral hepatitis

B Autoimmune diseases

33% Alcoholic cirrhosis
Primary sclerosing cholangitis

B Hereditary diseases

B Cryptogenic cirrhosis

B Secondary sclerosing cholangitis
Cholestatic hepatitis

B Unspecified etiology

B Mixed etiology
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of patients during the operation and in the immediate
postoperative hours was 238.7 + 133.1 mL on average.
In all cases, fresh frozen plasma was transfused with an
average transfusion volume of 1394.7 + 303.1 mL.

Vascular complications

In the early postoperative period, VCs following OLT
were diagnosed in 21/100 patients (21%), which is com-
parable to world literature reports [5—8, 42], while some
patients had several complications at once, so the total
number of VCs was 24 cases: hepatic artery stenosis and
hepatic artery dissection (7%, n = 7), intra-abdominal
bleeding (6%, n = 6), intrahepatic venous thrombosis
(Budd—Chiari syndrome) (2%, n = 2), PVT (1%, n =
1), inferior vena cava/iliofemoral thrombosis (2%, n =
2), inferior vena cava stenosis (1%, n = 1), hepatic vein
stenosis (1%, n = 1), recurrent HAS/HAT (2%, n = 2),
mesenteric vein thrombosis (2%, n = 2) (Table).

Characteristics of recipients who developed
VCs after OLT:

— Recipient’s gender: 16 males (69.6%) and 7 females
(30.4%).

— Mean age at the time of surgery was (M + SD) 46.46 +
11.33 years.

— Mean body weight, (M + SD) 75.52 + 18.55.

— Mean body mass index (BMI), (M + SD) 25.96 +
4.16.

— 20 (95.2%) patients had comorbidities — arterial hy-
pertension, thrombocytopenia, coagulopathy, chronic
heart failure and morbid obesity.

— Child—Pugh classification: class B (Child B)
7-9 points in 8§ cases (38.1%) and class C (Child C)
10—15 points in 12 cases (61.9%).
— MELD score and 3-month mortality:
* in the range 30-39 points (52.6% mortality) in
3 cases (14.3%);

* in the range 20-29 points (19.6% mortality) in
14 cases (66.7%);

* in the range 10-19 points (6.0% mortality) in
3 cases (14.3%);

* intherange <9 (1.9% mortality) in 1 case (4.8%).
— UNOS criteria:

+ status 1 (acute liver failure), 19 cases (90.5%);

» status 2B (decompensated chronic liver disease),

2 cases (9.5%).

— METAVIR scale, F4 (Cirrhosis. Irreversible changes),
21 cases (100%).

— ABO blood group compatibility was the same in
21 cases (100%).

Hepatic artery stenosis with or without hepatic
artery thrombosis occurred predominantly early after
surgical intervention and during the patient’s hospital
stay. It occurred in 18/100 cases (18%). The diagnosis
was established by Doppler ultrasound and angiogra-
phy combined with laboratory investigation methods.
Treatment priority was given to minimally invasive me-
thods through endovascular technique, without exposing
the patient to risks associated with thrombectomy and
open reconstruction of the arterial anastomosis. From
the right transradial access, catheterization of the celiac
trunk was performed with a diagnostic angiographic ca-
theter; selective catheterization of the common hepatic

Table

Number of vascular complications following orthotopic liver transplantation at Rostov Regional Clinical
Hospital and according to global reports

Vascular complication Data from Rostov Regional Clinical Hospital Data from world literature
Number | Percentage Percentage of total
of cases | of all vascular | number of patients who
complications | underwent orthotopic liver
(n=24) transplantation (n = 100)
Hepatic artery stenosis 120 .
and hepatic artery dissections / 292 7 2-13% 9, 13,23, 24,26-28]
Intra-abdominal bleeding 6 25.0 6 7.2-15% [5-8]
Intrahepatic venous thrombosis > 83 5 The incidence is 1
(Budd—Chiari syndrome) ' per 100,000 population [40]
Portal vein thrombosis 1 4.2 1 1-3% [5-7, 20, 35]
Inferior vena cava thrombosis/ o
iliofemoral deep vein thrombosis 2 8.3 2 <3% 2]
Inferior vena cava stenosis 1 4.2 1 <3% [2]
Hepatic vein stenosis 1 4.2 1 <3% [2]
Recurrent. hepatic artery stenosis/ > 8.3 5 No data
thrombosis
L . 11% of all forms of visceral
Mesenteric vein thrombosis 2 83 2 deep vein thrombosis [41, 42]

21
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artery was performed; a coronary conduit was placed
in its distal parts through the thrombus and the stenosis
zone of the arterial anastomosis (Fig. 2); 15 mg of the
drug Actilyse was injected through a microcatheter into
the thrombosis zone using an infusion pump at a rate of
1 mg/min; a 20-minute exposure was carried out, after
which a coronary stent, coated with the drug Everolimus,
was implanted in the area of the stenosed anastomosis
of the common hepatic artery with the donor liver artery
with a length exceeding the length of the stenosis, and
angiographic control was performed in the stenting zone
(Fig. 3) [15].

Treatment failed in 3/100 cases (3%), accompanied
by progression of liver failure, which required repeated
hepatic artery angioplasty and stenting; subsequently,
one patient underwent organ retransplantation; one pa-
tient died against the background of multiple organ and
intra-abdominal bleeding.

Portal vein thrombosis developed in 1/100 patients
(1%) during a 5-day hospital stay. The diagnosis was
established by ultrasound and then confirmed by angio-
graphy. Treatment was performed by open thrombec-
tomy from the portal vein, but the patient died on the
background of graft failure.

Hepatic vein thrombosis occurred in 2/100 cases (2%)
within 4-10 months after hospital discharge. The patho-
logy was diagnosed by Doppler ultrasound followed by
spiral CT phlebography. One patient underwent partial
splenic vein embolization and was subsequently listed
for liver retransplantation. One patient underwent organ

retransplantation 9 months after primary transplantation
(5 months after hepatic vein thrombosis).

Hepatic vein stenosis was noted in 1 patient. The
diagnosis was established by ultrasound and then confir-
med by direct cavography. The hepatic vein was stented.
Subsequently, against the background of graft failure,
the patient died.

Stenosis of the inferior vena cava in the anastomo-
sis zone, extending in the cranial direction, was noted
in 1 patient; balloon angioplasty of the artery was per-
formed 24 hours later. Pressure gradient in the area of
stenosis was measured before and after angioplasty to
confirm patency. Partial thrombosis of the inferior vena
cava was noted in one patient, conservative therapy was
performed. Iliofemoral deep vein thrombosis complica-
ted by pulmonary embolism with subsequent placement
of a cava filter was noted in 1 patient.

All patients with stenotic and thrombotic vascular
complications were treated with anticoagulant therapy
(heparin or low molecular weight heparin) at the calcu-
lated dosage in combination with selective thrombolysis
in patients with X-ray image-guided endovascular recon-
structions. Heparin infusion up to 180-200 IU/kg/day,
adjusted according to the activated partial thromboplastin
time (target levels, 50—70 seconds).

Bleeding episodes were reported in 5 patients after
OLT, of which 2 episodes occurred after hepatic artery
stenting and selective thrombolysis.

Fig. 2. Selective angiography of the common hepatic artery
after liver transplantation. Thrombotic prestenotic occlusion
in the proximal part — contrast break, arterial anastomosis
stenosis

Fig. 3. Selective angiography of the common hepatic artery
after liver transplantation: a, restoration of blood flow in the
liver after selective thrombolysis; b, the hepatic artery anas-
tomosis area is stented
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DISCUSSION

The frequency of vascular complications described
in the literature varies greatly according to world and
Russian literature. Despite technological advances, VCs
are still an important factor in allograft loss, increasing
postoperative morbidity and mortality.

Arterial complications are more common, occur in the
early postoperative period, and are associated with a high
incidence of graft loss and patient mortality. Conversely,
venous complications are less frequent, occur in the late
postoperative period and do not have a significant impact
on graft loss or mortality.

The most common risk factors of arterial complica-
tions in LT are technical difficulties and errors at the stage
of arterial anastomosis. This is because of the anatomical
features of the graft, as well as previous reconstructions
at the back table stage, atherosclerotic lesion of the organ
artery in expanded criteria donors, significant difference
in the diameter of the anastomosed arterial stumps, arteri-
al spasm, and previous surgical interventions on abdomi-
nal organs in the recipient. The most common risk factors
for venous complications in LT are previous thrombosis
in the portal vein system, splenectomy, a significant dif-
ference in the diameter of the portal vein sections being
sutured, a high MELD score, and the etiologic nature of
the recipient’s liver damage. Unfortunately, the impact
of most of the described factors can only be prevented
by improving surgical technique and working with the
selection of patients on the waiting list. Identification of
the above risk factors, prevention of technical complica-
tions and early diagnosis of VCs can reduce mortality,
morbidity and the need for repeat transplantation.

Current trends have shown an increasing use of en-
dovascular interventions initially to treat VCs after LT
with good outcomes.

When endovascular procedures fail, open surgical
repair still plays a role.

CONCLUSION

Most VCs following OLT occur in the early postope-
rative period (up to 1 month) and can lead to a high risk
of graft dysfunction and patient death.

LT outcome depends on the competence and skills
of the specialists.

Early detection, diagnosis, and treatment of post-
OLT complications are critical for successful short- and
long-term graft function and patient survival, even in
asymptomatic patients.

The leading methods for detecting and diagnosing
VCs at early and late stages of treatment after OLT, in-
cluded in most study protocols, are Doppler ultrasound
and CT/selective angiography, which allows for early
detection of VCs.

23

Treatment options typically include surgical revas-
cularization, percutaneous thrombolysis, percutaneous
angioplasty, retransplantation, or, less commonly, a con-
servative approach.

A combined approach to resolving post-OLT VCs
can achieve a positive outcome with minimal surgical
trauma to the patient.

VCs following OLT are a formidable and potentially
dangerous complication. Therefore, further accumulation
and systematization of experience in the diagnosis and
treatment of this condition is important.

The authors declare no conflict of interest.
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EVALUATION OF HEMOSTASIS PARAMETERS IN RECIPIENTS
AFTER RELATED RIGHT LOBE LIVER TRANSPLANTATION

A.H. Babadjanov, Z.R. Khaibullina, E.K. Turgunbaev, S.U. Matkarimov
Republican Specialized Scientific and Practical Medical Center for Surgery, Tashkent, Uzbekistan

Objective: to study the dynamics of hemostasis parameters in the early postoperative period and to identify the
timing of restoration of the level of procoagulants and anticoagulants synthesized by the liver (received from a
living related donor) in liver lobe recipients. Materials and methods. Under observation were 31 recipients and
31 related donors of liver lobe. They were treated at the Republican Specialized Scientific and Practical Medical
Center for Surgery in Tashkent, Uzbekistan, from August 2022 to August 2023. Hemostasis parameters were
determined in recipients, whose postoperative period was uneventful. Results. It was revealed that compensation
in the hemostasis system occurs even at low levels of coagulation factors on day 10 after liver transplantation
(LT). In recipients, a decrease in anticoagulants was more pronounced than that of procoagulants. In general, the
hemostasis system was in an unstable equilibrium, which, under the influence of external and internal factors,
can easily shift both towards hypercoagulable and hypocoagulable state. Activity of the fibrinolytic system and
fibrinogen level are significant influencing factors. Gradual recovery of fibrinogen levels by the end of day 1 after
surgery is the result of activation of the synthetic function of the liver. After LT, there were signs of endotheli-
um activation, but not endothelial damage, which regress and normalize by postoperative day 10. At the same
time, in the initial status, recipients had an increase in both the amount and activity of von Willebrand factor,
which indicates endothelial damage and dysfunction. The low level of homocysteine in recipients is probably a
protective factor against the development of thrombotic complications, and homocysteine dynamics reflects the
gradual restoration of the functional activity of the liver, adaptation of the donor liver to functioning. Conclusion.
Monitoring of hemostasis system in recipients after liver transplantation allows to prevent thrombohemorrhagic
complications in time but also to assess the dynamic equilibrium of procoagulants and anticoagulants, the timing
of restoration of the activity of the main hemostasis factors and, according to this, to vary the administration
regimes of anticoagulants, antiplatelet medications, and fibrinolysis inhibitors, to carry out replacement therapy
and to realize the concept of hemostasis management.

Keywords: liver transplantation, thrombohemorrhagic complications, endothelial dysfunction, coagulation
factors, hemostasis.

The initial metabolic status in ESLD patients is cha-
racterized by different degrees of dysproteinemia due the
reduced protein-synthetic function of the liver (hypoal-
buminemia on the background of hyperglobulinemia),
manifestations of cholestasis and cytolysis syndrome, as
well as hypocholesterolemia and hyperglycemia resul-
ting from decreased glycogen and lipoprotein metabo-
lism in the liver [8, 9]. Due to impaired synthetic function
of hepatocytes, the production of protein coagulation
factors and natural anticoagulants is also reduced, which
is a prerequisite for the development of both thrombotic
and hemorrhagic complications with a shift in the de-

INTRODUCTION

Thrombohemorrhagic complications in LT represent
amajor problem in the perioperative period [1-3]. Com-
promised initial status in patients with end-stage liver
disease (ESLD), unbalanced hemostasis system, as well
as the anatomical features of angioarchitecture of the
donor liver, the direct technical peculiarities of all stages
of LT, including processing of donor liver on the back
table, create prerequisites for the development of these
complications [4, 5]. Various reports have shown that
the incidence of bleeding and thrombosis varies greatly,

ranging from 0.02 to 25%, and it is impossible to predict
the risk of thrombohemorrhagic complications solely
based on preoperative hemostasiogram parameters [6, 7].
These difficulties are down to the fact that each patient
has individual peculiarities of the reserve of compensa-
tory capabilities of the hemostasis system, the degree of
endothelial dysfunction and endotoxemia.

licate dynamic balance of hemostasis factors [10]. It is
known that almost all coagulation hemostasis factors (11,
V, VI, IX, X, XI, XII, XIII), coagulation inhibitor fac-
tors (antithrombin, heparin cofactor II, protein C, prote-
in S, tissue factor pathway inhibitor), fibrinolytic system
components (plasminogen, alpha-2-antitrypsin, plasmin
inhibitor) are synthesized in the liver [10, 11]. At the
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same time, such factors as urokinase-type plasminogen
activator, thrombomodulin are synthesized outside the
liver and their level depends on the degree of tissue and
endothelial damage [12]. A significant aggravating factor
in the development of thrombohemorrhagic complica-
tions is portal hypertension, varicose veins, hypertro-
phied diffuse collateral venous blood flow, which causes
platelet sequestration in the spleen [11]. Portopulmonary
hypertension is observed in 3—8% of cases and causes
procoagulant shifts in the pulmonary endothelium, which
may be the basis of the pathogenesis of this condition;
intrapulmonary microthrombi at autopsy in patients with
portopulmonary syndrome confirm this [13]. Borst et al.
(2018) reported that bleeding and thrombotic events in
LT developed in 20.7% and 25% of cases, respectively,
and 50% of liver retransplantations were for thrombotic
complications [14].

MATERIAL AND METHODS

There were 31 recipients and 31 related donors of
liver lobe treated at the Republican Specialized Scientific
and Practical Medical Center for Surgery in Tashkent,
from August 2022 to August 2023. This group of reci-
pients was selected at the second stage of mastering the
LT technique at our Center, i.e. 4 years after the first LT
in 2018.

The recipients were predominantly male (22 vs. 9 fe-
males); mean age was 40.15 (95% CI: 38.7—45.6) years,
the etiology of cirrhosis was dominated by chronic hepa-
titis B and delta in 26 (83.9%) cases; mean score on the
Model of End-Stage Liver Disease (MELD) scale was
14.4 (95% CI: 12.8-15.9); fibroscan was 33.6 (95% CI:
29.1-38.0). The baseline risk of thrombohemorrhagic
complications according to the Wells probability scale
was high, as 28 (90.3%) had varicose veins (2.8 (95%
CI: 2.61-3.14) trunk) and a history of bleeding in 10
(32.2%) patients (1 to 5 episodes). All recipients had an
uncomplicated postoperative period.

PT, sec.
Reference interval: 1216,
in donors: 12.8 (95% CI: 11.7-14.1)
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Hemostatic factors were studied on an automatic
coagulometer ACL-TOP (USA) using standard kits: ac-
tivated partial thromboplastin time (aPTT), thrombin
time (TT), prothrombin complex including prothrom-
bin time (PT) and international normalized ratio (INR),
antithrombin III (AT III) were determined, plasmino-
gen, D-dimer (highly sensitive by immunoturbidimetric
method), von Willebrand factor (vWF), vWF activity,
homocysteine, natural plasma anticoagulants — protein
C and protein S. The parameters were evaluated preope-
ratively, immediately postoperatively (p/o), 12 hours,
24 hours after LT, as well as on days 5—7 and day 10 of
the postoperative period.

RESULTS

The average graft weight in our study was 627.2 +
45.8 grams. Both at baseline and at all follow-up periods,
the parameters of prothrombin complex — PT, INR — cha-
racterizing the level of factor I, were significantly lower
than in donors, they were also below the lower limit of
the reference interval. Within 1 day (p/o, 12h and 24h
after LT), PT was prolonged 1.6—1.63 times (p < 0.05),
INR increased 1.6—1.65 times (p < 0.05), and a gradual
increase in factor II synthesis during the first week after
LT still did not lead to achievement of target values.
On days 5-7, PT and INR had positive dynamics, but
were lower than in donors by 1.35 and 1.3 times (p <
0.05), respectively, remaining at this level until day 10
of follow-up. On day 10 of follow-up, INR was 1.3 times
lower than donors’ values, PT was 1.33 times prolonged
(p <0.05) (Fig. 1). The peak of PT prolongation and INR
increase occurred at the end of day 1 after surgery, indi-
cating a deficiency of coagulation factors in this period.

Partial restoration of prothrombin levels by day 10
was sufficient for balance in the hemostatic system,
which is reflected by TT and aPTT levels. On day 10,
TT and aPTT were within the reference interval. It should
be noted that the peak of TT and aPTT prolongation
occurred in the period immediately after the end of the

INR
Reference interval: 0.7-1.3,
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Fig. 1. Dynamics of Prothrombin Time and International Normalized Ratio in liver lobe recipients
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operation, which is connected with the peculiarities of
back-table preparation of the donor liver, application of
washing and preserving solutions, as well as manage-
ment of the graft reperfusion period during its implanta-
tion. Back-table preparation of the liver lasted for 93.3 +
17.6 min. In the period from 12 hours to 5 days after LT,
the TT parameter was at a steady-state level and prolon-
ged relative to donors by 1.3—1.35 times, and aPTT had
a second peak of lengthening to 59.8 seconds (95% CI:
29.5-77.6) by the end of day 1 of follow-up (Fig. 2).
The wide variability of aPTT was remarkable, which
was due to individual characteristics of each recipient,
heparin dose and AT III levels, since aPTT is an indicator
of heparin therapy efficacy. On days 5-7, aPTT was at
the target level of 41.1 seconds (95% CI: 33.7-52.6),
and by day 10, it was 33.7 seconds (95% CI: 20.5-47.6),
which is within the reference interval. At the same time,
there was a deficiency of AT III, as well as natural anti-
coagulants synthesized by the liver — proteins C and S.
AT III levels in liver recipients remained low up to
day 10 of the postoperative period, although the level
tended to increase gradually starting from day 5 (Fig. 3).
We emphasize that low AT III levels reduces the
ineffectiveness of heparin therapy, because heparin is
not active in the absence of its cofactor, which is AT
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45.30

50.00
40.00
30.00

20.00

10.00

0.00

o
—

b/o
a/o
12 hr
5-7d
10d

III. AT III levels in healthy donors is 100.3% with a
reference interval of 83—128%, and in liver recipients
it was reduced relative to this level by 3.2; 3.0; 3.6; 2.3
and 1.7 times during the observation stages (p < 0.05).
The peak of AT III decrease occurred on day 1 after the
operation, after that AT III tended to increase; by day
5, it increased 1.6 times relative to the previous period
and increased in dynamics by day 10, but still remained
below the reference interval and 1.7 times lower than
in donors. The low level of AT III during anticoagulant
therapy may serve as an indicator in favor of choosing
alternative anticoagulants (Xa inhibitors, etc.) up to day
5 after surgery due to the possible ineffectiveness of
unfractionated heparin under AT III deficiency.

The level of proteins C and S, which were initially
reduced relative to the level of healthy donors by 1.9
(p <0.05) and 1.1 (p > 0.05) times, respectively, were
partially restored on day 10 of follow-up. By day 10 of
follow-up, protein C was restored only to 57%, which
is 1.5 times lower than the target level (p < 0.05), and
protein S was restored to 52.9%, which is 1.6 (p <0.05)
times lower than the target level. Moreover, the peak of
protein C and S decrease was 12 hours after LT, when
protein C was reduced 2.8-fold and protein S was redu-
ced 2.3-fold relative to donor levels (p < 0.05) (Fig. 4).

aPTT, sec.
Reference interval: 24-43,
in donors: 35.5 (95% CI: 31.1-40.3)

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

59.83

o
—

b/o
a/o
12 hr
10d

5-7d

Fig. 2. Dynamics of Thrombin Time and Activated Partial Thromboplastin Time in liver lobe recipients
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Thus, the results show that compensation in the he-
mostatic system occurs even at low levels of coagulation
factors on day 10 of LT, when TT and aPTT are within
the reference interval, while INR is prolonged 1.3 times,
AT III is reduced 1.7 times, protein C and S are reduced
1.5 and 1.6 times relative to donors, respectively.

As can be seen, the decrease in anticoagulants is more
pronounced than in procoagulants, and in general the he-
mostatic system is in unstable equilibrium, which, under
the influence of external and internal factors, can easily
shift both towards a hyper- and hypocoagulable state. A
significant influencing factor in this case is fibrinolytic
activity and fibrinogen levels (Fig. 5).

Thus, plasminogen activity was reduced during the
first week after LT, being 2.2 and 2.5 times lower (p <
0.05) relative to donors 12 hours and 24 hours after LT.
By day 5, plasminogen activity slightly increased, and by
day 10 it was within the reference interval, exceeding that
of donors by 1.2 times. Fibrinogen levels were decreased
to a greater extent immediately after LT and gradually
increased over 1 week, reaching the reference-interval
level on day 10 after LT.

Assessment of vWF amount and vWF activity show-
ed that both parameters decreased in the recipients by
day 10 after LT (Fig. 6).
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Fig. 4. Dynamics of proteins C and S in liver lobe recipients
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Immediately after the end of the operation, there was
increased vWF activity (VWF Act) without an increase
in vWF amount (vVWF Ag), and subsequently there was a
clear tendency to a decrease in vWF amount, but without
adecrease in its activity up to day 5 of follow-up. On day
10, the quantitative content of vWF Ag normalized and
vWF Ag activity decreased to the level of the reference
interval, but both indices were higher than in donors by
2.1 and 1.5 times for vVWF Act and vWF Ag, respectively
(p <0.05).

Platelet count in recipients decreased 4.6 times relati-
ve to the donor level on day 1 and remained at this level
until day 5 after LT, and by day 10 increased 2.1 times
relative to the previous period, although it did not reach
the level of the lower limit of the reference interval and
the donor level (Fig. 7). It should be noted that on day 1
after LT, thrombocytopenia is probably compensated by
an increase in their aggregation properties under incre-
ased vWF activity, and by day 5, vWF activity synchro-
nously decreases and platelet count increases, providing
the balance of anti- and pro-aggregation properties. At
the same time, platelet aggregation did not increase and
there was no initiation of the blood coagulation cascade
with the development of thrombotic (both arterial and
venous) complications. D-dimer levels were elevated
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Fig. 5. Dynamics of plasminogen and fibrinogen levels in liver lobe recipients
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in all periods, averaging 962—3869 ng/mL, reflecting
multidirectional shifts in this index.

The study of homocysteine levels in the recipients
showed that it decreased 2.5 times relative to the donor
level immediately after surgery, increased 2 times from
this level after 12 hours p/o, a plateau up to 24 hours

von Willebrand factor (Act)
Reference interval: 48.2-201.9

p/o and gradually increased to the level of donors and
reference interval, which was noted already on day 5
after LT (Fig. 8).

This indicates the restoration of amino acid metabo-
lism reactions in the liver, in particular transmethylati-
on reactions involving methionine and homocysteine,

von Willebrand factor (Ag)
Reference interval: 66.1-176.3
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Fig. 6. Dynamics of Willebrand factor levels in liver lobe recipients
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Fig. 7. Dynamics of platelet (Plt) and D-dimer levels in liver lobe recipients
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as well as the general amino acid catabolic pathways
through transamination, decarboxylation and deamina-
tion. Note that homocysteine, when its level is elevated,
is an independent factor in the development of stroke
and thrombosis, and is also associated with the deve-
lopment of brain disorders (depression, Alzheimer’s
disease, chronic fatigue syndrome), and osteoporosis.
Low level of homocysteine in liver recipients is pro-
bably a protective factor against the development of
thrombotic complications, and homocysteine dynamics
reflects the gradual recovery of the functional activity of
the liver, and adaptation of the donor liver to function in
the recipient’s body.

DISCUSSION

LT from a living related donor differs from LT from
a deceased donor in that the recipient does not receive
the whole organ, but only a part of it. Consequently,
the timing of liver function restoration will be different,
which is related to the amount of functioning liver pa-
renchyma. According to reports, in recipients of whole
liver from a cadaveric donor, recovery of synthetic liver
function and normalization of hemostasis factors occur
on days 1-2 [8, 11]. We found that the liver function to
synthesize enough coagulation factors and anticoagu-
lants in liver lobe recipients recovered slowly, because
the target values were partially reached only on day 5-7.
The synthesis of natural anticoagulants lagged behind the
synthesis of coagulation factors, and fibrinolytic activity
depended on the course of the postoperative period. It is
known that plasminogen activation level depends on the
degree of tissue damage with the release of tissue factors
(plasminogen activators, PAI-1 plasminogen activator
inhibitors, the degree of endotoxemia, the severity of
endothelial dysfunction and the intensity of deactivati-
on of bioactive molecules, including liver involvement)
[11]. Progression of a decrease in natural plasma anti-
coagulants 12 hours after LT, which we identified, may
be arisk factor for thrombotic complications during this
period, especially under AT III deficiency, and requires
mandatory monitoring every 12 hours during the first
3 days after LT.

Low levels of protein C with normal levels of pro-
tein S, its cofactor, also indicates a predisposition to
thrombotic complications. It is known that protein C
deficiency leads to impaired inactivation of Y and YII
factors, which increases the procoagulant potential of
blood plasma, because active thrombin (Ila) not only
catalyzes fibrinogen conversion into fibrin, but also ac-
tivates the anti-clotting mechanism through protein C
activation. When protein C is sufficient, the following
cascade is triggered: Ila interacts with thrombomodulin,
calcium, prothrombin, and further this complex activates
protein C, and it interacts with cofactor S and calcium
ions, and the complex consisting of protein C, protein
S, and calcium destroys active factors V and VII, thus
inhibiting coagulation hemostasis through both intrinsic
and extrinsic pathways [11, 13]. The deficiency of na-
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tural anticoagulants synthesized by the liver is partially
balanced by the deficiency of procoagulants; however,
this dynamic equilibrium is unstable.

The decrease in fibrinogen immediately after LT
is probably due to the fact that fibrinogen is the factor
that first responds to hemodilution and massive blood
loss. The mean volume of blood loss in our study was
1388.9 = 198.9 mL for the entire period of surgery, which
lasted, on average, 596.7 £ 29.0 min. Gradual recovery
of fibrinogen levels by the end of day 1 is the result of
the inclusion of the synthetic function of the liver.

Von Willebrand factor is an informative marker of
the endothelium state. Our results show that recipients
after LT have signs of endothelial activation, but not
endothelial damage, which regress and normalize by
day 10 after LT. At the same time, in the initial status,
recipients have an increase in both vWF amount and
vWF activity, which indicates endothelial damage and
endothelial dysfunction.

D-dimer levels in recipients was elevated in all fol-
low-up periods, which was expected given the end stage
of the liver disease at baseline and surgical trauma re-
sulting from LT. Taking into account the low specificity
of D-dimer for prognosis of thrombotic complications
in the postoperative period, D-dimer elevation should
be considered as typical, and monitoring of the dyna-
mics of this index should be performed as indicated, if
clinically necessary. We also note that all recipients re-
ceived anticoagulant therapy, we did not observe arterial
and venous thromboembolic complications in any case.
The low level of homocysteine, which we observed in
our patients, may be protective against these formidable
complications.

Taking into account the above mentioned, monitoring
the hemostatic system in liver lobe recipients allows
not only to timely diagnose thrombohemorrhagic com-
plications, but also to ascertain the dynamic balance of
pro- and anticoagulants, the timing of restoration of the
activity of the main factors of the hemostatic system and,
according to this, to vary the regimes of anticoagulants,
antiplatelet agents, fibrinolysis inhibitors administration
and to carry out replacement therapy, i.e. to implement
the concept of hemostasis management.

CONCLUSION

The results we obtained have allowed us to draw the
following conclusions.
1. In liver lobe recipients in the initial status, there is
a balanced decrease in coagulation factors (Ila), as
well as anticoagulants (proteins C, S, AT III) against
the background of significantly (p < 0.05) increased
vWF Ag and vWF Act relative to donors.
During the first day after LT, INR was reduced by
1.6-1.63 times; TT was prolonged 1.3 times, AAT I1I
was decreased 3.0-3.6 times, protein C 2.8-2.5 times;
protein S 2.3—1.4 times, plasminogen 2.2-2.5 times,
while there is a clear tendency of prolongation of TT
and PT, and decrease in proteins C and S by 12 hours
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of the postoperative period against the background of
sharply reduced AT III level. This allows us to con-
sider this period as a critical one, when the synthetic
and elimination function of the liver is insufficient.

. By day 5-7 after LT, there is no complete recovery of

the level of hemostatic factors, although INR, AT I1I,
protein C, and plasminogen levels were significantly
higher relative to day 1 of follow-up, however, lower
than the donor level by 1.3, 2.3, 1.9 times (p < 0.05),
respectively.

Compensation in the hemostatic system occurs even
at low level of coagulation factors on day 10 of LT,
when TT and aPTT are within the reference inter-
val, and INR is prolonged 1.3 times, AT III is redu-
ced 1.7 times, protein C and S are reduced 1.5 and
1.6 times relative to donors, respectively (p < 0.05).

. Immediately after the end of the operation, there was

increased vWF activity (vVWF Act) without increased
vWF amount (VWF Ag), and subsequently there was
a clear tendency to a decrease in vVWF quantitatively,
but without a decrease in vVWF activity up to 5 days
of follow-up; on day 10, the quantitative content of
vWF Ag normalized and its activity decreased to the
reference interval level. However, both indices were
higher than in donors by 2.1 and 1.5 times for vVWF
Act and vWF Ag, respectively (p < 0.05), reflecting
first endothelial activation and then its regression.
The synthesis of natural anticoagulants lags behind
the synthesis of coagulation factors, and fibrinolytic
activity depends on the course of the postoperative
period; in recipients after LT there are signs of en-
dothelial activation, but not endothelial damage, as
evidenced by the level of vWF Ag, vWF Act, when
vWF Ag decreases while vVWF Act remains high, and
subsequently there is a tendency towards normaliza-
tion of these indices to the reference interval level by
day 10 after LT.

. Low level of homocysteine in liver recipients is pro-

bably a protective factor against the development of
thrombotic complications, and the dynamics in the
increase in homocysteine levels by day 10 after LT
reflects the gradual recovery of the functional activity
of the liver, adaptation of the donor liver to function
in the recipient’s body.
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Bronchial stenosis is a major cause of severe postoperative period in lung recipients. One of the methods to
restore airway patency is recanalization using laser. This technique is popular due to the combination of cutting
and coagulation effects. In this article, we demonstrate the possibility of intraluminal use of a thulium fiber laser

(TFL) to recanalize bronchial stenosis in lung recipients.
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Lung transplantation (LT) is a universally recognized,
radical method of surgical treatment for chronic lung
diseases in the stage of decompensated respiratory failure
that is resistant to other existing methods of conservative
treatment. It has been over 60 years since the first LT was
performed by James Hardy. Since then, LT has become a
routine and accessible type of medical care. The increa-
sed number of lung recipients, as well as their longer life
expectancy, naturally leads to an increase in the number
of bronchial complications detected at different periods
after the operation.

One of the main types of bronchial complications —
bronchial stenosis (BS) — is one of the reasons for severe
long-term postoperative period in donor lung recipients.
Airway patency is restored using interventional broncho-
scopy methods, including the use of TFL.

Interventional bronchoscopy is an important compo-
nent of a multidisciplinary approach to the postoperative
management of lung recipients.

INTRODUCTION

Post-LT bronchial stenosis is a persistent, respiratory-
independent narrowing of the lumen, mainly due to a
scar or granulation tissue.

BS is one of the main causes of severe long-term post-
operative period in donor lung recipients [1-3]. Despite
the relatively low incidence of severe bronchial compli-
cations, stenoses significantly worsen graft function and
quality of life of the recipient, progressing and leading
to life-threatening conditions [4].

The main techniques of endoscopic treatment of bron-
chial stenoses in lung recipients include:

— Balloon dilatation [5];
— Argon plasma coagulation (APC) [6, 7];

— Laser use;
— Cryoablation [8];
— Application or injection of mitomycin into the scar

area [9, 10];

— Glucocorticoid injection into the scar area [11];
— Brachytherapy [12];
— Stenting [13-17].

The use of laser in restoring airway patency has ad-
vantages due to the combination of cutting and coagula-
ting effects on tissues [18, 19]. The penetrating ability of
laser-induced coagulation varies within 1-2 mm, instead
of'uncontrolled deep tissue coagulation when using APC
[20].

In order to ensure optimal exposure during manipu-
lation, the laser is used under rigid bronchoscopy [21].
The main complications are bleeding, perforation, and
bronchial fistula formation. In the work of Cavaliere et
al., 119 out of 5049 patients developed serious complica-
tions after airway lumen was restored using laser (2.4%),
and mortality was 0.3% [22].

Also, one of the complications characteristic of laser
use is the risk of airway fire [23]. For the purpose of pre-
vention, it is recommended to reduce FiO, below 40% or,
if the clinical situation allows, to work under apnea [24].

MATERIALS AND METHODS

109 lung transplants were performed at Shumakov
National Medical Research Center of Transplantology
and Artificial Organs from 2014 to May 2023; these
transplant surgeries included heart-lung transplantation.

Spirometry, multislice chest CT scan, and observatio-
nal video-assisted bronchoscopy were used as diagnostic
methods to detect and determine the degree of stenosis.
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Bronchial complications, in particular bronchial
stenosis, were classified according to the International
Society for Heart and Lung Transplantation (ISHLT)
guidelines (Table) [14].

Therapeutic approaches to bronchial tree stenosis in
lung transplants are characterized by the stage of appli-
cation and increasing degree of invasiveness of reca-
nalization methods in cases where this complication is
reoccuring.

The criteria for selecting recipients for laser recana-
lization were grade 3—4 stenosis according to the classi-
fication given above (Fig. 1).

A TFL (FIBERLASE U3) was used in all cases. The
fiber diameter was 365 pm and the wavelength was
1.94 um. Pulse energy was set at minimum parameters
0.025 J, and the frequency 240 Hz. Where it was neces-
sary to increase the intensity of exposure, first of all, the
radiation frequency was increased rather than the energy.

Surgical interventions were performed in the opera-
ting room under general anesthesia, under rigid broncho-
scopy and high-frequency artificial ventilation. It should
be noted that, in order to prevent combustion, the stages
of surgical intervention associated with laser exposure
were performed under apnea conditions.

A catheter was used to perform continuous irrigation
and aspiration of 0.9% sodium chloride solution (Fig. 2).

RESULTS

Bronchial stenosis requiring endoscopic interventions
occurred in 21 lung recipients (19.3%) during this period.
Nine patients had multifocal stenosis.

On average, each lung recipient with recurrent bron-
chial stenosis underwent from 1 to 6 endoscopic inter-
ventions of varying degrees of invasiveness to restore
bronchial patency. Persistent remission lasting at least
6 months was achieved in 15 cases (71.4%). We used
TFL for the first time in our practice in June 2021. In
total, laser recanalization was applied in 14 cases in
11 recipients. It should be noted that in all cases of ap-

plication, the laser was used in combination with balloon
dilatation, cryotherapy and stenting.

Table
ISHLT classification of bronchial complications

a. Perianastomotic — within 1 cm
of anastomosis

b. Extending >1 cm from
anastomosis to major airways
(bronchus intermedius and distal
left main-stem)

c. Extending >1 cm from
anastomosis into lobar or
segmental airways

a. <50% circumferential ischemia
b. >50% to 100% circumferential
ischemia

¢. <50% circumferential necrosis
d. >50% to 100% circumferential
Necrosis

a. Cartilaginous

b. Membranous

¢. Both

a. 0% to 25% of circumference

b. >25% to 50% of circumference
¢. >50% to 75% of circumference
d. >75% of circumference

a. Anastomotic

b. Anastomotic plus lobar/
segmental

c. Lobar/segmental only

a. 0% to 25% reduction in cross-
sectional area

b. >25% to 50% reduction in
cross-sectional area

¢. >50% but <100% reduction in
cross-sectional area

d. 100% obstruction

a. Perianastomotic — within 1 cm
of anastomosis

b. Diffuse — involving anastomosis
and extending beyond 1 cm

Location

Ischemia
and
Necrosis

Extent

Location

Dehiscence

Extent

Location

Stenosis

Extent

Malacia Location

G

Fig. 1. Bronchial stenosis: a, b, grade III bronchial stenosis; c, grade IV bronchial stenosis
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Fig. 2. Stages of bronchial stenosis recanalization: a, flexible bronchoscope is located in the lumen of a stiff bronchoscope
with a thulium laser fiber; b, ¢, endoscopic picture at the moment of recanalization with thulium laser; d, laser application in
aqueous medium using a distal bulb with irrigation with sodium chloride 0.9%
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Fig. 3. Extent of carbonization during bronchial recanalization: a, exposure to argon plasma coagulation; b, exposure to thu-
lium laser in air medium; ¢, exposure to thulium laser in aqueous medium, with an implanted stent in the bronchial lumen

Less scab formation (carbonization) was observed
when using the laser in aqueous medium compared to
the use of the laser in air or with argon plasma coagu-
lation (Fig. 3). This pattern is associated with a greater
vaporization effect in aqueous medium.

In our practice, no serious TFL-associated complica-
tions have been noted.

CONCLUSIONS

* The use of TFL in interventional bronchoscopy in
lung recipients is an effective and safe method of
bronchial recanalization;

* The use of laser in an aqueous environment signi-
ficantly reduces the formation of rough scab in the
coagulation area, and also prevents oxygen combus-
tion in the airways. However, it should be noted that
due to the peculiarities of the bronchial tree, it is not
always possible to recreate an aqueous environment;

* The most effective use of TFL is its use in combina-
tion with other methods of bronchial stenosis reca-
nalization, in combination with balloon dilatation,
cryoablation and/or stenting.

* The existing methods of high-intensity intraluminal
interventions within the framework of interventional

bronchoscopy can solve a wide range of tasks aimed
at improving the long-term outcomes of donor lung
transplantation.
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Vascular complications (VCs) after liver transplantation (LT) are rare but are one of the most dreaded conditions
that can potentially lead to graft loss and recipient death. This paper has analyzed the international experience in
the early diagnosis of various VCs that can develop following LT, as well as the optimal timing and methods of
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INTRODUCTION

LT is a very complex and comprehensive method of
treating end-stage liver disease, and it has proven to be
the only method that can significantly prolong the life of
incurable patients [1]. However, this surgical procedure
is associated with significant risks, such as VCs [2].

The overall incidence of VCs varies in different world
centers, with a cumulative incidence of about 7% in or-
thotopic LT from deceased donors and about 13% in liver
fragment transplantation from living donors in both adult
and pediatric cohorts of recipients [3—7].

Since VCs carry the greatest threat of graft loss, their
diagnosis and treatment are a serious aspect in terms of
graft and recipient survival. This explains why many
transplant teams nowadays closely monitor all vascular
anastomoses using Doppler ultrasonography for early
detection and treatment of these complications before
the liver graft is irretrievably lost [8—10].

Indeed, VCs can suddenly interrupt blood supply to
the liver with a high probability of graft loss.

Generally, regardless of the type of complication,
treatment measures include:

— conservative therapy;

— endovascular plasty/stenting/thrombolysis;
— percutaneous transhepatic therapies;

— open surgical recanalization;

— retransplantation.

Although open surgery has been considered the pri-
mary choice for graft revascularization, advances in
endovascular surgery have enabled less invasive and
very effective revascularization. In recent decades, huge
advances in interventional radiology have radically
changed diagnostic and therapeutic approaches to the
management of patients with post-LT vascular compli-
cations [1, 5, 11-18].

In fact, percutaneous endovascular interventions
(i.e. thrombolytic procedures, balloon angioplasty and
stenting) performed by experienced endovascular sur-
geons have become increasingly used and are gradually
replacing open surgery, becoming the surgical method
of choice in the treatment of VCs following liver trans-
plantation [18-20].

Further, during the narrative, we will dwell on each
VC in detail and consider optimal methods of detecting
the complication and its treatment based on data from
world literature sources.

1. HYPERCOAGULABLE STATES IN PATIENTS
WITH CIRRHOSIS

Recent studies have shown that bleeding is not the
only risk in LT for cirrhosis of various etiologies. Several
risk factors must be considered in the setting of liver sur-
gery, such as vascular constriction, veno-venous bypass,
presence of central venous catheters, use of antifibrino-
lytic drugs, tissue ischemic injury, venous stasis, etiology
of liver disease, endothelial damage, and ischemia time.
All these factors may increase the likelihood of throm-
botic complications [21-23].

The end stage of liver disease is itself a risk factor
for thrombosis. In liver disease and liver surgery, con-
ventional coagulation tests often fail or provide incorrect
information about the status of hemostasis. For example,
prothrombin time (PT), activated partial thromboplastin
time (aPTT), and international normalized ratio (INR)
are only indicative of procoagulant factors and are insen-
sitive to plasma levels of anticoagulant factors. So, these
tests are not always reliable for describing the hemostatic
status of patients with terminal liver disease.

A marked decrease in both procoagulant factors (fac-
tors 11, V, VII, IX, X, XI, XII) and anticoagulant factors
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(antithrombin III, protein C, and protein S), an increase
in von Willebrand factor (vWF), and ADAMTS13, a
protease that cleaves on vWF, are characteristic features
of the course of cirrhosis and lead the patient to a new
hemostatic balance [11]. vWF fulfills its hemostatic
functions by binding to factor VIII and connective tis-
sue components, and also promotes platelet adhesion to
endothelial surfaces and platelet aggregation [24].

Thrombocytopenia resulting from hypersplenism in
patients with portal hypertension, abnormal thrombopoi-
etin metabolism, increased platelet destruction mediated
by antiaggregant antibodies, and alcohol-induced bone
marrow suppression, antiviral and immunosuppressive
therapy, is another condition that develops in cirrhosis
[25]. Unless the platelet count is very low (<50 x 10°/L),
thrombocytopenia does not pose an increased risk of
intraoperative bleeding. Such a platelet count is usually
sufficient to guarantee normal thrombin formation, and
the low platelet count is compensated for by a higher
level of vWF, which is responsible for platelet adhesion
[26, 27]. Hyperfibrinolysis is another described sign of
end-stage liver disease, but its role in the coagulopathy
of cirrhosis is still debated [28]. Elevated levels of tissue
plasminogen activator and deficiency of thrombin-acti-
vated fibrinolysis inhibitor have been associated with la-
boratory changes that are typical of hyperfibrinolysis and
increased risk of bleeding [29]. However, liver cirrhosis
is also associated with decreased fibrinolysis, as evi-
denced by decreased plasminogen levels and increased
plasminogen activator inhibitor levels. These contrasting
results explain the ongoing debate regarding the absence
or presence of a hyperfibrinolytic state in patients with
liver disease, even though the balance of fibrinolysis is
probably restored by parallel changes in profibrinolytic
and antifibrinolytic factors (see Table 1) [30].

The above factors affecting the imbalance of the co-
agulation and anticoagulation systems may have a direct
impact on the risks of post-liver transplant VCs. 95% CI:

2. ARTERIAL COMPLICATIONS

Arterial complications remain the most formidab-
le and leading causes of morbidity and mortality after

orthotopic LT [20, 34, 173]. Generally, the liver graft
is supplied by the portal vein, hepatic artery (or seve-
ral hepatic arteries). The hepatic artery (HA) plays an
extremely important role as it supplies blood to both
the liver parenchyma and the biliary tree. Absence of
or reduction in arterial blood flow often leads to biliary
complications due to ischemic processes, with the for-
mation of biliary necrosis, liver abscesses, which leads
to graft dysfunction, septic complications and graft loss,
leading recipient death [20, 34, 174]. That is why extre-
mely rapid detection of this problem and early treatment
are very important.

The main arterial complications following liver trans-
plantation are:

— HA thrombosis (1.9%—16.6% incidence rate) [10];
— stricture of the arterial anastomosis (0.8-9.3%) [175];
— splenic artery steal syndrome (<10.1%) [26-31];

— HA pseudoaneurysm (0.1%—3%) [18];

— HA rupture (arterial bleeding, incidence <1%) [176].

Based on timing, these complications are divided into
early (complications occurring in the first month after
LT), and late complications (complications developing
after one month following LT).

Special attention should be paid to early complica-
tions because they are associated with graft loss and high
mortality. The timing of early and late complications
continues to be debated in different studies. Most authors
have defined late complications as those that occurred
within the first four weeks of transplantation and others
within the first six months [ 13, 32-34]. However, accor-
ding to the most recent international consensus, early
complications are defined as those that occur within the
first month after LT [8, 13, 18, 33-34].

2.1. Hepatic artery thrombosis

Transplant hepatic artery thrombosis (HAT) occurs
when a blood clot forms in the HA that provides blood
flow to the liver. According to the classification of VCs
described above, there are early and late HAT [8, 13,
18, 32-34].

HAT is the most common (about 50% of all VCs) and
the most severe arterial complication that can develop

Table 1

Balance of antihemostatic and prohemostatic factors in cirrhosis

Antihemostatic factors

Prohemostatic factors

Platelet dysfunction

Increased von Willebrand factor

Primary hemostasis | Thrombocytopenia

Decreased ADAMTS 13

Reduced thrombopoietin synthesis

Platelet reactivation

Reduced synthesis of factors 11, V, VII, IX, X, XI

Increased factor VIII

Decreased anticoagulant protein C,

Coagulation Vitamin K deficiency protein S, and antithrombin IT1
Hypodysfibrinogenemia Procoagulant changes in fibrin structure
Fibrinolysis Low levels of alpha 2-antiplasmin and factor XIII, Low plasminogen

decreased thrombin activatable fibrinolysis inhibitor

Increased plasminogen activator inhibitor 1
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after LT. This complication is one of the main causes of
primary graft dysfunction, which can lead to graft loss
and patient death in the early postoperative period [37].
Arterial thrombosis is more common in younger recipi-
ents [7, 8, 16, 17, 34-37].

If not diagnosed in time, the chances of graft loss
are extremely high. The only method of treatment in
this situation is liver re-transplantation. Indeed, the fre-
quency of re-transplantation is very high in case of late
graft revascularization and, according to reports, it is
25%—-83%. Methods of early revascularization with the
help of endovascular intervention have been actively
introduced in recent years [5, 8, 13, 16, 17, 36, 38—45].

The true incidence of early HAT is unknown, but it
varies widely (0% to 12%) [7, 32, 36, 43, 46, 47, 175].
Becker et al. in 2009 reported that based on an analysis
of 21,822 patients who underwent orthotopic LT, there
were 843 cases (3.9%, adults and children) of early HAT
[34]. Also, this analysis showed that the number of VCs
decreased slightly as new surgical techniques emerged
year after year. Among other things, this report shows
that the number of HAT cases remains approximately
the same worldwide, regardless of the clinics. The mean
time to detection (development) of HAT ranged from 1
to 18 days from the time of transplantation. Late com-
plications occurred on average six months after LT [34].

There is no clear evidence in the literature on whether
the incidence of HAT depends on whether the transplan-
tation was performed from a deceased donor or from
a living donor. Many studies show conflicting results.
A meta-analysis of data from several major transplant
centers found no significant difference in the develop-
ment of thrombosis (3.1% in related transplants, 4.6%
in liver transplants from a postmortem donor) [3, 17,
34, 47, 60, 175]. In addition, it has been reported that
when surgical microscopes were used during arterial
anastomosis, the incidence of HAT remained the same
[17, 34, 47,102, 175].

Risk factors

There are several factors that increase the risk of de-
veloping HAT.

The risk factors for early HAT include surgical prob-
lems, namely [7, 8, 17, 19, 32-34, 40, 48, 49]:
difficulties with arterial reconstruction;
small HA diameter;
large HA tortuosity;
arterial dissection to create a site for arterial anasto-
mosis;
multiple arteries feeding the graft;
arterial anomalies requiring complex arterial recon-
structions, including the use of vascular grafts;
poor quality of donor/recipient vessels.

It has been shown that the more experienced the
operating team is, the lower the risk of early HAT. So,
surgical causes are probably not a major risk factor for

40

early HAT [17, 34, 35, 37, 43]. Also, minimally invasive
techniques in related liver donation have been developed
recently. For example, laparoscopy-assisted liver graft
harvesting is widely used in related liver transplantation.
Evidence has been analyzed, showing that the graft har-
vesting technique does not affect the incidence of early
arterial complications [50-53].

Also, the transarterial chemoembolization procedure
in hepatocellular liver cancer can be attributed to risk
factors. For instance, Panaro in 2014 showed that patients
with a history of selective transarterial HA chemoembo-
lization are prone to HA intima damage, which, in turn,
may lead to HAT in the early postoperative period [54].

Factors influencing the development of late HAT in-
clude [33, 40, 49, 55]:

— cytomegalovirus infection;

hepatitis C;

female donors;

male recipients;

tobacco smoking;

retransplantation.

Also, many authors believe that a hypercoagulable
state may be the main cause of HAT [7, 9, 17, 35, 49, 55].

Clinical presentation

The clinical presentation of HAT ranges from mild
elevation of cytolytic enzymes and bilirubin in peripheral
blood serum to acute liver failure. Elevation of cytolytic
enzymes (AST and ALT) occurs in 75% of patients with
HAT; development of biliary complications on the back-
ground of HAT occurs in about 15% of cases. Fever and
sepsis develop in 6% of HAT cases. Acute graft dysfunc-
tion or liver failure occurs in 4% of cases [7].

The severity of clinical manifestations depends on
the time HAT develops, as well as on how developed
the hepatic arterial collaterals are [7, 32, 33].

Biliary complications, such as bile duct strictures or
bile leakage, sometimes leading to liver abscesses, are
more often, but not exclusively, associated with late HAT,
while early graft dysfunction (liver failure) is most often
associated with early HAT [17, 33, 46].

Also, the severity of clinical manifestations depends
on the presence of arterial collaterals, which can deve-
lop already within two weeks after LT. Therefore, the
following are the two main forms of HAT [32]:

1. Early HAT characterized by a severe clinical course;
2. Late HAT, characterized by a milder clinical course.

In almost every case, early HAT is clinically mani-
fested by fever, leukocytosis, and elevated liver enzymes
[20, 34, 173]. Ischemia of bile ducts and hepatocytes with
subsequent necrotization often develops, which leads to
multiple liver abscesses, followed by uncontrolled septic
shock (against the background of immunosuppressive
therapy) and patient death [32-34, 37, 41, 43].

If HAT develops late after LT, clinical manifestations
are usually associated with biliary complications [8, 19,
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33, 41]. In 50% of cases, late HAT manifests asymp-
tomatically, only a biochemical test can detect a slight
increase in cytolysis markers. Subsequently, patients
suffer from recurrent cholangitis, some of them develop
bile duct strictures or bile leakage. Also, intrahepatic bile
duct necrosis with formation of liver abscesses develops.
As a rule, late HAT symptoms and signs are insidious
and require special attention by physicians [17, 33, 34,
41, 43, 56].

Diagnosis of hepatic artery thrombosis

Early diagnosis of HAT is critical because of the high
risk of graft loss. Diagnostic procedures include bioche-
mical tests (increase in cytolysis enzymes) and Doppler
flowmetry. If necessary, bolus contrast-enhanced multi-
slice computed tomography (MSCT) is performed to
assess blood flow through the arterial bed of the graft,
or angiography is carried out [17, 173].

Ultrasound Doppler flowmetry is a non-invasive
method and is the gold standard for diagnosis. Doppler
flowmetry detects decreased arterial blood flow and in-
creased resistive index (Ri). Ultrasound should be used
as a screening method for early diagnosis of HAT and it

First p.o. week

DUS monitoring
after LDLT

should be performed at least once a day in all liver trans-
plant patients [17, 32, 43]. That said, in some transplant
centers, routine ultrasound examination is performed
every 6 hours after transplantation for 7 days (acute pe-
riod) for early detection of occlusion and initiation of
immediate treatment [57, 173]. The protocol used in
the Russian Federation and Central Asia is presented in
Fig. 1. This protocol is also used in the pediatric liver
transplantation program [173].

If the patient has elevated hepatic enzymes (ALT and
AST) and changes in HA indices, it makes sense to per-
form bolus contrast-enhanced MSCT and/or selective an-
giography of the celiac trunk (celiacography) [43, 173].

Treatment of hepatic artery thrombosis

There are several classic treatments for HAT:
administration of anticoagulants/antiplatelet agents
and dynamic monitoring;

revascularization (surgical or endovascular);
retransplantation;

At present, the most effective treatment approach
remains contentious, and the choice of any of these treat-
ments depends on the timing of diagnosis. Early diag-

‘ A
A

4 times daily

_| Second p.o. week
4 1 time daily

Y Y

Improvement of blood
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of arterial flow
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4.{
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Fig. 1. Ultrasound monitoring protocol for screening of vascular complications after liver transplantation and plan of action in

case of complications detection [57]
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nosis, conservative therapy, surgical revascularization
or retransplantation are considered the only solution to
save patients with HAT [2, 8, 10, 17, 20, 173].

Some patients receive anticoagulant/antiplatelet,
thrombolytic therapy for the treatment/prevention of
thrombosis. Acetylsalicylic acid, clopidogrel, rivaroxa-
ban, apixaban, urokinase, streptokinase, alteplase, cal-
cium nadroparin, and heparin are used [17, 20, 58]. A
reliably better protocol is not yet known, and there are
currently no specific guidelines for the use of throm-
bolytic therapy in these patients. Nevertheless, when
thrombosis is reliably detected, thrombolytic therapy is
actively used in many surgical centers despite the high
risk of postoperative bleeding [2, 17, 20, 57-59]. Indeed,
bleeding is the most frequent side effect of thrombolytic
therapy and occurs in approximately 20% of patients.
Bleeding manifests itself in a variety of ways — from
a mild hemorrhagic discharge through safety drains to
intra-abdominal hemorrhage, which can be fatal in some

cases. Bleeding on the background of thrombolytic the-
rapy typically occurs in the early postoperative period
[16, 20].

Thrombosis prevention protocols at different trans-
plant centers are presented in Table 2.

There is selective endovascular thrombolysis (drugs
are injected directly into the HA). This method offers
several advantages, such as lower thrombolytic dose,
high local concentration of drugs and relatively small
effect on systemic coagulation (Fig. 2) [11, 20, 162].

As reported from various sources, combined thera-
py has a good effect: endovascular balloon correction,
blood flow correction (with or without artery stenting),
together with the administration of anticoagulants/anti-
platelet agents.

In some centers, early after transplantation, perma-
nent heparinization under aPTT control is used if arterial
thrombosis is suspected based on ultrasound diagnostics.
The authors note that if this method is ineffective, it

Fig. 2. Frontal projection when performing celiacography. A, The dotted arrow indicates the site of hepatic artery thrombosis
after liver transplantation. B, The white arrows indicate the presence of arterial blood supply to the graft after thrombolytic

therapy [162]
Table 2
Comparison of thromboprophylaxis protocols among transplant centers
Study Thromboprophylaxis protocol Number of cases Vascular complications Bleeding
Prostaglandin E1, intraoperatively for
7 days;
Enoxaparin, on day 1 after surgery
in the absence of thrombocytopenia . .
Gautier, <70 x 10°/L within 14 days; 3’11?1 sp igﬁg;;ihélfd\r;?i’ous Atrterial thrombosis
Monakhov | Acetylsalicylic acid, with the start of liverI}ra ments from a livin (17; 4%) No informa-
etal. 2021 |oral nutrition or on postoperative day related dgonor and solit Ii erg Portal vein thrombosis |tion
[173] 4 for 3 months. . pht v (no information)
X . transplantation
If thrombosis/stenosis of afferent
vessels is suspected, heparin is
administered, targeting an aPTT of
60-80 seconds
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End of table 2
Study Thromboprophylaxis protocol Number of cases Vascular complications Bleeding
Enoxaparin or not routinely admi-
nistered unless the patient has had an Portal vein thrombosis
] 1 . 0,
Blasi et al. intraoperative thrqmbectomy or the 328 patients, adults, cada- (3; 2'4 0) . No informa-
patient was on anticoagulant treat- LB . Arterial thrombosis/ )
2016 [168] ment prior to liver transplantation. No veric liver transplantation stenosis (no informa- tion
thromboprophylaxis if platelet count tion)
is below 30 x 10°/L
Arterial thrombosis (2; z}gllcgilgrse(é)sf(?r;
1.5%) 0
Kaneko et | Administration of dalteparin, target 128 patients, adults, right Portal vein thrombosis agg;ﬁg'\iiﬁ) )
al. 2005 activated coagulation time (ACT) is | lobe liver transplantation 1;0.78% p .
g p hemorrhagic
[169] 130-160 seconds from a living donor Arterial thrombosis + com licat%ons
portal vein thrombosis P
(1; 0.78%) were treat.ed
a conservatively
Arterial thrombosis (4;
o 1.8%)
Heparn_l infusion up to 180-200 U/kg/ 186 patients, transplantation |Portal vein thrombosis
Gad et al. |day, adjusted depending on ACT (tar- . i A a0 0
of various liver fragments | (5; 2.3%) 4 (1.8%)
2016 [170] | get levels, 180-200 seconds) and/or o : .
from a living donor Arterial thrombosis +
APTT (target levels, 50-70 seconds) . .
portal vein thrombosis
(4; 1.8%)
Prostaglandin E1, intraoperatively for
5 days;
Enoxaparin, on postoperative day 1
in the absence of thrombocytopenia
9 .
Semash et <50 x 10 / L f_or 14 days, 30 patients, adults, right Arterial thrombosis (0) . i
Acetylsalicylic acid, with the start of . . . .7 | No informa
al. 2023 . X lobe liver transplantation Portal vein thrombosis | .
oral nutrition or on postoperative day . . . tion
[57] 4 for 3 months from a living donor (no information
If thrombosis/stenosis of afferent
vessels is suspected, heparin is
administered, targeting an aPTT of
60-80 seconds
Enoxaparin, Prostaglandin E1 (0.01 g/ . . Arterial thrombosis (7;
Sugawara kg/houpr) immediategly after trar(ls— ¥l patients, adults, r1'ght 4%) ( No informa-
et al. 2002 lantation, administration of protease lobe liver transplantation Portal vein thrombosis |tion
[171] ?nhibi tors ’ p from a living donor (4: 2.3%)
5 2.07/0
282 patients, adults, right Arterial thrombosis/
Mori et al Heparin infusion at a dose of 5 U/ lobe liver transplantation stenosis (no informa- No informa-
2017 [172'] kg/h during the first week after liver | from living donor, 48 pa- tion) tion
transplantation tients with portal vein Portal vein thrombosis
thrombosis (8; 17%)
Yip et al. |Heparin injection, 5000 units subcuta- | 999 patients, adults, cada- No information No informa-
2016 [183] | neously every 8 hours veric liver transplantation tion
Arterial thrombosis (1;
838 patients, adults, cada- 0.4%) in the throm-
Vivarelli veric liver transplantation boprophylaxis group
et al. 2007 | 100 mg aspirin orally (236 received thrombopro- |and 13 (2.2%) inthe |0%
[184] phylaxis and 592 did not re- | comparison group.
ceive thromboprophylaxis) |Portal vein thrombosis
prophy
(no information
Continuous infusion of dalteparin ad-
ministered in the non-hepatic phase to Arterial thrombosis: 5
Uchika- maintain ACT at 140 to 150 seconds |42 patients, adults, cada- (15.6%) in group A, 0 1 (3.1%) in
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is necessary to perform emergency revascularization.
Moreover, if the thrombosis was successfully resolved
against the background of permanent heparinization,
which was confirmed by ultrasound and/or contrast-
enhanced MSCT, revascularization was not performed,
these patients were subsequently prescribed a prophyl-
actic course of antiplatelet drugs [57, 173].

Historically, retransplantation in patients with post-
LT occlusive HAT has been shown to have the best
patient survival outcomes [7, 16]. On the other hand,
percutaneous liver biopsy techniques for blood flow cor-
rection have been strongly developed recently and show
decent outcomes. Currently, balloon angioplasty and/or
stenting of graft artery, with subsequent administration of
antiplatelet and anticoagulant therapy, are being actively
performed. According to evidence from recent studies,
good graft survival rate was achieved using the above-
described method [2, 59, 173].

There are also cases when patients do not undergo
any intervention, and the graft survives due to the arte-
rial collaterals developing in it. The percentage of such
cases is extremely small [17, 20, 43, 44, 46]. However,
open surgical revascularization or retransplantation may
also be ineffective. Despite the encouraging outcomes of
endovascular interventions, these treatments also have
a downside, as complications may occur during endo-
vascular procedures. Moreover, after failed attempts at
endovascular revascularization, either open interventions
or retransplantation are required. Thus, urgent revascu-
larization with endovascular interventions as a primary
option may offer a chance to avoid retransplantation, but
it is not successful in all cases [8, 10, 17, 20].

Below are the complications of endovascular correc-
tion of HA thrombosis:

— recurrent thrombosis;
— extravasation (minor damage to the artery);
— HA rupture with subsequent bleeding.

Any of these may require open revascularization or
liver retransplantation [17, 20, 59, 173].

Open surgical revascularization for HAT is another
type of treatment for graft salvage. Open surgical reva-
scularization can be performed in different ways depen-
ding on the length and integrity of the artery. Fogarty
catheter thrombectomy is used, and hepatic arterial ana-
stomosis is transposed [16].

Meta-analysis of treatment methods has shown that
liver retransplantation for early HAT shows the best
patient survival compared to conservative therapy and
revascularization in different variants. At the same time,
some patients with late HAT survive without revascula-
rization or retransplantation due to collateral circulation
in the graft [7, §].

Prognosis

With revascularization, patient survival in HAT is
40%. Survival reaches 85% when revascularization is
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performed with combined use of antiplatelet/anticoagu-
lant/thrombolytic therapy. There have been different
reports on an overall mortality reaching 23%-33% in
patients with early HAT. The risk of graft loss in HAT
according to some studies may be as high as 53.1%. The
most effective prognosis of graft survival depends on the
time of HAT detection and the speed of revascularization
[17,33, 34].

HAT develops quite rarely but represents the most
common vascular complication after liver transplantati-
on. A definitive diagnosis is established by angiography,
during which therapeutic manipulations can also be per-
formed using endovascular procedures, such as balloon
angioplasty and/or arterial stenting.

Currently, it seems advisable to perform endovas-
cular treatment first, mainly because of organ shortage
and the high mortality rate associated with retransplan-
tation. However, it has been proven that patients with
early HAT with severe graft dysfunction require liver
retransplantation.

2.2. Transplant hepatic artery stenosis

Transplant hepatic artery stenosis (HAS) is a narro-
wing of the lumen of a liver transplant artery leading to
reduced arterial blood flow and partial ischemization of
the graft. Significant HAS is a narrowing of the lumen
of the graft artery by more than 50%. HAS along with
HAT, are the most common arterial complications with
high morbidity and mortality [4, 16, 36, 61, 63—66].

According to various reports, HAS develops in 2% to
13% after LT [4, 16, 36, 61-67]. There are cases where
HAS is in turn complicated by thrombosis [4].

Similar to HAT, HAS is divided into early (develo-
ping within the first 30 days of LT) and late (developing
after 30 days of LT).

Based on a meta-analysis, early HAS is statistically
less common than late HAS (40% vs. 60%, respectively).
The mean time to diagnosis of HAS is 94-160 days after
LT (1-1220 days) [68].

The anastomotic portion of the liver graft artery has
been shown to be the most common site for HAS within
three months after LT [69].

Also, transplant HA kinking is considered to be a
narrowing of the liver transplant artery [17]. In turn,
arterial kinking can lead to HAT [7, 17].

Risk factors

The risk factors associated with HAS are not really
known and seem to have a multifactorial origin [68].
The authors believe that technical factors such as arterial
injury (during clamping, intima separation, improper
anastomotic sutures), anatomical features of the donor
and recipient arteries (excessive length, arterial kinking,
diameter difference between donor and recipient arte-
ries), impaired vascular blood supply to the artery, co-
agulation injury to the vessels, etc. may increase the risks
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of arterial occlusive complications, including transplant
hepatic artery stenosis, etc [66].

Clinical presentation

The clinical presentation of HAS varies from asym-
ptomatic disease to graft dysfunction associated with
ischemia and necrosis. Moreover, HAS can lead to graft
dysfunction both early and late postoperatively. Many
patients with asymptomatic course may demonstrate
minor deviations from normal blood biochemistry (cy-
tolysis, cholestasis) [16, 61, 66—-68, 70, 71]. Mostly, in
patients with asymptomatic HAS, the diagnosis is esta-
blished incidentally, during Doppler ultrasound (DU)
screening. That is why regular DU screening at early and
late periods after LT is so important [57, 173].

The risk of biliary complications is less common in
HAS than in HAT. Ideally, HAS should be diagnosed
before biliary complications occur because, according
to reports, they develop in 67% of HAS cases [70, 71].

Diagnosis of hepatic artery stenosis

Ultrasound is a well-established noninvasive and in-
expensive method of assessing liver graft arterial paten-
cy; it has been reported in many studies to be effective in
the early diagnosis of HAS [57, 61, 66, 173]. Velocity of
blood flow through the artery is assessed in combination
with resistive index (Ri) — in arterial stenosis, it decrea-
ses <0.5, delayed systole and “rounding” of the systolic
peak occur. Sometimes, on the contrary, when peripheral
resistance increases, Ri increases, the diagnostic crite-
rion is Ri >0.85 [173]. Some authors describe turbulent
blood flow through the HA — an increase in velocity
>100 cm/sec (Fig. 3) [163]. Many transplant teams also
use contrast-enhanced MSCT and direct angiography
to confirm the diagnosis, which is the gold standard for
diagnosing HAS [8, 72, 73].
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Treatment of hepatic artery stenosis

As with HAT, treatment of HAS includes:

— revascularization (surgical or endovascular);
— retransplantation.

In patients with asymptomatic HAS, endovascular
angioplasty (balloon vasodilatation and/or stenting of the
graft artery) is performed [59, 62, 67, 71, 74, 173, 177].
A positive effect was achieved in 87% of patients [61]. In
7% of patients who underwent endovascular angioplasty,
complications developed, including arterial rupture, re-
quiring open revision. Some authors have noted the deve-
lopment of HAT after endovascular correction of arterial
stenoses. This is typically associated with inadequate
postoperative management of patients (inappropriately
selected antiplatelet/anticoagulant therapy after arterial
stenting) [61, 66]. According to a meta-analysis report,
open revascularization with excision of the anastomotic
narrowing, with the use of vascular grafts in some cases,
showed a 100% restoration of blood flow through the
HA [61].

Despite this, a case series meta-analysis published
in 2015 showed that interventional techniques for cor-
recting arterial blood flow are highly effective for early
HAS, they do not differ in complication rates compared
to open arterial reconstructions, and they help to reduce
the number of liver retransplantations [75].

With timely early diagnosis of HAS by DU screening
and regular laboratory monitoring of blood biochemical
parameters (liver panel) and early revascularization by
either method, the risk of graft loss and retransplantation
is reduced significantly.

When endovascular intervention fails to restore blood
flow through the HA, surgical revascularization should
be undertaken before considering retransplantation,
which has a lower postoperative survival rate, given that
HAS is associated with subsequent biliary complications.
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Fig. 3. Visualization of liver graft artery stenosis: a, triplex ultrasound of the liver graft, turbulent arterial blood flow in flow-
metry; b, volume rendered image from a CT angiography. The arrow indicates the site of hepatic artery stenosis [163]
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Carefully performed arterial anastomosis during
transplantation appears to prevent arterial stenosis.

2.3. Splenic artery steal syndrome

Splenic artery steal syndrome (SASS) is another
cause of graft hypoxia or ischemia. SASS can be de-
scribed as a decrease in blood flow into the HA in the
absence of HAT or HAS. This condition is associated
with increased arterial inflow through the enlarged sple-
nic artery, since the liver and spleen in most cases are
supplied from the same basin. According to world re-
ports, SASS remained without attention from surgeons
for a long time because the actual surgical problem in the
arterial anastomosis was not revealed. But it was shown
that SASS can reliably lead to graft hypoxia/ischemia
against the background of hepatic hypoperfusion and is
a threatening complication, which, in turn, can lead to
irreversible consequences, up to graft loss and patient
death [57, 76-80].

Risk factors

A complex combination of factors, including HA
hypoperfusion and portal hyperperfusion, can lead to
SASS. The first and the main risk factor is portal hy-
pertension, against which the volume of the spleen and
vessels feeding it increases. Some authors cite the fol-
lowing pattern: a difference between splenic and HA
diameters of 1.5 times or more in favor of the splenic
artery is a risk factor for SASS. Some authors consider
the splenic artery diameter of more than 5 mm as a risk
factor regardless of the difference in the diameter of the
liver and spleen vessels [57, 81, 177]. There are also
works that determine an increased risk of SASS when
the graft-to-recipient weight ratio (GRWR) is less than
0.9% [57, 82, 83].

Clinical presentation

Similar to HAS, the clinical presentation of SASS
can be diverse. This condition is often asymptomatic, but
hepatic failure, graft ischemia and necrosis may deve-
lop if diagnosis is delayed. Patients with asymptomatic
SASS may show minor deviations from normal blood
biochemistry parameters (cytolysis, increased bilirubin,
alkaline phosphatase, and gamma-glutamyl transferase)
[76-80, 84].

Diagnosis of splenic artery steal syndrome

Most often, diagnosis is made early after transplan-
tation and is detected through routine use of ultrasono-
graphy. Ultrasound signs of SASS include difficulties
in visualizing the HA at the anastomosis level and in
the graft parenchyma, and decreased total blood flow
velocity of less than 15 cm/sec, while blood flow indices
may be normal. If SASS is suspected, contrast-enhanced
MSCT or selective angiography of the celiac trunk (celi-
acography) should be performed [25]. During angiogra-
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phy, there will be increased discharge of contrast agent
into the enlarged splenic artery, while the inflow into
the liver graft artery will be reduced [57, 84, 173, 181].

Prevention of splenic artery steal syndrome

Currently, there are several SASS prevention tech-
niques. According to numerous reports, endovascular
methods of prophylaxis are used, for example, selective
splenic artery embolization before LT [182]. At the stage
of examining the recipient in preparation for transplan-
tation, if signs of hypersplenism and enlarged splenic
artery are detected, the above procedure is performed.
According to world reports, this method reduces the risk
of SASS [79]. However, the procedure is not always
effective. Cases have been described where after splenic
artery embolization, a powerful collateral blood flow
developed in the spleen, and patients experienced SASS
after transplantation [57].

Intraoperative splenic artery ligation is another de-
scribed method for preventing SASS. During transplan-
tation, the celiac trunk and its branches are skeletonized
and the splenic artery is ligated. According to reports
from studies describing this technique, there was not a
single case of SASS developing after splenic artery liga-
tion. At the same time, ischemic disorders in the spleen
were practically not described and they were asympto-
matic [57, 81, 178-180].

Treatment of splenic artery steal syndrome

The mainstay of treatment for SASS is currently en-
dovascular selective embolization of the splenic artery
(Fig. 4) [25, 57, 76-80, 83-85, 173, 181]. Embolization
is performed either with emboli or coils. At the same
time, cases have been described where, in the early
stages after LT during angiography, it was technically
impossible to perform cannulation of the splenic artery
for embolization; in such cases, relaparotomy and open
ligation of the splenic artery were performed to restore
adequate arterial perfusion of the liver graft [57]. Also,
there were cases where during embolization, the guide-
wire migrated into the HA and caused dissection of the
arterial anastomosis, which made it necessary to perform
open surgery to stop bleeding and open splenic artery
ligation [57].

With early diagnosis of SASS using ultrasound me-
thods and timely selective splenic artery embolization,
the risk of graft loss and retransplantation is significantly
reduced.

It is recommended to use prophylactic methods (sple-
nic artery embolization before transplantation, splenic
artery ligation during transplantation) to prevent the risks
of SASS.

2.4. Hepatic artery pseudoaneurysm

Hepatic artery pseudoaneurysm is a formation resul-
ting from a breach of the integrity of the arterial wall and
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Fig. 4. Celiacography in splenic artery steal syndrome: a, no
evidence of hepatic artery stenosis/thrombosis, with reduced
blood flow to the liver (indicated by the black arrow), the
splenic artery is enlarged in diameter; b, white asterisk marks
the place of spiral placement in the splenic artery. Black
arrows indicate active filling of the graft along the arterial
channel after splenic artery embolization [177]

ongoing bleeding. The spilled blood accumulates in the
tissues around the artery forming a tumor-like formation.
As arule, pseudoaneurysms in a liver graft are iatrogenic.
Their incidence according to different data varies from
0.27% to 3% [36, 86-96, 176].

A retrospective meta-analysis by Volpin et al. on
787 liver transplants performed between January 1990
and December 31, 2005 reported an incidence of 2.5%,
evenly distributed over a 16-year period. The authors
showed that this complication did not significantly affect
any specific laboratory findings in patients after LT [96].
In 16 patients, the anatomical location of the pseudo-
aneurysms was extrahepatic and developed early after
liver transplantation. In fact, most pseudoaneurysms
developed in the early postoperative period within an
average of one month after transplantation: 69% were
diagnosed within 20 days and 81% within 35 days after
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LT. The average time for the development of pseudo-
aneurysms was 13 days [36, 93, 96, 176].

Risk factors

Several predisposing factors for the development of
HA pseudoaneurysms have been suggested, including
peritoneal infections, technical difficulties in arterial
anastomosis, and bile duct leaks [36, 97-101, 176]. In
patients with extrahepatic localization of pseudoaneu-
rysms, the rate of detection of bacteria and fungi in the
culture of abdominal contents was very high: according
to various literature sources from 81% to 100% bacterial
or fungal growth was detected [96].

It has also been reported that some patients with bile
duct leaks who underwent biliodigestive anastomosis
during LT developed HA pseudoaneurysms [36, 96-101,
176].

Clinical presentation

The clinical presentation of pseudoaneurysms ranges
from asymptomatic course and incidental diagnosis on
DU, MSCT, or angiography to abdominal pain combined
with fever, gastrointestinal bleeding (25% of cases), mas-
sive intra-abdominal bleeding in the early postoperative
period (31% of cases), and acute hemorrhagic shock
(81% of cases) [96].

Diagnosis of hepatic artery pseudoaneurysm

The diagnosis of pseudoaneurysm is established
based on instrumental diagnostic methods (Fig. 5) [96]:
DU;

Bolus contrast-enhanced MSCT;
MRI;

Angiography.

Treatment of hepatic artery pseudoaneurysm

Open surgery or endovascular correction are the main
methods of treating pseudoaneurysms [90, 93, 96, 100,
161, 176]. Thus, according to literature data, HA ligation
was performed as a surgical benefit for some patients.
Postoperative mortality in such patients reached 85%,
and those patients who survived developed biliary com-
plications and liver abscesses, which eventually led to
the need for retransplantation [176]. Another group of
patients underwent excision of the arterial defect with
subsequent arterial reconstruction, including the use of
shunt grafts. Postoperative mortality in this group was
28%; 66% of patients did not develop any postoperati-
ve complications. The remaining 6% developed biliary
complications. Two patients underwent endovascular
intervention. One was embolization of the pseudoaneu-
rysm. The second one was placement of a covered stent.
Both patients have been alive for more than 10 years and
have not had any complications after the endovascular
intervention [96].
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Prognosis

In the literature, HA pseudoaneurysm is associated
with a high mortality rate of 69% to 100% [36, 96101,
176].

It should be noted that early detection of HA pseudo-
aneurysm in high-risk patients (patient with peritoneal
infection, bacteremia, biliary leakage, biliodigestive ana-
stomosis) is crucial for diagnostic evaluation and subse-
quent treatment with endovascular correction methods.

Open surgery should be followed by immediate re-
vascularization even in the infected area if endovascular
treatment fails. Detection of the pseudoaneurysm before
it ruptures should ensure a successful outcome in 100%
of cases.

It is worth keeping in mind that pseudoaneurysms are
usually asymptomatic until they rupture, most commonly
in the first five weeks after LT.

DU is not a highly effective method of diagnosing a
HA pseudoaneurysm. Contrast-enhanced MSCT, MRI,
or angiography should be performed.

2.5. Hepatic arterial rupture

Hepeatic arterial rupture (HAR) is defined as the deve-
lopment of bleeding from the hepatic artery trunk. This
is a rather severe complication leading to both impaired
blood supply to the graft and the risk of patient death
from bleeding [176].

HAR is a rare complication (0.64%); in most cases,
it typically develops against the background of graft
arterial pseudoaneurysm accompanied by infection, or
occurs iatrogenically after endovascular interventions
on the liver graft artery [88, 93, 96]. A ruptured hepatic
artery leads to high patient mortality; therefore, it requi-
res emergency surgical treatment [103].

Clinical presentation and diagnosis

The clinical presentation has always been accom-
panied by sudden bleeding: hemoperitoneum (58.8%),
gastrointestinal bleeding (29.4%), hematoma (5.9%) and
hemobilia in one patient (5.7%). The presence of fungal
infection in the arterial wall was confirmed in 35% of
patients. Bile leakage occurred in 41% of patients [176].

Treatment of hepatic arterial rupture

Since a ruptured hepatic artery is accompanied by
acute bleeding, many surgical treatment options are
available. In case of graft artery rupture, the following
are performed: endovascular correction with emboli-
zation, arterial stenting, open arterial reconstruction,
aorto-hepatic bypass, graft artery ligation, and retrans-
plantation [176].

To date, the mortality rate in ruptured hepatic artery
remains high, so there is no definite consensus on the
choice of specific surgical treatment tactics.

Early postoperative mortality in such patients is 35%,
the main causes being recurrent bleeding or sepsis [176].

A retrospective analysis has shown that revasculari-
zation in hepatic artery ruptures is not always indicated
because one of the main causes of rupture is infection,
and such patients subsequently die of sepsis. A study
by Boleslawski et al. (2013) showed that HA ligation is
efficient. Their study showed that 83% of patients who
underwent revascularization died within 90 days of re-
vascularization, with all patients who underwent ligation
surviving 90 days after HA ligation. The one-year and
three-year survival rates of patients after HA ligation
were 100% and 80%, respectively, while the survival
rates of patients who underwent revascularization were
14% and 14%, respectively [176].

Fig. 5. Contrast-enhanced multislice computed tomography. The arrow indicates the site where hepatic artery pseudoaneu-
rysm developed after liver transplantation. a, coronal projection; b, volume rendering [161]
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3. VENOUS COMPLICATIONS

Compared to arterial complications, venous compli-
cations are less common with an established overall in-
cidence of about 3%. They can be potentially dangerous,
can lead to liver graft dysfunction and therefore represent
an important source of post-LT morbidity and mortality,
especially if they occur in the early postoperative period
[6, 7, 10, 104-106, 175]. Numerous scientific studies
have shown that the incidence of venous complications
in pediatric transplants is higher than in adult patients
[2,72,105, 107,107, 108, 175]. Venous complications
include portal vein complications and complications of
the inferior vena cava and hepatic veins [7, 10, 109, 175].

3.1. Portal vein complications

The incidence of portal vein complications after liver
transplantation is low (1%—-3% of patients). These com-
plications are more common after split transplantation,
as well as in liver fragment transplantation from living
donors, and in pediatric recipients [6, 7, 10, 109-112,
175].

3.1.1. Portal vein thrombosis

The incidence of portal vein thrombosis (PVT) after
liver transplantation ranges from 0.3% to 2.6% [3, 111].
However, PVT incidence in patients who received a graft
from a living donor is approximately 4%. This is due to
technically more complicated venous reconstruction of
the portal vein during transplantation, as well as to the
fact that it is not always possible to take a liver frag-
ment with a long section of the portal vein from a living
related donor, especially when transplanting the right
lobe of the liver [113]. PVT occurs more often in the
early postoperative period, with 73% of all PVTs after
liver transplantation occur in the first three months after
surgery [113].

Risk factors

The most common causes of PVT are technical errors
associated with an excessively long portal vein and its
kinks and/or stenosis of the portal anastomosis [111].

Other risk factors are [36, 111-117]:

— previous surgical interventions on the portal vein;

— portal vein thrombosis before liver transplantation,
requiring thrombectomy during surgery,

— small portal vein diameter (<5 mm);

— history of splenectomy;

— pepatic microvascular dysplasia;

— portosystemic shunts;

— use of vascular grafts for portal vein reconstruction.

Additional risk factors in patients who received a
transplant from a living donor:

— Small size of the portal vein (length and/or diameter);
— Spatial position of the liver graft in the abdominal
cavity.

Clinical presentation

The clinical presentation depends on the timing of
thrombosis [36]. When PVT occurs early postopera-
tively, acute graft dysfunction predominates. If throm-
bosis occurs late, the clinical symptoms depend on the
degree of collateral venous circulation [36, 111, 112].

The most important clinical manifestations of late
PVT are manifestations of portal hypertension, including
ascites, splenomegaly, cytopenia, and gastrointestinal
bleeding from esophageal varices [36, 111].

Diagnosis of portal vein thrombosis after liver
fransplantation

Ultrasound monitoring should be performed regular-
ly after LT to assess portal vein patency. Ultrasound is
the easiest way to assess the patency of the portal vein
of the graft, the speed of its blood flow, as well as the
presence of blood clots in the portal system. Doppler
flowmetry is used intraoperatively, as well as methods
for measuring volumetric blood flow to exclude portal
vein thrombosis, as well as to determine indications for
modulation of portal blood flow [165]. Portal pressu-
re is measured by direct cannulation of the portal vein
or its tributaries, such as the inferior mesenteric vein
or other mesenteric veins. It should be noted that high
central venous pressure can affect portal vein pressure
(PVP), and the PVP values in this case may be erroneous
[165—-167]. Most postoperative ultrasound monitoring
protocols vary worldwide, with the belief that graft ves-
sel DU monitoring should be performed daily for the first
5-7 days after LT [2, 59, 118—120]. If PVT is suspec-
ted, it is advisable to perform contrast-enhanced MSCT
(Fig. 6) [121, 164]. Some authors have suggested the
use of contrast-enhanced magnetic resonance imaging
(MR]) of the liver with the administration of gadolinium,
an MRI contrast agent. Also, there are protocols for the
use of high-contrast ultrasound [119, 121].

Fig. 6. Contrast-enhanced multispiral computed tomography.
The arrow indicates the site of portal vein thrombosis in the
patient after liver transplantation [164]
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Treatment of portal vein thrombosis after liver
fransplantation

Treatment protocols include various methods of treat-
ment: from anticoagulant administration to open portal
reconstruction surgery. Currently, percutaneous transhe-
patic correction of portal vein blood flow is actively used.
Interventional techniques include balloon angioplasty,
portal vein stenting, anticoagulant administration into
the portal vein system via a transjugular intrahepatic
portosystemic shunt (TIPS) [122-125, 129, 130].

Among other things, the approach to PVT treatment
differs depending on how long after LT it develops. Thus,
in early PVT (in the first 72 hours after LT), accompanied
by acute graft dysfunction, open revision of the portal
anastomosis, thrombectomy, and reconstruction of the
portal anastomosis must be performed. In PVT develo-
ping from postoperative day 3 to 30, treatment is initiated
with the use of systemic anticoagulants. Endovascular
correction of portal blood flow is also performed [122,
124, 126-128].

In late PVT, in the late period after LT, the main
manifestations of portal vein thrombosis will be the
development of portal hypertension syndrome (spleno-
megaly, ascites, esophageal varices, formation of col-
lateral shunts, with the development of gastrointestinal
bleeding) [36, 111]. As a rule, late after transplantation,
endovascular techniques are used first, followed by vari-
ous variants of portosystemic shunting, including TIPS,
or open surgical reconstruction. In addition, treatment
may require endoscopic hemostasis for bleeding from
esophageal varices [122—125, 128-131].

It is worth noting that when TIPS is performed or
when portal vein stenting is performed, different throm-
bolytic protocols (antiplatelet/anticoagulant therapy) are
administered to patients [124].

Prognosis

PVT is fraught with graft loss and patient death. How-
ever, when PVT is diagnosed and treated early, real-
world data show a good outcome with a survival rate
>89% [139].

PVT is a rare but serious complication, especially
when it develops in the early postoperative period. The
physician’s goal is to detect PVT as early as possible
using ultrasound screening protocols. Open thrombecto-
my is required for PVT detected early posttransplant, but
percutaneous interventions are gradually becoming the
best therapeutic option with good outcomes and safety.

3.1.2. Portal vein stenosis

The true incidence of portal vein stenosis (PVS) after
LT is not reliably known. The few data reported in the
literature suggest an incidence of <3% [109].
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Risk factors

Like PVT, the main risk factors are surgical technical
errors during LT. Stenosis most often develops in portal
anastomosis that is technically difficult to perform. Most
often, such difficulties occur when there is a difference
between the diameters of the portal vein of the donor and
the recipient. This is often the case when transplanting
liver fragments to children [109, 133, 134].

Clinical presentation

PVS is characterized by the clinical picture of portal
hypertension syndrome and/or graft dysfunction [105,
106, 133, 135]. In practice, most patients with PVS
have no complaints, and the diagnosis of stenosis is an
incidental finding discovered during routine screening
ultrasound [109, 133].

If patients develop a clinical picture, it is usually con-
sistent with that of portal hypertension. These patients
may develop gastrointestinal bleeding, ascites, and sple-
nomegaly. Laboratory changes in the biochemical panel
are not consistent and, therefore, are not specifically
significant for PVS diagnosis [105, 106, 133, 135].

Diagnosis of portal vein stenosis after liver
fransplantation

The main methods of diagnosis and screening also
include ultrasound (DU). The criteria for diagnosis by
ultrasonography include [118]:
the presence of a narrowing site in the portal vein;
normal or reduced blood flow velocity through the
portal vein to the narrowing site;
post-stenotic portal vein dilatation;
increased blood flow velocity (turbulent blood flow)
after the portal vein narrowing site.

At the same time, according to some scientific papers,
ultrasound has been considered as a sensitive method of
investigation in relation to PVS, but not specific. In view
of this, ultrasound criteria for PVS after LT have been
calculated [118]:

1. Ratio of portal vein diameters before narrowing and
after narrowing >50%;

Blood flow velocity is greater after the narrowing site
than before the site >3:1.

If both criteria are present, contrast-enhanced MSCT
is indicated for additional diagnosis and confirmation of
PVS[118, 134, 136].

2.

Treatment of portal vein stenosis

Surgical treatment, including anastomotic revision or
retransplantation, is usually performed when PVS deve-
lops early after LT [137]. In case of asymptomatic PVS,
patients with normal graft function should be followed
up (systematic DU screening) without any intervention
[114].

In case of clinical manifestations, the method of
choice is percutaneous transhepatic methods of blood
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flow correction (Fig. 7) [105, 106, 115-117, 133-135,
138—141]. Both balloon angioplasty and portal vein
stenting, followed by antiplatelet therapy are performed.
A disadvantage of stenting may be stent thrombosis,
which may subsequently lead to the need for retransplan-
tation. However, it has been shown that the risk of stent
thrombosis can be significantly reduced with anticoagu-
lants/antiplatelet agents [133, 134, 138-141].

Also, percutaneous interventions may pose a risk of
complications, such as bleeding due to liver vessel injury,
hemobilia due to ductal injury [137, 139].

PVS is a rather rare venous complication following
LT. It develops most commonly after pediatric liver
fragment transplantation or after transplantation of liver
fragments from living donors. Ultrasound is an impor-
tant diagnostic tool to assist the clinician because most
asymptomatic cases may progress until PVS is clinically
manifested by signs of portal hypertension. This in turn
will adversely affect the prognosis of graft survival and
ultimately patient survival.

Percutaneous intervention with stent placement has
been shown to be the preferred treatment modality with
a high success rate and low recurrence and/or compli-
cation rate.

3.2. Complications of the inferior vena cava
and hepatic veins

Currently, impaired blood outflow from the liver graft
by kinking, stenosis or thrombosis of the inferior vena
cava (IVC) or hepatic veins, especially in transplants
from living donors, are rare post-LT complications with
a reported incidence of less than 3% [142, 143].

Clinical presentation and diagnosis

The clinical manifestations are diverse: lower limb
edema, hepatomegaly, ascites, hydrothorax, Budd—Chi-

ari syndrome, polyserositis, liver dysfunction, multiple
organ failure, which may eventually lead to graft loss
and patient death [6, 110, 144].

The main risk factor leading to caval complications
is technical errors committed while performing caval
anastomosis, which lead to kinking or thrombosis in
the early postoperative period. Many authors have de-
veloped technical intraoperative techniques to prevent
these complications. Thus, the piggyback technique and
a modified version of the piggyback, i.e., hepatectomy
techniques with preservation of the recipient inferior
vena cava and formation of caval anastomosis directly
with the recipient’s hepatic veins, have been developed
[145-151].

In the late postoperative period, chronic stenosis at
the caval anastomosis site is the result of fibrosis, hy-
perplasia and/or external compression due to liver graft
enlargement [6, 110, 144].

The diagnosis is made on the basis of DU, contrast-
enhanced CT scan (Fig. 8) and with the help of transjugu-
lar cavography, which enables therapeutic manipulations
during the procedure [152].

Treatment of caval complications

The treatment methods depend on the extent to which
complications related to impaired blood flow from the
transplant have developed in the long-term period. In
case of severe graft dysfunction or if multiple organ
failure develops, retransplantation is always indicated
[132, 152].

In addition, minimally invasive endovascular inter-
ventions are the treatment of choice because the mortality
rate after minimally invasive surgery is 11.1% compared
with 41.6% for retransplantation.

Angioplasty by balloon-assisted transjugular intrahe-
patic portosystemic shunt placement can restore anasto-

Teria

Fig. 7. Percutaneous retrograde portography: a, the arrow indicates the site of portal vein stenosis in percutaneous transhepatic
portography; b, effect after balloon angioplasty of the site of portal vein stenosis [106]
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Fig. 8. Contrast-enhanced multislice computed tomography.
The arrow indicates the site of hepatic vein thrombosis in the
area of caval anastomosis [75]

motic patency in almost 100% of cases, but recurrence
of stenosis is quite common and repeated angioplasties
may be required [152].

Reports suggest that stenting of the caval anastomosis
may be the best treatment option with a high success
rate ranging from 73% to 100%. This method is safe and
shows good long-term outcomes [132, 139, 152—-160].

4. CONCLUSION

Vascular complications remain a major problem after
liver transplantation. They are associated with a high
mortality rate, especially if they manifest in the early
postoperative period (first month after transplantation)
and if they are not diagnosed in time.

The only solution to reduce the severity of VCs is to
prevent them by controlling risk factors and, if this is
not possible, early diagnosis is necessary, even in asym-
ptomatic patients.

Many transplant centers around the world advoca-
te the use of routine screening investigations such as
ultrasound (DU) and, if in doubt, to perform contrast-
enhanced CT scan or angiography, which is the standard.

If a VC is identified and the patient does not have
severe liver graft dysfunction, it is more appropriate to
attempt to resolve the complication by endovascular
blood flow correction, as this method has demonstrated
effective and safe outcomes.

Conversely, if there are serious consequences for the
liver graft, the most effective therapeutic procedure is
emergency retransplantation, which shows better outco-
mes in terms of efficacy and survival. However, organ
shortage severely limits this treatment option.

The authors declare no conflict of interest.
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Background. The possibility of inducing immunological tolerance in allogeneic organ transplant recipients is
a research goal of the transplantology community, as it will ensure the likelihood of complete engraftment of a
foreign organ. However, such a task presently remains difficult to accomplish. Objective: to demonstrate long-
term kidney graft survival without signs of acute rejection and without immunosuppressive therapy in a patient
who underwent allogeneic hematopoietic stem cell transplantation (allo-HSCT) from a haploidentical donor for
post-transplant lymphoproliferative disorder (PTLD). Methods and materials. Recipient’s graft function was
assessed using clinical, laboratory, instrumental and pathomorphological examination methods. Results. With
no immunosuppressive therapy for more than four years, the kidney recipient showed stable, satisfactory graft
function. Conclusion. The described clinical case demonstrates the development of immunological tolerance to
a kidney graft in a recipient of allogeneic hematopoietic stem cells (HSCs).

Keywords: immunological tolerance, kidney transplantation, chimerism.

INTRODUCTION

The main challenge of organ transplantation is the
body’s immune response, manifested by acute or chronic
rejection reactions. Immunosuppressive therapy (IST)
in most cases suppresses the immune system and al-
lows transplanted organs to function for a limited time.
Currently, all known immunosuppressants have more
or less significant side effects. This has encouraged re-
searchers to develop new ways to suppress the immune
system [1]. It is optimal to develop immune tolerance in
the recipient, allowing the graft to function as long and
efficiently as possible. Immune tolerance is understood
as the absence of a specific response to certain foreign
antigens, while retaining the ability to develop a full-
fledged response to other antigens. The coexistence of
cells of more than one genotype in the same individual
is called a biological chimera. Chimerism is categorized
into full and mixed chimerism. Full chimerism exists
when all hematopoietic cells are of donor origin, while
mixed chimerism is the coexistence of both donor and
recipient cells in different proportions [2]. Mixed hema-
topoietic chimerism was first demonstrated by Ray Owen
in 1945. He showed that bovine fraternal twins with
common placental circulation are chimeric and tolerant

to each other [3]. In 1953, Billingham, Brent, Medawar
et al. described a state of “actively acquired tolerance”
to skin allografts that developed after transplantation of
viable allogeneic cells into embryos or newborn mice
[4]. Studies of mixed chimerism and immunological
tolerance in animals have led to the use of HSCs trans-
plantation as a method of inducing tolerance in solid
organ transplantation in humans [5-7].

Tolerance formation is a determining condition for
long-term functioning of transplanted organs and tis-
sues. Central and peripheral tolerance differ in terms
of mechanism of development. Central tolerance is ai-
med at preventing the appearance of autoreactive T and
B lymphocytes in the process of their maturation and
occurs in the central organs of immunogenesis in the
thymus and bone marrow [8, 9]. In this case, eliminati-
on of potentially dangerous T lymphocytes reacting to
their own antigens is effected by inducing programmed
cell death (apoptosis). This mechanism is called clo-
nal deletion or negative selection. For B lymphocytes,
another mechanism is also possible — receptor editing.
With receptor editing, receptors can no longer bind to
their own antigens. In allo-HSCT, central tolerance is a
key mechanism and is determined by the presence and
selection of donor immune cells in the thymus [10]. In
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allo-HSCT, immature T cells that are newly formed in
the bone marrow for further maturation and prolifera-
tion, populate the thymus, where they actively prolife-
rate and undergo positive selection by binding to short
fragments of proteins on the major histocompatibility
complex (MHC) molecules, which in humans are desi-
gnated as HLA (human leukocyte antigens) classes I and
II. As a result, the process of positive selection leads to
the survival of mature CD8+ and CD4+ T cells that can
recognize HLA molecules [11]. If T cell receptors bind
too strongly to HLA molecules in the thymus, intracel-
lular signaling is so strong that it ends in apoptotic cell
death, thereby destroying cells with a high probability
of autoreactivity (negative selection).

Peripheral (postthymic) tolerance is aimed at identify-
ing and controlling autoreactive cell clones that have es-
caped central tolerance mechanisms. Peripheral tolerance
is ensured by various mechanisms (1) by ignoring the
antigen when there is insufficient or excess quantity of i,
and when antigen presentation is impaired, T cell anergy
occurs due to insufficient expression of T cell receptor
or coreceptor molecules; (2) there is negative activation
of lymphocytes leading them to apoptosis; (3) under the
action of regulatory T cells. Given the toxicity of IST,
the search for approaches that are aimed at tolerance
induction after solid organ transplantation continues.
These approaches include costimulatory blockade, lym-
phodepletion, induction of regulatory T cell formation,
and mixed chimerism [12]. Despite the progress made
in research on induction of immune tolerance in animal
models, transferring the proposed strategies to humans
is a challenging task.

Attempts to avoid or minimize IST in patients after
kidney transplantation lead to rapid graft rejection and
graft loss [13]. In this clinical case report, we can speak
about the formation of tolerance to a transplanted organ
in the patient.

Objective: to demonstrate long-term kidney graft
survival without signs of acute rejection and without
IST in a patient who underwent allo-HSCT from a hap-
loidentical donor for PTLD.

CLINICAL CASE REPORT

Patient B., female, born in 1985, was diagnosed with
mesangial proliferative glomerulonephritis in adole-
scence dfter suffering from pharyngitis, and received
pathogenetic therapy involving prednisolone and my-
cophenolates. By adulthood, the girl had progression
of chronic kidney disease to the end stage. As a result,
long-term hemodialysis therapy was initiated. In 2011, at
the age of 25, she underwent kidney allotransplantation
from a deceased donor at Sklifosovsky Research Institute
of Emergency Care. Mismatches in MHC antigens in the
donor-recipient pair consisted of four antigens: A3, B7,
35, and Dri0. The patient received standard IST: tac-
rolimus, mycophenolates, prednisolone and basiliximab
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induction on postoperative days 0 and 4. Graft function
was delayed, diuresis was restored from postoperative
day 38, blood creatinine levels (121 umol/l) normalized
onday 57. In 2013, she suffered acute graft pyeloneph-
ritis, then a graft biopsy was performed, which revealed
grade 1 chronic allograft nephropathy. In 2016, due to a
planned pregnancy, mycophenolates were converted to
azathioprine. She was in a satisfactory condition until
April 2017; blood nitrogen metabolism parameters were
creatinine 110—130 umol/L and urea 7-8 mmol/L.

In May 2017, her condition deteriorated, which was
clinically manifested by food-borne toxicoinfection,
blood creatinine levels increased to 170 umol/l. From
June to August 2017, her condition worsened: weakness,
fever episodes, stomach heaviness and increase in sto-
mach size, dry cough, she did not seek medical help. In
August 2017, she was hospitalized at the Transplanted
Kidney Pathology ward of the Municipal Clinical Hospi-
tal No. 52 with leukopenia (2.8 x 10°), proteinuria (2.3 g/
day), elevation of C-reactive protein (to 115 mg/dL) and
blood creatinine level (214 umol/L). Azathioprine was
discontinued due to leukopenia. PTLD was suspected;
trepanobiopsy and sternal puncture were performed,
and paraproteinemia tests were taken. On August 23,
2017, she was transferred to the National Medical Re-
search Center for Hematology, where the final diag-
nosis was established: diffuse large B cell lymphoma,
DLBCL (post-transplant lymphoproliferative disorder,
PTLD) with liver, spleen, stomach and bone marrow
involvement, probably associated with IST. Given the
severity of the condition, sepsis and immunodeficiency,
the remaining IST (tacrolimus and prednisolone) was
discontinued. For the treatment of DLBCL, the patient
received 6 cycles of CHOD (total doses: cyclophospha-
mide 1200 mg, doxorubicin 75 mg, vincristine 2 mg,
dexamethasone 80 mg) from August 26, 2017 to January
11, 2018, in combination with rituximab (600 mg); the
first cycle was performed with a prephase dexamethaso-
ne and cyclophosphamide. After that, the patient was in
remission of the lymphoproliferative disorder for a year.

After completion of chemotherapy (6 courses), due to
the risk of kidney graft rejection, tacrolimus-based IST
(2 mg/day) was resumed from April 2018.

In January 2019, PTLD-DLBCL reoccurred and
3 polychemotherapy courses (cytarabine (X =4 g) + eto-
poside (2 = 400 mg) combined with lenalidomide (X =
30 mg)) were administered. The first course was given
with a prephase cyclophosphamide and dexamethasone.
A second PET-negative remission of PTLD-DBCCL was
achieved. There was still a need to resume IST to prevent
graft rejection, which would entail another relapse of
the disease. Therefore, on May 14, 2019, the patient
underwent HSCs transplantation from a related haploi-
dentical donor (mother) using the TCRof+/CD19+ graft
depletion technique. The choice of this transplantation
approach was based on the fact that it does not invol-
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ve long-term (6 months) IST. Graft-versus-host disease
prophylaxis was performed according to the scheme: ri-
tuximab + bortezomib + tocilizumab + abatacept, and it
was completed 1 month after haploidentical allo-HSCT.
It was assumed that the donor immune system would “‘ac-
cept” the kidney graft as a host tissue and that tolerance
to the graft would also be formed.

Due to not taking immunosuppressive drugs within
three months from the moment of haploidentical allo-
HSCT, the patient was examined at Sklifosovsky Research
Institute of Emergency Care in August 2019 to assess the
state of the kidney graft. No evidence of kidney allograft
(KA) rejection was found — blood creatinine 120 umol/L,
glomerular filtration rate (GFR) 34 ml/min, no anti-HLA
antibodies were detected. Considering the non-standard
clinical situation and the patients informed consent, a
kidney transplant biopsy was carried out. The biopsy
revealed no signs of rejection;, moderate focal global

Fig. 1. Micrograph. Kidney transplant specimen: focal global
glomerulosclerosis, arteriolosclerosis, interstitial fibrosis and
tubular atrophy grade 2-3

Nl 3P Skilfosovskogo

glomerulosclerosis, arteriosclerosis, interstitial fibrosis
and tubular atrophy were observed (Fig. 1).

Transplantologists and hematologists jointly decided
to continue monitoring the patient without prescribing
IST due to the high risk of recurrent DLBCL, as well as
due to the high probability of developing immunological
tolerance as a result of the functioning of the new donor
immune system.

At patient B. s repeated follow-up hospitalization in
April 202: the patient's condition was satisfactory and
stable. During hospitalization, blood creatinine levels
fluctuated in the 162—178 umol/L range, GFR was 54 ml/
min, daily proteinuria 1 g. Ultrasound examination found
no evidence of graft dysfunction: graft dimensions were
within normal values, 112 X 49 mm, there was arterial
blood flow in the entire kidney up to the capsule, resis-
tivity indices were 0.56—0.66 (Fig. 2).

Given the moderate increase in blood creatinine le-
vels and proteinuria, kidney graft biopsy was performed.
The histologic findings showed chronic inactive rejec-
tion, moderate interstitial fibrosis and tubular atrophy
(Fig. 3). Deposition of complement component C4d in
the renal graft tissues was not detected by immunofluo-
rescence. When blood plasma was examined for the pre-
sence of anti-HLA antibodies, including donor-specific
antibodies, the test returned negative.

Given the absence of active kidney graft rejection, no
anti-crisis therapy was administered to the patient. In
the hospital, conservative treatment was performed to
improve microcirculation in the KA, and blood creatinine
decreased to 150 umol/L. The patient was discharged
with recommendations to continue follow-up without
taking immunosuppressants.

During follow-up examination in March 2022, patient
B. remained without IST, was in good health, quality of
life was high, and was socially adapted — she worked as
a programmer. Laboratory tests: blood creatinine was

C5-1/Abd Renal

: E FS; 2T7.B cmis
EDV 8.58 cmmis

Ri 0.68

Fig. 2. Ultrasonogram of the kidney graft of patient B. April 2021
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168 umol/L, urea 13.6 mmol/L, GFR 44 l/min, and daily
proteinuria 0.86 g/day. Ultrasound examination found no
evidence of graft dysfunction. The doctors decided not to
perform a biopsy due to stable graft function.

In January 2023, the patient was called for a routine
checkup. She did not take immunosuppressive drugs.
Her health was satisfactory, and she continued to work.
Her blood creatinine level was 154 umol/L, urea was
17 mmol/L, GFR was 44 ml/min, and daily proteinuria
0.87 g. No anti-MHC antigen antibodies were detected
in the blood. Ultrasound examination found no signs of
KA dysfunction (Fig. 4).

Thus, evidence obtained suggests a stable satisfactory
renal graft function in the patient who has not received
IST for more than 4 years. At the time of writing this
paper, graft function lasted for 12 years. Control exami-
nations showed that PET-negative remission of PTLD-
DLBCL, on the background of 100% donor chimerism,

with no signs of graft-versus-host reaction, persisted
within 4 years after haploidentical allo-HSCT.

DISCUSSION

The presented clinical case is a unique example of the
development of tolerance to a transplanted solid organ
against the background of formation of full hematopoi-
etic donor chimerism due to transplantation of HSCs.
It is worth noting that the approach in which immuno-
logical tolerance was observed when using allo-HSCT
in solid organ transplantation, is considered the most
promising direction, making IST unnecessary. Thus, the
results of three pilot studies on induction of tolerance to
renal allografts from living donors, performed at Stan-
ford, Northwestern, and Massachusetts General Hospi-
tals have been published [14, 15]. Patients underwent
combined kidney and bone marrow transplantation from
an HLA-mismatched donor. All subjects received non-

Fig. 3. Micrograph. Kidney graft specimens: a, transplant vasculopathy (arterial wall thickening due to myointimal prolife-
ration and intimal fibrosis, inflammatory cells in the intima thickness); b, focal global glomerulosclerosis, interstitial fibrosis

and tubular atrophy grade 2
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Fig. 4. Ultrasonogram of the kidney graft (12 years after kid-
ney transplantation). Resistive index in the segmental artery
of the renal graft is within normal range
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myeloablative conditioning at the stages of preparation
for transplantation. Patients achieved stable chimerism
in 38.5% of cases and transient chimerism in 26% of
cases, which allowed complete withdrawal of IST in
63% of cases. Despite good renal graft engraftment, this
approach is extremely limited due to the high risk of
graft-versus-host disease [12, 14, 15].

The uniqueness of this case of tolerance to a kidney
allograft is due to a number of major differences from
the strategies of induction of hematopoietic chimerism
described in the literature. An aggressive B-cell lympho-
ma emerging six years after kidney transplantation was
a complication of long-term IST in the patient. PTLD
treatment included the first and repeated stages of long-
term chemotherapy, and subsequently, transplantation
of allogeneic HSCs from a related haploidentical donor.
We can assume that the formation of immunological
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tolerance to the kidney allograft is most likely due to
the fact that the cells of the donor immune system, du-
ring the process of engraftment and expansion, saw the
kidney graft as a host tissue via a universal mechanism.
Since all antigens in the recipient’s body are foreign to
the donor immune system, the donor alloreactive T cells
were restricted against the kidney allograft as well.

Thus, because after allo-HSCT, immunological to-
lerance was induced not only to all host tissues but also
to the tissue functioning in the kidney recipient’s body
from another donor, there was no need for lifelong im-
munosuppressants.

CONCLUSION

The clinical case described represents the only suc-
cessful case of formation of immunological tolerance in
our practice, which allows a kidney transplant recipient
to get along without IST for more than 4 years.

The authors declare no conflict of interest.
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Introduction. Atypical hemolytic uremic syndrome (aHUS) is a systemic orphan disease that reproduces as an un-
controlled activation of the alternative pathway of the complement system and is expressed as systemic thrombotic
microangiopathy (TMA). The classical triad of aHUS symptoms are hemolytic anemia, thrombocytopenia, and
acute kidney injury (AKI). Currently, diagnosis of aHUS is a diagnosis of exclusion and has no pathognomonic
features. It is established based on the clinical presentation of the disease after excluding other forms of TMA,
both primary and secondary. Objective: to increase physicians’ awareness of this rare disease, the diagnosis and
treatment of aHUS using a clinical case study. Conclusion. Early diagnosis of aHUS is extremely important, as
timely targeted therapy can significantly improve or completely restore the functions of the affected organ.

Keywords: atypical hemolytic uremic syndrome, thrombotic microangiopathy, kidney transplantation,

eculizumab, hemolytic anemia, thrombocytopenia.

INTRODUCTION

Atypical hemolytic uremic syndrome (aHUS) is a
chronic systemic disease, the basis of which is a defect
in the complement system activation leading to massive
thrombus formation in the microvasculature (comple-
ment-mediated thrombotic microangiopathy (TMA))
[1-3]. Prevalence of the disease in Russia has not been
precisely established, but it is comparable to that in Euro-
pe (1.5—1.8 cases per 1 million population) and the USA
(about 2 cases per 1 million). The incidence is estimated
at 0.2—0.5 cases per million population per year [5]. The
clinical course of the disease is characterized by signifi-
cant polymorphism of symptoms. However, the classical
triad of aHUS symptoms are non-immune microangio-
pathic hemolytic anemia, thrombocytopenia and AKI [1,
3]. The generalized nature of TMA in aHUS determines
the development of extrarenal signs of the disease, as-
sociated with damage to the microvasculature of various
organs and systems, including the brain, heart, lungs, and
gastrointestinal tract. Extrarenal manifestations of aHUS
are observed in 20% of patients, of which almost two
thirds have more than one extrarenal sign [1, 3].

Most patients with aHUS have an underlying here-
ditary and/or acquired complement abnormality, which
leads to dysregulation of the activity of its alternative

pathway on the endothelial surface. However, exposure
to complement-activating factors (triggers) is necessary
for the syndrome to develop in predisposed individuals.
The most common of them are infections, autoimmune
diseases, malignant tumors, pregnancy and childbirth,
bone marrow and solid organ transplantation, and some
drugs [1-4, 6]. Below is a clinical case of the develop-
ment of clinical and laboratory manifestations of TMA
after allogeneic cadaveric kidney transplantation.

CLINICAL CASE

Patient 1., 27 years old, female, outpatient card
No. 126734. Since 2016, proteinuria up to 1 g/day with
“empty” urinary sediment, and episodes of increased
blood pressure have been recorded. It was interpreted as
chronic glomerulonephritis. The patient categorically re-
fused to perform kidney biopsy and received no pathoge-
netic therapy. Kidney function progressively decreased,
anemia appeared and gradually increased. The malig-
nant course of arterial hypertension, resistant to multi-
drug antihypertensive therapy, drew attention. Platelet
count remained within the reference values throughout
the entire follow-up period, and anemia was considered
as a manifestation of chronic kidney disease. In January
2022, due to critically high azotemia and development
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of anasarca, renal replacement therapy (hemodialysis)
was initiated urgently.

During follow-up at the dialysis center, target he-
moglobin levels were achieved, platelet count remained
within reference values, and the malignant nature of
arterial hypertension persisted against the background
of multi-drug antihypertensive therapy and an adequate
ultrafiltration volume.

On July 26, 2022, a kidney allotransplantation ope-
ration from a deceased immunocompatible donor was
performed. Perioperative blood loss was estimated at
700 mL. Graft function was delayed. The early postope-
rative period was complicated by pyelonephritis reflux
of the graft associated with the growth of Pseudomonas
aeroginosae, as well as by hematoma accumulation in
the graft bed. Laboratory tests revealed severe anemia,
Hb 59 g/L Ht 19%; thrombocytopenia up to 108 % 10°/L;
leukocytosis 31 x 10°/L; CRP 71 mg/L, procalcitonin
14 ng/mL,; azotemia (creatinine) 433 umol/L, azotemia
(urea) 42 mmol/L. The graft ureteral stent was remo-
ved, and antibiotic therapy was initiated according to
sensitivity. In order to reduce immunosuppression, the
mycophenolate mofetil dose was reduced to 1 g/day,
serum tacrolimus level was reduced to the minimum per-
missible, 6 ng/mL, glucocorticoid (prednisolone) dose
was gradually reduced to 5 mg per day.

Against the background of the therapy, there was
a positive clinical and laboratory effect — normalized
body temperature, decreased proinflammatory labora-
tory markers, increased platelet count to 330 x 10°/L,
decreased azotemia (creatinine) to 260 umol/L, azotemia
(urea) to 10 mmol/L. Ultrasound showed that hematoma
remains in the graft bed in the same volume, organized
according to the timing. On September 30, 2022, the
patient was discharged for outpatient follow-up, immu-
nosuppressive therapy in the following volume: tacroli-
mus, with target serum level of 8—12 ng/mL, prednisolone
10 mg per day, mycophenolate mofetil 1500 mg per day.

On October 3, 2022, a scheduled laboratory monito-
ring was performed: hemoglobin 86 g/L, platelets 462 %
10°/1, azotemia (creatinine) 485 umol/l, azotemia (urea)
19 mmol/L. The patient’s condition was considered as
acute graft rejection. Pulse therapy with prednisolone
ex juvantibus was initiated in order to relieve acute re-
jection. On October 4, 2022, a diagnostic graft biopsy
was performed.

On October 6, 2023, febrile fever up to 39 °C, la-
boratory tests showed an increase in pro-inflammatory
markers, bacteria culture test conducted on October 6,
2022 showed a growth in Klebsiela pneumonia, Pseu-
domonas aeruginosa, and polyresistant strains. Pelvic
MRI scan: on the posterior surface of the kidney, with
spread to the lower anterior surface of the kidney, a
subcapsular chronic hematoma, heterogeneous struc-
ture, ~ dimensions (vertical x anterior x sagittal) 10.9 X

67

7.4 x 3.4 cm (previous dimensions 11.7 x 8.2 X 5.0 cm
dated August 6, 2022, 9.4 x 8.81 x 5.72 cm dated Au-
gust 3, 2022), in the projection of the upper pole of the
kidney on the lateral surface, there is a wedge-shaped
zone ~ measuring 3.2 x 2.8 cm,; a similar zone is tra-
ced in the lower pole of the kidney ~ measuring 1.5 %
0.8 cm — more likely the infarction zone; along the left
iliac vessels, chronic hematomas remain in the left parts
of the small pelvis, with a maximum size of 8.0 x 2.0 cm.
The patient s condition was considered as sepsis on the
background of immunosuppressive therapy, a subcapsu-
lar hematoma in the graft was considered as the source
of infection. On October 7, 2022, a transplantectomy,
revision and sanitation of the graft bed were performed,
immunosuppressive therapy was canceled, combined
antibacterial therapy was prescribed. On the background
of the treatment, the patient’s condition showed positive
dynamics — decreased level of proinflammatory markers
(c-reactive protein, procalcitonin), no growth in bacteri-
al blood test dated October 11, 2022, however, episodes
of febrile fever persisted, severe anemia, pancytopenia
attracted attention. Antibacterial therapy was continued,
red blood cell suspension transfusions were performed.

On October 10, 2022, the result of histologic report
on kidney graft biopsy material was received:

A standard examination of renal graft biopsy was
performed: by light-optical method on paraffin sections
using hematoxylin and eosin staining, PAS reaction,
Masson's trichrome stain, Jones silver salts impregnati-
on; immunofluorescence method on fresh frozen sections
using FITC-conjugated antibodies to IgA, IgG, IgM, C3,
Clgq, fibrin, kappa and lambda free light chains, immu-
nohistochemical immunoperoxidase procedure using an-
tibodies to C4d component of the complement system and
Polyoma-SV40. Diffuse severe tubulitis with acute tubu-
lar necrosis and dense interstitial infiltration represented
by lymphocytes, plasma cells, neutrophilic leukocytes
and single eosinophilic leukocytes were revealed (Fig. 1,
a). In a slice of the only medium-caliber artery presented,
weak endarteritis was determined in the form of slight
subendothelial edema and few subendothelial lympho-
cytes (Fig. 1, b). There was a focal sharp thickening of
the walls of some arterioles and small-caliber arteries
due to pronounced subendothelial edema, with subtotal
obturation of their lumen (Fig. 2, a, b). The glomeruli
were without pathology. There were no signs of chronici-
ty — namely, glomerulosclerosis, tubulointerstitial renal
fibrosis and arteriolosclerosis. Immunofluorescence and
immunohistochemistry revealed no specific expression.

According to study results, the following histological
report about combined damage to the graft tissue was
made:

1) Acute T-cell mediated rejection, Banff type IIA, with
minor endarteritis (vl), severe tubulitis (t3), severe
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interstitial infiltration (i3); acute tubular necrosis;

no evidence of chronicity.

2) Focal acute occlusive graft microangiopathy (focal
“TMA”) with focal acute subendothelial edema and
subtotal obturation of the lumen of individual arte-
rioles.

A pathologist commented to the histological report
with a diagnostic judgment that given the unverified pri-
mary kidney disease with loss of function at a young age,
history of high blood pressure, and histological pattern
of focal “TMA ", a primary disease from the aHUS group
and its recurrence in the graft is possible.

Given the histological report and the pathologist’s
comments suggesting aHUS as the main cause of loss of
kidney function, as well as the fact that aHUS is essen-
tially a diagnosis of exclusion, the patient was further
examined as part of the differential diagnosis of TMA. A
slight elevation in lactate dehydrogenase (LDH) level to

308 U/L was noted, the erythrocyte population structure
was examined, and 1-2% schizocytosis was detected.
Indirect Coombs test was negative. An ELISA test for a
shiga-toxin test was performed — negative.A diagnosis
of antiphospholipid syndrome (APS) was conducted,
the results of tests for antinuclear factor, antibodies to
beta-2 glycoprotein, and antibodies to cardiolipin IgM/
IgG came out negative, which reduces the probabili-
ty of primary and secondary APS. A study of the com-
plement system was conducted — C3 level was slightly
below reference values, C4 was within reference values,
ADAMTS-13 was diagnosed in 75.7% plasma, which
excludes the diagnosis of thrombotic thrombocytopenic
purpura, antibodies to factor H 2.6 U/mL (N < 32), redu-
cing the likelihood of acquired (antibody variant) aHUS.

In November 2022, neurological symptoms came to
the forefront in the clinical picture, against the back-

Fig. 1. Light microscopy. Acute T cell-mediated rejection: a, severe tubulitis (t3) and pronounced interstitial infiltration (i3);
H&E stain, magnification 200%; b, mild endarteritis with single subendothelial lymphocytes (v1); Jones’ methenamine silver
stain, magnification 200%

Fig. 2. Light microscopy. Focal acute occlusive microangiopathy: a, the slice shows three arterioles: two of them with severe
subendothelial edema of the wall and lumen narrowing; the third arteriole is intact; PAS reaction, magnification 200x; b, the
slice shows two arterioles: one of them with pronounced subendothelial edema and severe lumen narrowing; the second one
is intact; Jones’ methenamine silver stain, magnification 200x
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ground of relative well-being, episodes of generalized
seizures appeared.

On November 2, 2022, the patient underwent brain
MRI, the picture is as follows:
subacute subdural hematoma in the left parietal re-
gion against the background of subarachnoid hemor-
rhage. The inclusion of inflammatory changes such
as meningoencephalitis cannot be reliably ruled out;
right-sided medial dislocation.

A lumbar puncture was performed: 4 ml of turbid
pink-colored cerebrospinal fluid was obtained. The li-
quor flowed out under increased pressure of 90 drops
per minute. Cytological examination of the liquor: pink
in color, turbid, cytosis 4.7 x 10%1, red blood cells in
large quantities, cerebrospinal fluid protein 0.3 g/l. An
infectious genesis of the seizure syndrome was ruled out.

Anticonvulsant therapy with levitiracetam was initia-
ted at a dose of 1000 mg per day with a gradual increase
to 1500 mg per day. On the background of monotherapy,
convulsive episodes persisted up to 10 times in 24 hours;
phenobarbital 0.3 g per day was added to the therapy.
When epileptic seizures recurred, sodium thiopental so-
lution was administered for relief.

Neurological symptoms prevailed clinically for a
long time — a series of convulsive seizures daily, up to
6—7 episodes per day, against the background of baseline
anticonvulsant therapy. They were controlled by admi-
nistration of sodium thiopental solution in large doses.

Laboratory examination revealed persistent anemia,
coagulopathy, thrombocytopenia. Hemocomponent the-
rapy was carried out — transfusion of red blood cell sus-
pension, cryoprecipitate, and fresh frozen plasma.

Given the medical history of the disease (unverified
glomerulonephritis, malignant arterial hypertension,
TMA triad after kidney transplantation), exclusion of
possible other primary (thrombotic thrombocytopenic
purpura, STEC hemolytic uremic syndrome) and secon-
dary TMA, the patient’s condition was considered as
recurrent aHUS after kidney transplantation.

Due to the fact that the expected benefit of aHUS
targeted therapy outweighed the risk of possible side
effects, it was decided to initiate treatment with Elisa-
ria (Eculizumab) according to the following regimen.:
900 mg 1V for 4 weeks, 1200 mg at week 5, thereafter
1200 mg IV once every 2 weeks, against the background
of antibacterial prophylaxis for meningococcal infection,
until the possibility of vaccination.

Targeted therapy began on November 23, 2022. Du-
ring therapy, after the first administration, there was
already a positive clinical and laboratory dynamics:
improved general condition, regressed generalized con-
vulsive seizures — tonic and clonic seizures were comple-
tely stopped against a reduction in the dose of baseline
anticonvulsant therapy, decreased severity of arterial
hypertension, increased levels of platelets (to 286 %
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10°/L) and hemoglobin (to 93 g/L), and decreased LDH
level (to 196 U/L).

The patient was discharged on December 27, 2022
to continue targeted therapy and renal replacement the-
rapy sessions on an outpatient basis at a dialysis center.
Genetic screening of the disease panel “Atypical he-
molytic uremic syndrome” is planned to determine the
necessary duration of targeted therapy and prognosis
of the disease.

DISCUSSION

The presented observation has a history of malignant
arterial hypertension and unverified disease leading to
end-stage chronic kidney disease. In the early postope-
rative period, the patient developed symptoms typical
for aHUS — anemia, decreased platelet count and acute
kidney graft injury. However, nonspecific symptoms
were considered to be the consequences of significant
blood loss during surgery, with subsequent formation of
a graft bed hematoma and delayed graft function. The
discussion of TMA diagnosis became possible, first of
all, due to the results of a morphological examination of
the graft tissue and was complicated against the back-
ground of postoperative complications and current septic
condition. This observation illustrates the complexity
involved in diagnosing aHUS, as well as the probability
of a favorable outcome provided that the diagnosis is
made in a timely manner and adequate therapy is initi-
ated promptly. A special feature of Eculizumab-based
targeted therapy is the possibility of improving organ
function or complete regression of organ lesions, in this
example, the brain.

CONCLUSION

In recent years, the issue of diagnosis and treatment
of aHUS has been actively discussed in the medical com-
munity and is widely disseminated in the specialized
literature. However, despite its simple and most com-
mon clinical features — thrombocytopenia and hemolytic
anemia — diagnosis of aHUS still seems difficult due to
the lack of pathognomonic signs and is a diagnosis of
exclusion.

The authors declare no conflict of interest.
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Background. Malignant tumors are one of the main causes of unfavorable outcomes in solid organ transplant
recipients in the long term after transplantation. Localization of these tumors in a transplanted organ may cause
loss of graft function. After chronic graft dysfunction and infections, malignant neoplasms come next as one of
the leading causes of late kidney graft loss. The incidence of different types of malignancies varies according to
the transplanted organ. Knowledge of etiology, pathogenesis, peculiarities of diagnosis and treatment of malignant
tumors in solid organ transplant recipients is a significant part of screening at any stage of post-transplant period.
Late diagnosis of malignancies in a transplanted kidney amidst disconnected stages of treatment and follow-up
leads not only to graft loss, but also jeopardizes the life of recipients. Clinical case description. The patient is
a 29-year-old female. History: IgA nephropathy with nephrosclerosis. Renal replacement therapy (RRT) with
long-term hemodialysis since March 2019. Kidney transplantation from a deceased donor to the right external
iliac vessels on March 13, 2019. Graft function is immediate. In October 2020, a tumor in the transplanted kidney
was detected for the first time. In November 2021, an emergency graft nephrectomy was performed for health
reasons. Antibacterial, antifungal therapy was carried out. Results of morphological study of the removed renal
graft with immunohistochemistry (IHC) were obtained. The structure and phenotype of the tumor are consistent
with myeloid sarcoma. Trephine biopsy: normocellular bone marrow. Conclusion. The 29-year-old patient was
diagnosed with donor-derived myeloid sarcoma in her kidney transplant with the development of paraneoplastic
syndrome and multi-organ failure. Currently, the patient is receiving RRT by long-term scheduled hemodialysis.
Organ recipients need to be managed by a multidisciplinary team of specialized and highly specialized specialists,
taking into account comorbid status and features of the course of the underlying disease.

Keywords: myeloid sarcoma, kidney transplantation, chronic kidney disease, immunohistochemistry,
pathomorphology, oncohematology.

INTRODUCTION

After chronic graft dysfunction and infections, ma-
lignant tumors come next as one of the leading causes
of late kidney graft loss, accounting for about 10% [1].
Most often, these are post-transplant lymphoprolifera-
tive disorders and kidney cancer, but, of course, other
tumor localizations are not ruled out [2]. The risk of
carcinogenesis in transplant recipients is significantly
higher than in the general population due to the loss
of immunological supervision over the appearance and
proliferation of atypical cells against the background
of immunosuppressants. Posttransplant malignancies
are thought to develop by three mechanisms: de novo
development, donor-related transmission, and recurrence

of arecipient’s pretransplant malignancy. Although non-
melanoma skin cancer, Kaposi sarcoma, posttransplant
lymphoproliferative disorder, anogenital cancer, and
lung cancer are malignancies that are thought to arise
de novo, malignant melanoma and cancers that arise
in the renal allograft are frequently donor related [3].
Nonmelanoma skin cancer, lip cancer, post-transplant
lymphoproliferative disorders and anal cancer have the
highest incidence in the organ recipient population. The
incidence of different types of malignancies varies de-
pending on the organ transplanted [4].

The incidence of myeloid sarcoma in patients after
kidney transplantation is very rare, with only a few cases
described in the world literature [5—10].
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Myeloid sarcoma (extramedullary myeloid tumor,
granulocytic sarcoma, chloroma) is a tumor composed
of myeloid progenitor cells arising anywhere other than
the bone marrow (most commonly in the skin, lymph no-
des, gastrointestinal tract, bones, soft tissues, and testes).
Myeloid sarcoma may develop de novo, preceding acute
myeloid leukemia (AML), parallel to the development
of AML, or manifest as a blast transformation of mye-
lodysplastic syndrome, a myeloproliferative disorder.
Diagnosis is based on tumor biopsy and further use of cy-
tochemical and immunohistochemistry (IHC) methods.
Sarcoma in the general population occurs in 2.5-9.11%
of AML patients [11]. Isolated myelosarcoma, without
bone marrow involvement, is extremely rare (less than
1% of cases) [12]. The misdiagnosis rate is 75%, and
25-47% when IHC is used [13-15].

It is worth noting that traditional cytogenetic analysis
in myeloid sarcoma is rarely performed because it is
often mistaken for a solid tumor at the time of diagnosis,
and samples suitable for cytogenetic analysis are not
collected. Most data on genomic abnormalities are deri-
ved from individual case reports and karyotyping of the
corresponding bone marrow, whereas myeloid sarcoma
samples have been tested for targeted abnormalities using
fluorescence in situ hybridization (FISH) [16]. Complete
concordance between FISH and conventional cytogene-
tic results has been reported in only 71% of evaluable
patients [ 17]. This suggests that conventional cytogenetic
studies of both bone marrow and peripheral blood blasts
(if available) and FISH analysis of myeloid sarcoma
cells are complementary and should be performed in a
clinical setting. In isolated myeloid sarcoma, FISH or
conventional cytogenetic analysis of freshly obtained
sarcoma cells is recommended [18].

CLINICAL OBSERVATION

A 29-year-old female patient with a long history of
1gA nephropathy with outcome in nephrosclerosis, which
required the start of renal replacement therapy (RRT)
with long-term hemodialysis from March 2019.

Kidney transplantation from a deceased donor to the
right external iliac vessels was performed at the trans-
plant center of the Siberian Federal District on March
13, 2019. Graft function was immediate. Induction thera-
py included basiliximab and methylprednisolone. In the
postoperative period, immunosuppressive therapy with
cyclosporine, mycophenolic acid, methylprednisolone
was used. The patient was discharged to the outpatient
stage at her place of residence, in the Far Eastern Fe-
deral District, where she was observed by a nephrolo-
gist. The frequency of examinations and their volume at
the place of residence are unknown. The patient did not
keep in touch with the specialists of the center where the
transplantation was performed. The outpatient follow-
up data are not presented in full. Based on the provided
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documentation, it is known that in October 2020, the
patient complained of pain in the graft area, liquid stools,
and general weakness. An ultrasound that was perfor-
med at the patient s place of residence, detected, for the
first time, a hypoechoic mass in the lower third of the
transplanted kidney, measuring 23 x 29 mm in size (not
classified according to Bosniak by the specialists at the
place of residence). Taking into account laboratory exa-
mination and MRI data (the protocol was not provided),
the detected changes were interpreted by the supervising
nephrologist as graft pyelonephritis. Ertapenem-based
antibiotic therapy was administered with a pronounced
positive effect. Given the stable laboratory parameters,
dynamic follow-up tactics were chosen. At subsequent
irregular ultrasound screenings, a mass in the trans-
planted kidney was considered by specialists as a cyst.

In September 2021, MRI detected in the lower pole
an enlarged mass of irregular round shape with unc-
lear, uneven contours, a heterogeneous structure (due to
the presence of areas of necrosis and cystic inclusions),
63 % 66 mm in size with heterogeneous accumulation of
contrast agent. The level of azotemia during this period
was unknown.

Following this, a biopsy of the transplanted kidney
mass was performed at the patient’s place of residence
on October 11, 2021. Based on the results of histological
examination of the biopsy specimen, the presence of a
lymphoproliferative disorder was ruled out. IHC was
not performed due to insufficient amount of material.

For further examination and treatment, in November
2021 the patient on her own came to Petrov National
Medical Research Center for Oncology, St. Petersburg.
A revision of morphologic preparations identified the
pattern and immunophenotype of infiltrate from he-
matopoietic cells. Within the available biopsy, taking
into account clinical data and negativity to many linear
markers, one cannot categorically differentiate reactive
inflammatory infiltrate and lymphoproliferative disorder.
A more accurate differential diagnosis can be made on
a more voluminous material.

At the same time, the patient felt worse, complaining
of decreased diuresis. There was increased azotemia
at the pre-hospital stage, which was detected during
consultations at the Petrov National Medical Research
Center for Oncology. On November 2, 2021, the pati-
ent was urgently hospitalized in a non-core hospital in
St. Petersburg, where percutaneous nephropyelostomy
of the transplanted kidney was performed due to graft
hydronephrosis. Post-renal acute kidney injury (AKI)
was diagnosed. Positive clinical and laboratory dyna-
mics were achieved against the background of treatment.
During this hospitalization, it was decided to perform
repeat fine-needle percutaneous renal biopsy of the graft
mass. The postoperative period was complicated by the
formation of abdominal wall hematoma. Antibacterial
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therapy and red blood cell transfusions were performed.
The patient was discharged from the hospital at her own
request on November 11, 2021.

On the same day, due to progressive deterioration in
her condition, the patient, on her own, came to the kidney
transplant department of Paviov University.

The results of repeat biopsy of the kidney transplant
mass (on November 8, 2021) were in progress at the
time of admission.

On examination: the patient’s condition was severe,
hemodynamics was stable, breathing was independent,
against the background of oxygen insufflation at a rate of
5 Umin, saturation 90%, body temperature 38 °C, volume
of diuresis is reduced to 750 ml per day.

At the time of admission, the patient continued to
receive basic immunosuppressive therapy. Mycophenolic
acid was discontinued.

Chest X-ray showed signs of hyperhydration: fluid
was detected in the left pleural cavity up to the level of
the 8th rib. No infiltrative changes were detected in the
visible parts of the lung tissue. Pulmonary pattern was
diffusely enhanced due to the interstitial component.

According to laboratory investigations, we paid at-
tention to significant leukocytosis up to 32.29 x 10°/L,
increased C-reactive protein (CRP) up to 352.3 mg/L,
decreased hemoglobin level to 85 g/L, thrombocyto-
penia 26 x 10°/L, high level of azotemia — creatinine
643 umol/L, urea 27.4 mmol/L, in the general urine ana-
lysis: proteinuria 2.3 g/L, significant leukocyturia and
bacteriuria, unchanged red blood cells 20-24-29 cells
in the field of view.

Ultrasound examination: kidney transplant was loca-
ted in the right iliac region, its contour is unclear in the
lower third, approximate dimensions were 176 x 87 mm,
the thickness of the parenchyma was 24 mm, increased
echogenicity of Il degree. Elements of the pyelocaliceal
system: the cups of the upper group are expanded to
20 mm; a hyperechoic tubular structure is located in the
projection of the upper cups — nephrostomy. In Doppler
colour flow mapping (DCFM) mode, blood flow in the
“vascular tree” of the graft was depleted at all levels.
The resistive index at the level of the superior segmen-
tal artery was satisfactory. The middle and lower third
of the graft were made of a hypoechoic mass with an
indistinct contour and approximate dimensions of 79 X
67 % 73 mm; in the DCFM mode, vascular elements were
identified in the structure of the mass.

Considering the above, the severity of the patient’s
condition was determined by the presence of graft neo-
plasm with impaired urodynamics and development of
secondary pyelonephritis. In the somatic status, a diffe-
rential diagnosis was made between urosepsis, paraneo-
plastic syndrome, and graft rejection. Ceftriaxone-based
antibacterial therapy, disinfection therapy, and oxygen
insufflation were empirically prescribed.

During the observation period, the patient s condition
worsened, there were increased laboratory markers of
inflammatory reaction.

According to radiography and chest computed to-
mography (CT) scan, negative dynamics were noted:
marked increase in interstitial pulmonary edema (com-
pared to the chest X-ray of November 11, 2021), clini-
cally accompanied by hemoptysis (Fig. 1). In order to
reduce systemic hyperhydration, an RRT session (long-
term hemodialysis) through a central two-way venous
catheter was performed.

Due to the growing phenomena of multiple organ
failure, according to vital indications, urgent transplan-
tectomy was performed (Fig. 2) on November 14, 2021.

Macroscopic description: the kidney was decapsu-
lated, its dimensions were 140 x 110 % 90 mm. In the
lower pole, there was a round tumor nodule without clear
boundaries, about 70 mm in diameter, dense, yellowish-
gray with whitish interlayers, homogeneous structure.
The border of the cortical and medulla layers is not tra-
ceable, multiple confluent hemorrhages.

In the early postoperative period, transfusions of
fresh frozen plasma, platelet concentrate, red blood
cell mass were carried out, RRT (long-term hemodi-
alysis) was resumed. Against the background of trip-
le-drug antibacterial therapy (linezolid, meropenem,
gentamicin), manifestations of systemic inflammatory
reaction decreased: decreased CRP (114.10 mg/L) and

Fig. 1. Chest X-ray dated November 13, 2021
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leukocytosis (14.34 x 10°/L); high level of procalcitonin
(68.4300 mcg/L) remained.

According to the results of urine culture conducted on
November 16, 2021 : Klebsiella pneumoniae ssp pneumo-
niae 1 x 10° cfu/mL, sensitivity to amikacin, gentamicin,
and sulfamethoxazole / trimethoprim). Culture of wound
discharge: Klebsiella pneumoniae ssp pneumoniae mo-
derate growth, cross-sensitivity to the above-mentioned
drugs was revealed. Blood culture —no microbial growth
detected.

In the postoperative period, ultrasound detected no
fluid accumulation in the graft bed.

On day 4 after the surgical intervention, the patient §
condition worsened — in the form of febrile fever up to
39 °C, increase in leukocytosis up to 30.52 % 10°/L, CRP
up to 214 mg/l, despite ongoing antibacterial therapy.
Abdominal and chest CT scans were conducted: CT signs
of polyserositis (ascites, bilateral hydrothorax), small
amount of blood in the pouch of Douglas, infiltration
of the anterior abdominal wall in the hypogastric regi-
on, infiltration in the surgical intervention area — most
likely, postoperative changes with the accession of in-
flammatory process. CT picture of alveolar-interstitial
pulmonary edema.

In order to sanitize the focus of infection, for vital
indications, emergency surgical intervention was perfor-
med — revision of the graft bed, laparotomy, sanitation
and drainage of the abdominal cavity. As a result of re-
vision in the graft bed, a liquid formation — an organized
hematoma with signs of infection —was detected, serous
peritonitis was detected in the retroperitoneal space.

Upper pole

Lower pole

Fig. 2. Removed kidney graft with neoplasm
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Cultures of the wound discharge: Klebsiella pneumoniae
ssp pneumoniae abundant growth, same sensitivity.

In the postoperative period, fever regressed, leuko-
cytosis reduced to 11.97 x 10°/L, CRP to 101.9 mg/L.
A mycological study of bronchoalveolar lavage (BAL)
was carried out to determine sensitivity to antimycotics:
Candida albicans 1 % 10’ cfu/mL, sensitive to flucona-
zole, voriconazole. Therapy was adjusted according to
the culture.

On the control chest X-ray conducted on November
22, 2021, compared to the X-ray conducted on Novem-
ber 17, 2021, there was still a decrease in the airiness
of the lower parts of the lungs (no dynamics). Against
this background, in the middle lung sections on both
sides and in the lower lung sections on the right side,
bilateral infiltration of lung tissue was determined, there
was increasing severity of infiltration on the right side
(negative dynamics).

On November 29, 2021, a morphological study of the
removed kidney transplant was obtained: the tumor is
represented by an infiltrate consisting mainly of small
and medium-sized cells with irregularly shaped nuclei
and light eosinophilic cytoplasm, a moderate amount of
plasma cells (Fig. 3).

THC study was performed to determine the immuno-
phenotype of the tumor: atypical cells strongly expressed
CD45, CD38, CD43, CD33, myeloperoxidase (Fig. 4).
There was no expression of CD34, CDI117, CD3, CD7,
CD20, Pax-5, MuM.1, EBER, cytokeratins (pan-AE1/
AE3) in the tumor cells (Fig. 5).

Reactions with antibodies to the light chains of kap-
pa- and lambda immunoglobulins were performed, and

Neoplasm
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background staining was obtained. Ki-67 was not less
than 60% (Fig. 6).

Thus, the tumor structure and phenotype are consis-
tent with myeloid sarcoma (CD45+, CD38+, CD43+,
CD33+, myeloperoxidase~+, Ki-67 >60%).

Chest CT scan conducted on December 6, 2021: CT
picture of increasing right-sided pleural effusion, pe-
ricardial effusion, minimal decrease in the severity of
bilateral interstitial-alveolar changes, their extent is the
same. The changes may correspond to manifestations of
pulmonary interstitial-alveolar edema, manifestations of
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lymphoproliferative disorder,; against this background,
infection (bacterial/fungal) cannot be ruled out (Fig. 7).

Given the presence of bilateral infiltrative changes
in the lungs, not regressing for a long time on the back-
ground of multidrug antibacterial, antifungal therapy,
bronchoscopy was performed on December 7, 2021:
diffuse catarrhal moderate endobronchitis. BAL exami-
nation was performed: bacteriological examination with
determination of sensitivity to antibiotics — no growth
was detected; determination of galactomannan antigen —
the sample was positive (positivity index 4.974), cytolo-

Fig. 3. Morphological picture of post-transplant lymphoproliferative disorder. H&E stain, magnification 630x (a), 400x (b)

CD45

CD38
SET VR

Fig. 4. IHC: atypical cells strongly express CD45, CD38, CD43, CD33, myeloperoxidase
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gical examination of upper respiratory tract swabs — no
evidence of malignant growth; microscopic examinati-
on for fungi — no fungal elements were detected during
microscopy. Antifungal and antibacterial therapy was
continued at the same level.

Chest CT scan of December 14, 2021: CT picture
of pronounced positive dynamics of changes — resolved
bilateral pleural effusion, regressed severity of pulmo-
nary interstitial-alveolar edema. CT picture of bilateral
peribronchial interstitial changes.

Fig. 6. Ki-67 >60%

i e

The hemogram test showed persistent anemia — de-
crease in hemoglobin to 64 g/L, normalization of platelet
344 x 10°/L and white blood cell levels 7 x 10°/L, no
blasts.

Bone marrow trephine biopsy was performed: nor-
mocellular bone marrow, features of dysplasia in the
granulocyte lineage (Fig. 8).

Myelogram: the presented bone marrow punctate pre-
parations were normocellular, stromal fragments were
filled with hematopoietic elements, without bone marrow

Cytokeratins
(pan-AE1/AE3)

i
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lesions in myeloid sarcoma. Immunophenotyping of bone
marrow cells — no pathology was detected. Karyotyping
of bone marrow cells — no chromosomal pathology was
detected. Molecular genetic markers of acute leukemia —
no pathology was detected.

FISH analysis of X and Y chromosomes was not per-
formed due to the donor’s gender.

The patient was discharged from the transplant de-
partment of the Paviov University on December 27, 2021
in a satisfactory condition, with positive dynamics in the
form of improved well-being, normalized body tempera-
ture, increased hemoglobin level up to 100 g/L, decrea-
sed CRP up to 20.7 mg/L, pronounced positive dynamics
in the form of resolved bilateral pleural effusion and
regressed severity of pulmonary interstitial-alveolar ede-
ma. At present, the patient is receiving RRT (long-term
hemodialysis) as planned. Guidelines for follow-up by an
oncohematologist at the place of residence were given.
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DISCUSSION

Given the complexity of screening for this pathology
and the consequent high incidence of misdiagnosis, the
diagnosis is often made in the later stages of the disease.
Verification at early stages probably ensures a less severe
course of this pathology.

From this clinical case, it is not possible to determine
whether the disease is de novo or donor-derived, but the
likelihood of this disease occurring should be considered
at the donor stage.

If a hematopoietic tumor (CD45+) is suspected and
T- and B-cell markers are absent, CD43 and myeloid
markers (myeloperoxidase) should be included in the
diagnostic panel.

Knowledge of epidemiological causes, pathogenesis,
imaging features and treatment of malignant tumors in
solid organ transplant recipients is a significant part of
diagnostic screening at any stage of the post-transplant
period.

CONCLUSION

From this clinical case, it is not possible to establish
the nature of the disease — de novo or donor-derived. A
29-year-old patient was diagnosed with myeloid sar-
coma of a kidney transplant with the development of
paraneoplastic syndrome (anemia, leukemoid reaction,
thrombocytopenic purpura, hypocoagulation), secondary
pyelonephritis, sepsis, bilateral fungal pneumonia, incre-
asing azotemia, and hyperhydration phenomena, which
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Fig. 8. Bone marrow trephine biopsy. The proportion of
CD34+ cells is less than 2% of all karyocyte cells
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required emergency graft nephrectomy and resumption
of long-term hemodialysis.

An essential prerequisite for a successful kidney
transplant outcome is communication between the cen-
ter where the transplant was performed and the patients
who underwent the operation. Late diagnosis of malig-
nant tumors in a transplanted kidney in conditions where
the stages of treatment and follow-up are disconnected,
leads not only to graft loss but also jeopardizes the life
of recipients.

The key to early detection of kidney transplant di-
sease and provision of medical care in due time is prompt
hospitalization in a specialized hospital. Successful ma-
nagement of such patients involves the work of a trans-
plant multidisciplinary team.

The authors declare no conflict of interest.
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Objective: to evaluate the outcomes of heart transplants performed at Rostov Regional Clinical Hospital within
five years. Materials and methods. Between 2017 and 2022, 29 orthotopic heart transplants (HT) were performed
in our clinic. Heart failure was caused by postinfarction cardiosclerosis (21 cases, 72.4%) and dilated cardiomyo-
pathy (8 cases, 27.6%). Among the recipients, 27 (93.1%) were men and 2 (6.9%) were women. Mean age was
53.14 + 8.7 years (34 to 67 years). All patients received quadruple-drug immunosuppressive therapy, including
induction with monoclonal antibodies; calcineurin inhibitor, mycophenolic acid, and corticosteroid were used
after HT. Results. In-hospital mortality was 10.34% (n = 3). The causes of death were multiple organ failure and
infectious and septic complications. After discharge, 4 (13.8%) recipients died over 5 years. Rejection reaction
with the development of graft dysfunction (3 recipients, 75%), infectious and septic complications (1 recipient,
25%) were the causes of death in the long-term period. The survival rate was analyzed according to the Kap-
lan—Meier estimate. One-year survival was 80.9%. Three-year survival rate corresponded to the 5-year survival
rate — 70.56%. Five-year survival of patients surviving the first year after HT was 86.1%. Maximum follow-up
period was 64 months. Conclusion. HT continues to be the gold standard for patients with end-stage heart failure.
Five-year HT experience in our center has shown a survival rate that is comparable to that of the International

Society for Heart and Lung Transplantation (ISHLT).

Keywords: heart transplantation, heart failure, immunosuppressive therapy.

INTRODUCTION

Despite the significant evolution in the treatment of
heart failure (HF), in some cases, even if optimal therapy
is selected, the patient’s condition remains severe, quality
of life is low, and prognosis is disappointing [1].

Over the last 20 years, the number of patients with
functional class (FC) III-IV chronic heart failure (CHF)
in the Russian Federation increased by 1.3% (from 1.8%
to 3.1%), reaching 4.5 million people. Prognosis of such
patients is unfavorable: the median survival time for FC
III-IV CHF is 3.8 years. Annual mortality in this group,
even when treated in a specialized hospital, is 10.2% [2].
In the group of patients with refractory CHF, mortality
within a year can reach 50% [3].

To date, HT is the only effective method of treatment
for end-stage CHF, which reliably increases survival,
improves exercise tolerance and quality of life. In ad-
dition, in most cases, HT allows patients to return to
active activity [4].

Currently, more than 5000 HT are performed annu-
ally worldwide [5]. Continuous development of surgical
techniques and technologies, improvement and emer-

gence of new immunosuppressive therapy regimens,
have significantly improved prognosis after HT [6]. Ac-
cording to ISHLT reports, the survival rate of patients
after transplantation has improved considerably over the
last decades and today the median survival rate exceeds
12 years [5].

National healthcare has come a long way over the
past decades. Due to the active development of trans-
plantology, the number of HT has increased 10-fold in
the past 14 years. For instance, the number of HTs in
Russia increased from 0.2 per million population in 2008
to 2.0 in 2022. And the total number of HTs performed
over 35 years was 2200 [7].

MATERIALS AND METHODS

The HT program in Rostov Oblast was started in
2017. Over five years, 29 orthotopic HTs have been
performed at the cardiac surgical center of Rostov Re-
gional Clinical Hospital. The outcomes were analyzed
retrospectively.

From November 2017 to November 2022, there were
54 patients on the HT waiting list. Of these, transplan-
tation was performed in 29 (53.7%) patients; 10 (18%)
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patients on the waitlist died from CHF progression in
the absence of technical possibility to perform HT or
use mechanical circulatory support as a bridge to HT.
Two (4%) patients were withdrawn from the waitlist for
various reasons. One patient had remission of the disease
on the background of selected therapy, his hemodynamic
parameters improved, ejection fraction increased, in view
of which he was delisted. Thirteen (24%) patients remai-
ned in the HT waitlist at the moment of writing this paper.

Those with refractory end-stage congestive heart

failure (CHF) and a prognosis of 1-year transplant-free
survival <50% were selected for inclusion on the HT
waiting list. Objective criteria for this prognosis include:
<20% left ventricular ejection fraction;
>20 mmHg pulmonary wedge pressure;
<12 mL/kg/min decrease in peak oxygen consumpti-
on (peak VO,) in patients not receiving beta-blockers
and peak <14 mL/kg/min VO, against the background
of maximum tolerated dose of beta-blockers;
signs of severe myocardial ischemia in patients with
coronary heart disease, which significantly limit daily
activities when revascularization by coronary artery
bypass grafting or percutaneous coronary angioplasty
is impossible;
recurrent life-threatening rhythm disturbances refrac-
tory to drug therapy, as well as to electrophysiologi-
cal methods of treatment (catheter ablation and(or)
implantation of cardioverter-defibrillator) [8].
The main contraindication for transplant listing was
the detection of high vascular resistance of the small
pulmonary circulation (>5 Wood’s units), with no effect
on inhaled vasodilators.

Among the operated patients, the etiology of end-
stage heart failure was postinfarction cardiosclerosis in
21 cases (72.4%) and dilated cardiomyopathy in 8 cases
(27.6%); 93.1% (n = 27) of recipients were male, 6.9%
(n=2) were female. The mean age was 53.14 + 8.7 years
(34 to 67 years).

To assess the degree of HF, a 6-minute walk test was
performed, which averaged 257 + 83.4 m: 16 (55.2) re-
cipients had the New York Heart Association (NYHA)
functional class (FC) IV, 13 (44.8%) had NYHA FC I1I.

Echocardiography revealed a marked decrease in
left ventricular (LV) myocardial contractility — LV EF
22.11 £ 8 (1047%), cardiomegaly (LV end-diastolic
diameter 71.54 £ 8.7 mm (55-87 mm), LV end-diastolic
volume 291.6 + 79.8 ml (160-550 mL), moderate pul-
monary hypertension (mean pulmonary artery pressure
32.7 = 11.24 mmHg).

The results of right heart catheterization showed mo-
derately elevated pulmonary artery pressure of 29.37 +
13.28 mmHg (10 to 63), elevated pulmonary vascular
resistance in Wood units of 1.58 + 0.83 (0 to 3.1), and
low cardiac index of 1.85 £ 0.58 L/min/m? (0.46 to 3.2).

The bicaval HT technique was used in all cases.
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The time parameters were as follows: CPB 178.9 +
38.77 min (123-273), donor heart anoxia time 144.5 +
32.87 min (78-220), and operation time 296.39 +
61.5 min (218-450). The mean length of stay at the in-
tensive care unit was 7.36 = 3.1 days.

In the postperfusion period, all patients received
dopamine-based inotropic support, combined with ad-
renaline (91% of cases), and with vasopressor support
with norepinephrine (in 79% of cases). Right ventricular
failure (RVF) was managed using levosimendan, sildena-
fil, nitric oxide inhalation and ilprost. All the drugs were
administered at moderate therapeutic doses.

After HT, all patients received triple-drug immuno-
suppressive therapy, which was selected to minimize the
toxic effects of the drugs on the recipient. Histological
evaluation of biopsy specimens was performed according
to the ISHLT-2004 classification. The average length of
stay at the hospital by the recipient was 36.2 + 12.4 days.

RESULTS

All cases of orthotopic HT performed were analyzed.
During the follow-up period, 24% (n = 7) of recipients
died. In-hospital mortality was 10.3% (n=3). The 30-day
mortality was 3.44% (n = 1). During the follow-up period
of up to 3 months, 13.8% (n = 4) of recipients died.

The main causes of early mortality were multiple
organ failure (MOF) and infectious septic complications,
which amounted to 100% (n =4) in the structure of early
mortality (Fig. 1). The cause of in-hospital mortality in
2 cases was MOF developing against the background
of acute RVF, and 1 patient died due to a combination
of sepsis and MOF. One recipient was discharged in
satisfactory condition, but a month later he was re-hos-
pitalized with double pneumonia and died of infectious
septic complications.

Among non-fatal complications (Fig. 2) in the early
postoperative period, RVF occurred in 18 (69.2%) pati-
ents. To correct RVF, levosimendan was used in all cases,
sildenafil was used in 18 (62%) patients, nitric oxide
inhalation was used in 5 (17.2%) patients, and 2 (6.9%)

B Sepsis
B MOF
Sepsis + MOF

Fig. 1. Causes of early post-HT mortality
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1.(3.8%)

2
(7.7%)

B Kidney
dysfunction

B Right ventricular
failure

18
(69.2%)

Pneumonia
H Bleeding

B Grade 2R cellular
heart rejection

Fig. 2. Structure of non-fatal in-hospital complications

recipients required triple-drug therapy: sildenafil, nitric
oxide inhalation, and ilprost.

Postoperative renal dysfunction requiring renal repla-
cement therapy (RRT) was noted in 3 (11.6%) patients.

Infectious complications during the hospital period
were represented by bacterial pneumonia in 1 (3.85%)
patient.

In one case, a patient developed bleeding on day 10
after HT, which was successfully controlled. The sub-
sequent postoperative period was uneventful, and the
patient was discharged from the hospital on day 32.

One patient, operated on in 2021, was transferred
to an infectious diseases hospital on day 2 after testing
positive for SARS-CoV-2. The postoperative period
was uneventful, therapy was monitored and coordina-
ted remotely. After 13 days, she was transferred to the
cardiology department. After the necessary instrumental
examinations, including endomyocardial biopsies, and
after achieving the target laboratory parameters, she was
discharged on day 15.

Acute rejection reaction during the hospital period
was diagnosed in 2 (7.7%) recipients.

Biopsy results were analyzed according to the ISHLT-
WF 2004 (International Society for Heart and Lung
Transplantation — working formulation, 2004) recom-
mended classification of acute rejection. To manage the
acute rejection crisis, pulse therapy with methylpred-
nisolone (1.0 g, 3 times a day), plasma filtration, and
immunoglobulin therapy were implemented.

At control examination at different periods after HT,
coronary artery disease was detected in the transplanted
heart of 5 recipients (17.2%), which in two cases required
stenting of the affected coronary artery segments, and in
cases where stenoses were hemodynamically insignifi-
cant, adjustment of lipid-lowering therapy.

Three recipients died in the long-term period. The
cause of death in all cases was graft rejection reaction
combined with other complications. So, one patient died
in 7 months due to infectious septic complications on
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the background of acute antibody-mediated rejection
(AMR). One patient died in 14 months from pulmonary
thromboembolism on the background of grade 2R acu-
te cellular rejection, acute AMR. One patient died in
24 months from myocardial infarction on the background
of acute AMR.

During the entire follow-up period, grade 1R cellular
rejection was diagnosed in 13 (44.8%) recipients, and
grade 2R in 4 (13.8%). Grade 1 AMR was diagnosed in
3 (10.3%) recipients, all these cases were fatal.

DISCUSSION

Currently, there are two most common HT techniques:
biatrial (developed in 1921 by R. Lower and N. Shum-
way) and bicaval (proposed in 1990 by M. Yacoub and
D. Sievers) [9, 10]. Considering the advantages of the
bicaval technique — maintaining the normal geometry of
the right atrium, reducing the frequency of sinus node
dysfunction and tricuspid regurgitation — we consider this
technique to be the most optimal and use it in our center.
All patients had sinus rhythm at the time of discharge.

Evaluating our HT outcomes, we see that the main
cause of early postoperative mortality in patients is asso-
ciated with MOF and septic complications on the back-
ground of immunosuppression.

Immunosuppressive therapy regimens used today
can, in most cases, achieve a balance by adequately sup-
pressing rejection reactions and preventing excessive
immunosuppression. And the use of induction therapy
can reduce the risk of acute rejection and delay the ad-
ministration of nephrotoxic calcineurin inhibitors.

In our case, immunosuppression was induced via oral
administration of mycophenolic acid (Mayfortic) 360—
720 mg before the operation, infusion of monoclonal
antibodies (basiliximab) 20 mg before aortic clamping
and administration of methylprednisolone before blood
flow was activated. On day 4 after HT, basiliximab was
re-injected. Subsequently, the patients received a triple-
drug immunosuppressive therapy: calcineurin inhibitor
(tacrolimus), sodium mycophenolate (Mayfortic) and
corticosteroid (prednisolone). Calcineurin inhibitors
were administered from day 2—3 after surgery under the
control of renal function, gradually increasing the dose
of the drug to the required level. In accordance with the
scheme proposed by specialists at Shumakov National
Medical Research Center of Transplantology and Arti-
ficial Organs, the target tacrolimus blood trough level at
year 1 after HT was considered to be a decreasing level
from 15 to 5 ng/mL, and subsequently the level was
maintained at 5 ng/mL [11, 12].

In our practice, there were 2 cases of seizure syn-
drome developing against the background of tacroli-
mus administration, and blood levels were within the
target values, which required replacing the drug with
cyclosporine.
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Fig. 3. Kaplan—Meier patient survival

Despite constant improvement in immunosuppressive
therapy and the emergence of new drugs, there is no ideal
immunosuppression regimen, and some patients require
individual selection of therapy.

CONCLUSION

Summarizing the 5-year experience in our center, we
can say that HT is the most effective method of treatment
for end-stage CHF; it prolongs the life of patients and
also improves their quality of life, and in most cases
return them to active activity.

The highest rate of fatal complications is still cha-
racteristic of the first months of HT, which indicates the
need for further improvement in immunosuppressive
therapy regimens, to avoid both acute rejection and in-
fectious complications. Optimization of the waiting list
and the activities of district medical institutions on early
detection and routing of patients with severe/end-stage
CHEF will reduce the proportion of MOF in the structure
of early mortality and increase the survival rate of pati-
ents after surgery.

The best outcomes are achieved with careful selec-
tion of patients and strict compliance with all medical
guidelines in the postoperative period.

The 1-year Kaplan—Meier survival rate in our study
was 80.9% (Fig. 3). The overall 5-year survival was
70.56%. Five-year survival of patients surviving the
first year after HT was 86.1%, which is comparable to
ISHLT data.

The authors declare no conflict of interest.
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A CASE OF SUCCESSFUL ORTHOTOPIC HEART
RETRANSPLANTATION IN AN 11-YEAR-OLD CHILD

LYu. Ivanov, V.S. Kalmykov, V.K. Grebennik, I.K. Ismail-zade, G.I. Ishmukhametov,
Ya.A. Dyachenko, N.S. Maistrenko, V.I. Dzhum, O.A. Khatnyuk
Almazov National Medical Research Centre, St. Petersburg, Russian Federation

Objective: to present a clinical case of an 11-year-old child who underwent repeat heart transplantation (HT) at
Almazov National Medical Research Centre in St. Petersburg, Russia. Materials and methods. A case of successful
heart retransplantation in an 11-year-old child with cardiac allograft vasculopathy (CAV) is presented. Results.
The postoperative period after heart retransplantation had no significant differences with the postoperative period
of primary heart recipients. The complexity of the intraoperative stage was determined by pronounced adhesi-
ons. As part of preoperative preparation, the patient underwent chest CT scan, which, in our experience, allows
us to evaluate the heart syntopy and, in turn, is an important preparatory stage in planning repeat interventions.
Conclusion. Our first experience of cardiac retransplantation in pediatric patients suggests that repeat HT is the
most optimal treatment for pediatric patients with CAV and requires more thorough preoperative preparation.

Keywords: heart retransplantation, orthotopic heart retransplantation, artificial circulation.

INTRODUCTION

HT is the gold standard for the treatment of Ameri-
can College of Cardiology/American Heart Association
(ACC/AHA) stage D heart failure (HF). For HF, 35,703
adult HTs were performed worldwide from 2009 to 2017,
and about 5800 heart transplants are performed annually
[1]. Between 2009 and 2022, 2224 HTs were performed
in the Russian Federation. The median survival after
adult HT exceeds 12 years, the survival rate depends on
the 1-year survival rate, which exceeds 50% after 14 ye-
ars of follow-up [1], and the unadjusted 1-year survival
rate after HT is 85% [2]. Post-transplant complications
include graft failure, rejection, and CAV.

According to world reports, the number of HTs per-
formed is increasing annually and averages 100 to 120
per year worldwide or 2% to 4% of all HTs in adults.
In 2010, a repeat HT was performed for the first time
in the Russian Federation. Today, the number of such
operations remains sporadic.

INCIDENCE AND EPIDEMIOLOGY OF REPEAT
HEART TRANSPLANTATION

Compared to primary HT recipients, retransplant re-
cipients are on average younger, more sensitized, and
tend to be more acutely ill with worsening renal function,
increased likelihood of hospitalization, dialysis, intubati-
on, inotropic support, or extracorporeal membrane oxy-
genation (ECMO) [3]. Between 2006 and 2013, 51.6%
of adult heart transplant recipients were hospitalized
at the time of retransplantation, 48% received inotro-
pic therapy, 6.7% were implanted with left ventricular

assist device, 4.6% with right ventricular assist device,
7.2% with intra-aortic balloon pump counterpulsation,
8% with mechanical ventilation, 2% with total artificial
heart, and 5.8% with ECMO [3].

The three main indications for heart retransplanta-
tion (RTx) are acute rejection, early graft failure, and
CAV [4].

Although RTx accounts for no more than 5% of all
HTs, it was important to review the outcomes of repeat
HTs in critically ill patients. There were marked clini-
cal differences between patients who required cardiac
RTx with and without CAV. However, RTx with CAV
should be considered as the optimal treatment option in
this group of patients. Various options for mechanical
circulatory support in patients scheduled for surgical
treatment should be considered as a way to stabilize the
patient as well as a bridge to RTx. There has been an
annual improvement in survival in patients undergoing
RTx for CAV [4].

A study by N.K. Chou et al. that was conducted from
March 1995 to May 2005, featured 8 patients with car-
diac allograft failure, of whom 6 (75%) had CAV and
2 (25%) had acute rejection. The mean interval to RTx
was 32 to 84 months. CAV was diagnosed on the basis
of any localized coronary artery anomalies or diffuse
coronary artery narrowing. A left main trunk lesion >70%
of the primary vessels with stenosis >70%, or isolated
branch stenosis >70% in all three systems was classi-
fied as a severe NYHA class III to IV lesion for which
re-transplantation should be considered. These patients
underwent heart RTx. As a control for acute graft rejec-
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tion, endomyocardial biopsy was performed weekly for
the first month, then every 3 months for the first year,
and then annually thereafter. Coronary angiography was
performed 1 month after RTx. Acute rejection was de-
fined as acute humoral or cellular rejection grade 3A
or higher using the International Society for Heart and
Lung Transplantation (ISHLT) classification criteria [4].

Of 628 HTs in 606 patients in the Russian Federation,
operated on between 1986 and early 2016, 22 patients
(3.63%) required repeat heart transplantation. The mean
age of recipients for the RTx was 45.59 + 14.66 years. In
8 (36.4%), the reason for performing RTx was chronic
persistent graft rejection with hemodynamic disorders;
in 10 (45.6%) recipients, RTx was performed early due
to primary graft dysfunction. Two recipients (9.0%) had
secondary graft dysfunction resulting from heart trans-
plant coronary artery disease (TxCAD), and two had
acute graft myocarditis (9.0%). The interval between the
primary and the repeat HT was 734.59 + 1235.4 days.
All recipients received triple-drug immunosuppressive
therapy, including tacrolimus or cyclosporine, mycophe-
nolate mofetil and methylprednisolone [5].

By 2018, the experience of performing heart RTx at
Shumakov National Medical Research Center of Trans-
plantology and Artificial Organs had reached 27 surge-
ries in patients for periods from 1 day to 15 years after
primary transplantation [5].

The most common indications for RTx are CAV and
allograft rejection. While primary graft failure is the
most common cause in the first month after HT, CAV is
the most common cause after the first year. Other cau-
ses include graft rejection or heart valve defect [6]. A
group of scientists led by Syed-Saif Abbas Rizvi in 2017
conducted a systematic review of 11 studies that inclu-
ded 7,791 patients, of which 7,446 patients underwent
primary HT, whereas 345 required RTx. Indications for
RTx were CAV (60.2%), acute rejection (20.7%), and
early graft failure (19.1%) [7].

An earlier analysis of the ISHLT/UNOS registry for
all cardiac retransplants performed in the United States
from 1987 to 1998 showed that the time from primary
transplant to RTx ranged from 1 day to 15.5 years, with
56% undergoing RTx for chronic rejection or CAV, 18%
for primary or nonspecific graft failure, 9% for acute
rejection, and 3% due to hyperacute rejection. Most of
these patients (60%) were in the intensive care unit at the
time of RTx, and 40% were on some form of life support
(e.g., ventricular assist device, inotropic therapy) [8].

The presence of severe CAV (left coronary artery
stenosis >50% or stenosis of two or more primary ves-
sels >70% or branch stenosis >70% in all 3 systems) is
associated with poor 1-year survival and high mortality.
Such patients should be considered for RTx [9, 10].

The aim of the study was to present a clinical obser-
vation of a patient who underwent repeat heart transplan-
tation at Almazov National Medical Research Centre.
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MATERIALS AND METHODS

An 11-year-old child, on April 12,2021, was urgent-
ly hospitalized at Almazov National Medical Research
Centre due to increasing chronic heart failure on the
background of dilated cardiomyopathy, CAV. From the
anamnesis: supraventricular extrasystoles were detected
from the age of five after an acute respiratory viral in-
fection, left ventricular ejection fraction (LVEF) 54%. In
April 2015, he was hospitalized at Children’s Republican
Clinical Hospital in Saransk for decompensated chronic
heart failure (DCHF), as well as rhythm disturbances
such as supraventricular extrasystoles and unstable par-
oxysmal supraventricular tachycardia. He was dischar-
ged on the background of improved diagnosis: chronic
non-rheumatic carditis with lesions of the cardiac con-
duction system, with rhythm disturbances — ventricular
polymorphic extrasystoles, ventricular tachycardia with
a probable outcome in dilated cardiomyopathy (DCM).
In March 2016, after recurrent arrhythmic syncope, it
was decided to implant a Protecta DR D 364 DRG im-
plantable cardioverter-defibrillator. He was discharged
with recommendations to continue sotalol, metoprolol,
captopril, verospiron, diuver, carbamazepine, and pred-
nisolone.

From June 2016, the patient’s condition deteriora-
ted, and there was increasing heart and respiratory fai-
lure. According to data from 24-hour ECG monitoring:
15,819 polymorphic ventricular extrasystoles, decreased
left ventricular ejection fraction (LVEF) according to
echocardiography (EchoCG) up to 10% (Simpson). In
January 2017, he was consulted by a council of phy-
sicians at Almazov National Medical Research Centre
due to severe CHF on the background of dilatation of
heart chambers: left ventricular end-diastolic diameter
(LVEDD) 61 mm, decrease in myocardial contractility
up to 10% (Simpson), formation of mitral and tricuspid
regurgitation, life-threatening rhythm disturbances and
low effectiveness of drug therapy, the only possible treat-
ment for this patient is heart transplantation.

The child was admitted to Fortis Malar Hospital,
Chennai, India from November 10, 2017 to March 20,
2018. During hospitalization, several cardiac arrest epi-
sodes were recorded, after which ECMO machine was
connected. On January 17, 2018, orthotopic donor HT
surgery was performed for health indications. The post-
operative period was complicated by episodes of seve-
re hypotension, as well as left ventricular dysfunction.
Against the background of increasing left ventricular
failure, a decision was made to reimplant the ECMO
system. In view of inotropic therapy, the patient’s hemo-
dynamic state stabilized, LV contractility improved. On
January 20, 2018, the ECMO system was explanted. On
February 15, 2018, the cardiac monitor showed ventricu-
lar fibrillation with transition to asystole, cardiopulmo-
nary resuscitation (CPR) was initiated. Acute rejection
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was suspected and pulse therapy with glucocorticoids
was initiated.

Coronary angiography was performed — a three-
vessel lesion of the coronary arteries was detected, and
percutaneous transluminal angioplasty of the right coro-
nary artery and anterior interventricular coronary artery
was performed. The diagnostic procedure was compli-
cated by acute thrombosis in the right coronary arterial
wall, CPR was initiated, and thrombolysis (eptifibatide)
was performed. Due to unstable hemodynamics with a
tendency to hypotension, the ECMO system was im-
planted again. Positive dynamics was observed for six
days; against this background, the ECMO system was
removed. Endomyocardial biopsy was performed — no
signs of rejection. In March 2018, he was discharged due
to his stabilized condition.

In May 2018, he suffered an ischemic stroke: mixed
tetraparesis, seizure syndrome, asthenic syndrome in
the early recovery period. Anticonvulsant therapy Kepra
33 mg/kg was prescribed; subsequently, positive dyna-
mics were noted during the therapy; seizures did not
recur, the therapy was discontinued.

According to EchoCG studies dated December 19,
2018, there was moderate dilatation of the left heart
chambers (left atrium (LA) 30 mm, LVEDD 43 mm).
LVEF 57%. Mitral valve (MV) leaflets of increased echo-

genicity. Slight acceleration of transmittal blood flow
1.6 m/s. Moderately dilated aortic root lumen, prolapse
of aortic valve (AV) flaps, regurgitation grade 1. Esti-
mated systolic pressure in the pulmonary artery (PA)
30 mm Hg. Moderate LV myocardial hypertrophy (inter-
ventricular septum (IVS) up to 89 mm, left ventricular
posterior wall (LVPW) up to 9 mm).

The patient was re-hospitalized for evaluation at For-
tis Malar Hospital, Chennai, India from February 17,
2019 to February 21, 2019. This hospitalization included
percutaneous transluminal coronary angioplasty with left
coronary artery stenting and anterior interventricular ar-
tery restenosis. The postoperative period was uneventful.
According to EchoCG data over time, grade II mitral
regurgitation, tricuspid insufficiency (TI) grade 2, pul-
monary hypertension (LA pressure 51 mm Hg, inferior
vena cava (IVC) 1.1 cm, collapsing more than 50%).
LVEF 65%. He was discharged in stable condition with
recommendations to continue immunosuppressive and
antimycotic therapy, as well as statins.

As part of preoperative preparation, coronary angio-
graphy was performed on February 11, 2021 — a multi-
vessel coronary lesion was determined (Fig. 1).

Chest CT scan shows that the right atrium and right
ventricle are directly adjacent to the sternum in the lower

Fig. 1. Preoperative coronarography. The right coronary artery basin was previously stented, diffuse loss of stent lumen up to
40% maximum (a); left coronary artery basin, anterior interventricular artery (AIA): post-stenting condition in the proximal
third from the orifice — up to 70% restenosis, the periphery is satisfactory. Circumflex artery (CA): represented by the main
branch and the marginal artery (MA). The main branch is occluded in the proximal third, the periphery is hypoperfused, filled
through intrasystem collaterals. MA — post-stenting condition — up to 70-80% restenosis, the periphery is satisfactory (b, c, d)
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third, no focal and infiltrative changes were detected
(Fig. 2).

On April 12, 2021, surgical treatment was perfor-
med in the scope of resternotomy, orthotopic heart
transplantation by bicaval technique. After performing
resternotomy and cardiolysis, the main stage of surgical
intervention was performed according to the standard
technique, it proceeded without peculiarities. Extracor-
poreal circulation lasted for 92 minutes, aortic clam-
ping time was 63 minutes, and graft ischemia time was
155 minutes. The intraoperative stage proceeded without
complications, and custodiol cardioplegia was used. Af-
ter removing the aortic clamp, spontaneous recovery
of cardiac activity was noted, no rhythm disturbances
were registered. After control transesophageal echocar-
diography, decannulation was performed. At the end of
extracorporeal circulation, we measured central hemo-
dynamics: heart rate 125 beats/min, sinus rhythm, blood
pressure 85-95/60—-65 mmHg, cardiac index 2.53 1/min/
m’, stroke volume 24.5 ml, total peripheral resistance
1808 dyn-sec-cm’, central venous pressure 4 mmHg,
and pulmonary artery pressure 20/7 mmHg. On the back-
ground of inotropic therapy were dobutamine 5 mcg/kg/
min and norepinephrine 0.6 mcg/kg/min.

The patient was then transferred to the aseptic ward
of the Department of Anesthesiology and Reanimati-
on in a stable condition, received dobutamine 5 mcg/
kg/min, noradrenaline 0.6 mcg/kg/min as inotropic and
vasopressor therapy. He was extubated 8 hours after the

end of the operation, without any peculiarities. Subse-
quently, positive dynamics was noted in the form of
decreasing doses of inotropic and vasopressor therapy;
from day 2, the patient was activated within the bed,
verticalization was also performed. Tacrolimus levels
were monitored daily and immunosuppressive therapy
was adjusted. On the 10th day after surgical treatment,
the patient was transferred to the specialized department,
where further rehabilitation and optimization of thera-
py was carried out. According to the standard protocol,
endomyocardial biopsy was performed every 14 days.
Histological examination revealed no signs of rejection
(AMRO), EchoCG showed LVEF 70%, blood flow on the
aortic valve was not accelerated, mitral regurgitation up
to grade I, tricuspid regurgitation up to grade I, grade I
pulmonary regurgitation, left ventricular global contrac-
tility was not reduced, no asynergy zones were reliably
detected, right ventricular myocardium contractility was
moderately reduced (TAPSE = 12 mm, S’ = § cm/sec).
During hospitalization, immunosuppressive therapy
was adjusted: gradual reduction of metipred to 10 mg
per day, tacrolimus depending on serum levels (target
values by the time of discharge), mycophenolate mofetil
under control of white blood cell/neutrophil count. After
administration of a course of granulocyte colony-stimu-
lating factor (leukostim), the neutrophil level normalized.
Mycophenolate mofetil was resumed. After a course of
rehabilitation and adjustment of immunosuppressive the-
rapy, the patient was discharged for outpatient follow-up.

Fig. 2. Preoperative chest CT scan. CT volume rendering (a); transverse image (b); sagittal image (c); frontal image showing

the transverse dimensions of the transplanted heart (d)
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Fig. 3. Postoperative (12 months later) coronarography. Right and left coronary artery basin, without signs of atherosclerotic

lesion of the coronary bed

Thereafter, planned hospitalizations and therapy
adjustments, as well as examinations were carried out.
On May 27, 2022, control coronarography was perfor-
med — coronary arteries without angiographic signs of
atherosclerotic lesions. Blood flow through the coronary
arteries was satisfactory (Fig. 3).

DISCUSSION

This case report describes a patient with CAV, one
of the possible complications after heart transplantation.
Patients with such a diagnosis are rarely helped by drug
therapy; the most optimal treatment is surgical — heart
retransplantation. According to the world literature, the
number of repeated interventions does not exceed 5%
in the age group from 18 to 39 years, but there is an
increasing trend every year. However, the number of
repeated HTs in the pediatric population in the Russian
Federation, as well as in the world, still amounts to do-
zens of cases, which reflects the clinical significance of
such reports.

As part of the preoperative preparation, the patient un-
derwent chest CT scan, which, in our experience, allows
us to assess cardiac syntopy and, in turn, is an important
preparatory stage in planning repeat interventions. Pre-
operative preparation of the patient is also important,
namely CHF compensation in a specialized department,
if the severity of the patient’s condition allows it.

The second stage of cardiac rehabilitation took place
at the cardiology department. This clinical case demons-
trates successful treatment of a CAV patient, in which
case repeat HT was the optimal treatment.

CONCLUSION

The management of patients indicated for retrans-
plantation, both preoperatively, as well as intraopera-
tively and postoperatively, requires multidisciplinary
involvement. Repeat heart transplantation is the most
optimal treatment modality for pediatric patients with
CAV. However, further clinical evidence needs to be ac-
cumulated from which clear guidelines for this approach
should be developed.

The authors declare no conflict of interest.
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Objective: to study the biological properties of macroporous cryostructurate from multicomponent concentrated
collagen-containing solution (MCCS) as a promising matrix for the formation of cell- and tissue-engineered
constructs. Materials and methods. A macroporous spongy carrier was obtained by cryostructuring of collagen-
containing extract, prepared by acetic acid hydrolysis of chicken connective tissue (BIOMIR Service, Russian
Federation). N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide (Sigma-Aldrich, USA) was used to make the
cryostructurate water insoluble. The micromorphology of the sponge surface was studied using scanning elect-
ron microscopy. The cytotoxicity of the carrier was evaluated by reaction of the mouse NIH 3T3 fibroblast cell
culture using automated microscope IncuCyte ZOOM (EssenBioscience, USA). Biocompatibility of the macro-
porous carrier was studied on cultures of human adipose tissue-derived mesenchymal stromal cells (AD-MSC),
human hepatocellular carcinoma cell line HepG2 and human umbilical vein endothelial cell line £4.4y926. The
metabolic activity of cells was determined using PrestoBlue™ reagents (Invitrogen™, USA). Cell population
development during long-term cultivation of the cell-engineered construct (CEC) was assessed by fluorescence-
lifetime imaging microscopy over the entire surface of the sample using a Leica Dmi8 inverted microscope with
Leica Thunder software (Leica Microsystems, Germany). Results. Optical microscopy and scanning electron
microscopy (SEM) showed the presence of pores of different sizes in the resulting biopolymer material: large
pores with 237 £+ 32 um diameter, medium-sized pores with 169 + 23 um diameter, and small-sized pores with
70 £+ 20 pm diameter; large and medium-sized pores were predominant. The studied media did not exhibit cyto-
toxicity. Cell adhesion and proliferation on the surface of the material and their penetration into the underlying
layers during long-term cultivation were observed. The highest metabolic activity of the cells was observed for
human AD-MSC on day 14, which corresponds to the normal dynamics of development of a population of cells
of this type. The functional activity of HepG2 cells — albumin and urea production — was shown in the liver CEC
model. Conclusion. The good adhesion and active proliferation that were shown for the three cell types indicate
that the resulting biopolymer carrier is biocompatible, and that the spread of the cells into the inner volume of
the sponge and active population of the sponge under prolonged culturing indicates that this material can be used
to create cell- and tissue-engineered constructs.

Keywords: cryogenic structuring, collagen, tissue engineering.

INTRODUCTION

One of the most important aspects of creating cell-
engineered constructs (CEC) and tissue-engineered
constructs (TEC) is the selection of a suitable scaffold
which, on one hand, performs a structure-forming func-
tion, and, on the other hand, influences cell proliferation
and differentiation processes. The internal architecture
of TEC and CEC has been shown to be of fundamental
importance for their structural and biological functions

[1]. For instance, the use of a carrier with an ordered
structure of microfibers that set the direction of growth
of mesenchymal stromal cells (MSCs) in cartilage TECs
led to increased glycosaminoglycan synthesis during cell
differentiation compared to an unstructured scaffold [2].
Its structure is of even greater importance for the crea-
tion of TECs and CECs of the liver, where the normal
functioning of cells of different types is possible only if
there is a certain microarchitecture of the structure [3, 4].
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Various approaches such as electrospinning [5] and
various types of bioprinting [6] are used to create struc-
tured cell carriers. Much focus is on the search for new
bioprinting materials that mimic the extracellular matrix
and methods of imparting a structure closer to the native
tissue [7].

It should be noted that, despite the numerous advan-
tages of these techniques, they are difficult to perform
and require expensive equipment. In turn, the cryostruc-
turing methodology allows to create effective scaffolds
with pores of different sizes at lower costs, providing
both mass transfer of nutrients and gases and expansion
of cells from the surface into the inner volume of the
scaffold material [8].

Cryostructuring techniques are used to obtain such
macroporous polymeric materials as various cryogels
and cryostructurates [9]. The former are formed when
3D polymer mesh nodes are formed in the volume of
unfrozen microphase of a macroscopically frozen sys-
tem (this process is called cryotropic gelation). If there
is no gelation proper, then after removal of the frozen
solvent, for example, by sublimation or cryoextraction,
polymeric objects called cryostructurates are obtained.
A fundamental feature of both cryogels and cryostruc-
turates is their macroporosity formed by polycrystals of
the frozen solvent. Most macropores are interconnected,
and their morphology and sizes depend on the condi-
tions of all successive stages of cryogenic structuring.
It is this special macroporosity, combined in many cases
with good mechanical properties of various cryogels and
cryostructurates, especially those based on biocompatib-
le polymers, that makes them promising materials for
biomedical applications [10—15].

An important advantage of this technology is that the
physical properties of cryogenically structured materials,
especially the pore size, can be influenced quite easily by
adjusting the preparation parameters, including polymer
content, crosslinking mechanism, temperature, freezing
time, and freeze/thaw rate and cycles [8, 16].

‘When choosing materials for the manufacture of CEC
and TEC matrices, besides synthetic resorbable polymers
such as polylactides [17], biopolymer hydrogels are most
commonly used. Many hydrogels based on one of the
extracellular matrix (ECM) components have been deve-
loped to stimulate the regenerative potential of damaged
tissues by minimally invasive injection [18]. In this case,
among commonly used biopolymers, preference is given
to such natural polymers as collagen, gelatin, chitosan,
hyaluronic acid, alginates, and polyesters of bacterial
origin [19].

Given the multifunctional properties of ECM, the
attention of researchers in recent years has been drawn
to multicomponent biopolymer-based hydrogels — ECM
biomimetics, which include all of its main components
(proteins and polysaccharides) as well as growth fac-
tors and other signaling molecules necessary for cell
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adhesion, proliferation and differentiation [19, 20]. Such
biopolymer-based hydrogels have been shown to pro-
vide greater cell proliferation compared to single ECM
component substrates [21]. However, along with the
pronounced advantages of hydrogels, there are several
difficulties associated with the inability to perform the
function of a scaffold for cells and the lack of sufficient
pore space, which does not allow angiogenesis to pro-
ceed throughout the entire volume of CECs, complicates
cell migration into the hydrogel volume, transport of
nutrients to them, and removal of metabolites [10].

Consequently, the idea of creating a bioactive mac-
roporous cryostructured matrix [22] that is based on a
multicomponent concentrated collagen-containing so-
lution (MCCS) obtained by acetic acid extraction from
animal tissues seems promising [20].

This study is a continuation of our earlier works on
obtaining and studying the physicochemical and bio-
logical properties of gelatine-based macroporous cry-
ostructurate [23, 24]. The positive results obtained in
the creation of CECs based on gelatin cryostructurate
matrices allowed us to use them in this work as compa-
rison samples.

MATERIALS AND METHODS

Preparation of MCCS-based cryostructured
matrix

A commercially available product, “Collagen-contai-
ning extract” (TU 9389-008-54969743-2016, BIOMIR
Service, Krasnoznamensk) was used as the initial raw
material. MCCS level was 40 mg/mL, total protein con-
tent in the MCCS was 96%, pH = 5.8 + 0.3. MCCS-based
cryostructure samples were produced at the Nesmeyanov
Institute of Organoelement Compounds in Moscow ac-
cording to the modified method [22]. The MCCS was
first heated for 1 hour at 42 °C, then diluted 1.5 times
with deionized water and poured into 35 mm diameter
plastic Petri dishes in a thin layer (2 mm). The dishes
were placed in an ultracryostat K2 (Huber, Germany) and
frozen at —20 °C for 3 hours. Then they were freeze-dried
in a FreeZone' unit (Labconco, USA). Next, the resulting
macroporous cryostructurate sponges were incubated in
0.1 M ethanol solution of N-(3-dimethylaminopropyl)-
N’-ethylcarbodiimide (Sigma-Aldrich, USA) at room
temperature for 24 hours. Afterwards, they were washed
with ethanol to remove excess carbodiimide and stored
in 96% ethanol medium until used as a matrix for cell
culture. For experiments, disks of 1 cm? area and 2 mm
thickness were cut from the macroporous sponges.

Investigation of surface micromorphology
of cryostructurates

The surface morphology of the samples was studied
by phase-contrast microscopy using a Leica DMi8 Thun-
der super-resolution system with LAS X software.
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The micromorphology of the collagen-containing
matrix surface was studied using scanning electron mi-
croscopy (SEM) with lanthanide contrast of the sample,
which allowed using low vacuum conditions, preserving
the native structure of the material as much as possible
[25]. Sample preparation included initial washing, ex-
posure for 45 minutes in BioREE-A contrasting solution
(Glaucon LLC, Russia) and final washing with distilled
water. Next, excess moisture was removed from the sur-
face of the specimen with an air brush and placed on the
slide of an EVO LS10 microscope (Zeiss, Germany).
Observations were performed in low vacuum mode (EP,
70 Pa), at an accelerating voltage of 20-25 kV. Images
were captured using a backscattered electron detector
(BSE mode).

Cell cultures

To evaluate cytotoxicity of the tested matrices, we used
mouse NIH 3T3 fibroblast cell line (ATCC*CRL-1658™)
from the American Type Culture Collection (ATCC). To
study cell adhesion and proliferation, we used of human
adipose tissue-derived mesenchymal stromal cell (AD-
MSC) culture obtained at Shumakov National Medical
Research Center of Transplantology and Artificial Or-
gans according to the previously developed method [23].
Human umbilical vein endothelial cell line EA.hy926
(ATCC®CRL-2922™) from ATCC and human hepato-
cellular carcinoma cell line HepG2 from the cell culture
collection owned by Shumakov National Medical Re-
search Center of Transplantology and Artificial Organs
were used to create CEC sponges.

Cell cultures were stored in liquid nitrogen at
—196 °C. After thawing, the cells were seeded into stan-
dard 25 cm® culture vials (CELLSTAR® Greiner Bio-
One, Germany) and cultured in appropriate complete
growth medium (CGM). For fibroblast cell lines NIH
3T3 and endothelial cell lines EA.hy926, high glucose
DMEM (PanEco, Russia) supplemented with 10% fetal
calf serum (TS, Biosera, Germany) or fetal calf serum
(HyClone, USA), respectively, antibiotic-antimycotic
Anti-Anti (Gibco® by Life Technologies™, SC) and
2 mmol alanyl-glutamine (PanEco, Russia) were used.
AD-MSC and HepG2 were cultured in DMEM/F12 me-
dium (PanEco, Russia) supplemented with 10% fetal
calf serum (HyClone, USA), 10 pg/mL of basic human
fibroblast growth factor (FGF-2, Peprotech, AF-100-
18B, USA), antibiotic-antimycotic Anti-Anti (Gibco® by
Life Technologies™, SC), 1 mmol HEPES (Gibco® by
Life Technologies™, SC) and 2 mmols alanyl-glutamine
(PanEco, Russia). Vials with cells were cultured in a
CO, incubator under standard conditions: 37 °C, humid
atmosphere containing (5 £ 1) % CO.,.

For experiments, cells were washed off the culture
plate using dissociation reagent TrypLE™ Express Enzy-
me (Gibco® by Life Technologies™, SC) and a suspen-
sion with the required cell concentration was prepared.
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Cell count in the suspension was determined on an
automated cell counter (TC20™ Automated Cell Coun-
ter, BIORAD, Singapore) with simultaneous viability
test with trypan blue (BIORAD, # 145-0013, Singapore)
according to the equipment manufacturer’s methodology.

Matrix cytotoxicity assessment

The cytotoxicity of samples of MCCS-based media
was determined by direct contact method according to
GOST ISO 10993-5-2011 [26]. Mouse NIH 3T3 fibro-
blast cell lines were seeded into flat-bottomed 6-well
culture plates (CELLSTAR® Greiner Bio-One, Germany)
at a concentration of 5 x 10° cells per well and incubated
for 24 hours at 37 °C under standard conditions until
the formation of (80 £+ 10)%. Next, the studied samples
of cryostructurates were placed on the surface of the
cell monolayer in the form of disks with a diameter of
6 mm and a thickness of 2 mm. The comparison samples
were macroporous sponges in the form of gelatin-based
cryostructurate disks of the same size as the samples of
collagen-containing cryostructurates with proven ab-
sence of cytotoxic effect [23]. The disks were first tho-
roughly washed of ethanol residues with two portions
of sterile distilled water and left for 24 hours in CGM
at 37 °C. The CGM served as a negative control sample
for cell culture, and 10 mg/mL single-element aqueous
zinc standard (Sigma-Aldrich, USA) served as a positive
control sample).

An additional test was performed for more detailed
evaluation of growth dynamics and to identify a possible
cytostatic effect. During the test, cell plates were incuba-
ted in the presence of samples using the IncuCyte ZOOM
system (EssenBioscience, USA). The IncuCyte ZOOM
system allowed the monolayer density to be assessed
automatically every 2 hours throughout the experiment
with simultaneous construction of growth curves. The
experiment lasted for just over 50 hours.

Assessing the ability of the sponge carrier
to support cell adhesion and proliferation

The ability of MCCS-based cryostructurate to sup-
port cell adhesion and proliferation was also compared
with gelatin-based cryostructurate samples. To set up the
experiment, cryostructurate samples were thoroughly
washed from ethanol and placed in a CGM for 1 day
until saturation. The required number of cells was grown
in culture vials and a cell suspension with a working
concentration of 1 x 10° cells/mL was prepared. Next,
1 ml of the cell suspension was applied to the sample
surface drop by drop. The samples were placed in 50 ml
centrifuge tubes and left in a CO, incubator for 1 hour
for cell attachment, after which the CGM level in the
tubes was brought to 5 ml and culturing was continued
under standard conditions. On days 1, 3, 6, 9 and 14
of cultivation, three portions of the CGM were taken
for metabolic activity test with PrestoBlue™ HS Cell
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Viability Reagent (Invitrogen™ by Thermo Fisher Sci-
entific, USA) according to the reagent manufacturer’s
protocol. Spectrophotometry was performed on a Spark
10M tablet reader (Tecan, Austria) with Spark Control™
Magellan V1.2.20 software at two wavelengths, 570 nm
and 600 nm. Data from optical absorption measurements
were used to calculate the coefficient of metabolic acti-
vity (K) according to the formula:

117,216 Abs,,, 80,586 Abs,,,
155,677 - Abs,, —14,652 - Abs,,

where Abs;., is the optical absorption at 570 nm, and
Absy, is the optical absorption at 600 nm.

Cell count corresponding to coefficient K obtained
was determined in an auxiliary experiment, where certain
amounts of cells were seeded into the wells of a plate and
their metabolic activity was measured after one day. A
calibration graph was plotted based on the measurement
results, which allowed to bring the value K to the number
of AD-MSCs.

x100%,

CECs based on collagen-containing
cryostructurates and different cell types

To create CECs based on MCCS macroporous spon-
ge, suspensions of appropriate cultures were prepared at
a concentration of 1 x 10° cells/mL. Gelatin cryostructu-
rate samples were also used as a control. Matrices from
cryostructurates were immersed in the suspension and
processed for 1 hour on a laboratory shaker in orbital
stirring mode at 40 rpm for uniform distribution of cells
on the surface and penetration into the inner volume of
the sample. The resulting CECs were cultured under
standard conditions for 7 and 10 days for HepG2, and 7
and 15 days for EA.hy926.

Cell surface adhesion, nature of cell distribution over
the sample volume, viability, morphology and prolifera-
tive activity were assessed by in vivo microscopy with
fluorescent dyes Live/Dead” Viability/Cytotoxicity Kit
(Molecular Probes® by Life Technologies™, USA) using
Leica DMi8 Thunder microscope with LAS X software
for analyzing the 3-d structure of the sample.

Functional properties of HepG2
hepatocellular carcinoma cells when
cultured on an MCCS-based macroporous
matrix

HepG?2 cells (5 x 10° kL), were plated on 10 x 10 x
2 mm fragments of MCCS (n = 10) and gelatin (n = 10)
samples. The resulting CECs were cultured in CGM
under standard conditions for 10 days. On day 10, al-
bumin content in the culture medium was determined
by enzyme-linked immunosorbent assay using Human
Albumin ELISA Kit (Invitrogen™ by Thermo Fisher
Scientific, USA). Culture medium from cells that were
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cultured on plastic in the same quantity was used as a
control.

Ammonia metabolism rate was determined after
90 minutes of incubation with 1 mmol ammonium chlo-
ride (Sigma-Aldrich, USA) diluted in culture medium on
day 10 of the experiment. The amount of urea in the me-
dium was estimated on a KonelabPrime 60i biochemical
analyzer (ThermoFisher Scientific, Finland).

Reliability of differences was determined using
Student’s t-test (SPSS 26). Differences were considered
statistically significant at p < 0.05.

RESULTS AND DISCUSSION

Investigation of surface micromorphology
of macroporous matrices

A microscopy of the samples revealed a porous struc-
ture of the material with numerous pores of different
sizes (Fig. 1, a). Conventionally, the pores can be cate-
gorized into three groups by size: large (237 + 32 um),
medium (169 £ 23 pm) and small (70 = 20 pm). Thus,
the MCCS-based cryostructured material is dominated
by large-sized pores. In comparison, only medium-
sized (169 £ 23 pum) and small-sized (70 = 20 pm) po-
res were mainly present in the gelatin cryostructured
material (Fig. 1, b). SEM images of the surface of both

Fig. 1. Surface morphology of cryostructurates. Phase-
contrast microscopy. Magnification 50x; a, MCCS-based
cryostructurate; b, gelatin-based cryostructurate. Scale bar:
200 pm
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sponges show that the pores form interconnected chan-
nels running through the entire volume of the material

(Fig. 2).

|
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Fig. 2. Macroporous morphology of cryostructurates. SEM
with lanthanide contrasting. a, b, MCCS-based cryostructu-
rate; c, d, gelatin-based cryostructurate. a, b, magnification
500%; b, d, magnification 1500%. Scale bar: 20 pm
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Cytotoxicity of the resulting
cryostructurates

Assessment of the cytotoxicity of the MCCS-based
cryostructurate revealed no negative effect when NIH
3T3 cells were cultured in the presence of fragments of
macroporous matrices obtained from MCCS and gelatin.
Cells actively proliferated over the entire area of the
well of the plate, including the area of contact with the
sample (Fig. 3). No rounded cells or cells with disturbed
morphology were observed.

Determination of the degree of monolayer conflu-
ency in automatic mode showed that the most active
cell growth begins after 20 hours of the experiment and,
by the end of the experiment, this index reaches values
of more than 70%, which corresponds to the normal
development of NIH 3T3 cell population. There were
no significant differences from the comparison sample
(Fig. 3, b).

Biocompatibility. Cell adhesion
and proliferation

The study of biocompatibility, i.e. the ability of cells
to adhere to the surface and further proliferate, was car-
ried out using an AD-MSC culture. In parallel, a gelatin-
based cryostructurate was used as a control in the expe-
riment. 1 x 10° cells were plated on a sponge fragment.
Vital dye intravital microscopy showed that on day 3,
cells adhered on the surface of both media. Distributi-
on of AD-MSCs on the surface was quite uniform, the
cells were spread out and had normal morphology. There
were practically no dead cells. By day 12 of cultivation,
a significant increase in cell mass was observed in the
samples with the formation of large cell clusters. It was
also noted that cells inhabited not only the surface of cry-
ostructurates, but also penetrated deep into the sponge.
Moreover, due to the presence of large, interconnected
pores in the MCCS-based sponge, this effect was much
more pronounced in this case (Fig. 4).

Data from the metabolic activity test with Presto-
Blue™ reagent fully correspond to the microscopic
picture and allow for quantitative assessment of their
proliferative activity.

As shown in the graph (Fig. 5), after the lag phase that
is necessary for cells to adapt, the logarithmic growth
phase begins by day 4 of cultivation, and continues, with
some slowdown by day 6-9, until the end of the expe-
riment on day 14. In our opinion, the slowdown during
this period is due to the filling of the available surface
of the macroporous matrix by cells and the transition to
colonization of the underlying layers of the cryostruc-
turate. For both types of samples, we observed similar
dynamics of cell mass growth, but AD-MSCs, when cul-
tured on an MCCS matrix, proliferated more actively at
late observation periods (days 9 and 14).
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Cells monolayer confluency, %

0 10 20 30 40 50 60
Time (hour)

== MCCS-based cryostructurate
—#— Comparison sample (gelatin-based cryostructurate)

Fig. 3. Growth of mouse NIH 3T3 fibroblasts in the presence of macroporous matrix fragment. a, MCCS-based cryostructura-
te; b, gelatin-based cryostructurate (comparison sample). Phase-contrast microscopy. Magnification 100x. Scale bar: 300 pum;
¢, growth curve of NIH 3T3 cells on culture plastic in the presence of a fragment of MCCS-based macroporous carrier

Fig. 4. Growth of human AD-MSC culture on MCCS-based matrix (a, ¢) and gelatin-based matrix (b, d); a and b, 3 days,
c and d, 12 days of culture. Live/Dead™ stain. Magnification 100x. Scale bar: 100 pm
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Creation of CECs from different cell types rate, forming significant clusters by the end of the expe-

on an MCCS-based cryostructurate riment (on day 10 for HepG2, and day 15 for EA.hy926).
Adherent cells on gelatin-based cryostructurate also

When seeded with a large number of cells — 5 x 10° actively proliferated, but there were more dead cells in
cells per sample — it was shown that for both HepG2  the case of HepG2 (Fig. 6, d). Note that significant diffe-
(Fig. 6, a—d) and EA hy926 (Fig. 7, a—f) culture, almost  rences were observed in the localization of cell clusters.
all cells adhere to the sample surface and actively prolife-  In the case of the gelatin disk, we noted predominantly

300 000 -
250 000
200 000 -

150 000 -

Cell count

100 000 -

50000

0 2 4 6 8 10 12 14 16
Time (days)
=#— MCCS-based cryostructurate =@ Gelatin-based cryostructurate

Fig. 5. Metabolic growth curve of human AD-MSCs on the tested matrices (Test with PrestoBlue™)

Fig. 6. HepG2 growth on a cryostructured matrix. a, 3 days of culture; b, 7 days, MCCS-based cryostructurate; ¢, 3 days of
culture; d, 7 days, gelatin-based cryostructurate. Live/Dead™ stain, live cells are stained in green, dead cells are stained in
red. Magnification 100x. Scale bar: 100 um
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cell spreading on the surface of the sample, whereas the
MCCS disk showed a tendency to actively colonize the
walls of large pores and channels with the colonization
of the inner volume of the macroporous carrier. This was
especially clear for endothelial cells at a late period of
cultivation (Fig. 7, b).

The use of stacking technology”, i.e. shifting the fo-
cal point of the microscope lens deep into the sample
to a depth of more than 100 pum, followed by software
processing of the image, showed that cells spread into

the inner volume of the macroporous disk to a depth of
up to 60 pm (Fig. 7, d).

For gelatin-based cryostructurates, this figure was
smaller, not exceeding 50 um (Fig. 7, e).

Assessment of the functional properties
of HepG2 cells when cultured
on an MCCS-based cryostructurate

The functional activity of HepG2 cells in CEC was
analyzed by albumin synthesis and urea production

Fig. 7. EA.hy926 endothelial cell growth on cryostructured matrix. a, 7 days of culture; b, 15 days, MCCS-based cryostructu-
rate; ¢, 7 days of culture; d, 15 days, gelatin-based cryostructurate; e, 15 days, cell distribution in the MCCS-based cryostruc-
turate; f, 15 days, cell distribution in the gelatin-based cryostructurate. Live/Dead™ stain, live cells are stained in green, dead
cells are stained in red. a—d, scale bar: 100 um; e, f, scale bar: 200 um
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Table 1

Albumin content and urea level in culture medium
on day 10 of culturing HepG2 cells on culture
plastic (control)

Albumin Urea (mmol/
(mmol/mL) mL)
Culture on plate (control) 960 + 102 1.2+0.2
Culture on MCCS-based 1413 + 183 174023
cryostructurate
p <0.050* 0.051

* — the differences are statistically significant (p < 0.05).

Table 2

Albumin levels in culture medium on day 10
of CEC cultivation with different amounts
of HepG2 cells

Cell count in CEC Albumin (mmol/mL)
100,000 1323 + 164
500,000 1413 £ 183
1,000,000 1963 + 293

(Table 1). The culture medium of the same cell count
on culture plastic was used as a control.

In a separate test, we compared the level of albumin
production for CECs with different cell counts (Table 2).

Note that albumin and urea levels in the samples cor-
related with cell count in the CEC.

The obtained data indicate that HepG2 seeded on a
MCCS-based cryostructurate can maintain its secretory
function on day 10 of cultivation at a higher level, com-
pared to cell cultivation on plastic.

CONCLUSION

The studies show that the macroporous cell carrier
based on a cryostructured multicomponent concentrated
collagen-containing solution has a large pore space, whe-
re large and medium-sized pores predominate, forming
a network of branched channels in the matrix thickness.
This macroporous structure significantly improves cell
expansion deep into the MCCS-based cryostructurate
compared to gelatin-based cryostructurates. The cell
carrier studied in this work is non-cytotoxic, supports
adhesion and proliferation of different cell types and
formation of a cell-engineered construct in which cells
can function normally.

The authors declare no conflict of interest.
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Objective: to study the effect of a conditioned medium of mesenchymal stromal cells (MSCs) from different
sources on human chondrocyte proliferation. Materials and methods. To confirm functional activity, chondrocytes
were cultured in a cartilage cell-engineered construct (CEC), including 5 x 10° cells and 5 mg of tissue-specific
matrix from decellularized cartilage. The conditioned medium was obtained after culturing MSCs derived from
human adipose tissue (AT), MSCs derived from the pulp of primary teeth and MSCs isolated from umbilical
cord-derived Wharton’s jelly in a complete cell growth medium (CCGM). To evaluate the effect of MSC-derived
secretome on chondrocyte proliferation, the conditioned medium, diluted 1 : 1 with CCGM, was added to wells
containing chondrocytes. The effect of MSCs on human chondrocyte proliferation was studied by indirectly co-
culturing cells in CCGM using Transwell inserts. 5 x 10* MSCs were applied to the bottom of the lower chamber,
and 5 x 10" human chondrocytes and 5 mg of matrix were placed in the upper chamber. Chondrocyte prolife-
ration was assessed at days 7 and 14 by DNA quantification. Interleukin-6 content was determined as a marker
of secretory activity of MSCs in the conditioned medium. The morphology of the samples was studied using
histological staining methods. Results. The ability of chondrocytes to produce cartilage-specific extracellular
matrix was confirmed when forming cartilage CEC with tissue-specific matrix in a chondrogenic differentiation
medium. When comparing the effect of the conditioned medium of MSCs obtained from different sources on the
growth of human chondrocytes in vitro, increased proliferation was observed in all samples compared to controls.
Indirect co-culture of MSCs with chondrocytes as part of CEC showed increased DNA amount in all samples at
day 14, with the amount of DNA in the sample with MSC conditioned medium significantly higher than the con-
trol. Conclusion. Studies on the effect of MSC conditioned medium on chondrocyte proliferation in 2D culture
indicate a possible regenerative potential of MSCs for cartilage tissue repair. Within the scope of this work, we
did not identify significant differences in the effect of secretome derived from MSCs that were obtained from
different sources on chondrocyte proliferation. However, additional in vivo studies are warranted in the future.

Keywords: cartilage tissue, mesenchymal stromal cells, conditioned medium, tissue engineering.

INTRODUCTION

Osteoarthritis (OA) is a disease resulting in “joint fai-

proteoglycans, leading to articular cartilage erosion. In
response to cartilage erosion, chondrocytes undergo a

lure”. It is based on destructive structural changes in the
hyaline cartilage with subsequent degenerative processes
of the underlying bone [1, 2]. OA incidence worldwide
is rising every year, and this has seen an increasing level
of disability globally [3].

Articular cartilage is composed of chondrocytes and
extracellular matrix (ECM). The ECM is composed of
collagens (mainly type II collagen), proteoglycans, and
non-collagenous proteins [4]. In the early stages of knee
OA, there are changes in the structure of collagen and

phase of hypertrophic activity, producing inflammatory
mediators that promote further degradative changes in
articular cartilage. The final stage is chondrocyte apop-
tosis, shifting the balance between synthesis and catabo-
lism of collagen and proteoglycans toward catabolism.
Expression of type II collagen, one of the prominent
components of cartilage, decreases during the growth of
chondrocytes; therefore, mature chondrocytes are unable
to produce type II collagen de novo [3, 5-7]. The situa-
tion is aggravated by the lack of blood supply and low
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metabolic rate in cartilage, leading to its limited ability
to self-repair [8, 9].

Treatment modalities for OA include symptomatic
therapy consisting of the use of analgesics, as well as
radical surgical intervention [10, 11]. However, the use
of such methods does not always result in desired out-
comes [12]. Therefore, in recent years, there has been a
great interest in less invasive but more promising cellular
technologies for cartilage structure restoration and OA
treatment.

Over the past few decades, mesenchymal stem cells
(MSCs) have been in the center of attention due to their
high therapeutic potential. MSC cell therapy is used to
treat various diseases, including OA, which affects 13%
of the Russian population over 18 years of age [13—16].
The advantages of MSCs include their high chondroge-
nic potential, wide availability of sources for isolation
(bone marrow, adipose tissue, pulp of primary teeth,
Wharton’s jelly, umbilical cord), as well as the fact that
MSCs do not induce graft-versus-host disease [17-22].

Although MSCs are present in many tissues, their
total count in the body is small, while cell therapy pro-
tocols typically require hundreds of millions of MSCs
per treatment course, which requires additional time to
culture them in vitro. Studies have shown that the im-
plantation time of MSCs is usually too short to have an
effective therapeutic effect [22]. In addition, several stu-
dies indicate that MSCs have a low survival rate (<1%)
one week after their administration [23]. This suggests
that the main effects of MSCs are based on paracrine
mechanisms mediated by the production and secretion
of a wide range of cytokines, chemokines, and growth
factors by MSCs [24].

In this regard, the use of cell-free preparations based
on MSC-derived secretome — conditioned media — is of
great interest. /n vivo models have demonstrated that a
conditioned medium of MSCs obtained from various
sources is as effective as transplantation of the corres-
ponding MSCs [22]. It is hypothesized that the MSC-
derived secretome will be able to stimulate the intrinsic
regenerative potential of cartilage through secretion of
various molecules such as interleukin (IL)-1p, IL-6, IL-
10, vascular endothelial growth factor (VEGF), prostag-
landin E2 (PGE2), transforming growth factor (TGF-f),
and others [25].

Note that such a method is aimed not only at symp-
tomatic treatment or at slowing down the development
of OA, but most importantly at restoring the structure
of cartilage tissue. Moreover, the advantage of using
cell-free preparations is immunocompatibility, which
excludes the choice of donors and recipients in therapy
[26]. At the same time, MSCs have different characte-
ristics depending on their origin, and the ideal source of
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MSCs for use in the treatment of knee OA has not yet
been determined.

The aim of this work was to study the effect of a
conditioned medium of MSCs obtained from different
sources on human chondrocyte proliferation.

MATERIALS AND METHODS

Cell isolation

Cultures of MSCs isolated from umbilical cord-deri-
ved Wharton’s jelly and MSCs derived from the pulp of
primary teeth (PPT-derived MSCs) were obtained from
the collection of cell cultures of the cell biology labora-
tory of the Institute of Biomedical Chemistry, Moscow.
Human costal cartilage chondrocytes were obtained from
the collection of cell cultures of the Priorov National
Medical Research Center for Traumatology and Orthope-
dics, Moscow. The source of MSCs derived from human
adipose tissue (hAT-derived MSCs) was subcutaneous
adipose tissue from a healthy donor obtained with infor-
med voluntary consent.

The phenotype of PPT-derived MSCs, hAT-derived
MSCs, and Wharton’s jelly MSCs was investigated for
multipotency criteria by flow cytometry in previous stu-
dies [27].

Culture of chondrocytes on tissue-specific
matrix

To confirm the ability to form a cell-engineered con-
struct (CEC) of cartilage, human chondrocytes were cul-
tured on a tissue-specific decellularized porcine cartilage
scaffold, which is close in composition to natural ECM
and was obtained according to our previously developed
method [28].

The cartilage CECs consisted of 5 x 10° cells and
5 mg of matrix. The matrix was populated with cells
by spinning in test tubes with the culture medium on a
Multi Bio 3D programmable shaker (Biosan, Latvia).
The first 5 days, CEC were cultured in a complete cell
growth medium (CCGM) containing DMEM/F12 (Pan-
Eco, Russia) (1:1) supplemented with 10% fetal bovine
serum (Cytiva, USA), 1% antibiotic/antimycotic solution
(Thermo Fisher Scientific, USA) and 2 mM L-gluta-
mine (PanEco, Russia). The CCGM was then replaced
with chondrogenic differentiation medium containing
DMEM/high Glucose, supplemented with GlutaMAX
(Thermo Fisher Scientific, USA), 10% ITS+ (Corning,
USA), 1% sodium pyruvate (Thermo Fisher Scienti-
fic, USA), 0.25% L-ascorbic acid 2-phosphate (Sigma-
Aldrich, USA), 0.0001% dexamethasone (Merck, FRG),
0.002% TGF-P1 (Thermo Fisher Scientific, USA) and
1% antibiotic/antimycotic solution (Thermo Fisher Sci-
entific, USA). The medium was changed every three
days.
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Cell viability in the CEC was assessed by fluores-
cent staining using the LIVE/DEAD dye (Thermo Fisher
Scientific, USA) and Leica DMi8 Thunder microscope
(Leica Microsystems, Germany).

CEC morphology was examined on day 21 of culture
using histological staining.

Obtaining conditioned medium

hAT-derived MSCs, PPT-derived MSCs, umbilical
cord-derived Wharton’s jelly MSCs and human chon-
drocytes were cultured in 75 cm? vials. Third-passage
cells were used for the experiment. The CCGM was
replaced every three days. The conditioned medium was
collected on day 10 of culture (when the monolayer con-
fluency reached >70%) before the experiment and stored
at +4 °C. The degree of cell monolayer confluency was
determined visually using a Nikon Eclipse TS100 inver-
ted light microscope (Nikon, Japan).

Study of chondrocyte proliferation
in 2D culture

To evaluate the effect of the conditioned media of
different types of MSCs, chondrocytes were cultured in
24-well plates. A conditioned medium diluted 1:1 with
CCGM was introduced into wells containing chond-
rocytes (3000 cells per well). Intravital observation of
cells and photography, as well as determination of the
degree of confluency of the chondrocyte monolayer,
were performed using the IncuCyte Zoom System (Es-
sen BioScience, USA) for intravital observation of cells
and analysis of dynamic processes in the culture medium.
The conditioned medium of chondrocytes diluted 1:1
with CCGM served as a control.

Co-culture of chondrocytes
and mesenchymal stromal cells

The effect of MSCs on human chondrocyte prolife-
ration was studied by indirect cell co-culture in CCGM
using a Transwell plate with polycarbonate membrane
inserts for 24-well plates with a 3 pm pore size (Corning,
USA). 5 x 10* MSCs were plated on the bottom of the
lower chamber. In the upper chamber, 5 x 10* human
chondrocytes and 5 mg of tissue-specific decellularized
porcine cartilage scaffold were placed. Transwell pla-
tes containing chondrocytes in both chambers served as
control. Chondrocyte proliferation on days 7 and 14 was
assessed by DNA quantification using fluorescent dye
Quant-iT PicoGreen (Thermo Fisher Scientific, USA).

DNA quantification

DNA was isolated using the DNeasy Blood&Tissue
Kit (QIAGEN, Germany) according to the manufacturer’s
instructions. For DNA measurement, Quant-iT Picogreen
kit (Thermo Fisher Scientific, USA) was used according

to the manufacturer’s instructions and a Spark 10M plate
reader (Tecan Trading, Switzerland) at 520 nm wave-
length.

Quantification of IL-6 level
in the conditioned medium

As a marker of secretory activity of MSCs in con-
ditioned medium, we determined the level of cytokine
interleukin-6 (IL-6) by solid-phase enzyme-linked im-
munosorbent assay (Vector-Best, Russia). The method is
based on a three-step analysis using mono- and polyclo-
nal antibodies to IL-6. The procedure for the analysis is
recommended by the manufacturer in the kit instructions.
A plate reader was used to quantify IL-6 level at 450 nm
wavelength.

Histological examination

The samples were fixed in a 10% formalin solution,
washed in running water and dehydrated in alcohols of
increasing concentration, kept in an ethanol + chloroform
mixture, then in chloroform and embedded in paraffin.
Sections were deparaffinized, rehydrated, and stained
with hematoxylin and eosin, Alcian blue, and Masson’s
trichrome. Analysis and photography of the preparations
were carried out using an inverted Nikon Eclipse Ti mi-
croscope (Nikon, Japan).

RESULTS AND DISCUSSION

The immunophenotypic profile of marker expres-
sion in PPT-derived MSCs, hAT-derived MSCs and
Wharton’s jelly MSCs was investigated by us in previ-
ous work, and met the International Society for Cell &
Gene Therapy (ISCT) criteria for multipotency of MSCs
[29]. All primary cultures were characterized by high
expression of CD29, CD44, CD49b, CD73 and CD90,
while no expression of CD34, CD45 or HLA-DR was
observed [27].

Staining of CEC with fluorescent dye LIVE/DEAD
revealed a significant mass of viable chondrocytes on
the surface of the matrix from decellularized cartilage
(Fig. 1).

When chondrocytes were cultured in the differen-
tiation medium as part of cartilage CEC on day 21 of
cultivation, we observed the formation of large clusters
of cartilage microparticles united by cells — conglome-
rates (Fig. 2). Cells were visualized on the surface of all
cartilage microparticles, and the entire cell population
was characterized by polymorphism. Thus, fibroblast-
like cells could be detected in the periphery, whereas
round-shaped cells were distributed in the central zone.
In addition, cell growth was accompanied by significant
ECM production.

The specimens were fixed in 10% formalin solution,
washed in running water and dehydrated in alcohols of
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ascending concentration, incubated in a mixture of etha-
nol and chloroform, then in chloroform and embedded

Fig. 1. Examination of human chondrocyte viability in carti-
lage CEC at day 21 of culturing. LIVE/DEAD staining. Scale
bar: 100 pm

in paraffin. Sections were deparaffinized, rehydrated,
and stained with hematoxylin and eosin, alcian blue, and
Masson’s trichrome. The preparations were analyzed
and photographed using a Nikon Eclipse Ti inverted
microscope (Nikon, Japan).

Due to their regenerative properties, MSC-derived
secretome is considered as a promising treatment for ar-
ticular cartilage diseases [30]. However, the composition
and effect of a conditioned medium of MSCs will differ
depending on the source of cells, and the methods and
conditions of their cultivation. Therefore, we compared
the effects of a conditioned medium, derived from MSCs
that were obtained from different sources, on the growth
of human chondrocyte culture in vitro.

Images obtained using a lifetime cell imaging system
demonstrate an increase in the number of chondrocytes
on the culture plate over time. Cell count in all samples
did not differ significantly at day 24 of culturing. At both
day 7 and 14 of observation, a decrease in proliferation
could be observed in the control sample (CCGM diluted
1:1 with conditioned medium from chondrocytes) com-
pared to the samples of the experimental groups.

Chondrocyte monolayer confluency on day 7, when
cultured in the presence of a conditioned medium of PPT-
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Fig. 2. Growth of human chondrocytes on tissue-specific
matrix from decellularized pig cartilage in a chondrogenic
culture medium on day 21 of cultivation: a, H&E stain; b,
Masson’s trichrome stain; c¢, Alcian blue stain. Scale bar:
100 pum
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derived MSCs and hAT-derived MSCs was 1.2 times 14, monolayer confluency in the experimental samples
higher than that of the control sample, and 1.4 times was 1.2 times higher than that of the control (Fig. 4).

when cultured in the presence of a conditioned medium Table presents data on the influence of the paracrine
of umbilical cord-derived Wharton’s jelly MSCs. Onday  effect of MSCs of different origins on the quantitative

Fig. 3. Effect of conditioned medium on human chondrocyte proliferation in a 2D culture. (a, b, ¢, d), 24 hours; (e, f, g, h),
day 7; (i, j, k, 1), day 14; (a, e, 1), conditioned medium of dental pulp MSCs; (b, f, j), conditioned medium of AT-MSCs; (c,
g, k), conditioned medium of umbilical cord-derived Wharton’s jelly MSCs; (d, h, 1), conditioned medium of chondrocytes
(control). Scale bar: 300 pm
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Fig. 4. Chondrocyte monolayer confluency in the presence of conditioned media from MSCs obtained from different sources
(n/s, no statistically significant differences; *, there are differences at p < 0.05)
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Table

Chondrocyte proliferation on decellularized porcine cartilage at days 7 and 14 of indirect co-culture
in Transwell with mesenchymal stromal cells from different sources

Culture DNA (ug/CEC)
time PPT-derived MSCs hAT-derived MSCs Umbilical cord-derived Chondrocytes (control)
Wharton’s jelly MSCs
Day 7 0.57+£0.25 0.36+0.14 0.80+0.11 0.51+0.25
Day 14 1.20 +£0.09 1.34+0.15 1.24+0.27 0.90 +0.26

DNA content in CECs consisting of chondrocytes and tis-
sue-specific matrix from decellularized porcine cartilage
when they are indirectly co-cultured in Transwell cells.
On day 7, the least amount of DNA was found in sam-
ples with conditioned medium of hAT-derived MSCs,
while on day 14, all samples showed cell growth and,
consequently, increased amount of DNA. DNA amount
in the sample with conditioned medium of hAT-derived
MSCs was significantly higher than that of the control
(p <0.05).

On day 14 of culture, the differences between the
samples were insignificant, which may indicate a re-
latively similar effects of the conditioned medium of
different MSCs on chondrocyte proliferation in this ex-
periment.

Many research works have revealed the fundamental
role of MSC-derived secretome as an active ingredient
that can modulate cellular responses and signaling pa-
thways, thereby promoting tissue repair [31]. One of the
components of MSC-derived secretome is IL-6, a multi-
functional cytokine that is an important factor in various
physiological processes, including immune regulation,
hematopoiesis and inflammation, and also modulates cell
proliferation, differentiation and apoptosis [32].

To identify differences in cytokine secretion between
PPT-derived MSCs, hAT-derived MSCs and Wharton’s
jelly MSCs, the IL-6 levels in the conditioned medium
on days 1, 3 and 6 of culture were compared. So, on days
3 and 6 of culture, IL-6 levels in all samples were al-
most twofold higher (day 3: PPT-derived MSCs —3.89 +
0.31 ng/mL; hAT-derived MSCs —26.99 + 1.22 ng/mL,
Wharton’s jelly MSCs >70 ng/mL; day 6: 3.72 £ 0.44 ng/
mL, 22.08 = 3.71 ng/mL, and >70 ng/mL, respectively)
than on day 1 of culture (1.85 £ 0.07 ng/mL, 16.94 +
0.68 ng/mL, and >70 ng/mL, respectively). This confirms
active cell proliferation and secretion of active factors
over time.

Probably, the difference in the effect of conditioned
medium of MSCs isolated from different sources on hu-
man chondrocyte proliferation, as well as the difference
in IL-6 secretion, is mediated by the initial microenviron-
ment (niche) of MSCs. It is worth noting that MSCs are
found in many tissues of the body, but only MSCs from
bone marrow and adipose tissue have been widely stu-

died for the treatment of OA [12]. However, the number
of MSCs in bone marrow is small, it also decreases with
the age of the donor, and the cell collection procedure
is quite traumatic. In this regard, research has begun to
explore alternative sources of obtaining MSCs, including
dental pulp and umbilical cord-derived Wharton’s jelly.
Umbilical cord-derived Wharton’s jelly MSCs have been
shown to have a positive effect on the regeneration of
damaged hyaline cartilage in pigs [33]. Nowzari et al.
showed the regenerative potential of human dental pulp
MSCs and their secretome on a collagenase-induced OA
model in rats [34].

CONCLUSION

Thus, studies on the effect of a conditioned medium
of hAT-derived MSCs, PPT-derived MSCs and umbilical
cord-derived Wharton’s jelly MSCs on human chond-
rocyte proliferation in a 2D culture indicate that MSCs
have a possible regenerative potential for cartilage tissue
repair. Within the framework of this work, we did not
identify any significant differences in the effect of the
secretome of MSCs obtained from different sources on
chondrocytes in indirect co-culture. However, further in
vivo studies are warranted in the future.

The study was funded by the Russian Science Foun-
dation, grant No. 21-15-00251, https://rscf.ru/pro-
ject/21-15-00251/.
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Development of minimally invasive diagnosis techniques for complications in recipients, based on analysis of the
levels of molecular and genetic biomarkers, is an urgent task facing modern transplantology. Transforming growth
factor beta 1 (TGF-1), which has multiple effects in the body, among the potential indicators of complications.
Objective: to assess the diagnostic significance of serum TGF-B1 in kidney recipients with graft dysfunction.
Materials and methods. The study included 129 kidney recipients aged 17 to 68 years and 35 healthy subjects.
Serum TGF-B1 levels in the recipients were determined by immunoenzyme technique. Results. Kidney recipients
included 95 patients with laboratory and clinical signs of graft dysfunction, who underwent biopsy of the trans-
planted kidney, followed by morphological examination, and 34 recipients with normal graft function. Serum
TGF-p1 levels in the kidney recipients were significantly higher than in their healthy counterparts (p = 0.00001);
it did not correlate with most blood test parameters; with the glomerular filtration rate (GFR). Kidney recipients
with graft dysfunction had significantly higher TGF-B1 levels than other recipients (p = 0.018). In recipients with
graft dysfunction, morphological study revealed the following: acute tubular necrosis (ATN, n = 11), acute T-cell
mediated rejection (ACR, n = 26), acute antibody-mediated rejection (AMR, n = 35), non-immune-mediated
nephrosclerosis with signs of calcineurin inhibitor nephrotoxicity (CNI nephrotoxicity, n = 13), and recurrent
glomerulonephritis (chronic graft rejection, n = 10). Recipients with immune-mediated graft injury (ACR, AMR
and chronic rejection) had higher serum TGF-B1 levels than recipients with graft dysfunction resulting from
other causes, p < 0.0001. Kidney recipients with serum TGF-B1 levels above the threshold value of 94.3 ng/mL
had a higher risk of immune-mediated graft dysfunction than other kidney recipients (RR = 2.2 + 0.22 [95%
CI 1.46-3.46]) with 77.5% test sensitivity and 60.3% specificity. Conclusion. The calculated threshold serum
TGF-B1 level in kidney recipients can be considered as an auxiliary indicator of graft dysfunction resulting from
acute or chronic rejection.

Keywords: transforming growth factor beta, TGF-f1, kidney transplantation, graft dysfunction, diagnosis.

INTRODUCTION

Chronic kidney disease (CKD) has a high prevalence
worldwide and is among the leading diseases with pro-
found socioeconomic consequences [1]. Kidney trans-
plantation (KT) is a radical and the most effective treat-
ment for CKD [2].

Despite the high efficiency of KT, the risk of kid-
ney graft injury and dysfunction persists throughout
subsequent life. An objective method of verifying the

task [3]. Despite the obvious expediency of analyzing
biomarkers in the urine of kidney recipients, such tests
have not shown sufficient reliability for differentiating
the processes of extracellular matrix accumulation as-
sociated with chronic rejection.

The list of potential biomarkers of kidney graft injury
is constantly expanding and includes representatives of
microRNA families, cell-free DNA, protein molecules,
etc. [4]. There is a constant search for organ-specific
biomarkers that signal not only the development of pa-

pathology of a transplanted organ is biopsy, which is
associated with all the limitations and risks of invasi-
ve interventions. The development of the concept of
personalized methods of minimally invasive diagnosis
of complications in the posttransplant period based on
the analysis of the levels of molecular and genetic bio-
markers and their combinations seems to be an urgent

thology of the transplanted kidney, but also the nature
or degree of damage to the organ.

TGF-B1, which has multiple effects — it is involved
in the regulation of immune response, has anti-inflamm-
atory and immunosuppressive effects, and is involved in
the synthesis of extracellular matrix proteins [5]. TGF-B1
is a cytokine that promotes collagen production by fib-
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roblasts with subsequent structural changes in the graft
and the development of dysfunction [6].

Serum TGF-B1 level was found to be associated with
liver fibrosis in children with congenital hepatobiliary
abnormalities, and is also associated with the severity of
liver, kidney, and heart graft fibrosis [7].

Assessment of serum TGF-B1 level in kidney recipi-
ents can be of practical implications for optimizing the
diagnosis of complications in kidney recipients.

The aim of this work was to evaluate the diagnostic
significance of serum TGF-B1 levels in kidney recipients
with graft dysfunction.

MATERIALS AND METHODS

The study included 129 adult kidney recipients who
underwent allotransplantation from a related kidney al-
lotransplantation (RKAT) or cadaveric kidney allotrans-
plantation (CKAT) in the period from 1999 to 2022 at
Shumakov National Medical Research Center of Trans-
plantology and Artificial Organs. The number of selected
recipients included 95 with signs of graft dysfunction
that required unscheduled punch biopsy and 34 without
signs of graft dysfunction. The dysfunction criteria were
elevated creatinine and urea levels and proteinuria. The
comparison group consisted of 35 healthy individuals,
selected randomly and not differing significantly in terms
of age and gender from the recipients. In accordance
with the patient management protocol at Shumakov
National Medical Research Center of Transplantology
and Artificial Organs and the clinical guidelines of the
Russian Transplant Society, all recipients after KT un-
derwent routine examinations, which included a clinical
assessment of the condition, full blood count and blood
chemistry tests with determination of tacrolimus levels,
and graft biopsy.

Serum TGF-f1 levels were measured. Blood samples
were collected in disposable tubes, centrifuged, serum
was frozen and stored at —20 °C. The serum concentra-
tion of the biomarker was measured by enzyme immu-
noassay using specific reagent kits Human TGF-beta 1
ELISA Kit (RayBio®, USA) according to instructions.
Blood samples were collected for analysis of TGF-B1
levels on the day of biopsy and other routine laborato-
ry tests (full blood count, blood chemistry test, special
blood test).

The pathology was verified via morphological studies
of biopsy material. Graft glomerular filtration rate (GFR)
was calculated using the CKD-EPI formula, which con-
siders race, sex, age and serum creatinine level.

For comparative analysis of independent variables,
nonparametric statistics methods — Mann—Whitney U
test and Spearman correlation test — were used. Group
differences were considered significant at p <0.05. ROC
analysis was used to determine the diagnostic signifi-
cance of the biomarker and its threshold level. The main
diagnostic characteristics of the test were evaluated: re-

lative risk (RR), 95% CI limits, sensitivity, specifici-
ty, positive predictive value, negative predictive value,
and diagnostic efficiency. Statistical data processing was
performed using the Statistica v.13.0 program package,
StatSoftlnc (USA).

RESULTS

The study included 129 kidney recipients aged 17
to 68 years, including 62 (48%) males and 67 (52%)
females.

The major proportion of patients (78%) underwent
CKAT and the remaining 22% underwent RKAT. The
follow-up period for the recipients ranged from 2 to
4748 days (median, 345 days); 76% of the patients were
examined in the long term (>1 month since transplan-
tation). The main characteristics of the recipient group
are presented in Table 1.

Serum TGF-B1 levels in the individuals included in
the study varied widely, 92.38 [31.77; 129.70] ng/mL,
did not differ significantly between men and women (p =
0.37), and did not correlate with age (r=0.09; p=0.18).

TGF-B1 levels in kidney recipients were significant-
ly different and higher than in healthy individuals, p =
0.00001. A comparative analysis of TGF-B1 concentra-
tion in RKAT and CKAT groups showed no significant
differences (p = 0.32).

There was no significant correlation between TGF-p1
level and length of time (days) since transplantation (r =
0.137; p = 0.13); there were no significant differences
in TGF-B1 concentration in kidney recipients at early
(<30 days) and late (>30 days) periods after transplan-
tation (p = 0.47).

The relationship between TGF-B1 levels and the main
indicators of full blood count, blood chemistry test, spe-
cial blood test and urinalysis was studied (Table 2).

Correlation analysis showed that TGF-B1 level have
no association with most blood test parameters, as well as
with graft GFR, but there was a positive correlation with
platelet count (r = 0.206; p = 0.025) and a negative cor-
relation with aspartate aminotransferase (AST) activity
(r=-0.213; p=0.024). TGF-B1 levels were independent
of recipients’ serum tacrolimus level.

Evaluation of the association of serum TGF-B1 le-
vels with urinalysis parameters showed a strong positi-
ve correlation with red blood cell count (r = 0.354; p =
0.00001), white blood cell count (r = 0.245; p = 0.006)
and proteinuria (r =-0.280; p = 0.001).

Of all 129 patients included in the study, 95 patients
were categorized as “with graft dysfunction” and 34
were designated as “normal function” recipients based
on laboratory and clinical data. Graft function scores in
both groups are shown in Table 3.

Kidney recipients with graft dysfunction had signi-
ficantly higher levels of creatinine and urea, GFR and
proteinuria (p < 0.00001) than those without. Comparati-
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ve analysis of serum TGF-B1 levels in these groups also
showed significant differences (p = 0.0004).

Based on the results of morphological study of biopsy
specimens from recipients with graft dysfunction, the
following pathology variants were identified: ATN (n =
11) in the early post-transplant period, ACR (n = 26),
AMR (n =35), non-immune response interstitial fibrosis

with signs of calcineurin inhibitor nephrotoxicity (CNI
nephrotoxicity, n = 13), recurrent glomerulonephritis
(chronic graft rejection, n = 10). See Fig. 1.

A comparative analysis showed significantly high-
er TGF-PB1 levels in recipients with ACR (p = 0.0003),
AMR (p =0.002) and chronic rejection (p =0.001) com-
pared to recipients without dysfunction (Fig. 2).

Table 1
Basic characteristics of kidney recipients and healthy subjects included in the study
Indicator Kidney recipients Healthy individuals
Number, n 129 35
Male 62 (48%) 18 (52%)
0/
Gender, n (%): Female 67 (52%) 17 (48%)
Range 17 to 68 21 to 64
Age, years: Median 40 38
[Interquartile range] [33; 51] [26; 50]
. Deceased donor (CKAT) 101 (78%)
0, . —
Type of transplantation, n (%): Living-related donor (RKAT) 28 (22%)
. Normal function 34 (26%)
() . —
Graft function, n (%): Signs of graft dysfunction 95 (74%)
Range; 2t0 4748
Follow-up period, days: Median 325 -
[Interquartile range] [39; 1448]
. Early (<1 month) 31 (24%)
. %) —
Post-transplant period, n (%): Late (>1 month) 98 (76%)
Median 104.0 6.66
TGF-p1 level, ng/mL: [Interquartile range] [79.10; 138.80] [3.87; 17.45]

Table 2

Correlation of TGF-$1 levels with full blood
count, biochemical tests and urinalysis indicators
in kidney recipients

Indicator Spearman’s rank | Significance
correlation (r) level (p)
Full blood count
Hemoglobin (g/L) 0.037 0.689
White blood cells (10°/L) 0.075 0.496
Platelets (10°/L) 0.206 0.025
Blood chemistry test
Total protein (g/L) —0.115 0.234
Urea (mmol/L) 0.111 0.219
Creatinine (umol/L) 0.121 0.179
ALT (U/L) —0.095 0.355
AST (U/L) —0.246 0.015
Glucose (mmol/L) 0.102 0.308
Special blood test
GFR (mL/min/1.73 m?) —0.026 0.76
Tacrolimus (ng/mL) —0.044 0.630
Urinalysis
Red blood cells
(in the field of view) 0.354 0.00001
Leukocytes
(in the geld of view) 0.245 0.006
Proteinuria (g/L) 0.280 0.001

There were no significant differences in TGF-B1 le-
vels in ATN or CNI nephrotoxicity compared to recipi-
ents with normal graft function (p = 0.82 and p = 0.36,
respectively).

Kidney recipients with ACR, AMR and chronic re-
jection, in which immune processes play a leading role
in their development, were grouped under “immune me-
chanisms” of graft injury. The ATN and CNI nephrotoxi-
city group constituted the group with graft dysfunction,
labeled as “other processes”. A comparative analysis
of TGF-P1 levels and basic laboratory parameters of
kidney function in recipients with normal graft function
and dysfunction resulting from immune (ACR, AMR,
chronic rejection) and other processes (ATN, CNI ne-
phrotoxicity) was conducted.

In recipients with graft dysfunction resulting from
immune mechanisms, TGF-B1 levels were not only sig-
nificantly different from those in recipients with normal
function (p < 0.000) but were also higher than in dys-
function caused by other processes (p = 0.0007; Fig. 3).

At the same time, the level of classical renal function
parameters (creatinine, urea, proteinuria and GFR) did
not differ significantly between recipients with immune
and non-immune injury.
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Based on the results obtained, the diagnostic signi-
ficance of TGF-B1 level for identifying recipients with
graft dysfunction resulting from immune mechanisms
(ACR, AMR, chronic rejection) was assessed. The area
under the ROC curve was 0.721 £ 0.04 [95% CI 0.64—
0.80] and was significantly different from 0.5, p <0.001
(Fig. 4).

The threshold serum TGF-B1 level for detection of
kidney graft dysfunction arising from acute and chronic
rejection mechanisms was 94.3 ng/mL. Kidney recipients
with TGF-B1 levels exceeding this calculated threshold
had a 2.2-fold higher risk of acute or chronic graft re-
jection resulting from immune mechanisms detected on
morphological examination than other kidney recipi-
ents (RR =2.2 + 0.22 [95% CI 1.46-3.46] with 77.5%
sensitivity, 60.3% specificity, and 70.0% overall diag-
nostic performance of the test). The positive and negative
predictive values of serum TGF-f1 measurements for
identifying patients at high risk of immunological com-
plications after KT was 70.5% and 68.6%, respectively.

DISCUSSION

Active research in recent years in the field of bio-
chemistry, immunology and genetics has not only ex-
panded the understanding of the complex mechanisms
of interaction between the recipient body and the donor
organ, but also opened up additional opportunities for
the development of innovative approaches to improving
and predicting transplant outcomes. The mechanisms of
tolerance and rejection of a transplanted organ include a
whole set of complex immune processes [8].

One of the key milestones of transplantology was
marked by the discovery, in the middle of the last century,
of immunosuppressive drugs — calcineurin inhibitors —
which became the basis of therapy that prevents graft
rejection response [9]. At the same time, the need for
lifelong use of immunosuppressive drugs comes with a
number of negative effects, among which the nephroto-
xic effect, the so-called CNI nephrosclerosis, especially
critical for kidney recipients, is the main one. The risk
of developing cellular and humoral rejection persists

Table 3

Comparative analysis of laboratory parameters in recipients with and without graft dysfunction
Indicator Normal function Graft dysfunction Significance level (p)
Creatinine, pumol/L 85.30 [71.50; 95.00] 250.05 [160.76; 425.23] <0.00001
Urea, mmol/l 7.69 [6.20; 8.80] 19. 88 [12.86; 28.10] <0.00001
Proteinuria, g/L 0.03 [0.03; 0.04] 0.14 [0.04; 0.40] <0.00001
GFR, mL/min 81.30 [68.50; 100.00] 20.80 [11.35; 36.50] <0.00001
TGF-B1, ng/mL 86.41 [69.48; 109.70] 111.40 [87.06; 145.15] 0.0004

Fig. 1. Image of kidney biopsy specimens with H&E stain: (a) Normal, Masson’s Trichrome stain x40; (b) Acute tubular
necrosis (ATN), PAS stain x100; (c) Acute T-cell mediated rejection (ACR), PAS stain x100; (d) Acute antibody-mediated re-
jection, transplant glomerulopathy (AMR), PAS stain x200; (e) Interstitial fibrosis in CNI nephrotoxicity, Masson’s Trichrome
stain x40; (f) Recurrent glomerulonephritis (IgA nephropathy)
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throughout the life of the recipient. Repeated episodes of
rejection lead to its chronic form with subsequent fibrosis
and functional remodeling of the graft [10].

Kidney transplant injury is verified by morphologi-
cal analysis of biopsy samples. However, the diagnostic
value of this analysis is limited by the risk of taking an
uninformative area of tissue, and the decision to perform
an unscheduled biopsy is often made in the presence of
a clear clinical picture of reduced renal function [11].
Studies on immune mechanisms of graft injury and
improvement of diagnostic methods using minimally
invasive laboratory technologies will allow not only to
identify effective biomarkers of graft pathology at the
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early stage of complications, but also to consider them
as a target for therapy.

Many studies have shown that TGF-B1 has a bright
prospect as a marker for CKD [12]. Mediators of the
TGF-B1 biological functions are Smad signaling pa-
thways, including both Smad3, which is involved in
the pathogenesis of kidney injury and fibrosis [13], and
Smad2 and Smad7, which have a nephroprotective ef-
fect. These explain the ambiguity of data published by
different authors on the role of TGF-B1 in kidney trans-
plantation [14].

Considering our own and published data on the va-
riability of the diagnostic and prognostic potential of
TGF-B1 in solid organ recipients [7], this work was
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Fig. 2. Comparative analysis of serum TGF-B1 levels in kidney recipients with and without graft dysfunction of different
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Fig. 3. Comparative analysis of TGF-B1 levels in kidney recipients with normal graft function, with immune-mediated graft
dysfunction (acute cellular, humoral and chronic rejection), and with other processes (acute tubular necrosis, CNI nephroto-

xicity)
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Fig. 4. ROC curve of serum TGF-B1 levels in kidney recipi-
ents with immune-mediated graft dysfunction

aimed at studying the diagnostic value of TGF-B1 in
recipients with renal transplant dysfunction.

The study results showed that kidney recipients with
serum TGF-B1 levels above 94.3 ng/mL had a 2.2-fold
higher risk of acute or chronic rejection than other kidney
recipients. In turn, differentiation of acute and chronic
rejection requiring different approaches to therapy is
possible by morphological examination.

Data on the association of high serum TGF-B1 levels
with the presence of immune-mediated kidney graft in-
jury are consistent with the results of foreign colleagues
who showed higher TGF-$1 levels in kidney recipients
with chronic rejection in comparison with recipients
without rejection in the long term after transplantation
[15]. However, it is worth noting that all patients had
a history of several episodes of acute rejection, which
allowed the authors to characterize TGF-B1 only as a
marker for chronic rejection. In the present study, we
have shown a significantly higher level of TGF-B1 in
kidney recipients with acute rejection and in the early
stages after transplantation, which allows us to count on
the prospects of its use for identifying patients at risk of
immune-mediated complications starting from the first
days after KT.

Numerous animal experiments described by foreign
authors demonstrate TGF-B1 participation in kidney in-
jury mechanisms, as well as the association of increased
TGF-B1 expression with decreased GFR, signs of tubular
necrosis and fibrosis [16]. The positive correlation bet-
ween TGF-B1 level and proteinuria (r = 0.280; p=0.001),
which we found, seems to be very significant taking into
account the results of experiments by Kasuga et al., who
managed to reduce the level of proteinuria in rats with
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glomerulonephritis by administering TGFBRII receptor
antibodies [17]. This suggests that TGF-f1 can be used
as a target for therapy. In another study by Du X.X. et
al., serum TGF-B1 level was found to correlate with GFR
and nephrograft survival period [18], which indicates a
probable influence of a number of associated factors on
TGF-pB1 level that require additional study.

A study by Sugimoto et al. showed that in mice, mor-
phogenic protein BMP, a member of the TGF-f superfa-
mily, acts as an antagonist of TGF- signal transduction,
and oral administration of its agonist (THR-123) inhibits
renal fibrosis [19]. Another activator of TGF-f signaling
is thrombospondin-1, whose inhibition in mice, accor-
ding to Sun et al., resulted in activation of angiogenesis
and reduction of renal fibrosis in mice [20]. In a model of
KT in rats, administration of the anti-inflammatory drug
pirfenidone, which targets TGF-p, resulted in attenuation
of inflammation and renal fibrosis [21].

In an experimental work by Border et al., an attempt
was made to inhibit the process of fibrosis in glome-
rulonephritis by administering antibodies to TGF-B1
[22]. The experiments resulted in effective suppressi-
on of extracellular matrix protein accumulation, which
was confirmed by histological studies [23]. Therapeutic
use of TGF-PB1 inhibitors is not yet possible due to the
ambiguous role of the latter in tissue homeostasis and
regeneration, which manifests both pro- and antifibrotic
effects. It is suggested that the combination of antifibrotic
therapy with protection of the tubular epithelium may be
very promising [24].

The development of acute and chronic rejection based
on immune mechanisms, contributes to accelerated for-
mation of graft fibrosis [25]. Early detection of graft
dysfunction is crucial for renoprotective treatment and
can positively influence transplant outcomes.

Predicting allograft survival remains challenging, but
a combination of clinical data and studies of potential
biomarkers of the pathology can improve diagnostic ac-
curacy. To date, several potential antifibrotic strategies
have been identified, but no specific drug has yet been
approved for the treatment of kidney transplant recipients
because of the complexity of the cascade of pathologic
processes in fibrosis and the intersection of many signa-
ling pathways that mutually influence and compensate
each other.

There is a need to develop ancillary minimally in-
vasive diagnostic technologies, biomarkers to predict
long-term outcome of transplantation or to differentiate
fibrosis resulting from causes of different nature [26].

In the present study, a threshold serum TGF-B1 level
in kidney recipients was calculated to identify patients
at high risk of acute or chronic rejection who were re-
commended for unscheduled biopsy.
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TGF-B1 involvement in the development of transplanted
kidney pathology are subject to further in-depth study.

The authors declare no conflict of interest.
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A RARE CASE OF ACUTE DESTRUCTIVE PANCREATITIS
IN A PATIENT WITH CHRONIC KIDNEY DISEASE

ON PERITONEAL DIALYSIS:

DIAGNOSTIC AND TREATMENT CHALLENGES

V.A. Stepanov, O.N. Vetchinnikova
Vladimirsky Moscow Regional Research and Clinical Institute, Moscow, Russian Federation

Patients with chronic kidney disease are susceptible to developing acute pancreatitis. We present a rare clinical case
of acute pancreatitis with the formation of pancreatic necrosis in a patient on peritoneal dialysis (PD), debuted with
PD-associated peritonitis. On hospitalization, there were no diagnostic criteria for acute pancreatitis; treatment
for dialysis peritonitis was ineffective. Repeated ultrasound examination revealed signs of diffuse changes in the
pancreas and multi-chamber formation of the small pelvis. Refractory peritonitis, inadequate ultrafiltration, and
unclear nature of formation in the pelvic were the grounds for diagnostic laparoscopy and removal of the perito-
neal catheter. Abdominal inspection revealed spots of stearin necrosis over the entire surface of the peritoneum
and the greater omentum; in the pelvis there were adhesions between the uterus and the rectum. Development
of pancreonecrosis was confirmed by abdominal CT scan. Treatment of acute pancreatitis was without effect,
type 2 myocardial infarction developed, and with increasing symptoms of multiple organ failure, death occurred.
Possible reasons for the development of destructive pancreatitis and the features of its course in the PD patient
are discussed. Caution is necessary regarding this disease when dialysis peritonitis occurs.

Keywords: acute pancreatitis, peritoneal dialysis-associated peritonitis, continuous ambulatory peritoneal

dialysis, chronic kidney disease.

INTRODUCTION

PD is a universally recognized method of renal repla-
cement therapy (RRT) for stage 5 chronic kidney disease
(CKD). In Russia, the PD program started in 1995 and
over the past decades, thousands of CKD patients have
received and are receiving treatment with this method
[1]. PD patients are exposed to a variety of homeostatic
disorders and complications peculiar to CKD and caused
by the PD technique itself. Acute pancreatitis (AP) is one
such rare but life-threatening complication.

The first description of two cases of AP in PD patients
dates to 1985, and the authors suggested that the disease
was a complication of PD [2]. AP incidence and severity
in CKD patients, including those receiving replacement
therapy (dialysis), remain unknown. Between 1985 and
2011, only 94 cases with 133 AP episodes in PD patients
were reported [3]. In subsequent years, only single cases
of AP in patients with CKD, including those who have
undergone kidney transplantation, have been published
[4, 5]. It is now generally recognized that patients with
pre-dialysis and dialysis CKD are at higher risk of de-
veloping AP than the general population. There are also
indications that AP is more common in CKD patients
undergoing PD than hemodialysis (HD) patients, alt-
hough not all researchers agree with this statement [6—8].

The duration of the PD program before the develop-
ment of the first episode of AP varies, ranging from a
few months to several years [3]. One of the first national
studies of the incidence and severity of AP, based on the
results of a questionnaire survey of dialysis centers in
Germany, found a significantly higher incidence com-
pared to the general population. Comparison of the two
groups of dialysis patients showed that AP was more
common in the PD group (266 per 100,000 per year, 67
per 100,000 per year in HD patients, 19.7 per 100,000
per year in the general population) and more severe,
with half of them developing pancreonecrosis. Consi-
dering the methodology of the study, the authors do not
exclude a higher incidence of AP among dialysis pati-
ents [8]. Analysis of the incidence and severity of AP in
67,078 patients with end-stage renal disease, who initi-
ated dialysis between 1999 and 2007 in Taiwan, found
that the cumulative incidence rates of AP were 0.6, 1.7,
2.6,3.4,and 4% at 1, 3, 5, 7 and 9 years, respectively;
patients on HD and PD had an AP incidence of 5.11
and 5.86 per 1000 person-years, respectively. Severe AP
occurred in 44.9% of the HD patients and in 36% of the
PD patients. According to the authors, CKD patients on
PD were at a higher risk for AP than those on HD [9].

PD patients may have the same causes of AP as the
general population [10, 11]. However, they have many
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additional factors that make the pancreas highly suscepti-
ble to inflammation [ 3, 12]. First, autopsies have revealed
an increased prevalence of structural pancreatic abnor-
malities in deceased patients who had been on HD for
a long time. Second, these patients exhibit a variety of
metabolic disorders accompanying CKD (hyperglyce-
mia, hypercalcemia, hypertriglyceridemia, etc.), whose
involvement in the genesis of AP has been documented.
Finally, the PD modality itself may predispose the patient
to AP. Various explanations have been proposed for the
negative impact of the PD procedure on the pancreas,
but the question of whether this modality increases the
risk of the disease remains open and controversial. Fig. 1
shows the main pathophysiologic mechanisms of AP
development in CKD patients undergoing PD.

AP diagnosis in PD patients is difficult due to the
presence of CKD and the peculiarities of the dialysis
modality. In particular, the diagnostic accuracy of blood
amylase enzyme activity is limited. This is because in
CKD, increased blood amylase resulting from decreased
urinary excretion is more common than in the general
population, and the use of glucose polymer icodextrin
in the PD program, on the contrary, decreases the acti-
vity of this enzyme. Often the development of AP in PD

patients is masked by the clinical and laboratory picture
of PD-associated peritonitis [3, 12].

The surgical community has witnessed a clear trend
towards an increase in the frequency of the destructive
form and the development of complications of AP in the
general population over the past few years and the ab-
sence of a marked decrease in overall and postoperative
mortality in this pathology, despite the use of modern
detoxification techniques, development of new surgical
intervention methods, and improvement in drug therapy
[13]. Mortality from AP in the dialysis patient population
is high, 8-58%; risk factors include severe disease, male
gender, elderly age, and diabetes mellitus [3, 7-9, 12].

We present a rare clinical observation of the deve-
lopment of the first episode of AP with the formation
of pancreatic necrosis in a CKD patient on PD, which
debuted with PD-associated peritonitis and caused dif-
ficulties in early diagnosis and treatment.

CLINICAL CASE REPORT

1. Diagnosis and treatment of peritoneal
dialysis-associated peritonitis

Patient V., female, 59 years old, was admitted to
the intensive care unit for emergency indications with

Chronic kidney disease
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Peritoneal dialysis
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Structural abnormalities
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* Local irritant effect
* Local hypercalcemia
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Fig. 1. Pathophysiologic mechanisms of acute pancreatitis in patients with chronic kidney disease on peritoneal dialysis treat-

ment [3, 11, 12]
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complaints of sharp abdominal pain without clear lo-
calization.

The patient has, for a long time, been suffering from
CKD resulting in chronic glomerulonephritis (without
histological verification). Renal replacement therapy
(PD) has been ongoing for three years. A day before
admission to the hospital, sharp abdominal pain without
clear localization occurred and the dialysis solution tur-
ned cloudy.

Life history without peculiarities. Epidemiological
anamnesis was absent. Harmful habits denied. Past di-
seases: childhood infections, acute respiratory diseases,
and COVID-19 in 2021. No episodes of PD-associated
peritonitis were recorded.

The patient was conscious, correctly oriented in place
and time. Normosthenic physique, satisfactory nutriti-
on. Skin and mucous membranes are of normal color,
no peripheral edema. Respiratory rate 16/min, vesicu-
lar on auscultation. Heart rate 75/min, blood pressure

120/70 mmHg. The abdomen was not enlarged in size,
was symmetrical, and participated in the act of breathing
to a limited extent. On palpation, the abdomen was tense,
more in the lower parts. There was pain, predominantly
in the hypogastrium. Positive symptoms of peritoneal
irritation. The liver was not enlarged. The external part
of the dialysis catheter was located to the right of the
umbilicus, the skin around it was not changed. Stool
without pathologic impurities. Rectal examination: pe-
rianal area without changes, ampulla was empty; there
was a trace of light brown feces on the glove. Kidneys
were not palpable. Anuria.

The patient was undergoing PD in a continuous
outpatient PD mode, 8 l/day (4 exchanges of 2 | each)
solutions Physioneal (6 1) and Icodextrin (2 1). The PD
program was adequate, he denied having episodes of
PD-associated peritonitis and other complications.

The results of laboratory and instrumental examina-
tions on the day of admission are presented in Table 1.

Table 1

Results of laboratory and instrumental examination of patient V. upon admission to the intensive care unit

Method

Result

Complete blood count
89.5%, platelets 288 x 10%/1.

Red blood cells 3.7 x 10'%/1, hemoglobin 123 g/1, white blood cells 16.5 x 10%/1, neutrophils

Biochemistry blood test

ALT 14 U/L, AST 12 U/L, alpha-amylase 87 U/L (norm 25-125), glucose 5.5 mmol/L,
urea 14.8 mmol/L, creatinine 836 umol/L, bilirubin (total) 5, 2 umol/L, C-reactive protein
288 mg/L, procalcitonin >2 ng/L, fibrinogen 6.8 g/L, aPTT 31.6 s, prothrombin time 17.7 s.

Antibodies to Coronavirus
(SARS-CoV-2)

IgM 3 (norm <2), IgG 446 (norm <10)

Dialysis fluid analysis

The color is grayish yellow. Cytosis 7128 (x10° per L), neutrophils 94%, lymphocytes 2%,
monocytes 4%, erythrocytes 36 x 10%/L

Abdominal ultrasound
imaging

echogenicity is average.

changes in the liver and pancreas

Intestinal pneumatization. The liver is not enlarged. The contours are clear and even.
Echogenicity is increased. Sound conductivity is not reduced. The structure is homogeneous.
Focal formations are not visualized. Intrahepatic bile ducts are not dilated. The portal vein and
hepatic veins are not dilated and are passable.

Gallbladder is not enlarged, 64 x 20 mm, the walls are not thickened 2 mm, homogeneous,
anechogenic content in the cavity. No paravesical infiltration was revealed. The
hepaticocholedochus is not dilated — 6 mm, located fragmentarily.

The pancreas is visualized fragmentarily, head 25 mm, body 19 mm, tail 22 mm. Echogenicity
is increased in the areas accessible for examination, the structure is homogeneous without
focal changes. Wirsung duct is not dilated. Peripancreatic tissue is not infiltrated.

Spleen is not enlarged, contours are smooth, structure is homogeneous without focal changes,

Intestinal loops are not dilated, walls are not thickened, they are peristaltic.

Free fluid is visualized in all sections. In the right subphrenic space 18 mm thick, in the
subhepatic space 30 mm thick, in the subphrenic area on the left 15 mm thick, near the spleen
15 mm thick, along the lateral canals 40 mm thick, in the lesser pelvis 60 mm thick.
Conclusion. Echo signs of free fluid in the abdominal cavity (peritoneal dialysis) and diffuse

Chest X-ray

even. Sinuses are free.

A chest X-ray in direct projection did not reveal focal or infiltrative shadows. The pulmonary
pattern is not changed. The roots of the lungs are structural and not expanded. The heart
shadow and mediastinum are not expanded. The contour of the diaphragm dome is clear and

Abdominal Plain
radiography

There were no signs of violation of the integrity of the hollow abdominal organ. Single
horizontal fluid levels in the intestinal lumen are determined.

Electrocardiography

Sinus rhythm. Heart rate 80 beats/min. PQ 0.12; QRS 0.08; QT 0.35. Deviation of the
electrical heart axis to the left. Block of the left anterior branch of the bundle of His.

Dialysis solution sent for microbiological examination
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Based on the results of clinical and laboratory exa-
mination, the patient was diagnosed with PD-associated
peritonitis. The following antibacterial and symptomatic
therapy was prescribed.:

—  Ampicillin / Sulbactam (1000 mg + 500 mg) intrave-
nously, 3 times a day;

— Cefepin 500 mg (intraperitoneally) into dialysis so-
lution, 4 exchanges per day;

— Sodium chloride 0.9% 1000 ml intravenously, 2 times
per day;

— Tramadol 100 mg intramuscularly (as indicated).

Three days later, the patient’s condition improved
slightly. The intensity of pain became less with locali-
zation in the umbilical region. Body temperature was
normal. Pastosity appeared on the legs and eyelids.
Lungs and heart without changes, BP 125/80 mm Hg.
The abdomen participated in the act of breathing, soft
on palpation. Local abdominal tension was determined
in the peri-umbilical region, and there was limited pain
on palpation. Symptoms of peritoneal irritation were
negative. Stools tended to be constipated, brown in color.
Turbidity of the dialysis solution became a little less, but
there was no full transparency. The result of bacteriolo-
gical examination of the dialysis solution was that there
was no microflora growth. Leukocytosis, high level of
C-reactive protein and procalcitonin remained (Table 2).
Systemic antibacterial therapy was changed. tigecycline
100 mg intravenously twice a day was prescribed; in-
traperitoneal administration of cefepime 1.0 g at each
exchange, infusion and symptomatic therapy (enoxa-
parin sodium 4000 anti-Xa 1U subcutaneously, once a
day, rabeprazole 20 mg intravenously once a day) were
continued. The PD program was increased to 10 L/day
(2 liters, 5 exchanges).

In the following days, the patient’s condition remai-
ned severe with negative dynamics. Moderate pain in the
umbilical region persisted. There were no symptoms of
peritoneal irritation. A persistent syndrome of systemic
inflammatory reaction was registered: blood leukocyto-
sis with a shift of the leukocytic formula to the left, high
concentrations of C-reactive protein and procalcitonin,
although the level of the latter became lower. There was
decreased total protein, increased hepatic transaminase
activity by one and a half times and alpha-amylase ac-
tivity by two times, and hypokalemia. The PD programs
were inadequate for ultrafiltration (negative despite the
correction performed). Dialysis solution remained tur-
bid (on repeated negative cultures) with high leukocyte
titers (Table 2).

The intraperitoneal antibiotic was changed to vanco-
mycin 1.0 g twice a day and imipenem/cilastatin 500 mg
three times a day.

Esophagogastroduodenoscopy and dynamic ultra-
sound imaging (DUI) of the abdominal cavity and lesser
pelvis were performed. Conclusion of esophagogastro-
duodenoscopy: superficial gastritis;, hemorrhagic duo-

denitis, axial cardiac hiatal hernia. Conclusion of ult-
rasound imaging of abdominal cavity and lesser pelvis:
Echo signs of free fluid in the abdominal cavity (perito-
neal dialysis), diffuse changes in the liver, pancreas and
multi-chamber pelvic mass (in the projection of uterine
appendages) with total dimensions of 90 x 45 mm.

Table 2

Dynamics of laboratory parameters of patient V.
before diagnostic laparoscopy and removal
of the peritoneal catheter

Parameter Hospital stay
Day 3 Day 8
Complete blood count
Red blood cells (x10'%/L) 3.65 3.44
Hemoglobin (g/L) 121 109
White blood cells (x10°/L) 10.4 13.5
Band neutrophils (%) 7 2
Segmented neutrophils (%) 80 83
Platelets (x10°/L) 246 257
Biochemistry blood test
Total bilirubin (umol/L) 4.2 54
— direct bilirubin (pmol/L) 24 2.6
— indirect bilirubin (umol/L) 1.8 2.8
Glucose (mol/L) 4.8 5.4
ALT (U/L) (norm 5-34) 12 46
AST (U/L) (norm 5-31) 13 47
Alpha-amylase (U/L
(norm 25125 ©b 70 249
Total protein (g/L) 61 41
Alkaline phosphatase (U/L) 95 152
C-reactive protein (mg/L) 317 99
Procalcitonin (pg/L) >10 7
Creatinine (umol/L) 764 730
Urea (mmol/L) 17.3 23.5
Triglycerides (mmol/L) 1.7 -
Parathyroid hormone (pg/mL) 287 —
Blood electrolytes
Sodium (mmol/L) 130 132
Potassium (mmol/L) 4.0 3.6
Ionized calcium (mmol/L) 1.31 1.25
pH 7.39 7.24
Bicarbonate (mmol/L) 24 23
Dialysis solution analysis
Color Purulent Yellow
Transparency Turbid Incomplete
Cytosis (cl. x10%L) 5076 318
Red blood cells (cl. x10%L) 4 227
Neutrophils (%) 96 74
Monocytes (%) 2 2
Lymphocytes (%) 2 24
Baserlogied saminin | oty | No growt
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2. Diagnosis and treatment of acute
pancreatitis

There were no changes in the patient’s condition
against the background of complex conservative treat-
ment. PD-associated peritonitis had a refractory course.
The PD program was inadequate for ultrafiltration (ne-
gative). The nature of the pelvic mass was not clear ac-
cording to DUI results. A decision was made to perform
diagnostic laparoscopy [10] and remove the peritoneal
catheter with transfer of the patient to HD.

Operation protocol. Abdominal revision revealed no
damage to the hollow organs; fibrin threads and stearin
necrosis spots were found on the entire surface of the
peritoneum and the greater omentum. The latter was
vitreous edematous, with areas of bluish tint in the trans-
verse colon area (Fig. 2). Intraoperative biopsy of the
most altered area of the greater omentum was performed
(histological examination showed fibrous-fatty tissue
with necrosis).

In the pelvic area, large serous cysts of both ovaries
and adhesions between the uterus and a section of the
rectum were detected (Fig. 3). There was a myomatous
nodule on the uterus with a diameter of 3 cm. The abdo-
minal cavity had residual turbid dialysis solution. The
intestines were slightly distended, peristalsis was pre-
sent. The abdominal cavity was washed with antiseptic

solution, sanitized, fibrin was removed as much as pos-

sible. The peritoneal catheter was isolated and removed

from a separate incision 3 cm above the projection of
the internal cuff.

Laparoscopy results, as well as the negative dynamics
of laboratory parameters (increasing leukocytosis, le-
vel of C-reactive protein, liver enzymes, alpha-amylase)
before the operation, indicated acute destructive pan-
creatitis in the patient. In the postoperative period, ab-
dominal CT scan was performed with bolus intravenous
injection of 100 ml of Ultravist 370 at the rate of 4 ml per
second. Conclusion. Postoperative condition. CT signs
of peripancreatic cell thickening (parapancreatitis) and
infiltrative changes in the retroperitoneal tissue in all
sections with a tendency to the formation of delimited
fluid accumulations:

— along the posterior layer of the perirenal fascia on the
right side with a layer up to 11 mm thick, approximate
dimensions 38 x 68 mm;

— along the anterior layer of the perirenal fascia on the
right side with a layer up to 20 mm thick, approximate
dimensions 63 % 154 mm;

— along the lateral surface of the ascending colon with
a layer up to 23 mm thick, approximate dimensions
64 x 131 mm;

— in the area of the greater omentum on the right side
with approximate dimensions of 42 x 137 x 89 mm;

Fig. 2. Foci of stearin necrosis in the greater omentum during diagnostic laparoscopy in patient B.

-

Fig. 3. Adhesions between the uterus and Intestine during di-
agnostic laparoscopy in patient B.

— in the perinephric cellular tissue on the left side with
a layer up to 30 mm thick, approximate size 61 %
64 mm;
— along the greater curvature of the stomach body with
a layer up to 35 mm thick, approximate dimensions
53 x 53 mm.
The patient was transferred to the intensive care unit
for further treatment. On day 2 after surgery, she was
bothered by pain in the postoperative wound area. The
patient’s general condition remained severe. Indicators
of the system of integral assessment of the severity of
the condition: APACHE II 16 points, SOFA 5 points. The
patient was correctly oriented in space, time and person;
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fully conscious, Glasgow Coma Scale: 15 points. Skin
is pale, with normal moisture and reduced turgor. The
lower limbs are pasty. Body temperature 36.5 °C. Brea-
thing spontaneously; FI10,: 21%, SPO,: 94%. Respira-
tory rate: 18/min. On auscultation, breathing is rigid,
no wheezes. Heart sounds are rhythmic, heart rate 90/
min, blood pressure 110/60 mmHg. The abdomen was not
swollen, participated in the act of breathing, soft on pal-
pation, painful in the postoperative wound site; sluggish
intestinal peristalsis was heard on auscultation, there
were no symptoms of peritoneal irritation. In the area
where the central vein catheter was installed, there were
no signs of inflammation. The postoperative dressing was
dry. There was 500 ml of serous-hemorrhagic discharge
through the drainage. At laboratory examination, pro-
nounced blood leukocytosis with a shift of leukocytic

formula to the left, high levels of C-reactive protein and

procalcitonin were all still present, increased blood bi-

lirubin and severe hypoalbuminemia were noted; blood

enzymes returned to normal levels (Table 3).
The patient continued multicomponent therapy, which

included:

— Daily hemofiltration sessions;

— Intravenous administration of antibiotics (Linezolid
1.2 g/day, Imipenem 1.0 g/day);

— Infusion therapy;

— Correction of hypoalbuminemia (albumin 25%
100 ml/day intravenously);

— Anti-ulcer and gastroprotective therapy (Rabeloc
20 mg/day intravenously);

— Parenteral nutrition (Dipeptiven 100 ml intravenous-

y);

Table 3
Dynamics of laboratory parameters of patient V. after diagnostic laparoscopy
Mertoauka UccIen0BaHUS After diagnostic laparoscopy and peritoneal catheter | After sanitation
removal re-laparoscopy
Day 2 Day 5
Complete blood count
Red blood cells (x10'%/L) 34 2.4 33
Hemoglobin (g/L) 111 79 98
White blood cells (x10°/L) 28.2 16.6 19.2
Neutrophils (%) 91 86 90
Platelets (x10°/L) 71 150 70
Biochemistry blood test
Total bilirubin (umol/L) 31.7 414 24.7
— direct bilirubin (pmol/L) 14.1 9.1 6.5
— indirect bilirubin (umol/L) 17.6 324 18.2
Glucose (mol/L) 4.4 2.7 2.1
ALT (U/L) (norm 5-34) 11 12 20
AST (U/L) (norm 5-31) 40 44 33
Alpha-amylase (U/L) (norm 25-125) 60 45 73
Albumin (g/L) 16.6 30 31
Alkaline phosphatase (U/L) (normal 30-112) - 264 -
C-reactive protein (mg/L) 303 240 147
Procalcitonin (ng/L) 27 560 167
aPTT (s) 52.3 52.1 41.2
Prothrombin timem (s) 31.0 24.1 14.3
Fibrinogen (g/L) 43 3.1 1.9
Creatinine (umol/L) 449 539 275
Urea (mmol/L) 13.8 19.6 22.8
Blood electrolytes
Sodium (mmol/L) 128 128 131
Potassium (mmol/L) 4.0 4.5 4.7
Ionized calcium (mmol/L) 1.21 1.12 0.93
pH 7.23 7.21 7.34
Bicarbonate (mmol/L) 20 17 15
Microbiological examination
Blood No growth No growth
Streptococcus viridans Streptococcus viridans
Sputum 10*/mL Sensitivity: aztreo- | 10%mL Sensitivity: aztreo-
nam, amikacin, imipenem nam, amikacin
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— Correction of blood electrolyte composition (intra-
venous injection of potassium chloride 4%);

— Correction of anemia (Erythropoietin 2500 [U/day,
subcutaneously),

— Pain therapy (tramadol 200 mg/day, ketoprofen
200 mg/day, intravenously);

— Anticoagulant therapy (enixum 0.4 ml/day, subcuta-
neously);

— Treatment aimed at optimizing the gastrointestinal
tract (metoclopramide 2.0 ml 3 times a day, intrave-
nously).

On day 5 after diagnostic laparoscopy (day 14 of
hospitalization), the patient s condition was severe with
negative dynamics. Increased abdominal pain was noted.
Fully conscious, oriented in space, time and person,
Glasgow coma scale: 15 points. Indicators of the system
of integral assessment of the severity of the condition:
APACHE II 20 points, on the SOFA 8 points. The skin is
earthy. No peripheral edema. Body temperature 36.1 °C.
Spontaneous breathing: FIO,: 21%, SPO,: 98%. Respi-
ratory rate 18/min. Auscultatory respiration was vesi-
cular, no wheezing. Heart sounds were clear, rhythmic.
Heart rate 93/min. Blood pressure 104/68 mmHg. The
abdomen was distended, soft on palpation, painful in the
postoperative wound area. Peristalsis was sluggish, stool
was single. Anuria. Postoperative wound dressings were
dry and clean. The skin in the area where the main vein
catheter was installed was without signs of inflammation.
Laboratory examination showed that blood leukocytosis
with a shift in the leukocyte formula was reserved and
there were high levels of acute-phase proteins; a further
increase in bilirubinemia and an increase in alkaline
phosphatase activity were noted (Table 3). Increased
abdominal pain, increasing intensity of bilirubinemia
and systemic inflammatory response syndrome were in-
dications for performing sanitation re-laparoscopy and
abdominal revision [10].

Operation protocol. At abdominal revision, plaques
of stearin necrosis and fibrin threads were noted in all
sections, 4000 mL of clear effusion was removed (no
growth was detected at microbiological examination),
sanitation and drainage of focal fluid accumulations in
the parapancreatic region were performed, the abdo-
minal cavity was sanitized with saline solution, silicone
drains were installed in the left subphrenic and subhe-
patic spaces, in the lesser pelvis.

In the postoperative period, the patient’s condition
remained very severe. A day after the second opera-
tion, blood pressure reduced, and vasotropic support
with noradrenaline 0.2 mcg/kg/min was initiated. ECG
showed signs of ischemia in the subendocardial layers
of the myocardium of the anterolateral wall of the left
ventricle. Echocardiography revealed impaired local
contractility — hypokinesis of the apical anterior and sep-
tal segments of the left ventricle. Laboratory examination
revealed an increase in cardiac-specific enzymes: total

creatine phosphokinase 1896 U/L (norm 26—192), MB
fraction of creatine phosphokinase 37 U/L (norm 0.0—
24.0), lactate dehydrogenase 830 U/L (norm 81-234),
troponin I 21999.9 pg/mL (norm 8.4—18.3). Given the
results of laboratory and instrumental examination, the
patient was diagnosed with type 2 myocardial infarction.
With increasing symptoms of multiple organ failure, the
patient died on day 18 of inpatient treatment.

At pathological autopsy, there were many gray-yellow
curd-like foci of steatonecrosis on the peritoneum and
in the omental tissue; the pancreas was yellow-gray in
color, flabby consistency with obliterated lobular pattern
and many dirty-yellow curd-like foci of steatonecrosis
(histological examination shows extensive foci of ste-
atonecrosis with focal leuko-lymphocytic infiltration);
tissue around the gland is dirty gray in color, structure-
less, with many foci of steatonecrosis. The myocardium
was red-brown in color with uneven blood filling with
a pronounced clayey tinge (histological examination
revealed diffuse and perivascular layers of connective
tissue, uneven hypertrophy and contracture damage in
cardiomyocytes, lipofuscin deposition in cardiomyocytes,
vascular congestion, focal large-droplet fatty dystrophy).

DISCUSSION

The presented case report demonstrates the difficul-
ties of clinical diagnosis of AP in a CKD patient on PD
replacement therapy. According to the revised Atlanta-92
classification and national clinical guidelines for AP, the
diagnosis of the disease requires two of the following
three features [10, 14]:

1. Characteristic abdominal pain syndrome (intense
persistent pain localized in the epigastrium, often
radiating to the back);

2. Increased blood amylase and/or lipase activity ex-
ceeding the upper limit of the norm by three or more
times;

3. Characteristic signs on CT/magnetic resonance ima-
ging or transabdominal DUI.

At admission and during the first few days of hospita-
lization, none of the listed diagnostic criteria of AP was
determined in our patient. The disease started with abdo-
minal pain, but the pain did not have a clear localization
and irradiation, there was no vomiting, at palpation the
pain and slight muscle tension were localized mainly in
the hypogastrium. Blood amylase activity was normal,
although, as mentioned above, this situation is acceptable
because the patient used a dialysis solution containing
glucose polymer. Abdominal DUI revealed only diffuse
changes in the pancreas and no characteristic symptoms.
However, as is known, the diagnostic information value
of DUI in AP is limited due to the special topography of
the pancreas, as well as in the early stage of the disease.
In our patient, the study was performed without remo-
val of the dialysis solution from the abdominal cavity,
which could also affect the results obtained. Thus, at the
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time of admission and during the first week of hospita-
lization, clinical and laboratory symptoms — abdominal
pain, cloudiness and inflammatory nature (high cytosis)
of dialysis solution and signs of systemic inflammatory
response (peripheral leukocytosis, serum elevation of
C-reactive protein and procalcitonin) — corresponded
to PD-associated peritonitis; there was no evidence for
other etiology of peritonitis besides PD-associated peri-
tonitis. A common complication of PD — PD-associated
peritonitis — has similar manifestations to AP, so the di-
agnosis of the latter may be delayed. This was the case
in our patient. Other authors also report about initial
diagnosis of PD-associated peritonitis and delayed di-
agnosis of AP in PD patients [3, 10]. It is possible that
contrast-enhanced CT, the gold standard for the diagnosis
of AP, as well as determination of amylase and/or lipase
in dialysis solution, could have helped in earlier detection
of the disease, but there were no indications for these
studies on admission [10].

The question remains open whether PD-associated
peritonitis was the cause of AP or it was an early com-
plication of AP — pancreatogenic (enzymatic) peritonitis.
It seems that the second assumption is more realistic.
This is confirmed by the persistent absence of microflo-
ra growth in the dialysis solution during repeated stu-
dies (although this could be a consequence of intensive
antibacterial therapy) and the development of severe
acute destructive peritonitis on the seventh-eighth day
of hospitalization, confirmed by a twofold increase in
blood amylase level, characteristic signs on CT and la-
paroscopy.

The cause of AP in our patient remained unknown.
She had no classic causes of AP in the general popula-
tion: alimentary factor, hepatobiliary diseases and pan-
creatic trauma. She also did not have metabolic disor-
ders (hypercalcemia, secondary hyperparathyroidism,
hypertriglyceridemia), which are common in CKD and
predispose to the development of AP [3, 10, 12]. Pro-
bable risk factors were those associated with the PD
method, including PD-associated peritonitis if it was
primary. Another potential cause for the development
of AP is drug therapy. Due to the duration and severity
of the underlying disease, the patient was taking various
medications, and she received intensive drug therapy
for PD-associated peritonitis, while no high-risk drugs
that were capable of initiating AP were prescribed [11].
The absence of a clearly identified single and specific
etiologic factor for AP in our patient is a characteristic
feature of the dialysis population. Some reports note that
it is rare to identify risk factors for AP in dialysis patients;
the proportion of such patients is small, from one third
to one half of all cases [3, 12]. In the remaining patients,
idiopathic AP is diagnosed; it occurs twice as often in
PD patients as in the general population. The idiopathic
nature of AP in dialysis patients implies the cumulati-
ve effect of individual pathogenic factors: risk factors

found in the general population, risk factors associated
with renal failure and its complications, and another risk
factor — dialysis, especially PD, although its association
with AP is still debated and not generally accepted [6—8].

In dialysis patients, conventional therapeutic tactics
for AP with early administration of antibiotics are used
to prevent acute necrotizing pancreatitis, and reduce mor-
tality and infection rate [15]. Conservative treatment is
often sufficient, but in this case, its full implementation
proved ineffective. Surgical intervention is performed
according to certain indications; in the observed patient,
these were diagnostic difficulties (DUI signs of multi-
chamber pelvic mass) and the need to interrupt the PD
program in the first case and increased abdominal pain
syndrome, increasing intensity of obstructive jaundice
and systemic inflammatory response syndrome in the
second case [10]. It should be noted that there are no
clear guidelines regarding the modality of dialysis in PD
patients with respect to AP — to continue this method or
to transfer to HD. One of the indications for interruption
of'a PD program is insufficient (negative) ultrafiltration,
which occurred in our patient. However, HD in AP is
associated with a high incidence of hemorrhagic com-
plications [6, 9].

Our patient had severe AP with the development of
necrotizing pancreatitis and serious complications. The
CT severity index developed by Balthazar was 8 points
(6 zones of peripancreatic fluid accumulation, necroti-
zing pancreatitis), multi-organ dysfunction according to
SOFA scale — 5-8 points [10]. At present, this situation
is typical for both the general and the dialysis patient
population; among the latter the mortality is several
times higher and varies from 8% to 58% [7, 8, 12]. AP
in PD patients is more severe than in HD patients, they
require hospitalization more often and develop necroti-
zing pancreatitis more frequently [9]. In our patient, all
known factors of poor prognosis of AP were present,
which include: >50 years of age, presence of severe un-
derlying disease, leukocytosis and increased activity of
hepatic blood transaminases, APACHE II integral score
>9 points. The most frequent cause of death in these pa-
tients is cardiovascular pathology, which was observed
in this case.

CONCLUSION

Patients with CKD on PD are at high risk of deve-
loping AP, often due to the cumulative effect of various
factors. The diagnosis of the disease may be delayed
because of the similarity to PD-associated peritonitis and
the lack of diagnostically significant elevation of blood
amylase activity in some cases. A proactive approach
to early diagnosis of AP in PD patients with abdominal
pain syndrome and protracted PD-associated peritonitis,
which includes investigation of serum lipase activity,
amylase activity in dialysis solution and performance
of abdominal CT scan is advisable. Treatment of severe

122



RENAL REPLACEMENT THERAPY

AP in PD patients presents certain difficulties. Early
diagnosis of the disease and proper treatment promote
a favorable outcome.

The authors declare no conflict of interest.
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Objective: to carry out a comparative study of the efficacy of a 6-hour normothermic ex vivo heart and lung au-
toperfusion and cold cardioplegia using Bretschneider’s solution (Custodiol”, Germany). Materials and methods.
Landrace pigs weighing 50 + 5 kg at the age of 4-5 months (n = 10) were used as a model for a series of acute
experiments. In the experimental group (n = 5), the cardiopulmonary complex was conditioned by autoperfusion
for 6 hours. In the control group, the heart pumping function was restored after 6-hour cold cardioplegia using
Bretschneider’s solution. The efficiency of graft preservation was assessed by measuring hemodynamic parameters,
myocardial contractile function, and myocardial oxygen consumption. Results. After reperfusion and repeated
isolation of the working cardiopulmonary complex, cardiac output was 0.63 [0.37; 0.8] L/min and 0.37 [0.23;
0.37] L/min in the experimental and control groups, respectively (p < 0.05). Indicators — global left ventricular
stroke work index and preload recruitable stroke work — were significantly higher in the experimental group (p <
0.05). Conclusion. Normothermic autoperfusion is significantly more effective in preserving the morphofunctional

status of a donor heart than static cold storage with Bretschneider solution for 6 hours.

Keywords: cold cardioplegia, cardiac transplantation, heart preservation, autoperfusion, normothermic

perfusion, ischemia-reperfusion injury.

INTRODUCTION

Ischemia-reperfusion injury (IRI) is the main adver-
se outcome of the restoration of blood flow in a donor
heart. IRI is also the main cause of early graft dysfunc-
tion. In most cases, donor heart harvesting begins with
termination of blood supply and in situ washing with a
cold preservative solution, followed by explantation and
storage on ice [1]. Meanwhile, despite several negative
consequences, this cold cardioplegia method remains
the gold standard for donor organ preservation. Cooling
of the organ to 4 °C slows down cellular metabolism,
thereby reducing oxygen demand, but anaerobic meta-
bolism and other cellular metabolic processes continue
at lower temperatures [2—4].

Even though the IRI cascade is activated in all donor
grafts, its reversibility as well as the limits of plasticity
of compensatory mechanisms of endothelial autoregu-
lation, are mainly determined by graft ischemic time.
Prolonged ischemia is especially dangerous for cardiac
grafts because of extreme sensitivity of the myocardium
to hypoxia [5]. Using the cold cardioplegia preserva-
tion method, heart grafts can be safely preserved for
4-6 hours; further extension of the ischemic time leads
to higher risk of early graft dysfunction [1, 6]. Machine

perfusion technologies allow avoiding complications
characteristic of static cold preservation methods. How-
ever, the search for the optimal scheme and mode of
ex vivo coronary perfusion of the heart graft remains a
subject of research. Despite the proven safety of ex vivo
perfusion of donor heart at the stage of transportation,
the problem of assessing graft contractility remains un-
resolved. The device used in clinical practice — OCS™
Heart Transmedics® system (Andover, MA, USA) — is
based on the principle described by Oskar Langendorff
in the late 1800s [7]. In this system, oxygenated perfusate
is injected retrogradely into the aortic root, forcing the
aortic valve to close, while venous blood, flowing from
the coronary sinus, is drained actively, or due to the right
ventricle’s ejection into the reservoir 8, 9].

Coronary perfusion according to Langendorff is an
effective way to meet the metabolic needs of the myo-
cardium. However, since the left ventricle remains unloa-
ded in this perfusion scheme, it is difficult to assess the
pumping function of the heart and, therefore, to predict
the functional outcome of transplantation. Described in
1926 by Ernest Starling and Maurice Visscher, experi-
ments with hemodynamic isolation of the cardiopulmo-
nary complex became widely known due to the pattern
discovered by the authors describing the relationship
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between diastolic heart volume and the strength of heart
contractions [10, 11]. At the same time, the use of the
technique of isolating the autoperfused cardiopulmonary
complex can provide not only a long and effective exis-
tence of the graft ex situ, but also a dynamic assessment
of contractility using ultrasound diagnostic methods [12].

The inability to effectively assess the quality of a
donor organ often leads to errors in predicting the con-
sequences of its use, and the “better safe than sorry”
idea leads to a significant number of organ rejections
despite the fact that they may have been suitable for
transplantation [13]. In addition to the evaluation of la-
boratory parameters of donor organ functional quality,
normothermic autoperfusion will allow for more sophis-
ticated diagnostic procedures such as ex vivo echocar-
diography or coronary angiography [14]. The technique
of functional echocardiographic evaluation of the donor
heart in experiment was described in detail in a recently
published paper by Ruggeri et al. This study derived
comparable results of ex vivo evaluation of the heart
under the condition of volume loading with those of
standard transesophageal or transthoracic cardiac echo-
cardiography [15].

Thus, the possibility of replacing the cold asystole pe-
riod with normothermic autoperfusion has the potential
of eliminating the negative consequences of prolonged
ischemia. This may allow long-distance delivery of do-
nor organs, increase access to transplantation in remote
regions, and ensure the selection of an optimal donor and
recipient regardless of their geographic distance [16].

Objective: to carry out a comparative assessment of
the functional and metabolic status of the cardiac graft
after a 6-hour normothermic autoperfusion and cold car-
dioplegia using Bretschneider’s solution (Custodiol®,
Germany).

MATERIALS AND METHODS
Preparing animals for the experiment

Female Landrace pigs, weighing 50 £ 5 kg at the age
of 4-5 months (n = 10) were used as a model for a series
of experiments. Care, provision of the experiment, obser-
vation and withdrawal of animals from it were performed
in accordance with the European Convention for the
Protection of Vertebrate Animals used for Experimental
and other Scientific Purposes (Strasbourg, 03/18/1986).
In the experimental group (n = 5), cardiac conditioning
was performed under 6-hour normothermic autoperfu-
sion of the cardiopulmonary complex ex vivo, followed
by cold cardioplegia using Bretschneider’s solution at
4 °C for 1 hour, followed by reperfusion with a cardio-
pulmonary bypass machine. As a control group (n = 5),
there were hearts preserved for 6 hours according to the
clinically accepted protocol of cold cardioplegia using
Bretschneider’s solution.
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On the day of the experiment, all animals were pre-
medicated (zoletil-100) on an empty stomach. The dose
was selected individually, according to weight and height
parameters. After the onset of sleep, the surgical field
and the area of catheterization of neck vessels were pre-
pared. Then the animal was transported to the opera-
ting table and fixed in a supine position for subsequent
tracheal intubation, installation of central arterial and
venous catheters. The experiment was performed under
endotracheal anesthesia with sevoflurane and muscle
relaxation (rocuronium bromide). Mechanical ventilation
was performed using FabiusPlus anesthesia-breathing
apparatus (Draeger, Germany) with positive pressure
on inhalation (20-30 cm water column) and exhalation
(5-8 cm water column) with a respiratory volume of
8 ml/kg at a rate of 12—14 breaths per minute. Vital para-
meters were recorded using an IntelliVue MP70 monitor
(Philips, Netherlands).

During the experiments, invasive blood pressure in
the heart cavities and main vessels, cardiac arrhythmi-
as (electrocardiography), and temperature of the organ
complex were monitored. Blood analysis was performed
using an automatic hematological analyzer XT-4000i
(Sysmex, Germany) according to the manufacturer’s
guidelines. Central hemodynamic parameters were in-
vestigated by right heart catheterization with a Swan—
Ganz catheter, as well as with the help of a portable
multifunctional ultrasound system Philips CX50 (Philips
Ultrasound, USA) with ECG synchronization using an
S5-1 sector array probe. The ex vivo position of the pro-
be was along the long axis of the left ventricle and in
the apical four-chamber position. Left ventricular (LV)
diastolic function was assessed by calculating the rate
of change of LV pressure during isovolumic relaxation
(—dP/dt). In the absence of mitral regurgitation, —dP/dt
was calculated by an alternative non-invasive assessment
method using the formula:

—dP/dt = (DBP — LVEDP) = IVRT

where DBP is diastolic blood pressure, LVEDP is left
ventricular end-diastolic pressure.

LVEDP was estimated based on the ratio of mitral
inflow peak velocity E/A: LVEDP = 10 mmHg if E/A
1.6 and 20 mmHg if E/A >1.6. IVRT is isovolumic rela-
xation time, which is calculated by subtracting T1 (time
from the onset of QRS to the end of blood flow in the
LV outflow tract) from T2 (time from the onset of QRS
to the beginning of flow through the mitral valve) ac-
cording to the methodology described in detail in the
work by Parekh et al. [17]. Cardiac function was eva-
luated by calculating cardiac output (CO); global left
ventricular stroke work index (LVSWI) by the formula
SW = SV x (ESP — EDP), where SV is stroke volume,
ESP is end-systolic pressure, and EDP is end-diastolic
pressure; preload recruitable stroke work (PRSW) as a
ratio of LVSWI and EDP.
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To assess the efficiency of respiratory function of
autologous lungs, the gas composition of blood samples
taken from the left atrium was monitored using a Radio-
meter ABL800 FLEX analyzer (Denmark). Myocardial
oxygen consumption was calculated by the formula:

([Oz]a) - ([Oz]CS) x CAF

LV mass
ml-O,/min/100 g,

LV O, cons =

where [O,], is the arterial blood oxygen content, [O,] .18
coronary sinus blood oxygen content, CAF is coronary
blood flow, LV mass is left ventricular myocardial mass.

Blood oxygen content was calculated by the formula:

0,=
_ %0,8at x [Hb] x O,capacity of Hb (1.34 ml — O,/g)
- 100
ml-O,/dI.

b

Coronary vascular resistance (CVR) was calculated
by the formula:
_ (iARP(m) —iRAP(m))
- CBF x 100 g

where iARP(m) is the mean invasive aortic root pressure,
iRAP(m) is the mean invasive right atrial pressure, CBF
is coronary blood flow, mL/min).

CVR

Surgical technique of the experiment

Explantation of the working cardiopulmonary com-
plex (CPC) was performed through a midline sterno-
tomy. Isolation of the CPC began with the removal of
the pericardium and mobilization of the superior vena
cava (SVC), then the brachiocephalic trunk (BCS), left
subclavian artery (LSA), and inferior vena cava (IVC)
were isolated. The trachea was carefully separated from
the esophagus using an electrocoagulator, achieving he-
mostasis. After administration of heparin (3 mg/kg body
weight), the LSA was ligated as distally as possible, and
an introducer was placed through the arterial stump to
measure the invasive blood pressure (iBP) in the aortic
root and to guide diagnostic catheters. Then the BCS was
ligated and crossed, and an 18 Fr arterial cannula was
inserted into the arterial stump, which was connected to
the arterial reservoir fixed at a height of 1 meter above
the heart level. After clamping the descending thoracic
aorta at the level of the isthmus, the arterial trunk was
opened, and arterial blood was drawn into the reservoir.
After stabilization of blood level and arterial pressure,
1-1.5 liters of Ringer’s solution was injected into the
femoral vein. After that, the vena cava was ligated and
crossed, the trachea was crossed and reintubated with a
cuffed tube. The functioning CPC was finally separated
from the surrounding tissues, transferred to a container
with warm saline solution (38 °C), the arterial trunk was
clamped, and observation was continued for 6 hours.

Throughout autoperfusion, a continuous infusion of 5%
calcium chloride solution (3—5 ml/hour) and 10% glu-
cose (5—10 ml/hour) was performed to maintain blood
levels in the reference range.

After 6 hours of normothermic autoperfusion of CPC,
cold cardioplegia was performed by injecting 2 liters
of Bretschneider’s solution (Custodiol®, Germany,
HTK) into the aortic root. The CPC was then stored in
Bretschneider’s solution at 4 °C for 1 hour. After this
time, the heart was perfused for 15-20 minutes using a
heart-lung machine filled with the animal’s own blood. If
necessary, electrical defibrillation was performed. After
warming and recovery of cardiac activity, the CPC was
filled with blood, isolated and cardiac ultrasound was
performed.

Tissue samples for histological examination were
excised from the apical part of the left ventricle of the
heart and the middle lobes of the left and right lungs,
fixed in 10% neutral formalin, after fixation, dehydra-
ted in alcohols of increasing strength and embedded in
paraffin using a dispenser with heating and cooling pla-
tes. Histological sections, 4-5 um thick, were prepared
from paraffin blocks on a Microm HM 550 microtome.
Before staining, the sections were deparaffinized for
10—15 minutes in two portions of pure xylene, followed
by its removal in three portions of alcohol of decreasing
strength (absolute 70°) to distilled water. Histological
sections were stained according to standard methods:
hematoxylin and eosin, Van Gieson with combined
dyeing of elastic fibers with orsein, and PAS reaction
was performed. Polarization microscopic examination
of the myocardium was performed using an Axio Scope.
A1 microscope (Zeiss, Germany) equipped with an ana-
lyzer and polarizer, AxioCam HRm and AxioCam HRc
cameras (Zeiss, Germany) and ZEN blue software (Zeiss,
Germany).

Statistical processing was performed using Statistica
10.0 software (StatSoft Inc., USA). The normality of
distribution was checked using the Shapiro—Wilk test
with subsequent assessment of equality of variance by
Levene’s test. The significance of differences between
the comparison groups and the groups (p) for continuous
data was calculated using the Mann—Whitney U non-
parametric test in independent groups and Wilcoxon test
in dependent groups. The level of significance between
the comparison groups and the groups was considered
reliable at p < 0.05, which corresponds to the criteria
accepted in biomedical research.

RESULTS

In all experiments, 0.3—0.5 ml of 0.01% epinephrine
solution was administered to compensate for adrenergic
stimulation at the reperfusion stage. However, despi-
te this, the hearts of the control group were not able
to maintain aortic root blood pressure at the 60-mmHg
level, and in most experiments, after 5—10 minutes of
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independent functioning of the CPC, bradycardia and
pronounced dilation of heart chambers were observed,
requiring urgent drainage of chambers and reperfusion
using a heart-lung machine.

Moreover, in the experimental group the reperfusion
time required to wean the CPC from artificial circulation
with the ability to independently maintain blood pressure
in the aortic root at a level not lower than 60 mmHg was
87 [67; 102] minutes and 19 [17.5; 22.5] minutes (p <
0.05) in the control and experimental groups, respec-
tively. At the same time, in all experiments of the con-
trol group, restoration of heart rhythm required multiple
electrical defibrillation (up to 10 shocks) followed by
electrical cardiac stimulation. The main hemodynamic
parameters are presented in Table 1.

Cardiac pumping function was evaluated at baseline
and within an hour after the end of reperfusion and re-
peated hemodynamic isolation of the CPC. The main
parameters of cardiac ultrasound examination are sum-
marized in Table 2.

Diastolic function was assessed at three points: 1)
baseline, 2) immediately after reperfusion and restoration
of autoperfusion, and 3) one hour after weaning from
artificial circulation. When estimating the rate of change
in LV pressure during isovolumic relaxation (—dP/dt), a
significant decrease in —dP/dt was observed in the control
group, which indicates a deterioration in the diastolic

function of the heart, while in the experimental group
this index changed insignificantly over time (Fig. 1).

At histological examination in myocardial samples
taken after reperfusion in the control group, the pheno-
mena of karyorrhexis and disappearance of nuclei were
observed in cardiomyocytes. Despite the presence of free
lumen of blood vessels, moderate perivascular edema
was observed around them, spreading to the interstitium
in which single leukocytes were found (Fig. 2).

In the experimental group, in contrast to the control
group, the severity of intracellular and intercellular ede-
ma was significantly less, and the phenomena of leuko-
diapedesis in the interstitium were more pronounced.
Preservation of transverse striation of cardiomyocytes
with zones of increased anisotropy and subsegmental
contractures was observed (Fig. 3).

DISCUSSION

Normothermic ex vivo perfusion is a promising me-
thod of donor heart conditioning. It can shorten cold
ischemia period significantly, and allows for a wide
screening of metabolic and functional parameters [9,
18, 19]. Moreover, the use of ex situ cardiac perfusion
techniques has been proven to restore the function of
the organ of borderline status and thereby increase the
number and quality of grafts available for transplantation
[20]. However, despite several studies, the choice of the
optimal mode, as well as the sensitivity of diagnostic

Table 1
Basic hemodynamic parameters
Group Control (n=15) Experimental (n = 5)
Parameter Before conservation | After conservation | Before conservation | After conservation
HR (bpm) 91.2+14.8 100 (pacemaker) 93.3+11.7 100 (pacemaker)
iRAP,, (mmHg) 40+14 11.4+1.9% 74+1.5 7.0 £2.3"
iLAP,, (mmHg) 40+19 10.3 £1.6% 34+1.8 9.4 +1.6*
iAP,, (mmHg) 70.6+12.5 63.0+15.8 67.2+9.7 63+7.5
iPAP, (mmHg) 155+3.2 16.4+3.7 153+42 13.3+3.3
CVR (mmHg)* min/mL/100 g 8.03=+1.5 13.9 +4.3* 7.1+1.3 8.8+ 1.1%

Note. Data are presented as M = SD; *, p < 0.05 compared with baseline values; *, p < 0.05 compared with control group; HR,
heart rate; iRAP,,, mean invasive right atrial pressure; iLAP,,, mean invasive left atrial pressure; iAP,,, mean invasive aortic
pressure; iPAP,,, mean invasive pulmonary artery pressure; CVR, coronary vascular resistance.

Basic parameters of myocardial contractile function

Table 2

Group Control (n =5) Experimental (n = 5)
Parameter Before conservation | After conservation | Before conservation | After conservation
CO. min 0.83 0.37* 0.84 0.63"
’ [0.74; 1.86] [0.23; 0.37] [0.78; 0.94] [0.37; 0.8]
26.09 12.67* 33.89 21.06"
LVSWI, ml-mmHg [5.25; 48.25] [1.9; 27.4] [21.4; 47.9] [15.28; 27.25]
0.63 0.25* 0.65 0.57"
PRSW, ml [0.06; 1.2] [0.03; 0.57] [0.42; 0.88] [0.34;0.76]

Note. Data are presented as Me [Q1; Q3]. *, p < 0.05 compared with baseline values; *, p < 0.05 compared with the control

group.
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markers in predicting the functional outcome of trans-
plantation is still a matter of debate.

Autoregulation of coronary blood flow is one of
the most important properties, its preservation large-

Table 3

Myocardial oxygen consumption
(mL-O,/min/100 g)

Group Before conservation | After conservation
~ 12.44 8.52
Control (n=5) [7.9: 18.5] [4.25: 12.65]
Experimental 15.44 117+
(n=5) [8.7: 22.4] [106.5; 131]

Note. Data are presented as Me [Q1; Q3]; *, p < 0.05 com-
pared to baseline values; *, p < 0.05 compared to the control

group.
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ly determines the compensatory plasticity of the graft
in the resolution of IRI. In its turn, the preservation of
this coronary bed property is largely determined by the
coronary flow characteristics. The TransMedics Organ
Care System (OCS), used today successfully, provides
coronary flow in the range from 650 to 900 mL/min,
with perfusion pressure from 60 to 80 mmHg [21, 22].
However, Hatami et al., in their studies, concluded that
myocardial energy reserves can be preserved at aortic
perfusion pressures as low as 40 mmHg [23]. According
to Repse et al., vasomotor regulation of the coronary
channel changes significantly with increasing duration of
machine normothermic perfusion, which leads to excess
coronary blood flow over time [24]. Controlled coronary
perfusion under low perfusion pressure can potentially 1i-
mit myocardial and endothelial injury [25]. In this regard,
normothermic autoperfusion of the graft as a method of

T3

T3

ss====_ Control group

Fig. 1. Dynamics of —dP/dt changes during the experiment. T1, baseline; T2, immediately after reperfusion and restoration of
autoperfusion; T3, one hour after weaning from cardiopulmonary bypass

Fig. 2. Left ventricular myocardium after reperfusion, control group: a, H&E stain, magnification 400%; b, polarized light
microscopy, magnification 630x
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prolonged conditioning is of great interest, since in this
case, hemodynamic parameters of the functioning of the
complex are determined by the pumping function of the
graft itself, taking into account its own metabolic needs.
The results of the conducted study prove that it is
possible to provide effective coronary blood flow in an
autoperfused cardiopulmonary complex. Thus, the pre-
viously established ability of the coronary arteries to
vasodilate in response to increased myocardial oxygen
consumption was confirmed in a series of experiments
[26]. According to data obtained by Duncker et al., coro-
nary resistance in the control group after reperfusion was
statistically significantly higher than in the autoperfusion
group. This fact indicates the preservation of regional
vasomotor autoregulation in order to maintain adequate
but not excessive oxygen supply to the myocardium.
The applied scheme of complete anatomical isolation
of the autoperfused cardiopulmonary complex made it
possible to create the necessary conditions for the effec-
tive functioning of the graft ex situ, as well as for the
assessment of function and metabolism. However, along
with the obvious advantages of autoperfusion technolo-
gy over static cold preservation, the issue of preserving
the structure and gas exchange function of autologous
lungs remains open. Leukocyte sequestration observed
during autoperfusion was described in earlier studies
[27, 28]. However, this phenomenon was observed even
when leukocyte-depleted perfusate was used. Taking into
account the fact that the degree and rate of leukocyte
sequestration in the lungs is inversely proportional to the
rate of pulmonary blood flow, complete modeling of the
initial cardiac output is the main condition for successful
and long-term functioning of autologous lungs. Preserva-
tion of the initial hemodynamic parameters is important
for predicting the functional outcome of transplantation
and to evaluate the transplant from the standpoint of

possibility to effectively provide cardiac output in the
recipient’s body.

Despite a number of successful trials of OCS, the
validity of using lactate profiles as assessment markers
has been questioned by multiple groups of researchers
[29-31]. Also, it has been suggested that left ventricular
contractility parameters can more accurately predict graft
behavior after transplantation in contrast to metabolic
markers, including lactate trend [32, 33].

According to Gellner et al., the working mode of
perfusion with passive afterload, allows a more detailed
prediction of post-transplant cardiac function [34]. In
their works, White et al. and Xin et al. tried to load the
left and right atria, facilitating ventricular ejection during
active aortic root perfusion. In a series of experiments,
the authors used perfusate injection both antegradely
into the left atrium and retrogradely into the aorta [32,
35]. In this case, in systole, the left ventricle overcame
aortic counterpressure, ejecting perfusate into the re-
servoir connected to the brachycephalic arteries, and
in diastole, aortic counterpressure facilitated coronary
perfusion. Also, a passive afterload perfusion regimen
has been proposed as an alternative [28]. Instead of using
retrograde flow to maintain coronary perfusion during
diastole, an afterload module based on the Windkessel
principle was used [36]. However, the only perfusion
platform currently available for clinical use assumes
“idle” operation of the left ventricle.

In our opinion, the use of a preserved thoracic aortic
fragment as a Windkessel receiver is extremely insuffici-
ent and, in case of volume overload of the CPC, threatens
serious endothelial damage. The intrinsic elastic proper-
ties of the aortic wall do not allow effective damping of
cardiac output exceeding 1000—1500 mL/min preventing
coronary hyperperfusion, while ensuring physiological
blood pressure profile.

Fig. 3. Left ventricular myocardium after reperfusion, experimental group: a, H&E stain, magnification 400x; b, polarized
light microscopy, magnification 630x
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CONCLUSION

This study demonstrated significant advantages of
normothermic autoperfusion of the CPC over static cold
cardioplegia. However, pathomorphological changes
caused by reduced blood flow in pulmonary circulation
and in heart cavities, leading to leukocyte sequestration
and pulmonary edema, require modification of the circu-
lation circuit with inclusion of an effective cardiac output
receiver and a pathway of blood return to the right heart.
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project No. 23-25-10013 (Agreement No. 23-25-10013
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Objective: to study in vitro survival and preservation of the proliferative activity of limbal stem cells (LSCs) in
femtosecond laser-cut limbal tissue fragments. Materials and methods. Limbal fragments were formed from
donor cadaver eyes (n = 8) in the upper and lower limbus containing the highest number of limbal stem cells,
using a Z8 femtosecond laser (FSL) (Ziemer, Switzerland). The limbal fragments were fragmented into 4 mini-
grafts using different energy levels (100, 110, 120%). Mini-grafts from symmetrical sections of the cadaver eyes,
which were manually isolated using a microsurgical blade, served as controls. The mini-grafts were cultured for
two weeks in culture media intended for limbal epithelial stem cells (LESCs) (Epilife (0.06 mM Ca™) and for
multipotent mesenchymal stem cells (MMSCs) (DMEM/F12), with the addition of specific growth factors to se-
lectively stimulate LESCs or MMSC:s, respectively. The phenotype of the obtained cultured cells in the “laser” and
“knife” groups was determined by flow cytometry using a set of markers (CD166, CD105, CD90, CD29, CD34)
for the membrane proteins of LESCs and MMSCs. The ability of cultured cells to adhesion and proliferation in
the “laser” and “knife” groups was determined by seeding the third passage of the resulting cultures on Bowman’s
membrane of acellular corneas. Results. Primary cell culture was obtained from mini-grafts of all donors in both
groups. Cell morphology was consistent with the phenotype of corneal epithelial cells (cobblestone pattern). When
cultured in the EpiLife medium (0.06 mM Ca"™), we determined the presence of LSCs proliferation from 38.6%
of mini-grafts; in the DMEM/F12 medium (1 : 1) the presence was determined from 31.8%. Two weeks later,
cell yield from mini-grafts in the “laser” and “knife” groups was 77.2% and 63.6%, respectively. Cell growth
by the end of week 2 of culturing of mini-grafts obtained by FSL at 120, 110 and 100% energies was 87.5, 71.4
and 71.4%, respectively. It was found that the resulting cell cultures in the “laser” and “knife” groups and in the
“120%”, “110%” and “100%” subgroups were not different phenotypically. Cytofluorimetric analysis showed
that cell cultures in the groups had a mixed pattern of marker expression of both LESCs (CD29+) and MMSCs
(CD90+, CD105+). Seeding of the third passage of cell culture in the test groups in all cases demonstrated adhesion
and formation of a cell monolayer on the Bowman’s membrane of model corneas. Conclusion. The use of FSL
for cutting out limbal grafts seems to be effective and safe in comparison with the traditional mechanical (knife)
technique. Cell cultures obtained from FSL-cut mini-grafts were able to grow and migrate for at least 21 days.

Keywords: limbal stem cells, glueless simple limbal epithelial transplantation, limbal stem cell deficiency,
femtosecond laser.

lial progenitor cells, the limbal niche contains MMSC:s,
melanocytes, immune cells, vascular and nerve cells,
extracellular matrix and signaling molecules (growth
factors and cytokines) [3—8].

Various pathologies affecting any component of the
limbal niche can lead to limbal stem cell (LSC) dysfunc-
tion and, consequently, to limbal stem cell deficiency
(LSCD) [7, 9, 10]. The causes of this condition may be
primary, caused by genetic defects (congenital aniridia,
Peters anomaly), systemic autoimmune diseases (Ste-

INTRODUCTION

Corneal transparency depends on several factors,
among which the epithelial layer is one of the most im-
portant. The layer functions as an effective barrier se-
parating the cornea both from the external environment
and from the spread of conjunctival epithelium on it. The
corneal epithelium is continuously renewed by LESC.
The vector of cell movement is directed from Bowman’s
membrane to the corneal surface and from its periphe-
ry to the center [1]. LESC cells reside in the limbus,

which is a complex micro-anatomical structure [2]. The
proliferation, migration, and differentiation of LESCs
are dependent upon their specialized microenvironment
known as the limbal niche. In addition to limbal epithe-

vens—Johnson syndrome, ocular cicatricial pemphigoid)
and acquired — due to trauma or chronic inflammatory
processes (chemical and thermal burns, chronic long-
term keratitis and keratoconjunctivitis, neurotrophic and
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bullous keratopathies, toxic-allergic reactions, ocular
surface tumors, etc.) [11].

LSCD is classified into complete and incomplete de-
pending on the amount of damage to the limbal zone.
Depending on the involvement of each eye in this pa-
thological process, bilateral or unilateral LSCD is dis-
tinguished [12].

The most promising and safe treatment option for
unilateral LSCD (complete and incomplete), which has
been widely used in the world, is simple limbal epithelial
transplantation (SLET), described in 2012 by V. Sang-
wan et al. [12, 13]. For this technology, it is necessary
to isolate a 2x2 mm section of the upper corneal limbus
from a healthy eye and dividing it with a microsurgical
blade into several (8—12) fragments, gluing them with
fibrin glue to the amniotic membrane overlaid on top of
the previously prepared corneal stroma of the damaged
eye [13]. Since a relatively small volume of limbal tissue
of the donor eye is taken, the risk of iatrogenic LSCD
in the healthy eye is minimized. The efficiency of this
operation is 80% or more in adult patients and 71.2%
in children [14].

The glueless simple limbal epithelial transplantation
technique (G-SLET) was proposed as an alternative to
the SLET technique and does not involve the use of fib-
rin glue [15]. After removal of the fibrovascular pannus
from the surface of the damaged eye, the resulting limbal
flaps are fixed by placing them in tunnels formed on the
periphery of the corneal stroma. Thus, a peculiar “depot”
of limbal stem cells located in the peripheral part of the
cornea is formed [15].

It should be noted that in both SLET and G-SLET
techniques, all manipulations on cutting and fragmenta-
tion of the limbal graft are performed manually, mecha-
nically using microsurgical instruments (a delaminator,
a disposable non-dosed metal blade or a dosed diamond
knife, microtweezers) [12, 13]. It is difficult to achieve
uniformity in the limbal flap throughout its length; the
quality of the obtained grafts depends on the surgeon’s
experience and is difficult to standardize. In the absence
of methods to control the incision depth, excessively
shallow or uneven dissection may significantly limit the
production of sufficient LSC volume for successful re-
construction of the corneal epithelium. The limbal graft
fragmentation stage and subsequent graft manipulation,
in particular compression with forceps, can lead to da-
mage and even death of a part of the LSC. Transferring
an insufficient amount of LSC can significantly reduce
the effectiveness of the operation.

The introduction into practice of FSL technologies for
tissue dissection, ensuring the formation of uniform and
dosed cuts, as well as the units having in their interface
high-precision visualization systems based on optical
coherence tomography (OCT), is an extremely relevant
and promising direction in ophthalmic surgery. From our
point of view, the use of FSL has a real potential to obtain
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a full-fledged limbal graft with full capture of the LSC
niche with its microenvironment and minimal damage
compared to the mechanical method. In the available
literature, we did not find information about the use of
FSL for SLET technology, as well as articles studying
the effect of laser energy on LSC survival after corneal
limbal laser extraction, which was the basis for this study.

The objective of the study was to investigate in an
in vitro experiment the survival and preservation of the
proliferative activity of LSCs in femtosecond laser-cut
limbal tissue fragments.

MATERIAL AND METHODS
Obtaining limbal grafts containing LSCs

Experimental studies on tissues isolated from cada-
veric human donor eyes were performed in accordance
with the legislative and regulatory documents of the
Russian Federation. Limbal eyeball transplants (n = 8)
from deceased male donors (n =4) aged 55.3 years (32—
71 years), provided by the Eye Tissue Bank (ETB) from
Fyodorov Eye Microsurgery after infectious screening
and decontamination with 10% povidone-iodine solution
(EGIS, Hungary) according to the algorithm for prepa-
ration of donor corneal cadaveric material in the ETB
[16]. Cleaning from the corneal epithelium and removal
of residual tissues at the limbus were not performed.
Donor corneas that were unsuitable for transplantation
in the clinic due to low endothelial density or stromal
defects were used for the experiment. The time from the
moment of ascertaining biological death to the extraction
of tissue fragments was 18.8 £ 0.5 hours.

Limbal grafts were obtained in the operating room
in compliance with all asepsis and antisepsis rules. The
eyeballs were fixed in a sterile mechanical holder. The
upper portion of the corneal limbus was determined by
the remnants of the upper rectus muscle, and markings
were made. Limbal flaps were excised using FSL in the
meridian from 12 to 2 and from 4 to 6 of the conditio-
nal dial (experiment) (Fig. 1) at energy levels equal to
100%, 110%, and 120% (high-frequency low-energy
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Fig. 1. Schematic of limbal mini-graft excision from donor
cornea
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FSL (nJ), horizontal cutting depth 200 um), after which
limbal flaps were excised in the meridian from 10 am
to 12 noon and from 6 to 8 p.m with a manually dosed
diamond knife and a dissecting knife (control) (Fig. 1).
A 1.0 mm intact limbal section (lintel) was left between
two limbal graft samples, different by the method via
which they were obtained.

The technique for forming limbal fragments was as
follows: a limbal graft 2.0 mm long, 1.5 mm wide was
fragmented into 4 equal parts (mini grafts) (Fig. 1). In
the upper and lower limbus of each eye on the left side,
the limbal graft was cut out mechanically using micro-
surgical instruments (control). For this purpose, based
on the marking in the upper and lower limbus, we made
cuts with a diamond knife at a 200 pm depth, which,
according to our estimations, is optimal for fully captu-
ring the limbal niche with its microenvironment. After
contouring, using a dissecting knife, the limbal graft was
separated from the underlying tissues. Next, it was care-
fully transferred to a polymer substrate and divided into
4 equal parts (mini-grafts) using a steel microsurgical dis-
posable blade. In the right part of the limbus (both above
and below), formation of a limbal graft and its single-step
division into 4 parts was carried out using FSL. For this
purpose, after applanation of the laser handle to the cada-
veric eye, the cutting trajectories were positioned, and the
estimation of the horizontal cutting depth was controlled
by the built-in OCT system. The laser operation time for
the formation of one limbal graft with its fragmentation
was 40 seconds. To evaluate the effect of different FSL
energies on LSC growth, limbal grafts were cut out on
different eyes at different energy levels (100%, 110%,

.

4

Fig. 2. Photo of the donor eye after cutting out limbal mini-
grafts with a femtosecond laser. Four mini-grafts are visible,
the lateral borders of the laser incisions are indicated by ar-
TOWS

and 120%). The selected levels were determined based
on our previous studies of different energy values on
the fragments formed. A total of 128 mini-grafts were
obtained during the experiment (Fig. 2).

The resulting mini-grafts were placed into pre-prepa-
red sterile microcentrifuge tubes with 500 pl of corneal
storage solution (RU FSR Ne 2010106650, Eye Micro-
surgery, Russia). Then the labeled tubes were placed in
a container and transported to a laboratory at Center for
Fundamental and Applied Biomedical Problems (CFA-
BP) under the head office Fyodorov Eye Microsurgery.

Cultivation of corneal limbal mini-grafts

Experiments on mini-grafts cultivation were perfor-
med at the CFABP laboratory under sterile in vitro con-
ditions. Cultivation was carried out under standard condi-
tions: +37 °C, 100% humidity and 5% CO, concentration
(incubator NU-5510 NuAire, USA). For this purpose,
each obtained mini-graft was placed in a separate well of
a 48-well plate (#30048, SPL Lifesciences, Korea) with
epithelial part upwards, 40 pl of culture medium was
added and transferred to a CO, incubator; after 2 hours
another 100 pl of medium was added. After 24 hours, the
standard volume of medium was used (500 pl per well).
The medium was changed every 2-3 days.

Cultivation was carried out in two media until the 3rd
passage. To stimulate LESCs growth, EpiLife medium
with 0.06 mM Ca™ (MEPICFPRF500, Gibco, USA)
was used, with the addition of an antimycotic antibiotic
(A5955, Sigma Aldrich, USA): 100 U/mL penicillin,
100 pg/mL streptomycin and 0.25 pg/mL amphotericin
B, 5% fetal bovine serum (SH30109. 03, HyClone La-
boratories, USA), 5 pg/mL soluble human genetically
engineered short-acting insulin (Humulin Regular, Eli
Lilly and Company, USA), 5 ug/mL hydrocortisone
(Pharmak, Ukraine) and 10 ng/mL human recombinant
epidermal growth factor (hEGF) (FR-08000, PanEco,
Russia) [17, 18]. The other part of the samples was cul-
tured in DMEM/F12-based limbal MMSCs medium with
1.05 mM Ca™ (D6421, Sigma Aldrich, USA), supple-
mented with similar components [17, 18].

Once the cells reached 80-90% confluency, the cul-
ture was passaged using accutase enzyme (StemPro™
Accutase™ Cell Dissociation Reagent, A1110501, Gib-
co, USA). To do this, culture medium was removed from
each well, 300 pL of enzyme was added and removed for
debris clearance. Then 300 pL of accutase was re-added
and placed in a CO, incubator at 37 °C for 10 minutes.
The cell suspension was collected into a 15 mL centri-
fuge tube, precipitated for 5 minutes at 200 g at room
temperature, and resuspended in 1 mL of culture medi-
um. 10 pL of the suspension was used to count cells in
a LUNA-II™ counter (Logos Biosystems, Korea).

Daily intravital observation of the mini-grafts and cell
cultures was performed using an inverted phase-contrast
microscope Olympus IX81 (Olympus, Japan). Images
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were prepared in the internal program environment of
the microscope (CellSence).

Statistical analysis

Categorical data were used to statistically analyze
the results obtained. The categorical data included three
numerical values (0, no adhesion and growth; 1, mini
graft fixed; 2, mini graft fixed and there is cell yield).
Statistical analysis included three tests:

The first test was to determine the effect of the media
used (DMEM/F12 and EpiLife) on mini graft adhesion
and cell yield using the “2x2 table” method with calcu-
lation of Fisher’s exact test with two-sided hypothesis
testing.

The second test was to determine the confidence li-
mits, which allows to calculate the distribution of the
attribute data over the sample and to determine the true
value of the given parameters in the whole sample with
a 90% probability. The modified Wald method was used
to determine the confidence limits.

The third test was to calculate the probability of a
positive event (we consider a positive event to be the
attachment of a piece, as well as the attachment and
active exit of cells from it). The binomial test was used,
namely the sign test, which suggests that the event and
its absence are equally likely to have a 50% probability.

Immunophenotyping of cell culture
from corneal limbal mini-grafts

To determine the immunophenotype, the third pas-
sage culture suspension of cells, cultured on a DMEM/
F12 medium, was divided into tubes of five equal parts
(260,000 cells per tube), and washed from the complete
cell culture medium in 2 mL of buffer (Cell WASH, BD,
USA), twice for 5 minutes each. The resulting cell se-
diment was stained using a set of markers to membrane
proteins CD105, CD90, CD166, CD29, CD34 (Biole-
gend, USA); the markers were conjugated with fluoro-
chromes according to the manufacturer’s protocol. For
this purpose, each tube was incubated at 25 °C in the
dark for 15 minutes with antibodies (at the rate of 10 pL.
of antibody solution per 1 million cells). After incubati-
on, the precipitate was resuspended in 1.0 mL of buffer
and precipitated at 200 g for 5 min. The precipitate was
then resuspended in 500 pL of buffer and analyzed on
a CytoFLEX" flow cytofluorimeter (Beckman Coulter,
USA). Immunoexpression curves were generated using
the internal software of the device.

Study of the adaptation and adhesive
properties of cell culture from corneal limbal
mini-grafts

Donor human corneas that were unsuitable for trans-

plantation were used for the experiment in the form of
four corneoscleral discs.
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Cornea preparation (cold cell elimination) was per-
formed after completing all the donor corneal material
preparation stages according to the previously described
method [19]. Corneas were prepared in such a way that
the entire epithelium was completely removed up to the
Bowman’s membrane, and the limbus was cleared of the
remaining conjunctival tissue. Then, the resulting corneal
discs were individually placed in new sterile transpa-
rent vials containing corneal storage solution (RU FSR
Ne 2010106650, Eye Microsurgery, Russia) and they
were left at +4 °C for 45—62 days. The condition of the
corneal discs was monitored by the color of the solution
(red-orange and transparent if not contaminated). Before
cell seeding, the corneoscleral discs were washed twice
in phosphate buffered saline (PBS) for 2 hours at room
temperature, after which the central corneal section was
cut out using a 6.0-mm-diameter trephine blade (Barron,
Katena Products, Inc, USA) and placed in the well of
a 96-well plate (32496, SPL Lifesciences, South Ko-
rea) with the Bowman’s membrane to the outside and
Descemet’s membrane to the surface of the bottom of
the well.

To assess the ability of cultured LSCs to adhere to
the Bowman’s membrane of the donor cornea, LSCs
of the third passage were seeded onto prepared corneal
discs located in the wells of the plate. Cell suspensions
derived from mechanically excised mini-grafts (control)
and using FSL (experiment) at different energy levels
were used. LSC suspensions were seeded on the anterior
surface of corneal discs at the rate of 140,000 cells per
disc (1238.49 cells per 1 mm?). Cultivation was perfor-
med under standard conditions for 14 days using EpiLife
medium (0.06 mM Ca™) and LESC supplements as de-
scribed above. The culture medium was changed every
2-3 days. Intravital observation was performed using
an Olympus IX81 inverted phase-contrast microscope.
Images were acquired in the internal software environ-
ment of the microscope (CellSence).

Histological examination of corneas

After day 14 of culturing, the corneal discs were pre-
pared for subsequent histological analysis. They were re-
moved from the wells and washed three times in PBS for
10 minutes. Each was then fixed in 10% neutral formalin
solution (141328, AppliChem, Germany) for 24 hours
and cut in half to make transverse sections. Next, the
corneal disc halves were washed with running water
and dehydrated in alcohols of ascending concentration.
Then they were embedded in paraffin, and a series of
10 pm-thick histological sections were stained with he-
matoxylin and eosin according to the standard technique.
The preparations were studied and photographed using
an Olympus IX81 inverted phase-contrast microscope in
a transmitted light mode at 40x and 100x magnifications.

The resulting photographs were analyzed in Fiji
software (ImagelJ 2.0.0-rc69/1.52) [20]. Statistical pro-
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cessing was performed on a personal computer using
statistical programs.

RESULTS

Obtaining primary LSC culture in vitro

On day 3 of cultivation, it was noted that primary
attachment of mini-grafts was not achieved in all wells.
It is known that for full LSC growth, dense adhesion to
the surface of the culture well is necessary, and the lack
of fixation of mini-grafts leads to formation of debris,
death of differentiated cells, and, in some cases, lack of
formation of a monolayer of the primary cell culture.
Therefore, to prevent this phenomenon, a cohesive vis-
coelastic ProVisc (Alcon, USA) containing 1.0% sodium
hyaluronate and having a neutral pH was used once,
according to the guidelines in a number of previously
published works [21, 22]. For this purpose, the culture
medium was completely removed from the well and
2 drops of viscoelastic were applied to the mini-graft.
Then 500 pL of complete cell culture medium was added
drop by drop and transferred to the incubator. For the first
and subsequent examinations, slide plates were moved
extremely carefully to the incubator, taking care to hold
the incubator door when closing and opening to prevent
shaking the mini grafts.

The first control examination after the beginning of
cultivation was performed on day 7, further control ex-
aminations were performed every 3 days.

When examined on day 7 of cultivation, 31.25% of
mini-grafts (n = 40) of the total number of wells were
not fixed to the surface, they floated freely in the culture
medium. At the end of culture on day 14, no growth was
observed from the unfixed mini-grafts; large amounts of
debris and dead undifferentiated cells were freely floating
in the culture medium.

Primary cell culture was obtained in all samples that
were adhered to the culture surface (68.75% of mini-
grafts, n = 88). Morphologically, the primary culture cells
followed the typical cobblestone pattern in all wells in
both groups. Specifically, the cells formed a monolayer
from the mini-graft, had a large nucleus and were tightly
adhered to each other. At the same time, there was some
variation in cell size and shape, more in line with the
morphology of MMSCs, more pronounced for samples
cultured in DMEM/F12 medium. Throughout the entire
period of cultivation, the epithelial cell-specific mor-
phology and the relative uniformity of their sizes were
preserved in the primary culture.

In mini-grafts fixed to the surface of the wells and
cultured in DMEM/F12, the first areas of cell growth
were observed on day 5 from the start of cultivation.
From the edge of the mini-graft, small cell clusters were
formed, morphologically similar to LESCs, having a
round shape and a large nucleus. In some samples, elon-
gated cells with small nuclei (MMSCs) were observed

by day 7. As they grew, they spread along the surface of
the socket further from the mini-graft, forming cavities.
The closer the formed cavities were to the mini-graft,
the more they were filled with LESCs. It was noted that
in samples where MMSCs were found, the number of
LESCs was much higher (Fig. 3).

When cultivated on an EpiLife-based complete cell
culture medium, the first signs of growth were also noted
on day 5. On day 7 of observation, both MMSCs and
LESCs were observed in the primary culture (Fig. 4).

Overall, cell growth in EpiLife medium from the
initial passage to completion of culture on day 14 was
slower compared to mini grafts cultured in DMEM/F12
medium. However, at the final observation period on day
14, the number of wells with adherent mini-grafts and
cell growth was 38.6% in the EpiLife medium, while it
was 31.8% in the DMEM/F12 medium (Table 1). Cell
culture on the EpiLife medium had characteristic diffe-
rences: mostly small polygonal cells with a large nucleus
were present, there were small areas with larger cells
and a relatively smaller nucleus, which is typical for
maturing cells.

LSC proliferation depending on the mini-graft
isolation method

After 7 days from the start of cultivation, there was
a higher number of proliferating cells from the mini-
grafts obtained by the traditional method using micro-
surgical instruments compared to the growth of cells
recorded in the wells with mini-grafts obtained by FSL
excision, 45.4% and 31.8%, respectively. However, at
follow-up examination on day 11, there was an advance
in the growth rate in the FSL-obtained samples. By the
last observation period on day 14, the number of wells
with recorded cell growth from the FSL mini-grafts was
noticeably higher, 77.2% in contrast to the control group,
63.6% (Table 2).

Table 1

Percentage number of wells with fixed growth
of LSCs depending on culture medium

Observation period DMEM EPL
Day 7 20.4% 18.1%
Day 11 22.7% 20.4%
Day 14 31.8% 38.6%
Table 2

Percentage number of wells with fixed growth
of LSCs depending on the method of obtaining
mini-grafts

Observation period FSL Mechanical method
Day 7 31.8% 45.4%
Day 11 59.0% 54.7%
Day 14 77.2% 63.6%
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LSC proliferation depending on FSL energy
level

When analyzing cell proliferation, from mini-grafts
obtained by dissection at different energy levels, dif-
ferences in growth rate and number of wells with cell
growth were found. The best proliferation rates at the
observation period of 7 days were demonstrated by
the samples of mini-grafts obtained using a 110% FSL
energy level (42.8%), and the lowest growth rates were
recorded at an FSL energy level of 120% (25%). The

ORGAN DONATION

growth pattern changed dramatically on day 11 of ob-

servation and the best growth rates were already de-
monstrated in the samples obtained with a 120% level
of expended FSL energy (75%), the lowest growth rates
in the samples with 100% level of FSL energy (42.8%).
By the last observation period on day 14, in wells with
mini-grafts obtained under 100%, 110% and 120% FSL
energy levels, cell growth was 71.4%, 71.4%, and 87.5%,
respectively (Table 3).

Fig. 3. Cell culture obtained from all types of mini-grafts on a DMEM/F12 medium. Different observation times (horizontally
from left to right — days 7, 11 and 14 of culturing, respectively). (a, b, ¢), cell culture from mini graft obtained using 100% FSL
energy level; (d, e, f), cell culture from a mini graft obtained using 110% FSL energy level; (j, h, i), cell culture from a mini-
graft obtained using 120% FSL energy level; (j, k, 1), cell culture from a mini graft obtained using microsurgical instruments.

Light phase-contrast microscopy. Magnification 100x
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Percentage number of wells

Table 3

with fixed growth of LSCs depending
on the FSL energy level expended to excise
mini-grafts

Observation | 100% energy | 110% energy | 120% energy
period

Day 7 28.5% 42.8% 25.0%

Day 11 42.8% 57.1% 75.0%

Day 14 71.4% 71.4% 87.5%

Statistical analysis

When determining the influence of the used media
(DMEM/F12 and EpiLife) on mini-graft adhesion and
cell yield by the “2x2 table” method with the calculati-
on of Fisher’s exact test with the two-sided hypothesis
testing, it was shown that the given compositions of the
media do not statistically affect cell adhesion and cell
yield in the knife and laser groups significantly (p >
0.05). However, it was shown that there is a statistically
significant association of the signs between the “laser”

Fig. 4. Cell culture obtained from all types of mini-grafts on an EpiLife medium. Different observation times (horizontally
from left to right — days 7, 11 and 14 of culturing, respectively). (a, b, ¢), cell culture from mini graft obtained using 100% FSL
energy level; (d, e, f), cell culture from a mini graft obtained using 110% FSL energy level; (j, h, i), cell culture from a mini-
graft obtained using 120% FSL energy level; (j, k, 1), cell culture from a mini graft obtained using microsurgical instruments.
Light phase-contrast microscopy. Magnification 100x
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and “knife” methods of obtaining mini-grafts, where
the best results came from the “laser” group (p < 0.05).

When determining the confidence limits using the
modified Wald method, it was shown that on day 7, the
confidence bounds in the “laser 100%” group were as
follows [35%; 78%], “laser 110%” [57%; 98%], “laser
120%” [42%; 84%], “knife” [54%; 80%] (Fig. 5); and on
day 14, the limits in the “laser 100%” group was [50%;
65%], “laser 110%” [80%; 92%], “laser 120%” [59%;
73%], “knife” [64%; 72%] (Fig. 6).

When calculating the confidence limits, the expected
positive results on day 7 with 90% probability were ob-
tained in the “laser 110%” and “knife” groups. On day
14, positive results were obtained in all groups. However,
on day 14, maximum significant results were obtained
in the “laser 110%” group (Diagram 2).

When calculating the probability of a positive event
(we consider a positive event to be the attachment of a
piece, as well as the attachment and active exit of cells
from it) using the binomial test, it was revealed that in the
“laser” group, with a one-sided sign test, the probability
of getting a positive or successful result is 81.25% (p =
0.003). Accordingly, in the “knife” group, the probability
of having a positive or successful result is 56.25% (p =
0.029).

Analysis of flow cytometry data

For immunophenotyping of the resulting cell culture
along with analysis of the morphological picture, flow
cytometry was performed. The cell cultures obtained on
day 21 of cultivation of mechanically cut mini-grafts
with FSL at 120% energy level were analyzed. We
studied the expression levels of the following markers
characterizing both MMSCs and LESCs: CD105 (en-
doglin) is a TGF-BIII receptor available in endothelial
cells, syncytiotrophoblasts, macrophages and connective
tissue fibroblasts; in MMSCs, endoglin plays mainly a
signaling role in the processes of chondrogenic differen-
tiation and is involved in the interaction of MMSCs and
hematopoietic cells in the bone marrow; CD90 (Thy-1,
T cell differentiation antigen) is widely used for MMSCs
phenotyping, expressed by proliferating cells; CD166
and CD29 are markers of cells starting their differenti-
ation pathway and not yet belonging to a specific cell
type; CD34 is a negative marker for MMSCs. As a result,
according to flow cytometry data, a heterogeneous cell
culture, containing an insignificant number of MMSCs
and a prevalent number of LESCs, was obtained. The
morphological picture of the two samples allowed us to
conclude that phenotypically identical cell cultures were
obtained in both cases (Table 4).

Cultivation of LSC of the 3rd passage
on cell-free donor corneas

Examination of cell culture on the corneal surface
using a phase-contrast microscope was extremely dif-

ficult because the corneal stroma tissue lost transparency
under constant presence in the culture medium. After
two weeks of observation, a histological examination
of sections of the corneas under study was conducted.
As a result, a monolayer of cells fixed to Bowman’s
membrane was formed on all donor cornea samples. The
cells were mostly small in size with a large polygonal
nucleus, and spindle-shaped cells with a small nucleus
were found among them. Groups of cells forming con-
glomerates were observed in the peripheral areas of the
cornea during the formation of depressions (Fig. 7).

DISCUSSION

Currently, we are actively searching for an effective
way to reconstruct the corneal epithelial layer in patients

Knife 1 IEN
Laser 120 - | ]
Laer10- T
Laser 100 { H =
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90% confidence interval

Fig. 5. Confidence limits on day 7 of observation in the test
groups

Knife A {D
Laser 120 - I-D]
Laser 110 1 '—m—l
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90% confidence interval

Fig. 6. Confidence limits on day 14 of observation in the test
groups

Table 4

Immunophenotypic analysis of surface marker
expression in a culture of passage 3 LSCs

Markers Expression level

analyzed Femtosecond laser 120% Knife
CD 105 0.49% 0.42%
CD 90 26.84% 28.26%
CD 166 99.89% 99.95%
CD 29 99.95% 99.96%
CD 34 0.11% 0.15%
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with unilateral LSCD. Any surgical technique used for
this disease should factor in the anatomical and functio-
nal features of the limbal zone.

The main component of the limbus is the limbal pa-
lisades of Vogt. These recesses have a unique gene ex-
pression and extracellular protein profile (extracellular
matrix) that are specific and critical to LSC function.
In the basal epithelial layer of the limbal niches, LE-
SCs divide into identical cells in the horizontal plane
or asymmetrically, thereby producing identical LESCs,
and in the horizontal and vertical planes into transient
amplifying cells (TACs). TACs then divide into postmi-
totic cells, which migrate centripetally. The postmitotic
cells then differentiate into terminally differentiated cells
(TDCs) and slough off the corneal surface. In addition to
limbal epithelial progenitor cells, the limbal niche con-
tains MMSCs, melanocytes, immune cells, vascular and
neural cells, extracellular matrix and signaling molecules
(growth factors and cytokines) [3-8].

MMSCs play a special role in LESC regulation.
MMSC markers CD90 and CD105 are located beneath

a®

- e

-

-

the basal membrane of the limbal crypt and interact
closely with LESCs [23-25]. MMSCs contact LESCs
through several molecular substrates and signaling
pathways that include aquaporin-1 and vimentin [26],
chondroitin sulfate [24], SDF-1/CXCR4 [27], BMP/Wnt
[28], and IL-6/STAT3 [29]. Additional mechanisms of
interaction are through intercellular contacts, secretion
of growth factors, and cytokine expression [30].

Evidence on the structure of the limbal niche and its
microenvironment, which is necessary for its full functio-
ning, indicate that it is essentially important to preserve
all components of the limbal niche during surgeries that
are aimed at restoring the corneal epithelial layer.

The current availability of FSLs in ophthalmic practi-
ce, capable of operating at the lowest energy levels, mini-
mizing trauma and death of LESCs, makes the approach
to the use of FSLs in corneal epithelium reconstruction
more attractive.

It should be noted that the first results of femtosecond
lasers application in keratolimbal allograft (KLAL) were
described by Korean scientists in 2010. They performed
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Fig. 7. Histological picture of donor inverted corneas with cell monolayer obtained from different cell cultures of the third pas-
sage. H&E stain: (a) culture obtained from a mechanically excised mini-graft, (c) culture obtained from a mini-graft excised
by FSL at 100% energy, magnification 100%; (b) culture obtained from a mini-graft excised by FSL at 110% energy, (d) culture
obtained from a mini-graft excised by FSL at 120% energy, magnification 50x
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formation of a ring-type keratolimbal graft for further
transplantation to the recipient. In this technology, a
femtosecond laser (IntralLase, USA) was used to form
a keratolimbal graft by cutting it out on the donor’s eye
so that only the distal border of the keratolimbal graft
on the sclera side remained intact. It was cut out manu-
ally using a diamond knife because the applanation ring
used in the kit of this laser had a maximum diameter of
9.5 mm [31]. The authors noted that the use of FSL in
KLAL technology allows to cut the graft predictably
thin and significantly reduces the risks and time spent
on graft formation.

Currently, the following laser systems are used in the
Russian Federation: VisuMax (Carl Zeiss Meditec, Ger-
many), IntralLase (Abbot medical optics, USA), LensX
and WaveLight (Alcon, USA), Femto Visum (Optosys-
tems, Russia) and Femto LDV Z8 (Ziemer, Switzerland).
The latter two laser versions differ in that they operate
at the lowest possible energy level, which is in the na-
noJoule (nJ) range, which allows for tissue dissection
with minimal wound healing reaction and apoptotic cells
along the incision plane [32]. This effect is achieved by
operating the laser at the lowest possible energy levels
but with a higher cutting frequency [32]. This effect is
achieved by operating the laser at the lowest possible
energy levels, but with a higher cutting frequency. A
distinctive feature of the Femto LDV Z8 laser (Ziemer,
Switzerland) is the presence of a mobile handle that can
be positioned on the eye at any necessary angle; this
laser is also equipped with a built-in OCT system, which
allows to make the laser operation predictable, controlled
and safe.

In this work, we evaluated the safety and efficacy
of the Femto LDV Z8 low-energy high-frequency FSL
(Ziemer, Switzerland) in relation to LESCs. Its use in the
clinic within the G-SLET technology will significantly
reduce the operation time, minimize the risks of obtai-
ning uneven and incomplete limbal graft.

In the EpiLife medium, there was a preferential yield
of polygonal epithelial-like cells, while in the DMEM/
F12 medium, a yield of MMSC-like cells was also ob-
served. It is known that MMSCs are essential for full
maturation of LESCs.

During the cultivation process, we were able to find
out that the yield of cells from FSL-cut mini-grafts is
higher (77.2%) than in the group with manual isolation
of mini-grafts (63.6%). This indicates that the use of
FSL allows for precise cutting of limbal mini-grafts at
a programmed depth, capturing the entire limbal niche
with all its surroundings.

When comparing the cell cultures obtained by cutting
out (using FSL) mini-grafts at different energy levels,
the highest cell yield was observed in the 120% laser
energy level group. However, at the time of the first
control examination, indicators in this group were lower
than the others. This can probably be attributed to the
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greater damaging effect of the energy on the peripheral
borders of the mini-graft and the inhibition of the release
of new cells overcoming the dead cell wall at the edges
of the mini-graft. The higher number of cells (87.5%) in
the obtained culture at the last observation period may
indicate complete laser cutting out of all the necessary
elements of the limbal niche functioning in a complex,
without additional manipulations at the moment of eva-
cuation of the mini-graft from the limbal bed, which was
observed in the “laser 100%” and “laser 110%” groups. It
should also be taken into account that statistical analysis
showed that the probability of the mini-graft successfully
adapting was higher in the “laser 110%” group.

CONCLUSION

This work presents a protocol for culturing limbal
mini-grafts obtained using FSL, demonstrating active
LSC growth. Cell cultures obtained from FSL-cut mini-
grafts can grow for a long time, at least for 21 days. This
indicates that FSL application in G-SLET technology
is safe.

The use of FSL allows for precision cutting out of
limbal mini-grafts at a controlled depth with its simul-
taneous fragmentation. This seems to us safer and more
effective than the traditional mechanical “knife” cutting
technique. This method has real prospects for further
introduction into clinical practice.

The authors declare no conflict of interest.
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INTRODUCTION

Transplantation is the gold standard treatment for
end-stage diseases of internal organs and is performed
routinely [1-3]. At the same time, the concept of organ
transplantation itself remains an attractive object of ethi-
cal reflection due to its paradoxical nature. It is the only
type of medical care, where saving the life of one patient
is, in most cases, inextricably linked to ending another
patient’s life. Organ shortage remains the main challen-
ge of modern transplantation. The current situation is
clearly illustrated by the latest reports from domestic and
foreign publications. According to the 15th report of the
Registry of the Russian Transplant Society, 2,555 trans-
plants were performed in Russia in 2022 [4], and there
were 8,378 people waitlisted for donor organs (2019
data from the Report by Academician Sergey Gautier,
the chief freelance transplant specialist at the Ministry
of Health of Russia [5]. According to the Health Resour-
ces and Services Administration of the United States of
America (USA), 42,000 transplants were performed in
2022 in the USA and there were 104,000 people on the
transplant waiting list [6]. Data from a recent publication
by A.J. Matas, on the pages of JAMA Surgery, which
reports that the transplant waiting list in the US for the
past 20 years increased by 83%, while the number of
transplants for the same period only doubled [7]. The
latest statistical report for 2022 by Eurotransplant Inter-
national Foundation, which unites 8 EU countries, shows
that 6,454 transplants were performed in the year and that
13,277 patients were on the transplant waiting list [8].

Attempts to overcome the persistent organ shortage
are shaping the modern image of transplantation, which
in less than 70 years of its existence, has transformed
from an experiment into the most complex type of orga-

nized medical care [9]. This has been made possible by
the general progress in medical science, emergence and
continuous improvement of immunosuppressive therapy
protocols, introduction of new criteria for death based
on neurological signs, expansion of criteria for the suita-
bility of donor organs for transplantation, establishment
and development of the concept of perfusion rehabili-
tation of donor organs, introduction of the institute of
transplant coordination, and complex legal and adminis-
trative changes that have evolved into a national model
of donation [4, 10—15]. The success of donor programs
today depends, among other things, on the perception of
the concept of deceased organ donation by the public.

This study of literary sources is aimed at defining the
boundaries of the dialogue on deceased organ donation
between medical professionals and non-professionals,
assessing the influence of social capital on the deve-
lopment of donor programs, and initially marking the
boundaries of such a phenomenon as sociology of post-
humous organ donation.

ON THE BOUNDARIES OF DIALOGUE
ABOUT DECEASED ORGAN DONATION
AND TRANSPLANTATION BETWEEN MEDICAL
PROFESSIONALS AND NON-PROFESSIONALS

The desire to become an organ donor is based on basic
principles of bioethics, such as altruism, acting in the
interest of the common good, justice, personal autono-
my, integrity of the body, and non-harm [16]. Altruism,
meanwhile, stands out as the main principle of bioethics
when it comes to organ donation. In his seminal work
“The Gift Relationship: From Human Blood to Social
Policy”, British sociologist Richard Titmuss concludes
that voluntary, or altruistic donation reflects a sincere
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desire to help, and therefore such donors are free from
the fear of being deceived and, through their behavior,
contribute to the strengthening of social justice and are
a kind of buffer for actions aimed at exploiting human
resources [17]. Altruism is also defined as prosocial be-
havior and motivation to do good unselfishly, sometimes
at the risk of life, and sometimes with the willingness to
sacrifice oneself for the sake of others [18]. Therefore,
an altruist does not need to be persuaded to become an
organ donor, but should be educated so that he or she is
left in no doubt about the altruistic nature of the act of
organ donation.

An appropriate legal basis is needed in order to have
a dialogue about cadaveric donation. In Russia, it is
represented by Law Ne 4180-1 “On Transplantation of
Human Organs and(or) Tissues” of December 22, 1992
and Article #47 of Federal Law Ne 323-FZ “On the Fun-
damentals of Health Protection of Citizens in the Russian
Federation” dated November 21, 2011, which contains
important clarifications about the possibility of lifetime
will and the right of a spouse or close relatives to refuse
organ donation if the deceased has no lifetime will [19].
The amendments introduced in 2016 to the Federal Law
Ne 323-FZ “On the Fundamentals of Health Protection
of Citizens in the Russian Federation” dated Novem-
ber 21, 2011, outlined the boundaries within which it is
possible to conduct a dialogue about cadaveric donati-
on and transplantation between medical specialists and
non-professionals. The need for such a dialogue will be
confirmed below.

ABOUT THE PLACE FOR DIALOGUE
ON POSTMORTEM DONATION
AND TRANSPLANTATION

The ambiguous public perception of organ donati-
on and transplantation is eloquently demonstrated by
the results of recent sociological studies. In particular,
in the results of a study by the STADA Group Health
Report, which is being conducted for the fifth time by
the consulting and marketing agency Kantar Health in
9 countries (Germany, Belgium, France, Great Britain,
Italy, Poland, Russia, Serbia and Spain) with the partici-
pation of 18,000 people, about 2,000 in each country, it
was shown that the existing model of donation in Russia,
in the form of presumption of consent, is criticized by
64% of respondents, 65% at the time of the survey have
not yet decided whether to be donors or not, and only
20% of respondents consider organ donation as their
moral duty. This last indicator resonates favorably with
the results of another well-known and for a long time the
only available survey conducted by the Levada Center
in 2013, where less than 10% of respondents indicated
that they were willing to become a donor for a stranger
[20, 21].

In countries where there was a presumption of refusal
at the time of the study, such as Germany and the United
Kingdom, only 36% and 38% of citizens, respectively,
were registered as organ donors on specialized online
resources. On the German Organspende, a special donor
card can be ordered in plastic, or a paper version can
be printed from the comfort of one’s home [22]. The
British register as organ donors or opt out by filling out
special forms on the official portal of the National Health
Service of Great Britain [23]. At the same time, 63%
of respondents in Germany and 75% of respondents in
the UK reported that they would be willing to become
deceased donors automatically [20]. The UK’s move to
a presumption of consent model in May 2020 is likely to
highlight the failure of the previous model, as reported
on the official government resource: “with widespread
public support for deceased organ donation at 75-80%
of the population, only 38% have opted in. This means
families are often left with a difficult decision when a
loved one dies” [24], which has a negative impact on
donation rates [24], which has a negative impact on do-
nation rates.

In the United States, where the “informed consent”
model is in place, 170 million people are registered as
organ and tissue donors, approximately 51.2% of the
population as of August 22, 2022 [25]. A recent article
by Matas reports that the number of registered organ
donors has increased to nearly 60% of the population
in exactly one year but points out that there are many
explantations from unregistered donors [7]. A search for
up-to-date statistics on the number of explantations from
unregistered donors proved to be of little use; all search
queries lead to resources that offer people to register as
organ donors. A 2014 publication from the National Bu-
reau of Economic Research cites data from 2010, 2011,
and 2012, when explantation rates among unregistered
donors was 54%, 57%, and 55%, respectively, for brain-
dead donors, and 42%, 38%, and 39%, respectively, for
donors with sudden irreversible circulatory arrest. It is
noteworthy, however, that the authors of the publication
obtained these data, as indicated, by personal conversa-
tion [26]. A news article on the Newsday resource, in
turn, reports that in New York City alone, almost 80% of
donated organs were obtained from unregistered donors
in 2022 [27]. In annual reports by the official government
resource United Network for Organ Sharing [28], the
national Organ Procurement and Transplantation Net-
work [29] and the nonprofit organization Donate Life
America [25] do not include data on unregistered donors.
The true reasons for the lack of statistical information
on the receipt of donor organs from unregistered donors
are unknown; probably, this is due to the current model
of donation in the United States, aimed at maximizing
the number of registered donors, for which large-scale
promotional campaigns to popularize posthumous organ
donation are launched, which is financed both at the state
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level and with the participation of over 100 different
charitable organizations [25]. This intensive educational
policy over the past 12 years has ensured record rates of
postmortem donation in the USA, where 42,800 trans-
plants were performed in 2022 [29]. It will be shown
below why this approach can hardly be adapted to the
domestic model of deceased donation.

According to 2021 data from the authoritative analyti-
cal platform Statista, the United States leads the world
in terms of the number of donors per million populati-
on (41.6), with Spain in second place, with a slight lag
(40.8) [30].

The “Spanish Model” of donation and transplantation
originated in 1989, underwent major changes in 2007 and
2018, and has been considered the gold standard world-
wide for the last 15 years [31]. The main elements of the
Spanish Donation Model include: 1. A well-developed
legal framework and technical support, 2. A three-tiered
system of deceased donation coordination: national, re-
gional, hospital, 3. A special profile of transplant coordi-
nation: partially employed ICU physicians and nurses as
transplant coordinators, not involved in transplantation,
appointed and reporting to the clinic management; their
main task is to ensure postmortem donation with active
involvement in its promotion, training of colleagues, in-
teraction with the media and research activities, 4. Trans-
plant coordinators are employed in clinics participating
in donor programs, 5. The Spanish National Transplant
Organization acts as a support service, 6. Continuous
quality audit of the posthumous organ donation proce-
dure, both external and internal, 7. Special attention to
educational programs, 8. Close attention to the media
and a special policy of interaction with them, 9. Finan-
cial reimbursement for clinics for participating in the
donation process [32].

In May 2023, the journal Transplant International
published a review article “Ten Lessons from the Spa-
nish Model of Donation and Transplantation”, whose
authors summarize: “Changes in the national donation
and transplantation system of any country can be achie-
ved by adapting elements of the Spanish Model, thus
avoiding more complex measures.” [31].

The work of the team of authors led by V. Papalos
provides a careful analysis of the donation system in
Spain, detailing the “components for success”, where,
in addition to changes in the legal framework, creation
of an institute for transplant coordination, expansion of
donation criteria, and development of clinical protocols
and guidelines, working with public opinion and donor
families to create “a culture of trust and confidence in
donation and transplantation programs” is mentioned;
also emphasized on is the importance of a thorough and
ongoing training of healthcare professionals in the fol-
lowing areas: 1. Fundamentals of transplant coordinati-
on, 2. ICU training, 3. Training for emergency medical
technicians, 4. Educational courses for neurologists in
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vascular centers, 5. Courses for non-medical specialties,
6. Separate educational programs on communication
with relatives of patients, discussion of the procedure
of consent to cadaveric organ donation in critical situa-
tions; correct conversation with media representatives,
7. Educational courses for media representatives [31, 32].

When comparing the best deceased donation models,
their nominal status becomes apparent. Regardless of the
current model of donation, the attention of the country’s
residents is actively being attracted to this problem, only
the approaches differ. In Spain, a measured educational
work is being carried out; a competent specialist can be
consulted on the problem of postmortem donation at
any time, consistent interaction with the media is car-
ried out, and due to constant and accessible training, a
high level of professionalism of medical specialists and
representatives of non-medical specialties involved in
deceased donation is maintained. This approach can be
characterized as “soft” and/or “transparent”, one of its
main advantages being the invisible strengthening of
social ties in society and closer interaction of seemingly
unrelated social groups when it comes to posthumous
organ donation, interaction in silence and for the com-
mon good.

In the United States, the practice is different; the mo-
del of mandatory informed consent for organ donation
determines the need to actively “seek” such consent. In
an article by A.B. Sterry, in the Cambridge Quarterly
Journal of Health Ethics, it is reported that if a person
waiting for a driver’s license is asked directly if they
would like to be a deceased donor, they are more likely
to say no, not because they are against the concept, but
because of the feeling of being forced to do something
they have not thought through; the report cites the ex-
ample of Chile, where the number of postmortem donors
decreased by one-third after the introduction of the man-
datory informed consent model [33]. This is probably
why more than a hundred charities in the United States
are engaged in postmortem organ donation education,
as well as government and non-government foundations
with multimillion-dollar advertising campaigns. Organ
donation promotion programs have been criticized as
being biased and often lacking a scientifically proven
basis, secondly, providing false or incomplete informa-
tion regarding risks for potential donors, and thirdly,
having an obvious propaganda overtone [34]. Let us turn
to Russian practice.

In recent years, unprecedented changes have occurred
in the Russian practice of promoting deceased organ do-
nation. According to the Report by Academician Sergey
Gautier, the chief freelance transplant specialist at the
Ministry of Health of Russia, no less than 80 speeches
in the authoritative media were made in 2020 alone, and
the formation of positive public opinion about organ do-
nation and transplantation was singled out as a separate
area of work [5]. In the Internet era, online resource “Or-
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gan Donor = Life Donor”, available at https://donorstvo.
org/, the official platform of the Ministry of Health of
the Russian Federation, which is constantly moderated,
contains weekly statistics on operations performed, latest
news on organ donation and transplantation, articles on
current topics, interviews with leading national experts
and, at the time of writing, contains about 70 news publi-
cations [35]. In recent years, the problems of perception
of postmortem organ donation and attitude towards it
have come to the attention of sociologists, now at the
level of individual studies in small samples [36], but this
already marks the vector of interaction between trans-
plant specialists, sociologists and the society as a whole.

SOCIAL CAPITAL AS THE BASIS FOR DECEASED
ORGAN DONATION

Social capital, in the first approximation, is defined
as an indicator of the quality of social ties in society,
for example, when there is a need to come to the aid of
strangers.

The term was introduced by the French sociologist
Pierre Bourdieu in 1980 and, in accordance with the
author’s definition, was considered as “the sum of the
resources, actual or virtual, that accrue to an individual
or a group by virtue of possessing a durable network of
more or less institutionalized relationships of mutual
acquaintance and recognition” [37]. The concept was
then supplemented by the American sociologist James
Coleman, who considered social capital as “a public
good formed by all members of society and positively
influencing it, and this influence determines the need
for cooperation within society, as it is in the personal
interest of each of its members [38]. Finally, political
scientist Robert Putnam proposed his version: “social
capital is the inherent properties of society, such as trust
(primarily), social norms and networks that contribute
to greater social cohesion due to cooperation for the
common good” [39].

In a recent study of the impact of social capital on
posthumous organ donation, Hans Schmiets observes
that a posthumous organ donor does not become one for
someone; it is a gesture of pure altruism toward society
as such, based on trust in the health care system in ge-
neral and the current donation model in particular [40].

Sociology of organ donation

There are few studies devoted to the sociology of
postmortem organ donation. In fact, the term is coined
by Laura L. Machin, a professor at Lancaster University
Medical School, a sociologist and health care ethics re-
searcher. Drawing on the works of Richard Titmuss, she
discusses the sociology of postmortem organ donation
as a system of interaction between professionals and re-
presentatives of civil society, based on altruism, a sense
of solidarity, social cohesion, and anonymity [41, 42].

CONCLUSION

The organ donation system established in Russia is
steadily developing, as evidenced by the steady increase
in the number of operations performed year after year
[4]. Thanks to breakthrough changes in the information
field of Russian transplantation, we can state that the
conditions for dialogue between specialists and members
of the society on postmortem donation have not only
been created, but the dialogue is already ongoing at a
high level and in the right direction. The authors assume
that the social capital of Russian citizens is sufficiently
developed such that they can be interacted with in a part-
nership manner. In order to give specific outlines to the
concept of sociology of posthumous donation as a means
of its promotion in our country, the following steps are
necessary: 1) Conducting more sociological research
on focus groups (medical students, doctors of different
specialties, specialists involved in donor programs both
at large centers and in the regions); 2) Developing unified
information and educational materials on the basis of
the results obtained; 3) Transmission of knowledge on
deceased donation as a form of social interaction aimed
at developing social capital, and thus society, to regional
donation and transplantation centers.

Prepared with financial support from the Russian
Science Foundation grant, project No. 23-18-00400.

The authors declare no conflict of interest.

REFERENCES

1. Kidney.org [Internet]. National Kidney Foundation [ci-
ted 2023 Nov 02]. Available from: https://www.kidney.
org/news/nkf-releases-commentary-transplant-practices.

2. Yamakawa M, Kyo S, Yamakawa S, Ono M, Kinugawa K,
Nishimura T. Destination therapy: the new gold standard
treatment for heart failure patients with left ventricular
assist devices. Gen Thorac Cardiovasc Surg. 2013; 61
(3): 111-117. doi: 10.1007/s11748-012-0181-5. PMID:
23264080.

3. Finotti M, Auricchio P, Vitale A, Gringeri E, Cillo U.
Liver transplantation for rare liver diseases and rare
indications for liver transplant. Transp! Gastroenterol
Hepatol. 2021; 6: 27. doi: 10.21037/tgh-19-282. PMID:
33824931.

4. Gautier SV, Khomyakov SM. Organ donation and trans-
plantation in the Russian Federation in 2022. 15th Re-
port from the Registry of the Russian Transplant Soci-
ety. Russian Journal of Transplantology and Artificial
Organs. 2023; 25 (3): 8-30. [In Russ, English abstract].
doi: 10.15825/1995-1191-2023-3-8-30.

5. minzdrav.gov.ru [Internet]. Otchet glavnogo vneshtat-
nogo specialista transplantologa Minzdrava Rossii
Gautier S.V. ob itogah raboty v 2020 godu [cited 2023
Nov 02]. Available from: https://static-0.minzdrav.gov.
ru/system/attachments/attaches/000/057/001/original/
%D0%9E%D1%82%D1%87%D0%B5%D1%82 %D

146



ORGAN DONATION

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

0%B7%D0%B0 2020 %D0%B3%D0%BE%D0%B
4 %D0%93%D0%BE%D1%82%D1%8C%D0%BS5.
pdf?1625044703.

Organdonor.gov [Internet]. Organ Donation Statistics
[cited 2023 Nov 02]. Available from: https://www.organ-
donor.gov/learn/organ-donation-statistics.

Matas AJ, Montgomery RA, Schold JD. The Organ Shor-
tage Continues to Be a Crisis for Patients With End-stage
Kidney Disease. JAMA Surg. 2023; 158 (8): 787-788.
doi: 10.1001/jamasurg.2023.0526. PMID: 37223921.
Eurotransplant.org [Internet]. Annual Report [cited 2023
Nov 02]. Available from: https://www.eurotransplant.
org/2023/01/23/preliminary-eurotransplant-annual-figu-
res-2022-online/.

Nordham KD, Ninokawa S. The history of organ trans-
plantation. Proc (Bayl Univ Med Cent). 2021; 35 (1):
124-128. doi: 10.1080/08998280.2021.1985889. PMID:
34970061.

Thongprayoon C, Hansrivijit P, Leeaphorn N, Acha-
rva P, Torres-Ortiz A, Kaewput W et al. Recent Advances
and Clinical Outcomes of Kidney Transplantation. J Clin
Med. 2020; 9 (1193): 1-18. doi: 10.3390/jcm9041193.
PMID: 32331309.

Weinhard J, Noble J, Jouve T, Malvezzi P, Rostaing L.
Tocilizumab and Desensitization in Kidney Transplant
Candidates: Personal Experience and Literature Re-
view. J Clin Med. 2021; 10 (4359): 1-9. doi: 10.3390/
jecm10194359. PMID: 34640377.

Reznik ON, Skvortsov AE, Moysyuk YaG. Preservation
and perfusion rehabilitation of donor organs: achieve-
ments of the last decade. A/manac of Clinical Medicine.
2020; 48 (3): 193-206. doi: 10.18786/2072-0505-2020-
48-038.

Jawitz OK, Milano C. Commentary: An innovative
strategy for expanding the donor pool. J Thorac Car-
diovasc Surg. 2022; 164 (2): 571-572. doi: 10.1016/].
jtcvs.2021.08.007. PMID: 34417037.

Etheredge HR. Assessing Global Organ Donation Po-
licies: Opt-In vs Opt-Out. Risk Manag Healthc Policy.
2021; 14: 1985-1998. doi: 10.2147/RMHP.S270234.
PMID: 34012308.

Polushin YuS, Bagnenko SF, Loginov IV, Reznik ON.
Role of transplantation coordination in the development
of organ donorship. Anesthesiology and reanimatology.
2007; 3: 51-53.

Cotrau P. Hodosan V, Vladu A, Daina C, Daina LG,
Pantis C. Ethical, Socio-Cultural and Religious Issues in
Organ Donation. Maedica (Bucur). 2019; 14 (1): 12—14.
doi: 10.26574/maedica.2019.14.1.12. PMID: 31123506.
Titmuss R. The Gift Relationship: From Human Blood to
Social Policy. London: George Allen and Unwin, 1970.
Monday OI. 1s altruism always sufficient for organ do-
nation? vroom’s expectancy theory, for expanding the
organ donor pool. Saudi J Kidney Dis Transplant. 2020;
31: 503-507. doi: 10.4103/1319-2442.284026. PMID:
32394924.

Konsul’tantPljus [Internet]. Federal’nyj zakon ot
21.11.2011 Ne 323-FZ (red. ot 24.07.2023) “Ob osno-
vah ohrany zdorov’ja grazhdan v Rossijskoj Federacii”
(s izm. i dop., vstup. v silu s 01.09.2023) [cited 2023

147

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Nov 02]. Available from: https://www.consultant.ru/do-
cument/cons_doc LAW 121895/34050d0e38bdacc8alf
c52c8ef256a3{f2723b04/.

Stada.ru [Internet]. Bol’shinstvo rossijan kritikujut dejst-
vujushchuju v strane sistemu donorstva organov i tkanej
[cited 2023 Nov 02]. Available from: https://www.stada.
ru/press/news/bolshinstvo-rossiyan-kritikuyut-deyst-
vuyushchuyu-v-strane-sistemu-donorstva-organov-i-
tkaney.html#health_report.

Levada.ru [Internet]. Donorstvo chelovecheskih orga-
nov. Davat’ ili ne davat’? [cited 2023 Nov 02]. Available
from: https://www.levada.ru/2013/08/02/donorstvo-che-
lovecheskih-organov-davat-ili-ne-davat/.
Organspende-info.de [Internet]. Organspende [cited
2023 Nov 02]. Available from: https://www.organspen-
de-info.de/.

NHS. Blood and Transplant [Internet]. Register your de-
cision [cited 2023 Nov 02]. Available from: https://www.
organdonation.nhs.uk/register-your-decision/.

GOV.UK [Internet]. Opt-out organ donation: Max and
Keira’s Bill passed into law [cited 2023 Nov 02]. Availa-
ble from: https://www.gov.uk/government/news/opt-out-
organ-donation-max-and-keira-s-bill-passed-into-law.
Donatelife.net [Internet]. Donate Life America 2022 An-
nual update [cited 2023 Nov 02]. Available from: https://
donatelife.net/wp-content/uploads/2022 AnnualUp-
date Online.pdf.

Kessler JB, Roth AE. Don’t Take ‘No’ For An Answer:
An Experiment With Actual Organ Donor Registrations.
NBER Working Paper No. 20378.2014.

Newsday.com [Internet]. Long Island organ donations
increase above pre-pandemic levels [cited 2023 Nov 2].
Available from: https://www.newsday.com/news/health/
organ-donation-long-island-tcezz1qm.

Unos.org [Internet]. Data and trends [cited 2023 Nov 2].
Available from: https://unos.org/data/#Current.
Optn.transplant.hrsa.com [Internet]. National data [ci-
ted 2023 Nov 2]. Available from: https://optn.transplant.
hrsa.gov/data/view-data-reports/national-data/.
Statista.com [Internet]. Rate of deceased organ donors
in select countries in 2021 [cited 2023 Nov 2]. Available
from: https://www.statista.com/statistics/406893/rate-
of-organ-donation-by-deceased-donors-in-select-coun-
tries/.

Papalois V, Streit S, Johnston-Webber C, Mah J, Prio-
nas A, Wharton G et al. Ten Lessons From the Spanish
Model of Organ Donation and Transplantation. Transpl!
Int. 2023; 36: 11009. doi: 10.3389/t1.2023.11009. PMID:
37305337.

Nationalacademies.org [Internet]. Beatriz Dominguez-
Gil. Organ Donation and Transplantation: The Spanish
Model [cited 2023 Nov 02]. Available from: https://
www.nationalacademies.org/documents/embed/link/
LF2255DA3DDI1C41C0A42D3BEF0989ACAECE-
3053A6A9B/file/D4C248800043DE6CB28C1FD262B
FEC3EE0541E2F76E0?noSaveAs=1.

Sterri AB, Regmi S, Harris J. Ethical Solutions to the Pro-
blem of Organ Shortage. Camb Q Healthc Ethics. 2022;
31 (3): 297-309. doi: 10.1017/S0963180121000955.
PMID: 35899548.



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXV N2 4-2023

34.

35.

36.

37.

38.

Rady MY, McGregor JL, Verheijde JL. Mass media
campaigns and organ donation: managing conflicting
messages and interests. Medicine, Health Care and Phi-
losophy. 2012; 15 (2): 229-241. doi: 10.1007/s11019-
011-9359-3. PMID: 22020780.

Donorstvo.org [Internet]. Donor organov — donor zhiz-
nej [cited 2023 Nov 2]. Available from: https://donorst-
vo.org/.

Romanov SV. The attitude of population to national
programs of transplantation of organs and organ donor-
ship. Sociology of medicine. 2019; 18 (1): 21-23. doi:
10.18821/1728-2810-2019-18-1-21-23.

Bourdieu P, Wacquant LJD. An Invitation to Reflexive
Sociology. Chicago and London: University of Chicago
Press, 1992.

Coleman JS. Social capital in the creation of human
capital. The American Journal of Sociology. 1988; 94:
95-120. doi: 10.1086/228943.

148

39.

40.

41.

42.

Putnam RD, Leonardi R, Nanetti RY. Making democra-
cy work: Civic tradition in modern Italy. New Jersey:
Princeton University Press, 1991.

Schmeets H, Peters F. The Impact of Social Capital on
Organ Donation: Evidence from the Netherlands. Soc In-
dic Res. 2021; 157: 863-897. doi: 10.1007/s11205-021-
02666-y.

Boylan AR, Locock L, Machin LL. From waste product
to blood, brains and narratives: developing a pluralist
sociology of contributions to health research. Sociol
Health Ilin. 2019; 41 (3): 585-600. doi: 10.1111/1467-
9566.12715. PMID: 29493796.

Machin LL, Williams RA, Frith L. Proposing a sociology
of donation: The donation of body parts and products for
art, education, research, or treatment. Sociology Com-
pass. 2020; 14 (10): 1-16. doi: 10.1111/s0c4.12826.

The article was submitted to the journal on 05.11.2023



INFORMATION

INSTRUCTIONS TO AUTHORS

Articles should contain original information that has
not been previously published and is not considered for
publication in other editions. Fee for publication of ma-
nuscripts will not be charged.

The manuscript should be presented in Microsoft
Word format A4, 1.5 spacing, and Times New Roman
font size 12. Submit your article to the online submis-
sion system in accordance with the instructions on the
journal’s website https://journal.transpl.ru.

Structure of the article

The Title page should include:

— Initials (first name and patronymic) of the authors
of the article should be specified before their res-
pective last names.

— Full official name of the institution, city and coun-
try.

— If authors from different institutions participated
in writing of the manuscript, it is necessary to
correlate those with the names of the authors by
adding a digital index uppercase after last name,
and right before the name of the institution.

Information about the authors

For each author fully specify the last and the first
name, patronymic and position in the relevant depart-
ment/institution.

For correspondence

Fully specify the last and the first name, patrony-
mic of the author, who will be holding correspondence,
address (including postal code), telephone, fax number,
e-mail.

Abstract

Each article must be accompanied by an abstract.
The amount of text for the abstract of the original article
should be of no more than 300 words, for a literature
review, clinical observation — no more than 200 words.
The abstract must fully comply with the content of the
work. The abstract should not use abbreviations without
prior expansion.

Abstract of the original article should contain the
following sections: Objective, Materials and methods,
Results, Conclusion. The abstract should present the
most important results of the research.

Do not write: “A comparative analysis of the sensi-
tivity and specificity was conducted ...”

Should write: “The sensitivity was ... % and ...%,
p =, specificity, respectively ...% and ...%, p =".

Keywords

At the end of the abstract keywords must be given.
To select the keywords a thesaurus of U.S. National Li-
brary of Medicine should be used — Medical Subject
Headings (MeSH) at http://www.ncbi.nlm.nih.gov/mesh.

Conflict of interest

The author should inform the editor about the factual
or potential conflict of interest have included the infor-
mation about such conflict into the respective section
of an article.

If there is no conflict of interest, the author should
say so in the form like the following: “Author declares
unawareness of the conflict of interest”.

This information is supposed to be placed before the
article text.

Text of article

Original article should include the following sec-
tions:

e Introduction

* Materials and methods

* Results

* Discussion

« Conclusion

« References

Review article should include an analysis of the lite-
rature with the presentation of modern sources (mainly
in the last 5 years).

Clinical observation should be well illustrated (to
reflect the essence of the problem) and include discussion
with the use of literature data.

References in the text are indicated by number in
square brackets: [1], [2, 5], [14—18] and in the references
section are presented in order of their appearance in the
text. All values given in the article should be expressed
or duplicated in SI units.

References

The author is solely responsible for the accuracy
of the data included in the references section of the ar-
ticle. References to unpublished papers or papers in print
works are not allowed.

References are presented on a separate page.
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requirements.html). If the number of authors does not
exceed 6, the bibliographic description includes all the
authors. If the number of authors is more, only the first
six authors should be indicated and then add et al.

Requirements for tables
and figures

Tables should be placed into the text; they should
have numbered heading and clearly labeled graphs, con-
venient and simple to read. Table’s data must comply

with the numbers in the text, but should not duplicate
the information therein. Table references in the text are
required.

Illustrations and drawings should be submitted in
electronic format (JPEG or TIFF format with a resolu-
tion of at least 300 dpi and no smaller than 6 x 9 cm),
in a volume of close to 1 MB. Drawings must include
all copyright symbols — arrows, numbers, signs, etc.
Figure captions should be submitted in a separate file
with the extension *.doc. First, the name is given, then
all arithmetic and alphabetical symbols (lettering) are
explained.
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